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SUMMARY

Results of measurements of charscteristios of the solar

wind electron Jomponent and nearplanet plasma by means of charg-

ed particle traps with retarding potentials installed at arti-
ficial satellites of the Mars, Mars-2 and Mars-3 are presented.
The nearplenet shock wave 1s detected. Bebind the sbock wave
front the electron density R, , the temperature 1; substan~
tielly increase and electroas with EX 50470 ev are observed. The
average distansce from the Mars surface to the shock wave front
is estimated as ~ 2500 km and to the obstacle forming the shock
wave - 4400 km. Under the assumption that the obstacle is ip-
trinsic magnetic field of the planet having the dipole charsmcter
the evaluated value of the magnetic moment of the Mars is
2.4:102z gausa-cn’. This estimation coincides to the value cal-
culated by Dolginov et all. {29] from the dats of magnetic
neasuremsnts on the same satellites.

I. Introduction

Measurements of solar wir.l plasms electrons were among the
sclentific experiments uboard the spacecrafts Mars-2 and Mars-3
launched into orbits around the planet Mars on November 27 and
December 2, 1971. On both satellites measurements were perfcrmed
by means of identical electron traps.

Preliminary results of these messurements were presented
in [1]) and [2] . The detailed description of the experiment in-
cluding the trap's design, the results of laboratory tests of
the traps; some characteristics of the electronic and examples
of the primsry results of measurements were given in [5} .

In this paper characteristics of solar wind plesma elect-
rons obtuined duripg ceveial revolutions of Mars-2, four revo-
lutions of Mars-3 (December 5, 1971 through Jamuary 21, 1972°))
and on the route when Mars-3 approached the planet (November
1971) axe considered. The method of experimental data processing
is 4iscussed. )

')Arter January 21, 1972 the current amplifier >f the elect~

rou trap aboard .he Mars-3 was out of oxder.



2. Method of dat: ceBsi

The electron plasma temperature and density were obtained
Py means of the retarding potential method, i.e. using the elect=
ron current dependence on the retarding potential [3] epplied
to the analysing grid (this dependence is called volt~ampere
charscteristic or retarding ourve).

The recorded collector ~urrent is the complicated functioa
of the device parameters and characteristics of the environment
medium.

In general the ourrent can depend on elestron ¢ nsity Ne
slectron temperature Té » ¢lactron tempersature anisotropy due
to interplanetary magnetic field, om the solar wind and vehicle
velocities, on electrical potonﬁal, on the shape of the space-
preft and its material and so on.

The expression for the collector current of the electron
trap 1; obtained below as function of the plasma electron para-
moters and the retarding potential; the iafluence of the space-
crefs -electrica) potential upon the determined solar plasma
ele tron charecteristics is evaluated and the influence of pho~
toenission from the lpucgcutt surface upon the measurements
performed evaluated in[3] is specified.

Let us note that the ion part of the collector current can
be neglected, because the traps were located on the siadowed
part of iths spaceoraft, i.e. they were in the "ion shadow" (the
orientation of electron trap was within an angle not succeeding
£1° 4n the antisolar ai ection [3] ).

Let us suppose that the uniform electrom flow falls on the
trap, & = is the angle between its direction ari the trap axis,

€ - the electron chazgs, v - velooity, dn, - the electron
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concentrat.on in the flux and S(#} - the sperture area, froa
which all electrons reach the collector. Then, the collector
current is: d] = dne-e- v~ cos(5) 5(8) G (W)
whers O(U) depends on the retarding potential W ' .
Using the results of the laboratory study of the trap in
the monoenergetic beams [3] we may use the following spproxi-
mats relation for G(U) s

el -

0, r<V¥m
zell -l/...,__M <'|/_Le“ ;
G(u)= (ﬁ ob)(j{ mv'z) A v “m

1 : V>

»

2el
obm

where o =0.95; p = 1,13  Fig. 5a trom [3] ).
S10) can be found from Pig. Sb ixn (3], where the de-
pendence of  COS{0)- S(")/S{O) via " is plotted.

It f(v,5,¥) =~ is the normalized to unity velocity dis-
tributio.. function in the reference frame releted to the space-
craft, then the curremnt, recorded by the trap with the retard-
ing potential ( on the elsctrode will bes

r
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According to the solar wind plasma measurements abonrd the

o

Vela-4-sstellite near the Earth the velocity distribution for
electrons(for velocit®es not being extremely large may be ap-
pltoximated by the Maxwellian distribution in the frame of refe-
rence moving with the bulk velocity of the positive ions [4] .



"he electron temperaturc auisofropy is small [4] (~1.1) ana
is not teken into account‘in‘ the following calculations. As the
bulk velocity of ioms ~ 400‘ km/sed, (diiected from the Sum),
the veiicle velocity ~ 30 km/seé and tae trap axis is directed
opposite to the Sun-Mars line direction, the distribution func—
tion in the coordinate system related to the trap is tsken in
the following form : 7

: o ’ 2 § — 1 ¢-51nd- ca,s"{)}

J((p,(},lf) (zuw) exp{zﬂ, CatiTA ZVV(chcos’ —- 81
(@)

Here .K -~ is the Boltzman's constant, /M - the mass, v -
~ the .lectron bulk velocity, taken in the reference frame con~
nected with the vehicle, §~ 5-10% is the angle botween the
vector V  and the trap axis, and ¥ - the azim thal angle,
~hich is counted off from the vecvor V projection on the
plane of the apperture. »

Substituting (2) into (1) ¢nd integrating by ¢ we bave
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where 1, - is the modified Bessel furstion.

We can rewrite (3) in the form:

]/U) Ane VT (’U(sz M),

where A = const. If U =0 and V  gnd

7alues for the solar wind, then Y(ZTT‘{ )
€

mately equal to unity and the current, corresponding to the zero

Te are typlir~al

is anproxi-

retarding potential

1. ~AnVIZ OF

i.e. it depends on the plasma electron flux from the space
(proportional to :"leﬁ: ) and imainly on its density Me.
The theoretical retarding curve for the electron trap was
calculated by meamns of computer ising the expression (3.
The retarding curve normalized to unity for U =0V
and four values of bulk velocities: V = 0, 300, 450 ant
600 km/sec, T;, = 10 ev and S = 0° is presented in Fig. 1.
It can be shown, that the bulk velocity variavion from 300 to
600 km/sec may g.ve the temperature estimation error of the
order of 5%, if ti.e retarding curve for = 45, km/sec .s
used for electron temperature deterhinations. While the bulk

velocity rises, the retard’ng curve is becoming stronger depen-

.dent on the angle between the trap axis and the bulk velocity

vector, but when it reaches 600 km/sec the difference in charac—
teristics, calculated for Z =0 and S = 1"° is only; ~1,5%.

The volt-ampere characteristics recorded omboard the Mars-3
at different moments are given in Fig. 2 by crosses. Smooth
curves present volt—ampere characteristics of the trap, calcu-
lated numerically from (3) for V = 450 km/sec; the electron
temperatures and denmsities are shc.n on the same figure. The
theoretical curves fitting to th~ experimental points were
found by means of the least-square fitting(s].

Let us consider the satellite electrical potential iuflu-
ence upon the accuracy of electron temperatume determinations.
The thermal velocity of the solar wind plusma electrcnas
corresponding to the temperature Te ~ 105°K is
= V?ZL::: ~ 170 km/s~c and is about 3-5 t.mes greater

<l

<i



than the elect_ on bulk velo.ity,

Thus for some evaluations one can neglect the movement of

the spacecraft. )
 The Debay radius D = ‘/K”?ez ~ 10 m in the undis-
turbed plasma with the electron density 1.~ 5 cn2.

The electric field in the .eigbourhood of the spacecraft
is the Columb type since R ~ the characteristic.size of the
spacecraft i1s smuller than D . (The spacecraft is supposed to
be the sphere of radius R ).

If the electric potemtial of the surface ¥, (<& £ED.
~50-60 V ) is assumed t0 be small, then at the distance from
the center of the spacecraft 7 »D s the elect.ic field is
weak (¥~ ‘Po{%_-) < %_72 ) arl it doesn't substantially dis-
turb the particles motion [6] . One can show, that in such a
case the electron dilatribution function near the satellite sur-
,face can be presentsd :by the following expression:

m o 2«7, .,
f (2in<'r ee | vrYEE,
(v, &, %) o
v, 5P -
0 , veyiet

We suppose that the electron distribution when Y—>9° ig
Maxwelisn and the satellite electric potential is positive.
If the satellite surface potential is negative there would

appear the factor exp(- e_K_I%"gL) in the distribution function.
L4

Substituting this velocity distribution imto expression (1)
and performing the integration, we find the result, _shown in
the Pig. 3. One can see that the current when the satellite

body potential .s positive and the retarding potentisl on the
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grid U > p*& the: collector current increases by factor

£r ‘D” ) and hence the form of vol -ampere characteristic

exp( %
in a semilogarithmic scale doesn't change.
The current, collected by the trap, when retarding poten-

tial on the grid U <d ‘Po doesn't depend on a voltage and ex-

ceeds the current corresponding to ¥, =0 and U =0 by
faector of (4 + g;‘fg_) . The trap ourrent the satellite body
pr~tential being negative, decreases by factor of EXP iirf’ )

A a result we can conclué}e that if the electron temperature
is estimated by using that part of the voli-ampere characte~
ristic which corresponds to >fS‘Po , then in such an ap-
proximation this estimation doesn't depend on potential.

From [ 3] 1t follows that for retarding potentials ex~
ceeding 10V the influence of the photoemission upon volt-
-ampere characteristic is negligitle.

The analysis of data, obtained from Mars-3 had ‘sho‘wn that
the retarding curves éalculdted with the use of experimental
points, corresponding to retarding potentials exceeding 10V
quite well describe the experimental retarding curves up to the
retarding potential 46V ,

It means that the satellite electric potential doesn't
obviously exceed several volts otherwise there w‘ouid be observ-
ed a break in the volt-ampere characteristic at the point, cor-
responding toc the satellite potential (Fig. 3). If the satel-
lite po‘centi-gl is of the order ‘of several volts, thé photoeleot—
rons with energieés exceeding seversl ev wil. not .retuis to the
satellite surface. Thus for temperature estimation we can ne-
glect the photocurrent effect beginning from the point uiiich
corresponds to the retarding potential e V .

The electron density estimations are less reliable than
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the corresponiing temperature estimations since “he first are
mu.h more influenced by tne satellite potential, the variations
of bulk velocity and by the difference of the real trap grid
system transparency from the used in calculations optical one.
The electron ccncentration e was found in assumpition
that the satellite potential ‘Po ‘= 0 and the electron bulk ve-
locitvy V~ 45" xm/sec. If the bulk veloclty changes from
200 km/sec to 600 km/sec the electron density estima.lon may
correspondingly be either overstated or understated in 23
17;§.mc;s—\‘;‘L The positi‘{e satellite body potential leads to the .
€ ¥Te  overestimation of N, , i.e. the calculated value of
Ny may exceed 1,5-2 times the real one if fhe positive sa-
tellite ~otential is of the order of several volts.

2. Experimental results and their interpretation

As have been already noted in this paper are presented
the data from electron trens onboard the satellites Mars-2 and
-3 duriig the pericd from November 1971 till anuary, 1972. One
of the orbits of the Mars-2 and the evolution the k)lars—} orbits

during the first féu.r revolutions are shown in Fig. 4 in a polar :

reference frame, where the absciss axis coincides with the Sun-
~Mers-line, while the polar angle is the Sun-Mars-Satellite
angle. Mars-2 has the orbit with the pericentre ~ 1290 km, apo-
centre ~ 28000 km and the revolution period ~ 17h5','n. The peri-
centre snd apocentre of the Mars-3 Satellite are corresponding-
1y~1100 km and~212000 km and the revolution period ~ 12316P30®,
The varlations of the retarding curves and, conmsequently,
of 'the elect;'on characteristics for t..e first four revolntions
of the Mars-}_ around the plé.net which are shown in Fig. 4 ap
peared %t be roughly similar and repetitive. All the orbit
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were subdivided into four zones whivu vorresponded to differ.nt
shapes of the retarding curve: . These zones marked by different
shadings and le*ters are showr in Fig. 4 for the second revolu-
tion of the Mars-3 (from 12 to 25 of December, 1971).

Zone A correspoads _to +the desceunding part of the orbit,
Zopne B - to the pericentre re ion-of the orbit, Zo.e C « to wbe
ascending part and Zome D - to the smocentre part of the orbit.
The examples of ret-rding curves typical for these four zones
are shown in Fig. 5.

One can ses from Fig« 5 that the general shape of the re-
tarding curves has co.siderably. changed along .lars-% orbit dur-
ing the satellite revolution;in particular the values of 1 max
and the retardin~ potlentials on the analysing grids of the
traps. ET corresponding to the bend of eiectron registration
were changing in wiae limits..

It was ghown sbove (see ‘the expression (4), that 1 8%
is in genersl determined by the solar wind electron density I,
(i* photoelectrons are nbt taksn iato account). In reality the
photioe] ectrons Trom the illuminated part of the satellite svm—
face and the secondary elecirans [5] give a certaln contribution
into | Vmax‘ It must be pointed out, however, that the observed
considerable variations of I max (up to the order o. value)
can't be related to variations of the photoemission, because
the satellite orientation relatively to the Sun during the des-
cribed measurements remsined-constant and the intensity of that

pert of solar radiation spectrum, which is resnonsible for the

' phitaemission is cather stable [9] .

The increase of Te leads -naturally to the rise of ET

however, tlLe main cause of ET ~ increase is .he increuase
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of flux intencities of "superthermal electrons" (which corres-
pond to "superthermal tails" of the velocity distribution func-
tion). These electrons are observed by sensitive instruments
on board the Barth Vela-type Setellites [4,10] , in the undis-
turbed solar wind and in the ragnetosheath behind the shock

wave front. The appearance of electrons with energies > 50-

=100 ev served as an indication that the satellite 0GO~-5 crossed

the shock wave front (11} .

Thus, the variations of I _ . ena E; , which are
accessible directly from retarding curves even without their
further processing rather obviously characterise the satellite
Plasma environment. . |

. That is why we present the Vgriations of I max and ET
elong the Mars-3 orbit in Fig. 6-9. The electron density Me
and temperature Te » caloulated with help of the above des-
cribed method, are also plotted in these 'l"igures. The lower
curves in these Figures give the KP -indexes, characteriz-
ing the magnetic field disturbances.at the Earth (these curves
will be used further for the int~rpretation of results).

Letters p and o mark the pericentre and apocentre
of orbits while letters A, B, C and D the conventional orbit
zones,

‘Ivot us consider the peculiarities of each of these zonss.
Though the phenomena observed in, each zones for different revo-
lutions of the Mars-3, had definite similarities, they altiu pos-
sessed some distinctions,

In Zone A the electrons are completely retarded at poten—
tials ~ 30-40 V  and the measured currents | are —ela—

. max
tively small. /he electron concentration and temperatire vary
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within the limits of 3e6 cm"3 and (600100)-'103°K respectively.
Thé shape o~ retarding curves approach tI: caloulated one, which
means that the maxwellian distridbution of electrons takes place,
The "superthermal® ~eié¢£rons, responsible for the "tails" in the
retaid:'ns curves (which were observed in the‘ undistrubed soler
wind nesr the Earth's orbit by Montgomery et al. [4] ), were
not registered within the trap sensitivity limits. However, ’
duriwg the fourth revolution of the Mars-3 on January 12, 1972
(Fig. 9) disturbance was observed in Zone A, which led to a

drastic increase of 1 and ET (the section with small

max
slope appeared in the retarding curve, which corresponded to
the "superthermal tails"). The temperature and electron density
also increased up $0-200+10°°K and~12 cm™> respectively.

The reterding curves, corresponding to the ascending partss
of the orbits (Zone C) were similar to the retarding curves of
Zone A but differed from the last by somewhat higher values of
1 mexd Te and Mg also excesfed the values, which were
typical for zone A and were (90+140)=10°K and 46 om™>. The
"superthermal tails™ were observed in Zone C dixring the second
revolution.

When the Mars-3 approached the apocentres on tue ascend-
ing parts of its orxbit. (Zons D) there were registered the in-
max P to the order of value, of ET up to
150-270 v, of T, up to 300x107°K and of Meup to 20 em™.
These disturbances during the third revolution were slowiy

creases of I

expressed. )

In Zons B disturbances, characterized by the sharp in-
crease (during the time interval between two successive measg-
rements) of the analysed parameters were slso osbzerved.
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Por the first revolution (Fig. 6) data corresponding to
the regio:. near the pericent.e are absent, during the seco-, i~
~fourth revolutions plasma traps and magnetometers were switc]
ed off near the pericentre, and only on January 21 the plasma
measurements were performed near the pericentre.

The elterations of the shape of volt-ampere characteristics
observed during several hours in pericentre regioﬁ on January
21 1972 are shown in Fig. 10a. The varistions of the tra_
current for four fixed values of the retarding potentisl during
the same time-~interval are shown in Pig. 10b. i

One can see, that in the time interval, noted by the solid
line, parwilel to the time axis, the shape of retarding curves
is distorted, T; and Ne increase and energetic electrons
appesr. It is very daifficult to esiimate correctly Te ana Ne
‘using these distorted volt-ampere characteristices When it
appeared possible to do this, %t was found ut that 7; had
increased up to (200+300) ~103°K and Mg up to~20 em™>. The
disturbances in Zone B may be idgntified with the shock w-ve,
created by che interaction of the solar wind with the planet
and they will be discussed in more detail below.

In A, C and D zones electron trap apparently registerad
the solar wind at the orbit of Mars undisturbed by the planet.
In such a case disturbances observed far from the planet can
be accounted fo: by changes of the solar wind characteristics.
Tet us compare variations of Kp-iadexes as determined from
grouand station observations and solar wind param~ters as mea-
sured at the Earth's oroit on Vela satellites [7] with vari-
ations of parameters of the electron plasma at the i.ars orbit

durir the period under consideration.
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During fourth revolution there observed .wo disturbances
far from the planet (January, 13-14 and 19-20). In periods
January, 15-.9 and £1-29 mugnetic storms were registered by
ground stations (fig. 9). In the same periods values of the
solar wind velocity and density considgrably increased as mea~
svred by Vela-3 from 350 ka/sec and 5 em™? to 6V0~700 km/sec and
20 cm? [7] . In this period int.nsive sular flares “ere also
observed. When comparing these events the time delay due. to
mutual locations of the Mars, the Harth and the Sun should be
teken inte account. In January, 1972 the Mars laged behind the

Earth in azimut™ o1 rotation by adh ~ 50-65° and was 1 sated aR~

~70-75 millions km farther from the Sun than the Earth. The time

delay of the (vents may be evaluated from the following rela-
tion {8] s

at = -4R  ad

‘G LY.

when 2 o _4_-15.3°/day ~ the ahsula.r veloolty of ‘the solar
rotation, \f“ - tb> radial velocity of a disturbance i1 the
solev wind. At V% 200-500 km/sec tie values >f al  .as
~2-3 days; on the Mars solar winﬂ distuibanoas shéuld be ob-
sexrved earlier than on the Earth. Therefore one can conclude
that Jamuary 15 and 21 disturbances were observed on the Earth,
which were registered at the Mars orbit on January, 13 and 19.
We has po success in establisbing of relation betwsen phe-
nomena observed near the Mars and neﬁrvthe Earth during the
:irst and third revolutions of the spacecraft Mars-3 (see
f£ig. © and8). n these periods there were not observed an,
peculiarities on the Earth: K, ~index increasei up to 4 very

seldom, .ts average value was O-1. The third revolution of
Mars-3 was characteriged by monotonous weak disturbances with
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less increases of .Imax and Er . near the pericentre com-
pared to other revolutions. On the first revolution near the
apocenter the shortiime large‘diaturbanée was observed which
was not followed by a magnetic storm on the Earth.

During the second rewolutiocn of "Mars-3" (fig. 5, ¥) om

16 December §t~21bbd" Lhe stxrong magnetic'storm began on ‘the
Barth. At this tiue dhe meximum K, -index reached 7. The dis-
turbance lﬁsted 0 December 19. Corresponding disturbances of
the solar wind at the Mars orbit should been observed approxi-
mately two days earlier. Indeed, on 14 Décember after 23.00
values'ot Inax. in volt-ampeie characteristics, registered by
"Mars-3" slightly increased and su_perthermal tails appeared.
The magnetic storm lasted to December, 20, the maximum amplitude
was registered on 18 Dgcember (on 15 December at ~ 05h30

the nearplanet shock wave was observed on the ground of this
disturbsnce). , ‘

Disturbances in the solar wind similar to abovenentianod
ones were observed in_Nbvember 1971 on "Mars~3" when the space-
craft was in the solar wind undisturbed by the planet (fig. 11).

The dats of simultansous méasuréyents on Mars-2 and Mars-3
during the second revolution of Mars-3 (fig. 7 and 12) also
show that variations of the eleétron plasmanconponont detected
far from the planet reflect variations of the solar wind. From
fig. 7 Qnd 12 one can see that on 18 December disturbances of
the solar wind were simultaneously registered on both space-
crafts and during the quiet period, on 22-23 December, values
of T ..x end E; considersbly decreased on both spacecrafts.
In this period Mars-2 did not move away from the planet more
than bi 28000 La, and Mars-3 was at the distance > 150000 km.
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Simultaneous registration of the appearance and . disappearance
of disturbances on both spacecrafts located in different re-
gions of inte;planetary space shows that observed variatiohs
‘reflected variations of "the solar wind weather".

» According to magnatohydrodynamical theory five types of
discontinuities can be observed in the solar wind: tangential,
contact, rotational and shock wave discontinuities (rapid and
slow sh ck waves) [22] . During disturbances registersd far
from the planet an increase of the temperature, density (see
fig. 7, 9, 11) and magnetic field.) (£ig. 13) simultaneously
occured. This allows to sugsestvthat observed disturbances
correspond to interplanetary shock waves. Really in case of
rotntional discomtinuities a temperature and dens.ty shouldAnot
vary, in case of contact discontimuities an increase of ¢ den~
sity should be dccompanied by a décrease of a temperature and
in the case of tangential discontinuities an increaée of a tem=~
perature and density should be accompanied by a decrease of a
magnetic field [22] . In ¢ near-planet shock wave simultansous
varlations of solar wind parameters are also observed.

Let us now return to the consideration of the interaction
of the solar wind with the planet Mars. The interaction of the
solar wi wd with the Earth is known fairly well (see, for example,
[10, 11, 22, 23] Y+ The shock wave front, the magnetosheath and
the magnetopause were observed by means of magnetometers and
plasma probes on many spacecrafts. Experimsntal data. on the

*) The data of simultaneous measurements of the magnetic
field on 18 December 1971 during a disturbance were kind-
ly given us by Sh.Sh. Dolginov, Ye.G. Yeroshenko, L.N.
Zhuzgov.
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solar wind near other planets are yet not numerous.

. The disturbance of the solar wind by the planet (intrinsic
magnetiégkield of Venus was not revealed) was observed on 18
Octo_ber, 1967 by means of plasr traps and magnetometers on
the spacecraft Venera-4 [12, 13] , on 19 October, 1767 on the
spacecraft Mariner-5 {14] and on 17 June, 1969 by means of
plasma trape on the spacecraft Vemera—o [15] . Near the Mars

up to 1971 the only experiment was_ performed on the Mariner-4
in which a weak disturbance of the interplanetary ..agnetic field
was registered at the distance 0'1.5'105 km from the Mars on
the single pass of Mariner-4 [16] . Although iais disturba~ce
of the magnetic field mighv be :accounted for by some processes
in the solar wind which were not related *o the planet (such

' interplanetary shock waves. are frequently observed in the solar
wind) it was: interpreted as the crossing of the near-Martian
shock wave front by the spacecraft. The origins of this near-—
Martian shock wave were repeatedly discussed afterwards in dif-
ferent theoretical papers [17] . It was suggested that an ob-
stacle formed either by own m.gnetic field of the Mars (value

22 gauss'cm5 [18] or by the

of its magnetic moment is ~1.7-10
ionosphere [18, 19, 26. 21] can cause, the shock wave near
the Mars. In the latter case were considered the direct inter-
action of the solar wind with the ionosphere (with ¥aking into
account of photochemistry, charge exchange processes and othexs)
[20] , or the tangential discontinuity between the solar wind
plasma and the planet ionosphere [19] , Or #0-called msgnetic
barrier [21] .

. The location of thé shock wave front depends on d mensions

of the obstacle. Therefore the experimental determinétion of
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the shock wave frort location near the planet allows to evaluate
dimensions of the obstacle and exclude some of above-mentioned
hypoth.ses przdicting Jbstagle dimensions, which contradict to
experimental data.

In [2] the preliminery results of estimations of the ob-
stacle dimensic.i were presented from shock wave front locati-ns
according to the data of electron traps aboard the Mars-2 and
Mars-3. These estimations .ere made under the assumption of
sphericity of the obstacle vsing simple gazodynamical relations
[24] . It was obtained that the average radiué of the obstacle
was ~ 4500 “m and the average =areocentrical dirtence to the bow
Bhock-stagnation point was ~ 5500 kn.

Below obstacle dimensiors are estimated in accordance with

calculations of the she 'k wave front location [22] under the as-

‘sumption the ' the obstacle has the form of a stretched body of

revolution similar to the Earth's magnetosphere. In fig. 14 parts
of orbits of Ma:3~2 and Mars~3 are shown in which the space-
crafts crossed the shock wave front. The criterion of the cross-
ing of the ne .r-Mart’ an shock wave front as well as in pumber

0" cases for near-Earth shock wave [4,10,11] was the appearance
of "superthermal"velectrons and the abrupt increase of parameters
(ne . T; s ImaxL Retarding curvés obtained at near-vlanet
points of these parts of orbitw (fig.1%) areAtypical frr the
magnetosheath, and those obtained at the most distent points -
fqr the unéisturbed solar wind. The direction of pointers cor-
responds to that of satellite motion and the lengths of parts

of orbits depend on the instrument operation regir:. On 8 Ja-
nuary, 21 Janvary and 12 May, 1972 measurements were made every

2 min, on 15 December, 1371, J January, 1971 ~ every 410 r'n.,
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and on 17 December, 1971 - every 20 min (see [3]'\. The solid
1lir > shows the form and dimensions of the obstacle, the dashed
line - the shock wave fromnt location for Mach number M 3z 8 [25]
and X = 5/3 [22] . Obstacle dimensions are chosen in such a
way that She sum of the seuare of thﬁgismance was minimum from
both ends of parts of trajectories (fig.1&) to the shock wave
front formed bv this obstacle. The areocentric distance to the
stagnation point of the obstacle is v’4800 km and to. “he stag-
natior point of the shock wave front — 5900 km (~ 1400 km and -
~250" km from the Mars surface respectively). Both values of dis~
tances are soﬁewhat more‘tfxn‘inifz] . The obtained size of the
obstacle does nnt;agree with hypothesec [18, 19, 20]
According tokthese hypotheses,the Mertian ionosphere is

the obstacle. In [19] dimensions of the obstacle is determined by
the balance of the solar winddynamical pressure and the iomo-
spheric charged particle pressuie (i.e. the boundary lies at the
beight ~17 km). 1. [20] 1t is suggested that the thermalized -
solar wind is decelerated at the height of'100-200 km above the;‘
Mars surface. Really the experirantal data on the eleci.on con-
centration distribution‘in the Martian ionoéphere, ebtaiped from
the radio occultation observations eelipses 6f the same space-
rafts Mars-2 [26] and Mariner-9 [27, 28] , show that thevma—
ximum of the ionospheric‘eléetroe.densiti is locat~d at the height
~140 km and at ~300-350 km the Martian ionosphere pressure ap-
proximately two orders lees than the eolar wind dynam cal pres-
sure at the Mars orbit. However, :eeults of our measurements
may be easy explained ubder the assumption that the obstacle form=
ing the shock wave is the magnetic field. If the Mars has intrin-
sic magnetic field and the magnetosphere, ‘the value of the magne~
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tic moment of the Mars maj be estimated from following expres—

Mn = —D3 VZWK.?”V“? 3

K =0.88, 9= and Tﬁn —density and veloolty of the solar

sion [22] :

where

wind respectively, D -areocentric distance to nosing point

of the maénetosphere. The value of J) = 4800 km (see dimen-
sion. of the obstacle estimated above) corresponds to the den-
sity of 3 cm'3, velocity of ‘C;450 km/sec and magnetic moment

of the Mars P{M = 2.4x10%2 gauas-cma. Magnetic neasurements
conducted simultansously with ours on the ssme satellites [29]
allowed to conclude that the Mars can have own dipole mesnetie
field. The value of the magnetic moment determined in [29] agree#
to our estimations. Estimations of Mu made in .[1G] “according
to the data from Mariner-4 do not contrast with our estimations
either. s - ) ' ": -

' Results’of eimultaneous measurenents of plasma‘charaeterie-
tics and the magnetlc field from satellitee Mars—2 and Mare—} '
and ‘the comparison of these results with simflar meesuremente

near the Barth and the Venus can serve as the eonfirpation of
the hypothesis on the existing Martian intrinsic magnetic field

[29] -

- Fig. 15 shows three componsnxs of the magnevic field taken

.trom [29] , values of electron trap currents at gero reterdins

potentialr(Imax) and electron temperatures « 7} ) obtainad on”

. 21 January, 1972‘(aee fig. 9) in the region of pericen;re. One

can see from this figure that at moments of time coireepond;ﬁs

'to abrupt increeeee (oz decreasea) of I and T; (Mars-}

crossed the shock wave ‘£ront). the magnetometer also registered
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increases (or decreasses) of the magnetic field and the level of
its fluctuations. In fig. 15 these moments are marked by figu-
res 1 and 4. In accordance with [29] the boundary of a hypothe-
tical Martian magnetoébhere is marked by figures 2 and 3. At the
moment 2 the value of the magnetic field sbruptly incre;sed and
up to the moment 3 it remained,high compared to those in <ihe
magnetosheath. In the same interval 2<3 the valie of Thex (which
is meinly determined by the electron flux)  bhad substantially
less average values than in the magnetosheath (intervals of time
1-2 and 3-4). ) ‘

As it is kpown simultaneous measuremen.s of plasma characte-
ristics and the magnetic field were conducted in the environs of
the Earth and the Venus. Intrinsic Venusian magnetic field either
is absent, or is very small [13] therefore tie behaviour of the
plasma and the magnétic £i.14 as the sgtellite approaches the
Venus after the crossing of the shock wave front differs from
that near the Earth. ‘

When approaching the Earth a satellite crosses the magneto-
pause and enters the magnetosphere. At this moment the maguetic
field increases and becomes regular and the density Ne and
charged particle flﬁi N drops (in the magnetosheath 1, is
considerably higher than in the boundary layer inside the magne-
tosphere ,[30, 31, 52] ). Near the Venus a quite differgnt plasma
behavior is observed: during the spacecraft Venera~4 approach
to the planet, the values of |[B| and N varied practically
synchronous at a distance of ~20x“|03 km up to the end of mea-
surements at the height ~ 300 km [12] , '

It is easy t0 see that simultaneocus variations of the

plasma and magnetic field near the Mars are more like similar va-

riations in the near-Earth enviroms then in ne.r-Venus one. The
authors of the present paper suppose that fig. 15 confirms the
correctness ¢ the bvpothedis on Martian intrinsic magnetic ficld
and Martian magnetospher. as the obstacle forming near-planet
shock wéve. The Jjuint consideration of simultaneous measurements
of characteristics of the c¢lectron plasma and the magnetic field
for a numbexr of passes of the satc¢llites r:ar the plaret will be

conducted in futrre.

Conclusions

o
]

Results of mea_urements of the solar wind -zlectron plasma
characteristics allowed to make following conclusions:

1. The electron temperature .nd the density of the undistur-
bed or slightly disturbed solar wind of the Mars orbit during the

period of me:3ureiants werc (60+120)x1)5°K and 346 em™> respec-—

“ively.

2. The shock wave is detected which is formed by the inter—
action of the solar wind with the planet. With usirg in Mazh numb-
er M, = &, the estimation of the di: tance fron the ‘planct
surface to the shock wave front at the stagnation point ~ 0.7 RM

3. The crossing of the near-planet shock wave front by the
Mars-2 and Mars-3 corresponds to theAsubstantial in.rease of the
electron temperature (up to 2000500 x103°K) the dens.ity (up to
~20 cm 5) and to the appearance of energetic electrons with

E > 50«70 ev. ‘ ) :

4. Near the planet and far from the planet (  80+100x10°km)
at orbit of the artificial savellite ofkthé Mars the inter; .ane-
tary shock-waves were detected. '

5. The . abrupt increase aof «7;41- upk ta 300 103 éK. Ne up to
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20 cm,-3 and the appemrarse »f 3uperthermal™ electrons with
Er > 1504270 ev were observed in.the interplanetary shock
waves.

Tre appearances of these disturba—ces are correlated with
the magnetic disturbances anrd magnetic storms observed at the
Earth. ‘ ‘

6. The comparisén of meas rerants of the solsr wind elect-
ron somponent and the magnetic field from the satellite Mars-2
ard Mars-3 showed that the substantional increases of Te , e
and the appearance of "superthermal® electrons were simultaneous
with substantial increases of the magnetic field aqd the level
of its fluctuations in the near-planet and interplanetar:” shock
waves.

7, The location of the near-Martian shock wave front de Ser—
miped from measurements of the plasma electron component and the
comparison of v r.ations of the plasma and the magnetic field
near the Mars, the Earth and the Ven's allow to concluac that
Marvian intrinsic magnetic field with /WM'“ 2,4x1022 gausa-cm‘5
may be the cause of the near-Martian shock wave. Thus evaluation

of M, agrees to the value of /7, calculated from the data

of magnetic measurements p ‘esented in [29] .

Figure captions

Fig. 1 Calculated normalized volt~ampere characteristics
of the electron trap at different values of the bulk velocity.
Fig. 2 Experimental and calculated volt-amp re characte-
ristics of the electron trap.
Fig. 3 The influence of the spacecraft potential on the

volt-~ampere characteristics of the electron trap.

a5

Fig, 4 Orbit. of the artiicial satellites of the Mar .

Fig. 5 Volt-ampere characteristics typicél to different
"0D6&. . ‘

Fig.'6 Verlations of values of I and £+ during vhe
Tirst revelution of “fars~3 and simultaneous variations of Ky -~
~indexes recorded on the Earth.

Fig. 7 Variations of parameters of the plasma electron
component during the seconu revolution of Mars-3 and simultane-
ous variations of lﬂp—index“s recorded on the Earth.

Fig. 8 Variations of parameters’of the plasma electron
component Caring the third revolution of Mars-? and simultaneous
variations of K, -indexes recorded on the BEarth'

Fig. 9 Variations of p remete-s of the plasma electron
component during fourth revolution of Mars-3 and simultaneous
v riations o1 Kp -i-dexes recorded on te Earth.

'Fign 10. a) The change of the form of volt-ampere characte-
ristics in the p.ricentre region of Mars-3;

b) Values of currents corresponding to four values
of the retardiag pote.tial in the pericertre region of Mars-?

Fig. 11 Variations of parameters of ..e plasma electron
component along the path of Mars-3 in November, 1971.

Fig. 12 Variations of values of Iy 8nd E, recorded
on Mars-2 in December, 1974

Fig. 13 Simultaneous changes of velues of
the magneti. field far from the planet.

Imax’ Te and
) Fig. 14 Parts of Mars-2 and Mars~3 orbits in vhich the
crossing of the shock wave front was detected.
Pig. 15 Similtaneous measurements of parameters of the
comsonexn
plasma electron/and the magnetic field in the pericentre 1:gion.
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