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Measurement of the solar wind pl;t.elllll. eleotrolli,l wa.tl one of 

the aoienti:fio experiments aboard the E<pacec:raCtB Mara-2 and 

Ma.rs-3 lau.nchd into orbits of the ... lanet sa telli teo. On both 

satelli tee these maasurements were made by the retnrdifl6 I>oten­

tial method with t:he use of two identical traps with plane outer 

grid. Similar method has been earlier used by Serbu for meaaure-

ments of solar wind electrons on board of Explorer-35 e~tel-

lite [1] • 
~he characteristic featur~ of the experiments undor die~ 

cussion was the fact that during the whole period of measure­

ments the traps were located in the shadow of the spuceorutts 

and their axes were oriellted in the antisolar direction. 

The characteristics of the plasma electrons deteo+.ed near 

tt-1 n:..uminated and the shadowod parts of the SPO\Oeora!t sur1'ace 

must be quite elode to each other booause the random veloeitiea 

of the solar plasma electronn greatly exceed the spacecraft ve­

locity and the velocities of t' e sol~r wind fluxes (this fo llows 

for e xa'D]? ' 1 from the e:>..periments with the electrostatic analyz­

ers made by Montgomery et al. [ 2] aboard the spinned Vda sat.,l­

lites). 

The loc'1tion ot the trap on the shadowed p:.rt of' the spaoe­

cra!t enables us to remove the in1luen~e of the photoeleutrons 

which might enter the trap from th<~ neighbouring parts of tile 



spaoecraj:t eurfaoe and from the trap elements. However , it is 

,oasible that some ~hotoellJtrons emitted from th6 illuminated 

surface of the spacecraft can obtain "finite" tra;jectories and 

orbi te around the spacecraft crea.ting the cloud oi' photoelectrontl 

!'lven above· the shadowed part of its surface. The possibility of 

having the essential photoelectron dens~ties over the shadowed 

"?art of ·che spacecraft is ment;iono<l in _9articular by Grard and 

Tunaley c~J • The entrance of auch electron!'! with finite Ol'bi te 

into tt1e trap was ess':lntially reduced by the d13sig.l of the trap ~ 

1 ta acceptan..:e nngle allowed to detect only ouch electronr whose 

velocJ.tj.es formed tJmpuat~.vely small angles with trap axis . 

Each volt-ampere :haracteristic (the r etarding curve) waP 

recorded duri:ng :;o + 50 oec for 1'+ values of retarding po'.:;entiall 

th~ mnximutn retarding potentj.a.lo had different values of 20 '. 

50 v., 100 v or L!OO v ~nd were o.utornaticallJ changed according to 

the mea~Jured plasma pc.r~meters. The more detailed description of 

the instrument will be published elsewher«s. 

During the whc le orbit (with the except~on of the -cime in­

tervalN 1 hour close to pericentre) one volt-ampere characteristic 

YJ&.s recorded every 10 minutes; near the pericentre the instrument 

wuo ~i ther switched off or wae working in th.e regime 1 n which ~he 

volt-ampere charac ';eril;tico were being reoordod ee~h two minutes. 

The planes of the orbits of the both Mars satellites arc 

inclined t'> the ecliptic plane at an angle "' 40°. The orbh of 

Mare-2 has the pericentre "' 4800 kn:. ( 1ll00 km l.·rom the planet sur­

. face), the apocentre "'20000 km anc' the per:l.ol of revolution 

"'17h55m. The orbit of :.Jars-} has the peri centre rv 4650 km ( 1250kn:. 

from the planet surface) • the apocentre "' 212000 km and the pe·· 

riod. oi' revolution "'12 days , 16h;om. 

We now pre~ent the prelimenary dhta obtained duri ng thn 



5. 
tirst tour revolutions ot Mare-) )Dee•mbor 5,1971 tbrout:,h 

January 21,1912) and several revolutions of Hare-~ (tor d~o•m­

ber 17 • 18 0 22-23, 1971). 

"'ig. 1 shows tht1 evolution ot tho :.1ara-) orbit during 

first tour revolut1onlil anei one ot the Mua-2 O%"b1t in tho polu 

frame ot reterenee,in which the X~axio eoinoidaa with tLe SUD­

Mars line and the polar anglo corresponds to tho Sun-fSarn-aatel• 

• lite anglo. 
During all these Mare-3"revoluti~na tpq regular and repeat-

ing variations ot •Jleotron oha.raehrio; t1os along the orbit werfll 

recorded. The data given below correspond to one Mara .. !> orbit 

for tt.e peri )(1. of December 12 + 25, 1 <;71, and to three l4ars-2 

orbits for December 17, 18, 22, 1971 . 

In Fig . 2 the typical retard!.ng curves are given which has 

been recorded .Uong tha Mare-2 orbit ~llown in J!'lg . 3. This orbi1 

CFUl be subdivided into 4 zones; in eac<t of the zones th .l retard-­

ing eurv~e lmve a defini~e shape. Tn6 zone V of Fig . 3 i s oh9· 

racteristic of the data obtained at the Mare-2 orbit&. 

One can see from Fig. 2 and 3 thnt in IV zone , ~ .e . at the 

descending branch of the Mare-3 orbit (December 12 through Da­

dember 15 , 1971) at the apocentre and after apocentre (December. 

21 + 25) the electrons are completely retarded at the potential~ 

o:::' ?IJ + 40 v and the measured currents a t the ZC'ro retarding yo­

tentia1 are relat17ely small. I~ zone I (close to thr planet) i~ 

D~cember 15, 16 the retarding potential greatly increases ~ 

the sec tiona with sm'\ll slope appear at the rete.rding onrvea 

(see F.:.g. 2) which apparently correspond to "euper~~ermal" ,;ail• 

of tbe velocity distribution function. The currents at zero r~­

tarding potentia::. also increase. In zone II the ooll\l)lete reto.r­

dat.ion pote1 .tiala deClreaE:e as compared with the pot~ntials of 

zo1.e 1 al thougn they .., tj 11 remain essentially greater than thos 
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in zono IV1 in general th~ euperthermal tails also decrease. In 

the en•i. of the zone II (Dec$mber 17) some increase of the tails 

rmJ. zero potentiRl ourrent.s is observed and finally in zone III 

there exists o. drastic increase both in ou1·rents and in the po­

ten'Cials of complet.e r. 'tard.at.:..on of electrons (the latte1 reach 

2?0 + 1~0 v). When the satellite moves apart from the planet and 

from the sun-Mara line th~ recorded currents and the complete 

retarding potentials fall down again and the retarding curves 

t~e the form cbnracteriotic of the zone IV. 

The tecperatures and densities of' electronn which correspond 

to 4 above z~nea were estimated from the retardation cU1vea (see 

Table in Fig. }). The experimental retarding curve WAS approxlmat­

..,a, by the cu.rv~ corresponding to the isotropic lol.aXWellian elect­

ron energy distribution function by means of electronic computer 

and ao the values of the temperature Te anJ. dens1 ty /te of the 

electrons were determined. In cases when the retarding curve had 

the superthermal "tail" a certain "effective temperature" Te' 
repl:e!lenti ng the energy of tht. tail particles was also determin­

ed. '\'he Te 8.lld f'l.e Yalues typicel :for each zone are ·also given 

in th~ t•b~e in Fig. }. The same Fig. 3 shows the location of the 

shock wave fronts estimatei with the J.~nch numbers t.l .:: 1 0 4 and 5 
trom t .he gaaodynemic eq,uationa [ t] provided that the l!lize 

of obstacle is equal to 'tbat of the planet with its ionosphere. 

The prooodU%Q ot \be priDar1 experimental ~ata reducing 

will M deecrib41d. in tuture •. Discussion 

'l'he. retarding curves ;or:responding to zone IV in lig. ~ 

( for December 13 • 15 o..nd ·~ter december 21) are very reminding 

the similar curves obtained during the ap:?roach of the space­

.;rafts to the planet bo3f'ore launchiDg them into the orbits of tb.e 

11 ctrn . satelli tea and also retarding curveg obtained by Sorbu in 
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th~ undisturbed solar wind with tho ExplQrer-}5 satel l ite [ J 
(v1ith allowance for that the current sensitivity of ou_ instru­

ment was lll!lre than by an orde r of xnagnitude higher as compared 

to that of Serbu). This gives a ground for assumption t hat zone 

r'l (the lll!lst "col d") corresponds to the undia·turbed interpl:ine­

tary medium. 

The el ect-ron tempent.ture i ncrease on December 15 when 

Mare-~ satellite was approaching the planet and has t raversed 

fro m zone IV i nto zone I can possibly be caused by the distur­

bance (shock wave ) i n t he i nterplanetary m6di~ creat ed by the 

int.eraction of the pl anet wi th t he solar wind. Such distu.rbances 

have been observed near Venue from the i on and magnetic field 

measurements on Jctober 18, 1967 aboard the epaceora!t Venera-4 

(Gringauz et al., ·1967 (5] , Dolginoir et al., 196? [6] ), on 

October 1~, 1967, aboard the Mariner-5 (Bridge et al ., 1967 [7] ) 

nnd on May 1? • 1969 aboa r d the spacecraft Vene~a-6 (Gringaur 

et al., '1969 (a]). 
All available up t o date experimental data concerning the 

interaction of the planets which have no (or very small) intrin­

sic magnetic field H t with the solar wind are limited b;r the 

above three e:xperiments in which the disturban.,es of the solar 

wind by such planets were observed at distances no more than 

10 radii from the planet centre. The data on disturbances at the 

distances of several tens of the planet radii were absent. The 

disturb~nce of the solar wind by the Mars was repeatedly dis­

cussed theoretically and the possibility of a shock-wave-type 

disturbance formation near the Mars was prognosed (Dessler,1968 

[ 9] , Dryer and Heckman, 1967 ~o] , Spreiter et al. • 19~ [1 ']), 

H~nce the disturbance in zone I near the planet can apparently 

be referred to as the intersection of shock-wave front region 



o. Mars-? 
As for two other zones ( zone I! and III in ~ig. 3) the 

authors of the plasent paper after reduci~ the data frum th0 

fi l'st revclution of Mars-~ L.1telJ.i te have got tt.e impressl.on 

that elec ·;ron charaoteriAtios varla.ti ous outside the zone I 
I 

reflect the changes of the temperature and density of the ROl&.'l' 
ra~tdl~•· 

~ nd ~leotrons in the undisturbed interplnnetary~owever the 

SI.Ilalyais o:t' the results from the ne.n:t three revolut· one ot the 

M~ra-3 satellite (the results from one of them were showa in 

Fig . 3 tmd 4) allowed to subdivide eaoh of the shown in Fie;. 1 

orbit into tour zones similar to tt~ee of Fig. ;. The tempera­

tuJ:e and density values in thu zones are somewhat different from 

orblt to orbit apparently nue to temporal val.l.a.t:LoDa of solar 

wind , nevertheless. the charaatel·iatio behaviour of these para· 

meters along the orbit conserves 1 tne higt temperature zone was 

alway~ observed near the perl.centreo of the orbits! beaid.es th1e 

one more "hot zone" (sind.l&.r to zone III in Fig. ::;) with increas­

ed electron density was always observed on the ascending; branche 

of the orbits. 

The results of th., electron ten..wex- .... ture and densi Ly measu­

rements aboard thu Mars-3 entell1 te during the period of Decelllb-· 

er 1? + 22. 19?1 were cc.!Ipared with the results of simil ar measu­

rements ab~a.rd the Mare-2 satellite obtained from ita three rP.· 

velutions ~uring the same time interval. 

The COIIIP&.rison showed that tempe.ratures Te and 

I 

Tea"l.d 
d~nsity fLe measured by Mara-2 satellite had alwaya hig~ ~a1uea 

and exceeded those measured by Mars-.? ea(;elli..;e (see table in 

F.ig. ;). Fig . 4 shows thre~ puir~ of retarding cUives obtained 

s i multaneously (within several minutes ) en both sat,_•1 U.tef' on 

December 17. when Mars-3 was ln zone II, on DecembeJ. 18 whe.l 
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was in the "cold. zone" ri . 
One can eee from the Fig. 4 (se~ retarding curves and. th~ 

table) that the hi!'.hest Te and rt.e values obtaiMd along th 

Mars-2 orbit (on December 17) correspond to relatiYely low lP. 
I 

and "l.e values measured along the Marn-3 orbit and that when ot· 

December 18 the temperatures and densities measured along the 

_Mnrs-2 orbit decreased the Te and. ftP. values nwasured by 

Mars-3 increased drastical~y . 

From our point of view this fact is a convincing evidence 

that the variations of Te and. rte observcJd along the orbi te 

cf the Mars satellites are not due to temporal v~iations of 

t:1e solar wind characteristics out reflect the sps.tial distribu­

tion (stable to enough degree) of temrerature and.density of 

electron.s near the J?lanet . 

Conclusion 

1. '.rhe present pt.per gives first preliminary results of 

electron tem2erature and density measurements along the orbitH 

of tn.e Mars-?. and U.ars-::: satelJ.h:es. 

2. The measurements showed the existence of regular and 

repeated va~iations of Te and fle along tha satellites orbits 

at distance up to several tetna of the planet radii from the pla­

net. In particulr ~ two zo~s with eaoen~ially increased Te ve. ... 

lues were found ; one of them (which lies close to the planet) 

see~s to corresprnd to the shock wave front region formed wh$n. 

the solar wind intera~~s with the planet. The sec-nd zone of 

"hot elect-rons" is located at distances> 100000 km from th 

olanet. 



10 

Rei'erenoea 

1. G.P. Ser.bu, Explorer-~5 measurements of low enEJrgy plasma 

in Lunar o··bit. J. Geo;;>hys. Res., 74, ~72, 1969 

2. M.D. ·Mon~omery, S.J. Bame, A.J. Hundhausen, J. Geophys. Res. , 

?3, 4999 (1968) 

~. R.J,L. Grdd, J.K.E. Tun.e.ley, J, Geoph. Res., 2§, 24q8 (1971) . 

4 . T. Obayashi , Sp . Rea . IV, North-Holland Publ. Co., AmGterdam. 

5. K.I. Gringauz, v.v. Bezruldlch, L.S. Musatov, T.K. Breus , 

Kosm. issled., .§, N 3, 1968. 

6. Sh.Sh. D?lginov, L.N. S~uzgov, E.G. Yaronhenko, Koem. issled • 

.§, N 4, 1968. 

7 • :a.s. Bridge, A.J. Lazarus, C. VI. Snyder, E.F. Smith, L. Davis, 

Jr., P,J. Coleman, Jr., D.E, Jones,Soience, .:12.!! 1 '1669 (1967). 

8. K.I. Gringauz , \.V. Bezrukikh, G.I. Volkov, L.S. Muaatov, 

T.K. Breus, Kosm. issled., §, N ;, 1970· 

9. A,J. Dessl&r in "The atmospheres of Venus and Mars", 

e .... ·• '~--y J .o. Brandt and ti.B .McElrov, rtOrdon and Brenoh 

Sci. Publ. , Ne-w York, London, Paris, 1968, p. 2·1 

10. M. D:cy9r, G.R. Heckman, Sola.r 'Phys. • £, ·112 (1967). 

11. J.R. S~reiter, A.L. Summers, A.W. Rizzi, Pl. Sp. Sci., 

18, 7281 (197J), 



~ 
I 

t 

• 

IX}· 

IX) -

It t1 

• 

119 

· tixJ · · · · Jo · · · · ioo- -- ;-r.J.Tii"m­

FL$-1 



/ 

t'(f! • 
/ 

r .lou4'4. l>oC. T.,'W 1/,'k n..t,ur.i' 

!m-z ;.~ .. .,. ,.,. zo 

I m....,.;s' ~><~•,.- l.l·ta' .,.;o• 
~ 

r:-~ 1..1·101 B·m' • I 
I I 

-3 olf'~r"' U·tO'I •t.HJ'I u I 
L-

~~!:. 
1------' 

~m--z U · IU' ! u~q I :.·: ! .;·-·· 1· 10. j lllim-, ----L-~ 

Ea,l 



0Tne~aTaHO Ha poTanpHHTe B ~K~ AH CCCP 

69 flo~flHC8HO K ne~aTH 29.04.72 


