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Among other instrumentation, .Electron-2 carried a three­

-electrode charged particle trap similar to the traps mounted 

on other Soviet space probes beginning from the Luniks L-1_7-

L-5_7. 

On January 30t 1964 • . Electron-2 was put out into orbit 

with an apogee of ,..... 11.6~· ~ (from the Earth's centre) with an .... 
inclination to the e~atorial plane 61°. The perigee height 

was 400 km. In the ear]Jr period of the satellite's flight the 

line connecting the apogee and the perigee of its orbit made 

with the Earth-sun direction an angle of~8o0 , the angle bet­

ween the Earth-Bun line and the plane of the satellite orbit 
0 . . 

was -.. 20 (Fig.1). 

The pot~ntial of the trap outer grid was equal to the 

satellite body potential. Therefore, the trap could record 

positive ions "1' all energies exceeding the satellite poten­

tial with respect to the su...-rounding medium, which produced 

positive current in the trap collector circuit and fluxes of 

electrons wit~energi9S above 100 ev (higher than the inner 

grid potential) producing negative cUl:'rents in the same cir-



cuit. Besides, the trap recorded photoelectrons from the 

irmeX' grid also in the fotsm of negative currents in th.e 

collector circuit. Thus, if the total current in the col­

lector circuit is positive, this unique~ corresponds to 
. . 

the registration of positive ions. The collector current 

amplifier permitted one to record positive and negative 

currents beginning with 1o-10a. The maximum positive cur­

rent which could be recorded was 3•10-8a the marlmum ne­

gative' current Yas 2•10-9a. 

.Al though .at present t.!le three-electrode trap with the 

constant potentialfon its electrodes is a ver,y rough in­

strument, as compared to the traps with the varying poten­

tials on electrodes, the use of it made it pos~ible to ob­

tain some interesting, in our opinion, results. This is due 

to the fact that results of this experiment are comparable 

with the results obtained earlier ( L-1J - £-l.f.J ) owing 

to the identical technique and also to the fact that, in 

contrast to the 1959 Luniks the peculiarities of Electron­

-2's orbit permitted one to conduct observations in the re­

gion of circumterrestrial space lyi~ beyond the outer ra­

diation not investigated before 1964;. 

The present brief report is a preliminary one since 

in it only some portion of the results obtained from the 
. . 

Electron-2 charged particle traps is used~ 
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I. ~e Outlying Part o~ the Ionosphere 

(_H~ 2000-20000 km) 

Fig~ 2 shows measured values of collector currents of 

the trap on the orbit portions close to the Ea.-th. The cha­

racter of the changes of currents is typical of _all the satel­

lite revolutions: each time the satellite approached the 

Earth, a comparatively sharp increase of the current produced 

by positive ions (beginning at heights from~ 20000 km to 

15000 km) was observed, while each time the satellite moved 

awrq frOm the Earth a decrease of the ion current of simi-

lar type was observed. These changes of the collect;or cur­

rent are similar to decreases of the currents in charged 

particle traps on Soviet Luniks observed in 1959 when they 

moved aw~ from the Earth ( /-1 7 - / -; 7 ) • 'rhen a com-oa-
~ - - - - -

rison of the results of simultaneous measurements by means 

of traps with different _ pote~tials on their outer griru~ 

permitted o.ne to conclude that the currents in the tra,_ps 

with zero and negative potentials on outer grids were pro­

duced by the . ioDS of the Earth 1 s plasma envelopewhich. is a 

direct continuation of the regions of the ionosphere known 

earlier and consists of particles with low (thermal) ener­

gies L-1_7 - L-~_7~ 

In an experiment carried out from Dl'lP-I in 1963 

J.P.Serbu approximately at the same heights detacted a dec­

rease of the charged particle trap collector current pro­

duced by electrou wlth energies less than 5 ev L-6J. In 

this case the current obviously was produced by the elec-

a 



tron component o:f the same Earth's plasf!!a envelopewhich 

was observed in 1959 by 'lleans of Luniks.· 

The estimate made in L-3J showed that at heig}lt . 

ll ,.., 20000 km the ion concentration was about 102cm -3. 

Approximateq the same results ~ ()btained from an~ysis 

of observations of whistlers by D.L.C~enter L-?J• 
lt Should be noted that the Eiectroi:l-2 orbit is such 

that its portions corresponding to heights ot 15009 - . 

-20000 km (at which sharp changes of the t:fap collector 

current were observed) lied over the E.arth1 s equatorial 

regio~ 

From the measurements of·the charged particle col­

lector current from Electron-2 (they ax-e tor a few tens 

of revolutions of the satellite) one ean clearq see that 
. . . . -s-

a sharp decrease of the thermal ion concentr111:t~on in the 

Earth's plasma envelop\e(the io~osphere) observed dUring 

single measurements from Luniks at _heights of 15000-
;..,20000 km, takes place permanently._ These heights lie much 

• 0 

lower th&!l. the magnetosphere 1 s boundary minimal J:teight; 

Let us note that since the currents e:itceed.ing 30•10-9 a 

were beyond the am~litier range, ~th the satellite appro­

aching the perigee . high .ion concentrations corresponding 

to t he lower part of t~e ionosphere coUld not be determi­

ned in this experiment~ 

Ion concentrations near the ~arth by the . ~rap collec­

tor current values were estimated, as in L-?>J, with the 

following_assumptionsr 
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1) The measured values of the collector current were 

modulated by the satellite rotationo From the measured va­

lues near the given height the greater value was chosen 

(corresponding to the greatest approach of the normal to 

the plane collector of the trap to the satellite velocity 

vector direction). These values of ·t;he collector current 

were considered as . ~orresponding to the coincidence of the 

said two · direction$~ 

2) The intlJhee of the sateliite electric potential 

with respect to the surrounding plasma on the ion collec­

tion in the trap was not taken into account~ 

The reasonableness of this assumption at heights up 

to ; RE is confirmed by the Serbu measurements accor­

ding to which this potential at the said heights is close 

to zero L-6J. It is importan.t to note that in the per:i.od 

from Januar,r ~1, 1964, to Februa17 1}~ 1964, with the satel­

lite moving aw~ from the Earth, the orbit portion corres­

ponding to heights from - 3000 1ol! to - 10000 .km was not lit 

by the Sun, i~e. at these heights there was no photoeffect 

from the satellite surface and the satellite electric poten­

tial vd th respect to .the surrounding plasma could not be po­

sitive. Besides, as was mentioned in ~3_7, the ion current 

in the trap whlch is normal to the satellite velocity vec­

tor.is the least sensitive to the satellite potential value. 

Fd.g; 3 gives .some nt values obtained dur~ seven passa­

ges of the satellite ne~ the Earth the dates of which are 

1.ndieated il1 the figure~ These da:ta lead to the follo~ 
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conclusions: 

1) As it was indicated in L-1J. - L-?JJ, the thick­

ness of the ionosphere region in which the charged particlei 

concentration is more then "'lo2cm-3 is-15000 ~ 20000 km~ 
2) ·The height distribution of nt. inside this re­

gion strongly differs from that given in L-3J ~ It at heights 

of > 10000 km the height distribution of nt · is vecy similar 

to the distribution givan in L-;J, the values of nt ref'er­

:dng to heightEt from 2000 km to 10000 km several times exceed 

the values given for these heights in L-3J ~- These new .valu.es 

of' nt much better con;jugate with the results of different 

direct measurements of electron and ion height distributions 

ca--r-ried on after 1960 at heights ~rom 1000 to 200Q 1aD (inclu­

ding measurements from the Cosmos-2 ion traps made in 1962, 

accor<li.llg to which at heights of' - 1500 km ni. is a few 

units per 104cm3 L-8J ). 
It should be noted that in L-3J it was p_ointed out that 

the nt values given in the paper 1Df9' be lower then the true 

ones (for instance, by 2 times)~ In connection with the re-. . 

sults obtained from Electron-2 we have revised the pri_._ 

mar,y results of measurements near the Earth by means . of charg• 

ed particle traps in 1959. It was established that . in 

values determinations at heights below 10000 kiD the limi ta- · 

tion effect in the current amplifiers on the collector c~ 
. . . . . . . . . . ~iluld. . . .. 

. rent values had not been taken into accoun~ wbic)?.Yleadto the 

decrease of ni. . estimates at these heights, as compared to 

the _true values~ 
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2. On the Possible Existence of the Soft Elect~ 

Component of the Outer Radiation Belt and Its 

Variations 

Negative collector currents could be produced by 

a) photoelectrons emitted by the trap inner grid when the 

trap was lit by the solar ultraviolet and b) fluxes of 

electrons with. energies E>100 ev getting into the trap 

from the space surrounding the satellitee 

It is natural to expect that the trap collector cur­

rent component produced by photoemission from the inner 

grid lit by the Sun should change little along the orbit 

and from one revolution to the other. At definite portion 

of the orbit (approximately corrasponding to the satellite 

passage through the outer radiation belt) on m~ revolu­

tions of the satellite all the recorded values of the col­

lector ctirrent turned out to ae negative_~irresfective o~ 

the trap orientation with respect to the Sun). The values 

of the collector currents at these portions of the orbit 

during three rev~lutio~ of the satellite around the Earth 

are shown in Fig~4 - 6~ As evident from these graphs, the 

sizes of the zone of the existence of -considerable negati­

ve.currents change noticeably from revolution to revoluti­

on. At the same ·time there were cases When such zones were 
·.- . ·,· J 

not observed at all (Fig,;'l). In Fig~4 -:- '7 th~ · he~v,r hori-

zontal line in the lower part of the graphs indicates the 

height in.ter:vals at which the . outer ra~ation belt electrons 

were simultaneousl;r observed by means of hard radiation 

1 



counters ( E > 100 kev) installed on the same satellite 

by S.N.Vernov and others L-9_7. While the negative col­

lector currents at these portions of the orbit chauged 

greatly from revolution to revolution, the readings of 

the hard radiation counters were _relatively stable, their 

counting rate varied within 10 %. Electron fluxes pro­

ducing maxi.llial negative collector currents at the consi-
• 

dered portions . o_f the Electron-2 o.rbit · (Fig 4-6) ma;r _ be 

estimated as 2•108el.cm-2sec-1• At this portion of the 

Electron-2 orbit in the pel,':i.od from January 30, 1964, to 

February 17, 1964, the greatest electron :t~u:x: was obser- . 
. 8 -2 -1 . 

ved on February 2, 1964, and amounted to 3•10 em sec • · 

I·i; should be borne in mind that these estimates of elec­

tron fluxes recorded by the trap give their lower bound~­

ry, as be sides . electrons, positive ions redue~ the ob­

served negative current could get into the trapi 

Comparatively stable readings of the hard radiation 

counters in the outer r adiation belt give 'ground to belie­

ve that collector currents recorded by the trap in the same 

zone which considerably variesfrom orbit to or~it are product· 

ed by electrons with the energy E < 1000 kev~ 

These results may be interpreted as the evidence o:t 

existence of the soft component of the electron fluxes in 

the outer radiation belt. whose variability, in time is much_ 

greater than the variability of high-energy particle :fluxes; 

It should be mentioned that the region of the existence 

of the soft electron fluxes recorded by the trap always 
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The problem or the existence .and properties of .the soft 

electron component of the outer radiation belt requires fur­

ther investigations~ 

;s". Fluxes of Charged Particles Beyond .R_!9.!!:: 

tion Belts, but Inside the Magn_etosphere 

The characteristics of the.Electron-2 orbit (especial­

ly its inclination to the equator) were such that its outer · 

(and greater) part was beyond the trapped radiation zone 

(whose outer boundary is indicated in Fig~ 4-7 ) • At the 

same time the measurements of the magnetic field along the 

orbit indicated the regular character of the magnetic field 

up to the apogee from which it follows ·that the satellite 

flight was fully inside tb.e magnetosph.e:t-e (in an;r case at 

the initial stage of the flight which is considered in the . . . 

present communication) :In Fig~ 2 the eur.~nts recorded at 

the outer part of the . Qrbi t ( R ~ ,;oooo km ) are seen as poi­

nts near the abscissa. However, if these points are given on 

the graphs wi·tli larger scale along the ordinate one can see 

that the charact~r of the _eurrents c~anges from orbit to 

orbit (upper p~s of Fig; 8 and Fig~ 9) and s~metimes du­

ring.the same orbit (the upper part of Fig;10). The lower 

two . graphs in these figures show the results ot ·_si:multaneoas 

measurements of the magnetic field on t~e .satellite (AT is 

the excess of the measured~agnetie field ~ver its theore­

tical valuel and the vaJ.ues -of the Kp indexes. Geocentric 

9 



distances in BE units are given along the abscissa. 

Magnetic measurements from the satellite were perfor­

med ~ by Sh.Sh.Dolginev, Je.G.Yeroshenko, L.N.Zhuzgov 
. . . 

and u.v.Fas~ovslcy';; 

From the analysis of the currents recorded at the 

portion of the Electron-2 orbit considered in this sec­

tion of the paper it may be concluded that there are 

positive ion fluxes in the magnetosphere beyond the ra­

diation belts.: The magnitude of these fluxes varies in 

time •. Some considerations referring of these fluxes are 

outlined 1n L-1o_l. 

The authors express gratitude to S~N.Vernov1 
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