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1, Introduction

Venera—=9 and Vensra=10 spacecrafts were launched to Veners
satellites orbits on October 22 and October‘25, 1975, respecti- |
vely. The period of the satellites was~ 48 hours, their orbits
weréav1500 km high in pericenter and ~ 110000 km in apouenter,
their inclination was ~ 30°. ,

Bxperiments with wide-angle plasma analyzers described
 below were the first simultaneous meesurements of both electionf
and ion plasms components near Venus. Plasma experiments on
Venera-4 [1] , Mariner 5 [2] end Veners 6 [3] measured only an
-ion component, while Mariner 10 [4] measured only an electron
component‘ﬁf plasma, Until Venera=-9 and Venera~10 flights, no
experimental data were available on plasma characteristics in
the pianet optical umbras An ion plesms component was measured
on-board Venera~9 and 10 spacecrsft in 16 energy intervals
within the energy range O o 4400 eV with a modulation analyzer
(a Paraday cup), It had an angular pattern +45° and was sunward
oriented, An electron plasma component was msasured with s wide-
engle (;ﬁ0°) anti-gunward oriented analyzer. Electron ens»gy
distribution was esnalyzed by the retarding potential method.

16 values of retarding ggtential Uy, were used in the rance
0sUp s 300 V, The.equipment used slightly differed (sensors



were the same) from that used in near-Mars plasma experiments
made on-board Mars 2, Mare 3, Mars 5 and described in more de- -
tail elsewhere [5] \

In all near-planet measurement sessions analyzed (but for
that on April 19,'1976)-eleotron and ion analyzer currents were
‘recorded once_pei second. Ten current measurements were made in
Qachfenergy interval and for each Uﬁ-value. 8o that the complete
differential ion and integrated electron energy spectra-were-
meagured in 160 s, On April 19, 1976 currents were measured
ondé eaeh 4 seconds, one measurement was made in each energy in-~
terval aﬁd for each Up values An interval betwsen the two specw~
-trh.méasurements was 56 seconds. Venera-9 satellite measured
simnltéﬁeoualy both electron and ion plasma components, Satel-
lite Venera-10 measured an electron plasma component only because
of some malfunctioning as was mentioned in [6 jj however, on |
April 19, 1976 ion plasma component measurements resumed; their'
data are used below. >
. ,!he paper of the research team who are engaged in experi-
ment prbgram for Pioneer-Venus 1978 satellite [d] formulated
a series of queations about the properties of near-Venus space
!hich should bs answered. The results of Venera-~9 and Venera 10
plaama measurements yield answers to some of these questions,

The emount of e perimental data obtained by both satel—_
litea is 1arge, not all of it has been processed up to June ”
1977, hence this publication is not a final one.

N .

- IXI. Typical features of Near-Venus bow shock

 WTimekréé61@tiop of Venera49 and Venera-10 instruments allows

sufficiently detailed study of electron and ion plasma compo-



nents when traversing the near-planet bow ghocks, Gonsidmbly |
different front structure were observed along different | or-bit's.
of the satellites when they traversed the bo’vl shock.'li'ign gives
the results of measurements of the ion and electron plasma com-‘
ponents and the magnetic field, caxried out on 'Venera-B sat’el- -
,‘130%8 in 50 seconds from the near planet bow shock ,qn Decembe:.f ’
17, November 1 and Ostober 26, 1975 (these and below given mag~
netic data have been kindly supplied to us by Sh.Dolg:l.nov and
'B,Yeroshenko)s The same Pigure shows mean ion energy values By
~in the energy interve.ls Where measurements were made near -j:he
bow shock a8 well ‘a8 retarding potentials Up of the electilon
a.nalyzer. 4s Figu.re 1 ‘demonstrates, the intersection of the bow
Aahock, S, within the telemetry time resolution is simulw;aneously
- recorded from ion and electron plasma component measurements and |
from magnetic field measurements, It was observed <1 s ‘on Decem~
-ber 17, about 15 to 20 s on November 1, and the bow shock was
crossed at least three times during observations October 26,

If it is assumed that the bow shock did not move on November 1
and Ociober 26, then, with a satellite velooity ¥ of about

7 xmes™' taken into account, its thickness can be" calculated

p,s £10 km and about 100 %o -150 km, respectively, The first Vand
the third interactions of the bow shock on October 26, 1975

took T~ 2 s while for the second T was about 4 sec, Under the
aessumption that in the first case ‘the velocities ‘of the bow
shock motion, V, and of the satellite, ¥, Were oppositely di-
re'cted, While in the second case they were in one direction,

the bow shock velocity and its thickness § can be assezsed
for Qctober 26, respecti'velx. aaV V{T+TAT -r),ao kneg end

8= (Vev)T = 60 km,
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It 'should alse be mentioned that some “traverses showsd
quite & broad bow shock front wheve transition from the electron
and ion spectra typlcal of the solar wind to those typical of
the transition region occured slong orbit sections, § , about |
1000 to '3000 km long., Fig.,2 illustrates orbit sections at which
satellites were intersecting bow shocks fronts. It is dome in

X, Vviiz? ‘coordinatea {the X -axis is through the center
of the planet and directed towards the Sun) for 33 orbitsi‘ of
Venera=~9 and Venera-10 satellites, According to the Figure it
can be assessed that a fairly broad bow shock was recorded in
30% cases, | | |

 'The values of bow shock thickness observed near Venus
can be so much different (from &.€10 km to & = 3000 km)
owing to different types of shock wave Astrubtures, depending on
Mach humbers,_ratids of thermal to magnetic field energies on

i ‘-angle between the magnetic vector and the vector 6:6 the
normal to the bow shock, etc. For large Mach numbers typical
of a near-Venus bow shock the most essential parameter is & ,

As iz knovm, transition from the plasma state before the shock
front to that behind it at 509 (< 909 occurs at distances
‘C/u)Pes § g 10 ¢/Wpy (greater § corres'pond to smaller & )
which, if ion concentration in the solar wind is 0.5¢ nys 20 @1“’53 .
results in 1 kus8.s 3000 kn [9] . For smaller & the thickness
of a pulsating front can reach about 12000 lm [9] .

| Since Venera-9 and Venera-10 satellites intersect the
near-planet bow shock not far from the ecliptic ﬁnd since, as

a rule, 1arhe interplanetary magnetic field component perpendicii~
lar to the ecliptic is small, the & ~angle value for sny parti-
cular'§ow shock intereegtion can be evaluate& bythe ':mgle

between the projections of E Qvector ‘on the eeliptic (which
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‘are given in the bottom of Fig,1) and thg normal to the bow
“ahook. ’ L o
' - As is seen from Fign; & is oclose to 90° on Décember
17, but 1t considerably differs from this value on Noveinber 1' _'
~and October 26, The expected bow ghock thickness du.ring these -
" 'datee,,,. orbits is S,, c/u) ~ 2 km and- S~C/w 30 and 60 km,
r‘e‘spect»ively (ng meaanrements were used after the satellite ‘
yrentere‘dvth:e solar wind), it is in reasonable agreement with the
above estimates of bow shock thicki;eés during these passes. The
examples vgiven and the totality of all bow e_hock intersections .
n‘ear Venus allow a conclusion to be made about thé dependence of
bow shbck structure on the angle between | B-vector and the nor-
mal to the :f'ront, similar to that for a near-Earth bow shock

(see e.g. [9] )t bow shock thickneea g,rowe with dimishing B ;

it sometimes reaches up to about 3000 km far small & o Previous-
1y the deﬁendence of the near-Venus shock front structure on

¢  was méntioned according to the data of two bow shock in-
tersections by Mariner 5, when it entered the transition reg:.on
when 1t left it [10] .

' According to Fige.2 the spread of the points where the ea—

tellites intersected the ghock front, observed on different

drbits is rather smsll; the bow shdck positions corregponding

to these points group near those closed to the ’p‘lane_'_c’. This
typical feature of near—Venus“bow-shodk already mentioned

in [6',7] from smeller number of _intérs'ectidn. is the evidence
'to the stable size of an obsta.cie which creates "é.'néar-Venus

bow shock. 'I'he dotted line in Pig.2 (as in ﬁgures that follow
with the position of the bow shock) shows the position of the

bow shock, calculated in [11] ®or an obatcale characterize by
-pgr.ammétre/rv g/::oz.01~‘ and the height' of a stagizatioﬁ point oirer
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the Yenus gsurface ~500 km, Only in 6 orbits out of 33 the inter-:
section of bow ehock was recorded at d:letancee exceeding 1000 km
from the front given in Fig2. . L |
The stability of an obstacle is. also oonﬁmea by the

absence of relationehip between the dynamio pressure o:t the 80=
lar wind, sz ~ and the bow shook position. In faet, for three
bow shock :Lntersectiona marked by arrows in ?13.2 solar wind
PV? was equal to (a) 14107 ayn.on™2, (b) 4.2010" %y, em"a -
(c) 8.4'10'86;9'n.cm respectn.vely, while the distanoe of the ‘
bcm shook from the planet remained practically the eame for (a)
and (b) interaections and grew (with growing fV D for (c) in- e
tereection. By way or comparieon it should be men'bioned that the -
1ocation ‘of the shock front near the Earth and Mare is sz -
dependent and its distance from the planet decreasee with g'ow- g
ing fv"‘ [r2,13 . , | |

- It seems that a bow shock alwaye present near Venus and
its accurately determined spatial location ma_k_eit"_‘ poes:lble_ to |
‘glive tip" -eeme ef the ‘e’ar‘]';ier‘ proposed hypotheeee :"a'bout eoler o
wind interaction with Venua, These are the model EM] according f
to which 8 bow shock cannot exist near Venue ‘and the asamnption;
[15] about a possibility of an attached bow s_heck near Venus
(se0 Pig.2). | s |

III. Electron component in the plasma ﬂow-
around. zone and in the optieal umbra of
‘the planet

Pige.3 illustrates slectron spectra obtained on board
Venera~9 on November 11, 1975, in the eeiar,w:‘l.nd, transition
region and in the ‘corpuscular umbra region (charactemizedﬂmi.
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thergbsensa of clearly defind lon fluxes directed from'the Sum
[ﬁé?] . In‘figpj“Vertical lines show within which limits currents
I“‘recorded by’én’electron anelyzer with the fixed value Up varied
dnring 16 aec. As this figure shows during the motion from the
eolar wind to the transition region electron filuxes (pr0portio-
-nal to Ie) increase at all values Up; fluctuations of recorded
§le§tron fluxes considerably increase. The least.electron fluxes:
are recorded in the region of the Vends corpuscular umbrae In
;this'zone eledtron flux fluctuations are‘considerably less than
iﬁlectron flux fluctuations in the transition region. i

f Qne can judge on the fluctuation value of charged particle
\fluxes in the transition region by the given in Fig.4 results 4
‘of jon fluxes (~1;) measurements in energy interval 2080< Ei,"*
2600 eY¥ and electron fluxes (~1I ) with energy E 2> 10 eV As
 !13.4 illustrates in the transition region al;/Ij~sle/Io~1, the-
;retbreg under the conditions of strongly fluctuated charged
particles fluxes the fluctuation level should be Taken into
.gccountAfor the adequate description of plasma state. To deter-
minb the parametera of chargéd particle distribution function
,we.minimized the average square deviation of calculated velues
of currents of 11 and I, from the measured values, Such a method
makes 1% possible to abtain reliable numeral results only for
plasma states‘with'a.ﬁow fluctuatlon level'and a distributioq ‘
funetion close to Eaxwellian onee | ' .

' Another peculierity of measurements of electron and ton -
plasma components in the Venus neighbourhond on Venera-Q and
Venera-10 is the fact that syatamatic variation of plasma con-
centration during the time of one spectrum measurement ahould
be taken into account. For the moat passes in ths transition

rsgion n - variation is typical in 2 times for 160 sec and»duringu



3.

| o VENERAS 07nov.75
I T A A T T
-0 ® L
10 o | :]0}{0,
2 - o oo ® o
4 ﬁec K . ‘: .
' 2080<E.<2600ev , |
2} B ! °® ﬁ .
-4 ®. o0, y
O e 0
e,_m- ‘g“ e o
10 e 9' 110"
A ¢ o * 1
e Eo210ev® °°

13579135 7ttsec

Pig.

4




14

;the prceessing it leads to the tempe%ature decrease and electron"
concentration increase. _ |
In Pige3 smooth curves demonstrate electron spectra cor-
responding to experimental values I and calculated for given
in Pigure values ng and 'l‘e with electron transport velooity
equal to ion transport velocity Vi in the transition region..'
the solar wind and with the transport velocity equal to Zero
(isotropic distnbution) in the corpuscular umbra region. 8
‘F:Lg.3 shows during the motion from the solar wind to the traneiu:
tion _reg:!.on electron concentration and tempe.raturg increase,
During the moving from the trensition region into the corpuscus
lar umbra electron concentration sufficiently decreeses and T,
slightly increases mainlj due to slower decay of electron fluxes
with high energles as compared to quickef decay of electron
ﬂuxea with low energier (see Fige3).
~ Ome of the peculiarities revealed during the measurements
of éleotrons, on board Mariner 10 isA the depletion of electron
plasma éomponent by the particles with energy é.f. geveral hun-
dred.s of electron-Volts [16] observed in several parts of the
transition reglon behind bow shock. According to- [16] tnie
effect cquld appear during the interaction of electrons with
mentioned energies and‘rfhe planet atmoaphere; ébd it was observ-
sd in the magnetic fi%ld tubes passing through the Venus atmo-
spheree. '.Bhe analyses ’of the results measureme‘nt of electron
with energy 1 o® 150 eV on ?enera-9 and Venera.-w showed that
in some cases in the transition region there was obsexrved the
depletionv by energetic electrons as on Mariner 10 [16] o How-
| ever in other cases with the approx_imately same oriemtation of
local magnetic field this depletion wes not observed, As an |
example Pig,5 demonstrates the measurements of electrons with
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‘ ahergie_s’ E 2 150 eV made on Venera-9 on' October, 30 and Novem-
ber 1, 1975, During these ;ds.yselectron fllixes with energies -
E,2 10 eV grow monotonically with the satellite orbital motion
('see Fige3, below). ’The»m}agnetic fi'eld -orienfatioi; in the solar
wind end on t-axis, marked by a thick line and in the orbit sec
tion where the dei:leti-on by energetic electrons was -observed on
,the 1“ of November, is approximetely the same, However, on the
30“ of October the depletion was not observed. Therefore on the
'basis of Venera=9 and 10 date it is difficult to judge on the =
origin of cons.w.dered effect and on the correctness of explanaticn
given in [16] . | 7
, ' Using the some measurements of electron plasma component
_on Venere-9 and Venera~10 made in cases with approximately the
jsuame sols.r wind velocities (310<V < 360 m/sec) the distribution
of electron fluxes and concentrations in the region of interac-
tion of the solar wind with Venus can be plotted. In Pig.,6 for .
four pesses of Venera~9 and one pass of Venera=10 5osifion of
the sateilites are shcwn' by various marks"on their orbits when
‘the recorded electrons with energy E_ 2 10 eV in 2; 1; 0.5; 0,25;
0212 times differ from slectron fluxes with E_2 10 eV in the
solar wind for each pass. In this case, in Fig.G'.thick._lines
connecting the same marks show the surface on which the ratio
betireen ‘electron flu::eis with energy 2 10 -eV'-'anB_, the flux in ﬂ;e
solar wind is constant. , | ' . |
| Electron temperature !L' in the: considered passes ailways
exceeds 10 oV, When Fig.6 was plotted electron ﬂux values with
energy »10 eV was used; 1n this_ case the fraction of electron
fluxes with energy s 10 eV, which was not taken» into account,
refers to the part of distribution ttmction, which at !l‘ > 10 eV
' vcsn be neglected while determining full electron flux. Electron
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thermal velocity is much more than bulk one and in this case
the measurediflux‘is proportional to the omnidirectional electron
rluxe Pige7 illustrates the distribution of eleotron concentra=
tion for the same passes in the region of solar wind interaction
‘with Venus (in relative units n,/ n,  ; the values refering to
the solar wind will be marked by o 1like Spreiter had done [+,
fi7] . Wnen passing from data on jo / Jou '(i’ig.G) to data on
Ne/Npgy (FigeT) in calculation‘itVWas assumed that electron
distribution function is a Maxwell one while actually it differs
jfrqmvthe the Maxwell function. During fuither‘processing it can
‘be better'approximated'therefore data given in Fig.7 should be
Aconﬂidered as preliminary data.

_ -A’ntisolar (X< 0) part of solar wind region disturbed by
Venus can be conditionally divided into three zoness external
i=m>6500 ¢ 7000 km; near internal - D < 6500 + 7000 km,
X > = 10000 km end far internal - D < 6500 4 7000 km,

X < = 10000 km (D= 6500 + TOOO km approximately corresponds to
"ionopause" of Spreiter et al. [J] )

7 As Fig,6, 7 demonstrate in the external region the distri-
bution of )e / )ew ancl_ Ne /Ngyp, qualitatively coincides with
magneto-hydrodynamic calculations of solaf wind flow around
impenetrable obstacle [, 17 « In the near internal region the
distribution of Je/ Jew and Ng/ new qualitatively oorresponds
to the theoretical calculatlons carried out under the assumption
of the flow around obstacle by collisionless neutral ga¢ @ ‘
plasma (without magnetio\fieid,'with'Débay radius much less than:
the obstacle dimensions), freely expanding to the corpuscular |
umbra (see, for example, [18] ). Howqirer in the far internal
region the lines of je /jeob sconst, N,/Ng, =oconst are

very strebhed; it suggests that there should be a field, apparent-
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‘dy & amagnetic field, preventing plasma from filling the region
beniud the obsctacle and supporting plasma disturbance at consi-~
derable distances (% 5 + 6 Venus redii) from the obstaclei It
corresponds to the obgervations made by Dolginov and others [39];'
who recorded the magnetic field with Bx> By z at high X.
© Extended curves (Pig,6,7) of Jo/ jeww =const and

Ne /(Lew aconst which are lower thé.n D = 8000¥m converge at
the planet terminator at the height of about 50041000 km close
to the height of the obstacle, deflecting the solar wind, est1mat~
ed in [6 7] from the data of ion measurements (see, also, gec=
tion IV ),

, Qhe results of calculatiohs carried ouf by Spreiter!s
group fl1,17] ‘are the only results giving a "global" picture
of the solar wind flow around the planet (including the fields
-of plasma concentrations, its bulk velocities and magnetic
field);'they are aacqnvenient "frame of reference", with which
plasma characteristics in the solar wind zone}distprbed by the

planet can be compared.

IV, Ion plasma component in the flow-around

ZOne in the Venus optical umbra

The analysis of ion measurements makes it poasible
to reveal besides the transition region, the regions of cor- .
puscular umbra and penumbra [6,7] ¢ These regions were deter-
mined phenomenologioal}y. The region'was called a corpuscular
umbra where there was no regular registration of ion fluxes by
Faraday cup, only sepafate ion flux spikes distributed in all
enérgy intervals in disorder, were observed., The reglon was

called a penumbra where lower (in COmparison with the transi-
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‘tion region) ion fluxes with lower antisolar velocity ‘Vi were
‘recorded, - RN

, According to Sprei’ce:n's calculations [11 17] Vi /Vmo
in the region x <0 everywhere > 0,75; let us take the condi-‘
tion V1 /Viw 0,75 for the determination of the cormcular pen~
;nmbre. ’
: Fig.B illustrate ion spectra obtained. from Venera %
“'_ I XI.1975 and ‘)‘enera 10, 19.1?.1976. ‘These two days are charec-
. terized by feirly low 'values of the solar wind velocity (310 I/
~Bec and 350 km/sec respectively), Ty (6.5°10%°K and 9-1Q4°K)' and
- by high values of ny (35 em™ “and 65 on™>), It should be menti-
oned that on the 19%%, IV, 1976 in the solar wind, ion spectra
had an anomal "tail" in the region of high energies (2:4 keV).
In the figure each icnexiergy spectrunm ~ccrresponds to ’the orbit
section with which it is comnected by a straight line; each
spectrum has calculated plasma parameters. In both cases the
solar wind characteristics during the satellite movement in the
region disturbed by the planet almost did not change. |

As Fig.8 shows on the 15% of November during the satellite

pass from the solar wind into the veglon of its interaction
‘Wi.th Venus, plesma.parameters changed in the follcwing ways at
bow shock bulk velocity Vi'decreased and temperature T; and ion
concentration ny increased; with further deepening into the
traxisition@ region Vi was practically conetanf,’ and ny decreasad
from 110 to 13 cu™; the speotrum reccrded in 4735" UT cha~
racterized by a considerable fall of V (to 110 km/eec) we ine-
texrpret as related to the corpuscular ;penumbra zone., Further
spectra (their sample is given for t=4h27m Fov.1.1975 belong
to the corpuecular umbra, they are characterized b& the fact
that regular fluxes were not erscorded at all, and in all energy
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intexvald 1n 30% of telemetiy samziles only ion spikes were
pbserved. The resulvs obbta.ned in the c_o:puapular umbra are e
given in wmore de‘tailes in [6 ,7] Theve were no ions with ener-
giea >2 keV in the session of Kovd, 1975 either in the tranai—
tion region or in the corpuscular penumbra, and their registra—
tion in the corpuscular umbra indicates that there are accele-
ration mechanismas in thisg region (alao see data in [6,'[] ).' ’
- on the section of the orbit of Vemera-10, passing :I.nside
the solar wind region disturbed by the plenet solar ion fluxes
were r'egulaxl_y,recorded ey here, so this section although N
1t passed tirough' the planet optical umbra, was only in the tran-
gitidn-i-egion and :Ln.the' corpuscular penumbra. _ .

. ‘It gives an evidence that the "length® of the umdra in
the case under consideration is no more than 3 to 4 Ry (£rom
the planet) and that the planet's penuﬁbra is in the hatched
region in Pigure 8. Inside the region the bulk velocity does
not exceed 0,75 V; in the undisturbed solar wind, es hes alrea-
dy been mentioned, When a sateliite passes near the planet?a
terminator sometimes the pemimbra is beeing recorded only in
one ion spectrum, which allows direct measurements of an ob-
stacle height [6,7] . | o

The ion spectrs measured on April 19, 1976 have several
maxima recorded in d.ifferent energy intervals. However, all
the spectra among theae maxima have one. 1argest "ma;lor" maximum
at the lowest energ Em:ln’ end the ion ﬂuxg m;;nitnde .and
Emin which correspond to that maximum systematically decreased
when the satellite was mo_ving deeper from the bow shook into
the transitioh region and into the penumbra rezion. ﬁence, :
there is a good reasen to believe that the "major™ maximum
remtioned is dete.minad. by solar wind protons. The valne of ny
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falls from 15 cm™> down to £ 1 cm™>, that of V, from about
210 xm g ! deh to < 100 ¥m s~ 1, T, increases by about 1,5
times from the outer boundary of the penumbra (23h58m UT, Apr.
18, 76) to the area deep within this region (1"40™ UT Apr. 19,
76). R |
- hecording to Dolginov et al. measurements [19] the changg

of magnetic field component sign was recorded at 00427 UT on
April 19, 1976 (antisunward B was replaced by sunward B). Fig.9
shows ion spectra measured in the vicinity of Venera-10 orbit
sgéiion within whichyfrchanged its sign. Intense high-energy
ion fluxes were recorded at 00%42™ UT, Their temperature can |
be estimated as about 10> eV, i

'  ‘Zexro value of B (the major E-component; B, > By’ g in
this region) corresponds to the minimum magnetic energy; 8o the
'increase of plasma pressure in this region is quite natural,
On ion spectra in both sides from the place of B ~twrn an in-
crease of the energetic ion fluxes with energies 22 keV is ob-
gerved that seems similar to a plasma-sheet in the Earth's
magnetosphere tail (which as known consists of the charged
particles with energies of the order of keV units).

| Occurence of high energy ions near the points where B
changed direction was.aﬁserved in the other cases (at the lower
values of X) when accdrding to the measurements made by Dolgi~-
nov et al, B channg its eign (for example, on Nove11,75

X
and on NOVsto 75)0

Discussion

The consideration of the above mentioned data obtained
hear Venus with wide~angle plasma analyzers first af sll proves
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that the position of the detaohéd bow shock is described guite
well by the magnetohyarodynamic calculations made by Spreiter .
[11] under the assumption one-fluild plasma model and the com-’
pletely impenetrable obstacle (full pressure balance at the
"fonopeuse”) with M, =8, Y= % and H/z, =0,01 (Fig.2), Plasma
density distribution in the trensition region behind the bow
shock with D 2 8000 km is qualitatively comsistent with
the dglculations made by Spreiter [11‘,17] . Despite the fact,
that during the time whié.h éomplies with the bow shock front
crossing near Venus (Fig,2 ) the solar wind velocities
varied in the broad intervals (300 to 800 km/sec), the bow shock
position was far more stable than near the Earth or Mars [‘_iz 1 3] o
From our viewpoint it proves that the obstacle which oreates

a bow shock at Venus has the other nature than that at the
‘Barth apd Mars, its sizes are sufficiently stable and slightly
depend on variations in solar wind plasma paremeters. The agree-
ment between the bow shock positicn and the caloulations [11]
made 'ﬁnder the assumption that there is no dissipation of the
golar wind energy in obstacle points to the fact that this dis-
svipation is insignificent. A% the same time and the existence
61’ such a dissipation is beyond any doubt and can be further -
obeerved. As geen from 129 the interaction between solar wind
slectrons ocouring in (the plenet opticel wsbra with the night-
side atmosphere makes ‘a.n important contribution to formation
of the planet night-side ionosphere; ‘Suchan interaction shounld
take place also in the planet day-side atmosphere., However,
since the data .of Venera-9 and Venera-10 radio occultation ob-
servations reveal that the electron density value in the day-
side maximum of ionization strongly depends on the solar zenith
angle [21 ,223 a conclusion can be made that the solar wind con-
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“tribution to ionization in this case is iasignificant and the

: ultraviolet solar :ra.diation is the main source of ionization 1n
the day-side ionosphere. ﬁms s despite the fact that the solar

| wind. energy diasipation in the Venus atmosphere probably is pre-
sent it cannot be. eesentiab _
_‘ In recent paper of Russel the data of magnet:lc measurement :
on Venera-—4 are ravised and a conclusion is made that the Vemla i
surface magnetic field 1s ~30y [23] . s value 1o a maximm
Prom those suggested up to the present. However, the mametio

| field even with such a value of B is insufﬁ.ciently high for
be:Lng the obstacle which deflects the solar wind at Venus. Eone
of inveatigators coneidered the Venus magletic Tield as an ob=

. 8tacle deflecting the golar wind ‘near the planet. :

Deapite the fact that during the last ten years a aeries
of papers dealing with the characterigtios of the obstacle near
“Yenus was pu’blished [s,11, 14,15,17,23-29] no sufficient experi-
ﬁenta.l data are available to solve this problem finally. !Ehe
"boncept that the solar wind cen decelerate near Venus only at
fonospheric. heights is common to all the ;Sapers. There werfe' the
wvarious suggestions on the causes of deceleration (impenetrabli-
11ty of the ionosphere for solar wind plasma - Dessler [29]
Bpreiter ot al. [11] , Bauer et al, [29] , the magnstic field
generated by currents Jindu'ced in the ionosph'eré due to elebtrid
tield - 1f{8] - Johnson end midiey [26] , cloutier and Daniell
[2'[] » Or loading of the solar wind flow by :I.onospherio ions =~
Cloutier et al, {243 ), however there are no estimations of
bbstacle altitude in the subsolar point above ~500 lm,

ST Since reoantly Russel argued in favour of the absénce of
the intrinsic magnetic field of the Mers [41] a comparison of
some daia which have been obtained from the satellites of both
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planets is of interest, As MM”Vaisberg et al, pald great
attention to the concept of the bow shock mean position suggest=
ing thet the detachments of the near Martian bow shock from the
pién_et which have been ”givg:q | gby' Gringauz et al. [3@ _are too
far [31] . Pig.40 gives (in units expressed in planet radii) the
mean position of thé bow shock near Mars that has been calcu-
lated by Vaisberg et al. [31] (the closest to the planet from
all the estimates available in present) and the data on the bow
shock intersections by the satellites Venera-9 and Venera-10 .
which have been already shown in Fig.2, It is evident that "
fhough' ‘the Venus ionosphere is fairly alike to that of Mars
 (gee for example [32] ) there is some cause of the fact thatl
‘the bow shock near Mers is substancially farther from the pla-
net than that near Venus. We believe that the intrinsic magne-
tie field of the planet sufficient to deflect the solar wind
‘&t Mars is the cause, Such a field is absent at Venus,
| | The authore of papers [11,17] who’ presente¢ (as far as
béen mentioned) the only "global™ picture of solar wind flow
around the Venus, noted that actually the solar wind emergy
‘diséipation near the obstacle should cause the deceleration of
plasma in some broad boundary layer, Accbrdmg to Spreiter [17]5
thié dissipation can be taken into account if the “effective
viscocity" is included to the magnetic hydrodynamiocs equation,
The speoiﬁ.c mechan:.sms which can produce this viscocity are
reviewed in the papezf by Hartle [33] ¢ They are fol}cwingz
charge exchange of pi*otcns with'neutrals (Wallis [_1&] ), mass -
loading of the solar wind with atmospheric photo-ions, electro=.
dynamic effects due to the currents indnced in the 1onosphere',:
plasma instabilitles caused by the opposite directiona of the
density and temperature gredients at the solar wind ionosphere
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boundarye Iu [33] as well as in [6 7] the probability of Kelvin-
Helmholtz instability is mentioned.

In 1974 Va,isberg and Bogdanov [34] %o confirm their assum-
ption that the nature of the obstaclea decelerating the solar
wind near Mars and Venus are of similar nature (which from our
view=point it is not correct) noted the presence of the broéd
boundary layer near Venus using the data of Venera-4 ion measu
rements (from our point of view it is correct), However, Vais-
berg et al, after obtaining the resulté of their own lon measu-
reﬁéhts from Venera-10, while interpreting them in 1976 have |
not used the conception of boundary layer but spoke about a
ra.refaotion wave [35 36]

We consider that it is the effective obstacle viscocity
‘that is the main cause of the penumbra fegion formation (see
[6,7] and Figure 8), where V;/14,50.75, i.e. lower than the
value permissible by the calculations in which dissipation is
not taken into account, | E
« The results of the calculations of the boundary layer
near the obstacle boundary that have been,ﬁade'by Tejada and
Dryer for a two dimensional model [37] are qualitatively con~
sistent with our result§.4 ‘ ’

Pig.8 shows thatkborpuscular penumbra which begins above
‘the planet terminato# while from the planet detaching antisun-
ward enlarges in the: both directions: to bow shock and to the
Optical unmbreae

‘The esgential fe;ture of an antisolar region of near
Venus space is the existence inside it (D 70103km) of con~
stant plasma density lines aligned glong-Sﬁn-Venus direction
(Figure 7). Simultaneously, Doiginov et ai. observe in the
same region the magnetic field aligned along X-axis [19)
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seems tc us reasonable to call this region-the Venus plasmé.-
magnetic taile A dé.sh-a.ndwdot line in ng.B is the appmximaﬁe'
position of the plasma magnetic taile A part'o:t_" the corpuscular
penumbra is inside the plasma-magnetic tail. The bulk velocity
of plasma in this region continues to decrease while detaching
from the bow shock (i.e, while deepening into the plasma-magne-
tic tail). In so doing variation of plasma parameters in this
penumbra region reminds vémiation of parameters of the E"arth' :
magxétosphere taill's plasma mantle [38,39] o Henco, it cannot
ke excluded that this part of penumbra region is produced due
to the processes. close to those océuring in the Earth!s plasma
mantle, | | ‘
‘ The umbra region (where the ion fluxes are not reccrded
regularly by 'Fa:raday cup but about in 30% of readings the io'n.
flux spikes are recorded with energ»iesk irregularly distributed
in\e'.ll energy intervals) beginning sbove the planet terminator
gradually narrows while the penumbra enlarges and probably
extends to the distance < (3#4) R, . Obviously, this dis-
tance must depend on the ion bglk velocity and on the ion tem-
perature in the transition region, The fact that the aocele:ca-
ted paitieles which avre absent in the transition region can be
observed in the umbra as spikes gives an evidence that the
acceleration processes strongly vary in time, Perhaps they are
associated with some wave-~like phenomena in the plasma-magne=~
tic tail, Ionos;aheric. iong pick-up also results in generation
of the waves which can appear in the_umbz?a [33,40] ; However,
the electron fluxes are recorded in tke umbra quite regularly
‘and the electron density is within the limits ~ 1 wn™,,The
‘possible effects of the interaction of *i;hese electrons with
the planet night-side neutral atmosphere are considered in [20]..
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The magnetic field in the umbra varies with the interplanetary
rie1a [39] . | / | |

Russel in a series of works L23 4é] publighed in 1976-77
consi&ering the data which have been presented by'the authora
of the ‘?enera--tl9 Mariner-5 and Venera-9 experlments made a con:-
clusion on the Venus magnetosphere existence due to an intrinsiu
magnetic field of the planet. The data in [42] give an eviaencef
in favour of the existence of the boundary layers and the mag-
ngtic tail near Venus. Though according to our data the pen—
umbra~shape and spatial position differ appreciably from the
ﬂbéundary layer” according to Russel [42] Pig.2 and the plesma-
magnetie tail boundary is at much lower distances from the Sun-é
Yenus line than in Fig,2 [42] {see our Figaa) the data given |
in Pig,8 in general features do not contradict to the conclu=-
s:lona or [42] .

It is evidents that the plasma meaaurement data given in.
thisg paper do not allow to judge on the origin of”the magnetic
field in the plasma-magnetic tail (is it the intrinsic field
of the planet or that induced by the ionosphere ourrents).
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