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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



- 10

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
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;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-

























































