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ABSTRACT

Preliminary resulis of the measurements on. the electron
end ion componente of plasma obta%ned by means of wideoangle de~
tectors onboard the Venera-9 and Qenera-10 satellites are present-
ed. Stable electron and fluctuating ion fluxes were detected in
the -optical and corpuscular umbra. As a result of the plasma
characteristics observed at a few hundred kilometers above the
opticel umbra,‘we refer to this region as corpuscular penumbra.
By means of a number of bow shock crossings, we analysed its
structure which turned out to be variable with time. The rela-
tively small fluctuation of the bow shock crossing positions and
grouping of corresponding shocks near the planet suggest the non-

-magnetic nature of the Venus obstacle.



1. Introduction

The low-energy plasms measurements were conducied by msans
of wide-angle detectors installed on Venera-9, 10 space vehicles
launched into the Venus sateliite orbits on October, 1975, Pe-
‘riod of revolution of both satellites was~2 days, the orbit al-
titude in pericenter ~1500 km, in apocenter ~ 110000 km, inclina-
tion~30°, The ioniec component of plasma was measured in 16 ener-
gy“intervals from Venera=9 (in snergy range O to 4400 ev) using
a modulated Paraday cup oriented to the Sun with angular diagram
14505 measurements of the electron component of plasme were car-
ried out using an integral trap oriented in the anti-solar direc-
tion { ith angular diagram 1400) 0 the analysing grids of which
16 values of retarding voltage were supplied in the range O %o
300 V. Only the eleciron plasma component was measured from Vene-
ra-10 as the ionic Faraday cup current amplifier put out of ope-
ration during the flight to Venus. The equipment used slightly
differed from the instrum:nts operated earlier in plasma experi-
mente in the Mars region (deteciors are identical) on satellites
"Mars-zﬁ9 "Mare-3" and "Mars=5" and described in detail by Grin-
gauz et al. {1974).

Before the flight of Veners-9, 10 the experimental results
relating to the region of solar wind interaction with Venus wexe

not systematic. For the first time the simultaneous disturbances
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of .ionic component of the interplanetsry plasma and megnetiic
field connected with the near-planetary shock wave, were dis-
covered on Ociober 18, 1967 when ithe Venera-4 station approached
to Venus (Gringauz et al., 1368, Dolginov et al., 1968). Later
near-planetary shock wave front crossings were registered on
October 19, 1967 from "Mariner-5" (Bridge et al., 1967); on May
17, 1369 from Venera-6 (Gripgauz et al., 1370) snd on February
5, 1975 }rom Mariner-10 (Bridge et al.;, 1974, Ness et al., 1974).
Measurements of the low-energy plasme ion component were taken
from Venera-4 and Venera-6 by meens of the wide-angle traps with
iwo values of retarding potentiel O V and +50 V (Gringauz et al.,
1970); from Mariner-5 the ion c0mponént of plasma was nmeasured
too, using a modulated trap in the energy range 40 1o 9400 ev
(Bridge et al., 1967), and from Mariner-10 the measurements of
only electron component of piasma were carried out in the energy
range 13 to 715 eV using electrostatic analyzer oriented mainly
in the anti-solar direction (3ridge et al., 1974). Thus, before
the flight of Venera-2, simultaneous wmeasurements of the plasma
electron and ion components in the region of the solar wind in-
teraction with Venus were not ccnducted. It worth to mention
the full absence of the experimental data ¢n the plasma charac-
teristics in the optical umbra of the planet.

The shock wave front position was aefinea in the previous
experimer.ts from Venera-4, iariner-5, Venerz-6 (Gringauz et al.,
1968, 1970; Dolginov et el., 1968; uridge et sl., 1967} only
with the large angles ¥ Sun-Venus-vehicle (112°, 1387, 129°,
respectively) when ﬁhe}relative ancertainty of the front‘pcsi%
tion was sufficiently small: é§%° XL 1 where ' = is the
distence from the Venus center to the front, and &7 - is the

front position uncertainty associated with the moiion character



5

and the front thickness as well ae with frequency of plasms Or
mégnetic meaauremsnté in each specific experiment. As it was
mentioned by Bridge et al., (1975) according %0 the Mariner-5

and Mariner-10 dats recorded from these vehicles froﬁtvcrosainga
travelling from the magnetcsheath;wiih~lower r and ¥ , . bz
was ~3000 km and was compared with the dimensions of the obstacle
creating the front ( AT/ = 0.2 to 0.3).

Earlier a paper was published (Grigauz et al,, 1976a) w;th
the first preliminary data obtained on October 26, 1975 while
Venera-9 was flying from the optical umbra of ?enns into fhe 80l1-
ar wind. Ai present the resulis of measurements.conducted in
near-planetary parts of the orbits are partially processed (the
first montﬁ%%peration, 12 £lights of Venera-9 and 4 flights of
Venera-10). Some resultis of measurements conducted during fheae

flights are considered and discussed below.

2, Corpuscular and optiecal umbra,

corpuscular penumbra

Plasma measurements in a mode with increased sampling were
begun, as a rule, in the opticel umbras of the planet at altitu&e
1500 to 2000 km at the distance 3000 to 4000 km from'the Sun-
<Venus line., In this mode one value of the electroh and ion trap
current was measured once per second. Since the measurements of
the plasma ion component were made in 16 energetic intervals;
-electron component measurement conducted with 16-va1ueé of.retﬁrdw
ing voltage, and in each energy interval and with each value of
retarding voltage the eurrent was measured 10 t:.mes9 the full dif-
ferential energy spectrum of ions and integral energy spectrum
of electrons were obtained for 160 sec. During this time the sa-
tellites with the velocity ~ 7 km/sec travélled ~ 1100 km; 1%




A 5 Y D5 E B I 13w, 7

TRV SRR RS ¥ I e

6
should be taken into account in regions with large gradients of
the surrounding pleuma peculiarities, | ‘

Fig. 1 in X , VY% 32 coordingtes (X axis passes
through the planet centre and is directed to the Sun) gives the
Venersa-9 irajectory part during the fly from the optigai umbra
into the sclar wind on November 1, 1975, The energy specira of
ions obtained during this flight ave given in the upper part of
the Figure. In the Optigal umbra of the planet the energy speectrs
of elecfrons conforming with the denéity Me~1 cm~3 and {em-
perature Te = (2% 5)?1@5°K were regularly measured. In the same
region on an average in~70% of the telemetry samplings the mea-
sured ion fluxes turned out to be lower than the instrumenti sen-
sitivity threshold, and in~30% of the fluctiuating ion fluxes |
irregularly distributed in all energy intervals up 1o 4.4 keV.
The plasma peculiarities characteristic for the optical umbra of
the planet; was recorded at several hundreds kilometers higher
than the optical umbra boundary. The region, that is wider than
the optical planetary umbra and which is dharacterizedvby the

o

absence of distinct directed ion fluxes we refer as corpuscular
umbra region.
Pig. 1 shows the spectra (a) of electrons ang ions in the

corpuscular (and optical) umbra regign, The basic mass of read-

yity; the points show the separate ejections of the ion currents
rocorded,

Between the corpuscular umbra'and the magnetosheati, exist-
ing behind the near-planetary shoeck wave front, a zone called'by'
us as covpuscular penumbdra wes observed (spectra b in Fig. 1)
within which the plasmé ion component is chaeracterized by less

transport velocities as compared to that in the magnetosheath
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{spectra (¢) in Pig. 1); the directionsl character of ion motion
F2)
in the corpuscular penumbre is expressed quite distinctily.
Let um zconsider the fly out of the corpusculsr psuumbre in

more detail. Pig. 2 gives five successive lon specira recoxded

on Oetobar 30, 1975 from satellite Vensra-9 during its fly from

ths corpuscular umbre (specira &,b.c) into the megnetoshsath
fepectrum e). As mentioned shove in esch enexrgy interval ths cur-
rent was recorded 10 times {wi%th &bsence of ®"failures"), however,
beoauge of iie transition process while delivering the high and
modulsting voliege ontc the ion trep grid even in the quiet sur-
sounding plesma, the first reading of current, &8 a ruls, differ-

ed-from the rest. Therefore Fig. 2 gives Y readings of ion current

5 iz sech energy intervel {in the first energy interval, O to 40 eV
i the 1set 5 readings of current are given). As it is seen from-
Pig. 2, the directicnal character of ion fluxes became noticeable

in specirum 4 (Pig. 2) when the setellite went out into the pen-

umbra (aceording to our terminclegy).

To get an estimation of the plasma parameters in ihe pen-

umbrs, mesneiosheath and solar wind the averaged values of cur-

rents in each energy intervals were used (by 9 readings). The
computated current values in our emergy intervels are shown in

Fig. 24, e by s0lid lines with the paremeters of the surrounaing

L
g

lasms {chosen in such 8 way that the weighted root-mean-square

fOS

devietion of computated current from the averaged msasured cur-

rents should be minimum): in penumbra - the ion density is Ff1; ~

1.5 o < bulk veloeity V.o o 180 km/sec, itemperaiure Ty~
£ PR
§O?QJQ”; in wegnetosheath /2,7 em jgv‘* 240 km/g@e, 21“’

C5.3107YE, f.e. during the £light into the megnetosheath from
senumbra on Ootober 30, 1975 the ioncrsase of bulk velocity end

jor density occurrsd, their %temwperature practically 344 mot changs.
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Bon-monosomous change of the computable currents (Fig. 1) can
be expleined by the chosen values of the relative widths of ener-
gy stens. The isn bulk velocity vector deviation from the normsl
to the irep apsriuve was ot teken into eccount in the calcule-

tion. Thne sanlopoug sgti sarapeters on Novems

bexr 1, 1975 in the ve n [spesctrum b in Fig. 1) yield /;~
<3 N oaian ; 7 T ’ .
2,9 em 7, YN0 wisee, /7 ¥ 3°1077K; in the magnetosheath

(specirum ¢ in Pig. 1)/% fv)13 cmm39 V ~ 230 im/sec, ﬂ4009=165°Ke
The bulk velocity and ion dengity in the magnetosheath alsc

increase during this fly, but the ion temperature is decreased,

The lower values of ion temperature estimated from spectrum e

(Fig. 1) as compared to b in p&n&mbr& ¢can be czused by time

variations of currents recorded by trap while teking this spect-

rum. - Indeed, for the subsequent spectra in the magnetosheath

on November 1, '1375 the estimated 7 values lay within (2,.6+

& 3¢§}0293“ﬁ3 i.7. during this flight from the pegumbra into ihe

magnetosheail the iow itemperature probably did not sufficiently
change .

Note that the corpuscular perumbre was not recorded during

]
sy
—
=

all satellite flights., This pe associated with the fact,
that the characteristic =ize of the penumbra is of the order of

the distance at which the whole energy spectrum of ions is taken

D
r
o
[3M]
ot
[5\)
ee?
ot
},—.M
o

in the given experiment, wnd auring th te fly via the

corpuscular penumbra, messurement can be uade 11 those energy

‘intervals where tne icn Fluxey are cosent in penumbra,

Let us retursn oo Pig. "1 After flying out from the corpuscular
penumbyra the satellife at~ 5000 wo ftravelled in the magnetosheath,

Thig transition is sccompanied by the monotonuvus growth of eleci-
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ron fluxes with all the retarding potentials (compare spectra ¢
and d i; Pig. 1); the bulk veloecity of iomns increases from
230 km/sec to 270 km/sec; the plasma density (defined from the
ion trap recordings) increases from 13 cmfg.to 105 cmTBO'During
the spectrum e taking (Fig. 1) ‘the satellite crossed the shock
wave front S and went out into the solar wind (spectrum f in
Fig; ). It is clearly seen from Fig., 1 that in the given session
of measurements the S front intersection is distinctly observed
a5 & -sharp dacrease of the electron fluxes recorded (the ion com-
pGnenﬁrmsasurements at this time were made in energy intervals
where the ion fluxes both in the magnetosheath and in the solar‘

wind were absent}. In the solar wind in this session of measure-

ments the demsity was 2;~35 cm >, /i~ 6,.5°10%°K, Je ~ 150x10°°K,

¥, ~310 km/sec. Note that as the retarding voltage increases -the
electron fluxes fall sherper in the magnetosheath as compared to

the solar wind (compare electron spectra ¢ and d in Fig. 1).
This can probably be explained not by "cooling™ of electrons be-
hind the shock wave front but the sufficient rise of the plasma
density because of the satellii=s motion during taking the whole
energy Speqtrum of electrons (from the large decelerating poten-
tials to the small ones), that leads to the underestimation of
electron temperature in the magnetosheath; region formally de-
fined from "energy" spectrum, and overestimation of their "den-
sity" as compared to the ion density.

Fig. 3 gives the ion specira obtained during the session on

November.9, 1975 from Venera=9 in the magnetosheath (Fig. Ba)‘and‘

in the solar wind (Fig. 3b); the calculated current values (see
above) are shown in this picture by solid lines. As it is seen
from Figure, the piasma ion»component in the nmagnetosheath behind
the shock wave front not only decelerates ahd heats up as compar-

ed to that of the solar wind, but it is charscterized by suffici-
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ently large fluctuations of ion fluxes in energy intervals with
the most fluxes recorded. Under conditions of strongly fluctuat-
ing fluxes of charged particles the fluctuation level should be
taken into account for adequate description of the plasma state.
The useé mefhod of determining the plasma parameters described
above does not probably allow the reliable numerical results to
"be obtained.

The behaviour of the bbtéined parsmeters of ion and elect-
ron components of plasma in the near-plenetary shock wave front
intersection by Venera-9 on November 11, 1375 is given in Fig.4.
As one can see the n density decreases and V bulk velocityv
increases as well as the ion tempera%ure decreases in crossing
the shock wave front S and going out intc the solar wind. Note
that the estimates of electron temperature cncg density given in
Fig. 9 are made without consideration of plesma density change
in the magnetosheath during a single energy spectrum measurement
(see above). This probazbly czuses the exceeding of the electiron
density in the magnetosheath over ion density, ana the absence
of sufficient variation of electron temperature at the shock
wave front (see Fig. 9). Consideration of the plasma density gra-
dient in the magnetosheath will result a oveiter gzreement of the
estimates of the electiron end ion censities in the ma netoshecth,
as well as in conclucsion on the sli, hi decresse of eleciron ftem-
perature while interseciin, the chock wave front &nd soing into
the solar wind on November 11, 1975.

Sufficiently high time resolution of the instruments instal-

led on Venera-9, 10 a%lows the behaviour of the plasma electron

o

and ion components in crossing the near-planetary shock wave
front to be studied in detail. Essentially differed front stiruc-

tures were observed at the different revolutions of satellites
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with crossings of <he ghock wave fromi. Resulis of messurements
uf @2@@%3@& end lon plasme componenis® in the shock wave Ifront

<

intersection by Verera-2 on Oetobsr 26, 1975 were givesn esrlier
oF = &

{(Gringeuz et ml., 1976}, In this sessiorn of msasurements the

Trort crossing was recorded by elscivon and lon deteciors simul-

tareously &8 & currsnt decresse for 1 %0 2 sec thet with the sa-

]

‘5 7

o

ite velocity end in sseuxption shat the Tropi did noi move,
allows its thickuness t0 be egvimeied as 10-15 km (Cringauz et al.,
1976). Of e urse it should not be sxeluded thet in this session of
meamQrﬁment {gimilay 10 the cﬁﬁsiﬂereé below) the front transpori
could cocnr with the velocity essentislly exceeding ithat of the
sntellitets (~7 km/ssc): in this cese the front thickness esti-
wate mugt be increassd,

Pig. & gives three successive electron integrel epsrgy speci-
re recordad frowm Vemﬁraéiﬁ op Novewber 2, 1975 flying from the

1

megneicaneath (specirum &) into the soley wind (8pecirum ¢). In

gpectrun o the $ine intsyrval 20 sec is marked by 8 eppropri-
gting to the shock wave frony ilntersesiion by the satellite. As

it i seen from Figore, electron flux ip the time interval 8
decreased rather monotomously and the ghock wave front thicknéés
in this case can be estimated s ~ 150 km assuming again that
the shoeck wave front did noi move,

It should be noied that in some sessions of measurements the
shock wave froant motious were possibly observed., For exsmple,

on the Pig, & the elesctreon snd ien specira are shown obiained

flies {spectra b) from the

\ﬁ

while Veners-9 on Novemgher 11, 197

?

.

magnetosheath {(spesctra &) into the sclar wind (specira ¢}, In
the iime interval merked by the dﬁt line the considerable and fast

lations of ion anéd electwon fluxes were observed in spectra

ey

b that can be 1nierpveted &% the osecillatory motions of the
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shock wave fromt towards ihe satellite motion with the velocity
that 10 $0 20 times.exceeds the satellite velocity or as pulsat-
ing front of width 200 to 300 km. The front motion at & more con-

siderable distance was observed on November §, 1975 when Venera-
-9 intersected the near-planetary shock wave front in the points
spread in space at 1000 km. It should be also noted that duriﬁg
one flighi (Venera-9 on November 7, 1975) a very wide front was
observed on which the tremnsition from the charged particles spect-
ra typicel for the solar wind to the typical spectra of the mag-
netosheath occurs in the orbit part of ~ 3000 km length.

Pig, 7 shows the analyzed cases of the infersections the nesr
Venmus shock wave £ront by Venera-=9 kcircles) and Veners-10
(points). The solid line with & circle marks shock wave front
intersections on November 7, 1975 and on November 9, 1975 when
the uncertainty of the front position was~/3000 km and 1000 km
respectively. The dot line shows in this picture the shock wave
front position computated by Spreiter et al. (1970) for the ob-
stacle, characterized by parameter ji?E = 0.01 and by the sub-
solar point altitude above tne Venus surface, 500 km (solid line}.
The short s0lid lines show the Venera-9 orbit parts where suéh
ion specira were observed which characteristic for the corpuscu-
lar penumbre. As it is seen from Figure, with the chosen obstacle
size and shape the observed positions of the corpuscular penumbrs
and the nsar-Vemus shock wave front are in good agreement with

the computated ones.

4. Discussion

A. The corpuscular un)ra and penumbra regions

The discovery of ion fluxes in the energy range 1 to 4,4keV

in the deep optical and corpuscular umbra of the planet is one
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of the unexpected, incomprehensible and therefore the most inter-
secting resulis of measuremenis described. As it is noted above
and as if is seen from Fig. 2 such fluxes .are recorded approxi-
mately in~30% of cases during some flights (in~70% of the to-
‘tal number of measurements these fluzes are lower than the in-
strument sensitivity level). However, the ion fluxes in the wmen~-
tioned energy intervél were not recorded in the trajectory parts
in the corpuscular umbra located closer to the magnetosheath, in
the corpus.ular penumbra and in the deepest part of the magneto-
. sheath (compare a an. ¢, d, e spectra in Figa 2).
The chéracteristic size of the corpuscular penumbra isg ~
1000 km (see Fig. 1, 7) in a qualitative agreement with the as-
sumption, that it can be formed as a result of erosion of an ini-
tially rather sharp boundary of the obstacle (the scale height
o; the ionized or neutral part of the Venus aitmosphere is the na-
tural thickness of the obstacle boundary near the terminator)
because of the thermal motion oI the plasma particles, ox insta-
bility of the Kelvin-Helmholtz type on the obstacle boundary.
However these mechanisms can explain the plasma penetration deep-
ly into the optical umbre behind Vemus, but do not explain the
existence of ion fluxes with such energies which were not obser-
ved in the corpuscular penumbra region, znd it is necessary 10 &s-
. sume the presence of the ion accelerating processes deeply in-
side the co. juscular umbra of the planet. The ppesencé of large
fluctuatidns of ion fluxes deep in ﬁhé'corpuscula: umbra of the
planet can be an indirect evidence in favour of the faci that,
at least some acceleratihg_mechanigmé are stochastic.
If ion fluxes in the optiecal and corpuscular umbre of Venus
were on the limitAof the ipstfument sensitivity, then eleciron

fluxes in these regions were always reiiably measured with all
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retarding potentials (0 to 300 V), and for characteristic para-
meters of the plasma electron component in the energy range 10
%o 80 eV we obtained /le ~1 cm°3, Te ~ (2 to 5)°105°K. The preli-
winary estimetes show that an influence of these electron fluxes
sn the ngﬁtrai atmosphere can provide the existence of the Ve-
ous nightside ionosphere. The éuthors will analyse this problem
in a separate paper.

Iz éﬁould be noted that in‘the p:evious plasma experiments
in the Venus region there have already'béen observed the pheno-
menon which we can interpret now as entry into the’coppuscular
penumbre. While Venera-4 was eapproaching the planei surface; the
jon flux recorded by the integral traé at altitude ~ 3000 km
dropped to the values less than those in the solar wind (Grin;
gauz et al., 1968). While lariner-5 was apprevaching the optical
umbra the ion fluxes recorded by this vehicle also decreased
{Bridge et al., 1967), and due to the reconsidered data analysis
in the region of the nearest approaching the vehicle to the op-
tical umbra, at ~ 2500 km from it the flux aropped to the values
iower than the instrument sensitivity limit (Bridge et al., 1975).
The porition of Venera-=4 (rhomb) and Meriner-5 (triangle) atAthe
appropriate time moments is shown in Fig. 7. The desh lines in
Fig. 7 show the Mach "cone" with opening angle U  =ercsin
/M , M=8. It is seen from Figure, that both the Venera-9 or-
bit parts where the ion spectra, characteristic for the penumbra
were observed and the region with the minimum ion fluxes (lari-
ner=5 data) lies inside {he liech cone with I £ 8, The phenomena
¢bserved from Marineréﬁ)by their chafacter and location cén be
interpreted as an entrj of thisg vehicle into corpuscular pénumb—
ra (and merked in Bri&ge‘et al.; 1975, dissappeafing of fluxes .

is possibly asscciated with Mariner-5 being at this moment in

-~
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the corpuscular umbra of the planet). Venera-4 was beyond the
Mach ®cone" (Pig. 7) when the recorded ion fluxes dropped to the
values lower than in the solar wind. however, with its further
approach to the planet the ion fluxes recorded continued to de~
crease (dropped to the instrument sensitivity level st altitude
~ 2500 km) that also conforms with beheviour of the plasma ion
component observed whilé Venera-9 entered the corpuscular penum-
bra.

We can make some conclusions on the obstacle height over
the sunlit part of the planet when interpreting the corpuscular
penumbra as the smearing boundary of the obstacle that stops the
s0lar wind near Venus and therefore, believing that the obstacle
height corresponds tc the middle of the penumbra. As ii ig seen
from Fig. 7 the typical distance from the Venus’s opticel umbza
up to the middle of orbital sections where ion Spectra were ob-
served (we associated them with the corpuscular penumbra) amounts
to about‘BOO km. The obstacle Lcight over the planstsry surface
(and after terminator the obstacle height is over the geometric-
al umbra) is naturally assumed tc be a monotonically increasing
function of Y -angle. Hence, over the sunlit Venus the height
of the obstacle that stops the solar wind is less than about
800 km. It is the experimental evidence in favour.af the fact
that the steep fall observed in the eleciron density profiles
at about 500 km in the. Venus ionosphere (Fijeldbo and Eshleman,
1969) is a consequence of the interactiom betweén the Venus iono-

Sphere and the solar wind,

B. Magnetosheath and near-planetary shock wave
As it has been mentioned above and seen from Fig. 4 the
plasma density /2 , increases while the satellites move in the

magne tosheath from the corpuscular penumbra to the shock wave
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fronmt S  and then jumpingly decreases at the shock wave front.
This density ipncreese:is sometimes rether significant (by 20 %o
50 times); the plesms density decreases pore than four ilmee was
also observed at the shock wave froni. Such large jumps of - the
plasma density st the shock wave front and the growtn of /1 bet-
ween the corpuscular umbra zone and the front is possibly associ-
ated with the presence of the additicnal degrees of freedom in
the plasma at the magnetosheath egion (oscillatory) and with the
appropriate decrease of the adiabatic éxponent a8 compared td thes
frequently used value 5/3. It is not excluded that the increased
gradients of the plasma density in the direction from the shock
wave front to the corpuscular umbra boundary as compared 1o the
analogous case in the karth are sgsociated with.differeni nature
of the obstacles magnetopeuse near the Lbarth and the diffusive
atmospheric boundary near Venus. However both of these conclu-
sions need further theoretical and ecxperimental confirmations.

3

Tt should be teken into account tnat the vlasma parameter estie

o

mates under the conditicns of sirongly fluctuating particle fluzx=
es are not sufficiently reliiable (8se above). The comparison of
the plasma parameter jumps at the shock wave front with the jumps
calculated by the Rankine-Hugoniot relation assumes the absence
of strong fluctuations of the plasma parameters behind the front
at distances much less than the radius of the shock wave front
curvature., Such a plesma state can be absent behind the near-Ve-
nus shock wave. Indeed, the linear dimension of the strong flucs=
tuation reg.cu behind the collisionless shoeck wave near Venus
and the Easrih is defined by the s¢lar wind plesma parsmeters and
mus* be arproximstely the same. However, the characieristic size

0f the obatacle for ths scliay wind neay Venus iz ~ 10 times

smaller them thet neer the Earth ('wéxﬁﬁzkm and m&6x§94km res-
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pestively). According to the measurements teken from the Vela-4

satellidte strong fluctuations were obmerved by Monigomery et al,
{1970) behind the near-iterrestrial shock wave fyont in the xegion
of ~1500 o 3000 ¥m distance (sometimes its disiance amounted ~:
31104~km)9 and the plasma parsmeters in both sides of this ye-
gion were compared with the Renkins-Hugoniot relations (Monigome-
ry et al., 1970). For Venus ~1500 1. 3000 km eare compared to the
magnetosheath dimension amd in this case the plasma current cha=
racteristics in the magnetosheath beyond the Zone éf strongly
finctuating fluxes will be not determined by local Rankine-Hugo-
piot relations but the total piciure of the flow arround the pla-
net,
Despite of the possible sbsence of the plasme siete with

small fluctuations in the Vemus's magnetqsheath, the. obstacle

and the shock wave frcnt positions detecied near Venus agreed
with gasodynaﬁic caleulations Spreiter et al., 1970) carried out
under the assumption that the obstacle boundary is a tangential
discontinuity and the Rankine-Hugoniot relations are performed
locally at the shock wave front (very small duration of the
gtrong fluctuation region behind i1he shock wave froni)., Though
for the flow around the Venus both these assumptions become |
;ess valid (as compared to the flow of solarkwind grbund the

Earth); nevertheless, the measurements and, in pariticular, the

‘agreement of the matual positions of the near-planeiary shock

wave front and the obstacle with the gasodynsmic calculasiions
allow the application (at least qualitstive) of gesodynemic ap-

proximaetions in the case of the solar wind interaction with Ve-

nus,

It can be noted tha%t the interseciion pointe of the shock
wave front by satellites (Fig. 7} with the different revoluiions

around the planet are grouped éae&z' the front lpa‘si‘ti:@n izdicated
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by the dsshed line. Only in five cases from 16 flights were the

devietions from the front (reckoned in the normal to the front)
~2000 km. This fact, probably indicates the nonmagnetic nature’
‘0f the obstacle creating the near-Venus shock wave. Really, if
the atmosphere or ionosphere of the Venus is an obstacle, then
due to the low scale heights in the atmosphere eand ionosphere as
comp.red fo the planetary radius the obstacle dimension must be
rather a%able, even with great changes of the solar wind dynamic
pressﬁre; and according to Spreiter et al., (1370) for M 25 and
givgn obstacle dimension the front position only Blightly depends
on M. Near the Earth (Bezrukikh et al., 1976; Peirfield, 1971)
and Mars (Gringauz, 1975; Gringauz et al., 1976b) the near-plane-
tary shock wave positions are more changeable. .

Let us discuss now the near-Venus shock wave front pecu-

liarities marked during separate flights. All front intersections

given here are recorced by Venera-9 and Venera-10 over the dawn

side of Venua*)

in rather narrow interval of planetocentric dis-
tances I" and engles Y (see Fig. 7). The near-planetary front
intersections over the dawn si.e of Venus approximately at the
same interval ! and ¥ were earlier observed from Mariner-5 and
Mariner-10 (Bridge et al., 1967, 1974; Ness et al., 1974). Accord-

ing to the data obtained from these vehicles the uncertainty of

the front position was,as noted above, ~ 3000 km and was inter-

preted in terms of "parallel" shock wave (Bridge et al., 1975).

a)Here tie side looking in the direction of the Venus orbital
- motion despite its own reverse rotation is regarded aa the
morning gide (by enalogy with the Barth).
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Really, over the dawn side of Venns the expecied dirsctions of
tbe interplenetary spiral megnetic field and the normel %o the
shock wave froni are rather collinesr than orthogonal., However,
8 very wide shock wave front with the characteristic dimension
~3000 km was cbserved ounly once in 16 flights on NHovember 7, 1975
and is not considered to be typical.

| The grest difference of time intervals for vhich satellites
crossed the shock wave Tront (from le2 sec t0 5 min or from 10+
# 15 $0~3000 ko with unmoved froni) can be associated with~tﬁo
different classes of shock wave Birucitures depénding on Mach numb-
er, heat energy density relation to the magnetic field energj '

density, the angle between the direciion of interplaneiary magne-

tic field forece lipes and the shock wave front - ; ion and elect-
ron tempersture relation etc. The cheracter of atrudture and .the |
shock wave front widih changed depending on these parametiers’
and the frout w*é;h can make up, L.g.
S
. ygne*
Oy 2m | Wy = _m = Langmuir frequency
f#rn '
~ C/R0 = MKm  Bo=Y T

O 20 N < 8

- loniec langmnir frequency

= ionic thermal Larmor radius
etc. (Sagdeev, 1964}, The estimates of the front width are made
With 1210 en™3, T = 2.105%, H= =10y . One can see that the

) estimates of width of the collisionless shock wave obtained from

:l”“ experiments on Vensra-9, 10 are n@tinu0n51stantwith the modern

thecretical concepiions. Further d@za led studying of ths sepa-

rete interssc ne of the shock wave pear Venus will require ihe
simultenecus data on the plasma slectiron end ion componentis and

. three components of msgnetis field,
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5. Conclusion

1. Multiple measuremenis of electron and ion plasme compo-
pent wore carricd out by means of wide-angle plasma detectors
i in the optical snd corpuscular umbra of Venus, in corpuscular
penumbra, ip the magnetoshenth during the fyonit intersection by
& the nsar—plenetary shock wave and in the solar wind,

2. Blectron fluxes appropriating to the density ~ 1 em™>
and temperaturﬁ723&2@5)X1OSQK were detected in the copiiecal eand
cor@uscuigr vmbre of the planet; in these regions the ion fluxes
fluctuate and are distributed randomly over all ernergetic inter-
;i vals up %o 4;4 keV. Electron fluxes discovered cap ionize the Ve-
nus neutrsl aimosphere and explain the existence of the Venus
nightside 1onps§h§;§¢f_

3. Qérpﬁscular pénumbra‘is detected a2t bundreds of kilometers
higher than the optical umbrs; the plasme density and hulk velo-
city there are less then these in the magne togheath.

4. Charged pariicle fluxes in the magnetosheath strongly
fluctugte; plasms dqgﬁity estimates show its considerable in-
crease duringiga%ellitevviiéhfsvfrmm the corpusculsr penumbra to
the shock ﬁéve;frOnt;'*'; W

5. The measurements ﬂafrled out during = numner of inter-
sections of nearaplanetary &hock wave front showed that the front
structure conslderably varues in time {(from siharp front with the
thickness on the order of 10 km t¢ diffusive streiched over
~3000 km) .-

6. The observed poinis of interseciion by satellites at dif-
ferent flighis have rather small spread and the appropriate fr@nt
pdsiti@nﬁ are grouped near the planetl, this fact apparenily in-

%,; dicetes the noun-magneiic nature of the cbstacle near V.inus,
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FIGURE CAPTIOES

Fig.1, A part of Vemera=9 trajectory near Venus and the
energy spectra of electrons and ions obtained during
this flight. "S® was the satellite position when it
crossed the bow shock (dasned line). Solid lineigthe
cbstaele position according to this ghock§

Fig.2, The ion spectra recorded during the flight of
Venera~9 from corpuscular umbra (&, b, ¢) across the
corpuscular penumbra {(d) into the magnetoshsath (e),
t, is the beginning.of the given spectrum. Solid lines

are the caleulated currenis.

Pige 3, Ion spectra in the magnetosheath (a) and in the
solar wind (b). Solid lines are the calculated currents

while t  is the beginning of the given spectrum.

Figed, The behaviour of the calculated ion and electron
parameters near the intersection of the "S" bow shock,
In the calculations we neglected the density variation

during the recording of the spectra.

Pig.5e The energy spectra of electrons registered by
Venera-10 from the magnetosheath (a) into the solar
wind (c¢) intersecting the "S" bow shock. Up is the
retarding potential of the analysing grid of the de-
tector,

Figebs Eenergy spectra of ions and electromns recorded
by Venera-9 flying from magnetosheath (a) to the solar
wind (c¢). In the time interval marked by the dashed

line on spectrum (b) the considerable and fast osecil=-

1 R



letions of ion and electron fiuxes were observed,
Ug is the retarding potential of the analysing
grid of the detector while Ei iz the mean energy

of the given energetic iunterval of the Faraday cup.

Pig,7s Bow mhock crossing of Venera-9 and Venera-il.
The solid line with cross representa the position

of the optical umbra.
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