Axanemua MayKk Academy of Sciences

e CGP USSR
UHCTUTYT SPACE
> KOCMHUYECKHMX RESEARCH
HCCJIETOBAHUIA INSTITUTE

T.K. Breus, K.I. Gringauz, M.I. Verigin

VENUS IONOSPHERE

(Proposals for VIRA - Venus

International Reference Atmosphere)

Recommended for
publication by
N.S. Kardashev

7810 Mocksa . FCIE7 . Mpodscotoanan 84 /32 Teaerain = 111325 TAPCER

S —

’

0O¢C KBS

|
|
i
|
M



ACADEMY OF SCIENCES OF THE USSR
SPACE RESEARCH INSTITUTE

Mp-835

T.K. Breus, K.I. Gringauz, M.I. Verigin

VENUS TONOSPHERE
(Proposals for VIRA - Venus
International Reference Atmosphere)

’ Recommended for
publication by

N.S. Kardashev

1983



iI

III
v

VI

Content

Sources of experimental dats

liain and lower pesks of the ionization

a) electron density in the ionization peaks

b) altitudes of the ionization peaks

Location and dynamics of the ioropause

The ionosphere between the main ionization peak and
the ionopause

a) diurnal variation of the ion composition

b) height préfiles of the ion density

¢) thermal structure of the ionosphere

d) plasma transport from the dayside ionosphere
Non-stationary and small-scale events in the Venus
ionosphere

Modeling the ionospheric processes

a) modeling the dayside ionosphere composition

b) sources of the nightside ionosphere ionization

¢) modeling the ionosphere thermal struciure



I Sources of experimental dats

Experimental data on the Venus ionosphere were acquired
as a result of experiments performed on bQard the Soviet Ve-
nera-4,9,10 and the American.Mariner-5,10 and Pioneer-Venus
spacecrafts. According to the techniques uéed for their acqui

sition these data can be divided into itwo groups:



1. Distant observetion data obtained by radiooccultations
of the spacecrafts. The Mariner-5,10 radiooccultations were ~_
observed during their single pass near Venus Mériner Stanﬁ
ford Group, 1967; Kliore et al., 1967; Howard et al.,  1974;
Fjeldbo et al., 1975) whereas numerous radiooccultations of Ve-
nera-9,10 and Pioneer-Venus yielded the rich statistical ma-
terial Aleksandrov et =l., 1976 a, b; Jakovlev et al.,1976;
Kliore et al., 1979 a,b .

| 2. Data of direct measurements in the Venus ionosphere

density, temperature and composition of charged particles,
were obtained by various plasma experiments made by means of
retarding potential analyzers, electrostatic analyzeérs, mass
spectrometers and Langmuir probes [Gringauz, Breus, 1969;
Knudsen et al., 1979; Wolfe et al., 1979; Taylor et al., 197%a;
Brace et al., 1973}.

Since not only'the wave ionizing soler radiation but al-
80 the solar wind and the electron fluxes precipitating intob
the ionosphere effect essentially on the Venus ionosphere for-
mation, their measurements are of interest for the Venus iono-
sphere physics.

It should be noted thﬁt certain parameters of the iono-
sphere obtained by various iechniques even from the same spac;
probe differ significantly. The causes may be: methodical in-
certainities in determining ionospheric paraméters from the re-
sults of satellite measurements in the éctual atmosphere of Ve~
nus, different spatial resolutions of instrum;nts, and diffe-
rent criteria used for identifying the structural features

of any event. These causes have not been analyzed yet complete-



ly. Therefore, thg Venus ionosphere more reedily lends itself
to‘an accurate qualitative rather than quaniitative descrip-
tion in spite of many attempts made {0 do the latter. The oth-
er reason why the Venus ionosphere, in particular its night-
side part, is impeded to be described quantitatively is the
inherent non-stationary siate of the Venus ionocsphere. Hence,
to describe quelitatively the Venus ionosphere it is necessary
to make a larger scope of me asurements with external conditi-
ons controled than that available at present.

Therefore, on constructing the model wé put emphasis on
the'qualitative description of the Venus ionosphere features
end of the processes occurring there.

Figures.1 and 2 present the electron densiiy profiles n,
(b) in the‘Veﬁus ionosphere over the dayside (Figure 1) and
nightside (Figure 2) of the planet obtained during the Venera-
-9, 10 radiococcultations [Aleksandrov et al., 1976a, b; Ive-
nov—Kholodny‘etﬂal., 1979; Gavrik et al., 1980;}. 0f interest
is the regular-character of the dayside ne(h)-profiles and
their varigbility in the nightside ionosphere. Parallel with
the main pesk of the electron number~density, the lower peak
of the ionization is also seen on many pro}iles. The latter
peak is well resolved against the main one (or absent) in
the nightside ionosphere and observed in the dayside ionosphez;
a8 & characteristic break on the ne(h) profile (Figures 1,2).
The upper boundary of the ionosphere, the ionopause, manifests

itself as a promounced drop of the electron number-density

(Figure 1). -



Conventionally, the Venus ionosphere can be divided into
three regions:
- the main and low peaks of the ionization;
- the ionopause;
- the intermediate region where the character of the
electron number-density distribution is strongly de-

pendent on the solsr zenith angle.

]

II Main and lower pesgks of ionization

Statisticelly relisble data on the main andv lower pesks
of the ionizegtion in the Venus ionosphere were gathg:red in
radiooccultation experimentis.

The Pioneer-Venus orbit pericenter sltitude was always
7150 km and only in 8 cases in the night ionosphere this probe
altitude was lower thanx 145 km [Colin, 1980 ] . This did mot

allow systematiic measurements of the mein pesk region in situ.

a) Electron depgity in the jonization peaks

Figure 3 givea the information available about the eleci-

1 Jem)
the ionization determined from the Veneras radicoccultation

ron number-density in the main n and lower K n ,, peaks of

data. The information about Dom and D4 in the dayside

ionosphere was taken from the papers [Cravens et al., 1981,
Ivanov-Kholodny et al., 1979, Gavrik et al., 1980], the data
about the nightside ionosphere -~ from [Kliore et al., 1979b;
Aleksandrov et al., 1976b and Gringauz et al., 197%.

As is seen from Figure 3, n, in the day ionosphere isg

m
gradually decreasing with increasing the zenith angle, SZA,



from' n, = (5 to 7)110'5 e ? for §ZA = 0° to 10?2 em™2
0
for SZA = 90°. The relative value of n - decreace is well

em
described by the simple layer theory (bhapman, 1931]- This
fac} evidences that the main peak of the ionization, due to
UV-radistion of the Sun is formed under the photochemicel equi-
librium conditions. The lower values of ne, = 5%x10° cm >
ohtained from the Venera-9,10 radiococcultation data as com-
pared with e, = 7.4::105 cm"3 obtained from the Pioneer-
-Venus date are specified by the fesct that the latter radio-
occultation experiment was performed uncer tﬁe higher solar
activity conditions (Fyg 5 = (175 to 215)x107°%W.n™* Hz )

0~%%y.n~2,

than the Venera-9,10 experiments (F1O.7 = (70 to 80)x1
“Hz™1). The electron density dependence on the solar zenith
angle in the lower peak of the ionization,6 nejp , in the day
ionosphere is also well described by Chepman's theory E1931J §
This peak is also formed under the photochemical sguilibrium
conditions by the solar soft X-rey radiation but met the UV
one.

In the Venus night ionosphere n,, and =n,}] are ihe
1.5 to 2 orders of magnitude less then in the day iomosphere.
The electron number-density in both pezks ower ke night side
of the planet is subjected to significent waristioms (Figure
3), in case of the lower peak ngy being freguently smaller
than several hundreds of electrons in an. the x!ﬂiooccultationf

experiment sensitivity threshold.



b) Altitudes of the ionizstion peaks

Figure 4, plotted on ihe same experimeni{sl data as Pi;
gure 3, shows the solar zenith angle dependence of thé height
0I the main h and lower hl peaks of the ionization in
the Venus ionosphere. The heights of both pesks remain prac-
tically identical for SZA 70° at the dayeide of the planet.
But sccording to Chapman's theory [1931) in the case of the
neutral atmosphere (independent of SZ4) h, end n; must
be gradually increasing with growing SZA due to the fact that
for larger SZAs the solar wave radigtion must cover a greater
peth in the atmosphere to reach the same height. The constant
character of hm and h, is due to decreassing temperature
in the upper atmosphere for larger SZAe that results in reducw=
ing the number-density of neutiral particles and this in turn,
compensates the radiation path length increase in the atmos-.
phere [Gevrik et el., 1980; Cravome et al., 1981] . Both facts
ors that affect the electron number-density peak height ere
not compleéely balanced, and the PioneerFVenus deta about hm
given in Fig. 4 illustrate the h_ . decrease for szA 70° fol-
lowed by the h_ growth for Sza 82°.

Thus, the predominant effect of the neutral number-density
decrease on the hm height for SZA 70° changed into the gro-
wth of h_  for SiA = 82° predicted by Chapman's theory (Klioe
re, 1981) . :

In the night ionosphere for SZA 110° the average height
hm is practically constant, i.e. 143 km, but its pass to
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‘pass variations are significantly largér than those in the
day ionosphere. The average height of the lower peek of the
Venus ionosphere at night h, equals118 km [Kliore, 1981]
and thus the distance betiween the main and lower pezks is

~ 25 km at this time that is approximately by two times
higher than (h - h,) in the deyside ionosphere (seé Figure
4).

III. Location and dynemics of ihe ionopause

4

A

The effect of the solar-wind dynamic pressure on the
Venus ionosphere is & physical constraint on its day-side
extent. The redio occultation profiles n (h) the ﬁpper
boundary of the ionosphere, i.e. the ionopause, manifests
itself as an sbrupt decrease of the electron density (see
Fig. 1).

Thet the ionopause exists became known since the Ma-
riner-5 radio occultation experiment (Mariner Sianford Grou
1967). Its systematic observations by Venera-9 and Venerae-
-10 have led Ivenov-Kholodny et al. (1979} to the conclusiq:
of a monotonically increasing dependence of the jionopause
height, h;, on the solar zenith engle (when szA<80°) , Fi-
gure 5. However, far more numerous direct measurements of
the ionopause location made by the Pioneer-Venus probe
have revealed its considerasble varisbility, in addition
to. a general trend, height hi increase with increasing
SZA.‘?igure 5 (from [Elphic et al., 1980@]) shows, by cros-

ses, the positions of the plasmapsuse, estimated from mag-
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netic field measurements.

Variations of the dynamic pressure of the so;gr wind, is
the reason why the ionopesuse height varies for the fixed SZA
value. The dayside ionosphere, however, does not directly
interact with the solar plasma. From the solar wind heated
at the detached near-Venus shock front the ionosphere is se-
parated by a region of stronger magnetic fields, i.e. by the
magnetic barrier which serves es a 'membrane' that transferr-
ed the solar wind preésure to the ionosphere. The relation-
ship between the dynamic pressure of the solar wind, the mag-
netic pressure in the magnetic barrier, the ionopause height
and the pressure of ionospheric plasma under the ionopsause
was analyzed in several papers [Brace et al., 1980; Elphic
et al., 1980a, b, Veisberg et al., 1980] .

Figure 6 which is a combination of Figure 5b,c Brace et
al., 1980 shows by solid circles the magnetic field pres-
sure in the magnetic barrier over the ionopause as a function
of the dynamic pressure of the-solar wind and by circles -
the ionopause height'dependence on the magnetic field pres-
sure. It is seen that the pressure in the magnetic barrier
and the pressure due to the solar wind are approximately
equal, the ionopause height is decreasing with increasing
both pressures but depending on their value non-linearly.

The ionospheric plasma pressure and the magnetic field pres-
sure in the magnetic barrier are also approximately equal
Alphic et al., 1980a,b . Even if dynamic pfeesures of the
golar wind are high the day ionopause was not observed below

200 km (Pigures 5,8).



Brace et al. [1979,b] pointed out the existence of the
ionopause on the Venus night side too. In this ionospheric
reéion the ionopause location is more variable than over the
day and nightsides of the plemet: sometime the night iono-
pause was observed at very low heights, 200 km, end some-
%ime above 3500 km. Note that the Mariner-5 radiooccultation
experiment observed the night ionosphere boundary at 3700km
[Mariner Stanford Group, 1961}. Physical processes resulting
in the ionogause presence over the planetery nighiside have
not been obvious yet and it is not clear ﬁhether this boun-
dary ic a quasi-stationary (as the day ionopguse) or a dy-

namical formation.

IV. The ionosphere between the main ionization peak

and the ionopause

The Pioneer-Venus systematic direct measurements are
the basic source of information about the ionosphere between
the mein ionization pesk and the ionopause. Only the upper
limit of the ion number-densitiy on the planetary night-side
(Venera-4, [Gr:mgauz, Breus, 1969]) and the data on the elec-
iron number-density(obtained by radiotechnlquee) were known
before the Pioneer-Venus measurements were made (see Section

1.

8) Diurnal variation of the ion composition

The Pioneer-Venus performed measurements of the ion

composition using the radiofrequency ion mass spectromeier



(OIMS)[Taylor et al., 1979a,b; 1980]. The distribution and
the temperature of the major ionospheric components could
also be measured by means of a wide~-angle retarding-poten-
tial analyzer [Knudsen et al., 1979a,b;1980§] . PFigure 7
shows the diurnal variation of the demnsities of different
ions obtained for 200 km: €O,%, 03, Wo¥, co® + w3, oF, ¥,
C+, He? ana HY plotted based on the OIMS data acquired
during first two Venerian years of the probe operation. The
data shown here were taken from the paper Taylor et al.,

1980 but they were‘ordered in a decreasing sequence for io-
nic molecular weights.

The typical feature of the diurnal variation for the den~
Bities of heavy molecular ions in its ebrupt fall at the ter—}
minator while passing to the night ionosphere; this fall is
of 2 to 3 orders of magnitude (Figure 7). This fall is less
expressed in case of light ions 0+, N+, C+; their density
in the night upper ionosphere decreases by 1 to 2 orders of
magnitude. The ssymmetric bulge in the density of light ionmns
B* and He' is observed at night, well-defined at dawn (Fi-
gure 7). The asymmetry in the diurnsl distribution of H' is
balanced by Ot+ion and molecular ions concentrating in the
night upper iénosphere generslly in the dusk so that the to-
tal density of ions has no a considerable dawn-dusk asymmet-
ry [Taylor et al., 1980} .

The densities of all measured ions have ihe well-defined
fluctuations in the night ionosphere and near the terminator

(Figure 7) apparently connected with non-regular character

of the solar wind and the interplanetary meagnetic field geomet-
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ry, that is why the night ionosphere behavior is unpredict-
able to a great extent [iaylor et al., 1989] .

b) Height distribution of the ion densities

Figures 8, 9 show the "height-profilec" of the density
of various ions, ni(h), in the day and night ionosphere res-
pectively, which are characteristic for the morphology of
these regions to some extent [Taylor et al., 1980} . In the
rigorous sense the given ni(h) dependences gre not the height
profiles since they were measured only along the Pioneer-Ve-
nus very flat trajectory near the pericenter and are distort-
ed due to the effects of spatiel inhomogeneities and time
varistions of different scales. llay be, these effecis cause
the O%-density maximum seen in Figure 8 (this iom is predo-
minant in the mein peak of the ionospheric ionization) and
observed at 175 km whereas the ionization pesk has never been
observed at such heights in the day time according to radio-
occultation data (see Pigure 4 teken from the paper of Gra-
vens et al. 1981 ). Of interest is also the O’ -density va-
lue in the main pesak of the night ionosphere ionization deter-
mined from the mass spectrometer data as e&ual to sbout 1.5x
:{QO+5 en™>. In this regione the values of =n_ (most frequ-
ently observed in radiococcultation experiments) are appro-
ximately by 5 times lower, (see Figure 3). Such a discrepancy
is not the only among the scope of experimental data obtained
"via the Pioneer-Venus instruments. PFor exsmple, the neutral
atmosphere model (which is significant for ionosphere physics)

constructed upon the neutrel particle mass-spectrometer (ONMS)



data used the 1.63-fold increaese in the density values Hedin
et al., 1983 . It is evident that it is necessary to treat
very carefully the quantitative conclusions made up&n the
measurements in the Venus vicinity, and to analyze thorough-
ly the discrepancies in the data of various experiments, es
it has been mentioned in Section I.

The qualitative analysis of mass-spectrometiric observa-
tions shows the prevalence of 0'-ion in the lower ionosphere.
When the height is increasing O;%_ion becomes predominant. It
is essential that the night ionosphere consists of the same
ions es the dey one (cf. Figures 8,9). The irregularity
mentioned above manifests itself for the most part of mea-

3
surements in the night ionosphere; its example is the buldge

in n; observed 230 km (see Figure 9) Taylor et al., 1980

c) Thermal structure of the jonosphere.

Eleétron temperature in the Venus ionosphere can be
measured directly only by means ogﬂtwo instruments: e Lang-
muir probe (OETP) [Brace et al., 1979, 1980; Theis et al.,
1980 and a retarding potential analyzer (ORPA) Knudsen
et al., 1979a,b; Miller et al.; 1980:], temperature of the
dominant ions can be measured only by means of ORPA. Figure
10 combines the height profiles of ionmns, Ti’ and electrons,
Te’ for different solar zenith angles taken from the paper
@ullar et al. 1980] .

The feature of the electron temperature distribution
is the very high values and the weak dependence on a zenith
angle. Superthermal photoelectrons and the solar wind energy
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transfefred through the ilonopause might be the sources ﬁhich
maintain the high temperature of electrons. The first source,
however, cannot mainéain the high values of Te during the whole
night, and evidently the heat flows through the ionopause con-
tribute much to Te. Knudsen et al. 1980a &and Eoegy et al.
[1980] made such a conclusion based on measurements of the flux-
es of superithermal photoelecirons in the day ioncsphere and

oa an énalysis of the equations for heat conduction. Before
this, Knudsen et al.[~1979b] believed that conly photoelectrons
cen maintein tﬁe observed values of Te.

'Above‘“BOO km the ion temperature as well as Te does not
depend on a solar zenith angle (PFigure 10) except for the range
150°%< SZAg£180° where Ti 4increases approximately by two time
reaching 5000°K, and according to Miller et al. [1980] exceeds
Te. Miller et‘al. [1980] sug.est a speculative explanation for
the increase of T; and assumed that this growih is caused
by transforming the energy of the directional motion of the
supersonic fluxes of ions into the heat energy as a result
of convergence on the antisolar axis of the ion fluxes trans-
ported from the dey side.

The rise of T, with the increase of SZA within the height
range £ 300 km after the terminator (FIG. 10) is obviously as-
sociested with the decrease in this region of the ion cooling
rate by neutrals due to the neuiral atmosphere densiiy fall
behind the terminator [Miller et al., 1980] .

d) Plasma transport from the day-side ionosphere

The data of two expeériments: OIMS [:Taylor.et al., 1980J
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end ORPA [Knudsen et al., 1980b] indicate the presence
of the plasma horizontal iransport in the Venus ionosphere.
According to these data the plasma convective transport ve-

i

locities V, can be considerasbly high: from £1 km/sec at
the heights €200 km to several kilometers per second at high-
er heighta. The following factors obviously ceuse the plasma
transport from the day ioncsphere at different heights:

~ the viscous-ike interaction with the solar wind
in tae ionopause vicinity [Perez de Tejeds, 1980] ;

- the ion denéity gradient near the terminator [Knud-
sen et al., 19811; and

-~ the winds in the neutral atmosphere involving ions

at lower heights.

At present it is difficult to judge about the relisble de-
terminat;cn of the plasma transport velocity '§c from the
data of both experiments because the method for such de-
terminations and the primary experimental data used have not
been published yet in principle. It is not clear whether the
satellite potential was taken into account in determining
Vc from the OIMS data.‘Knudsen’et al. [j980, b] state
that this value was known with en accuracy of +0.1V that
seems to be rather optimistic. Besides the satellite poten-
tial was determined in the other mode of ORPA operation,

not simultaneously with measurements of the ion retardation
curves. These curves were measured for everyr«;; at three
points of the satellite trajectory spaced by~200 km. For
the festly and unpredictably changing night ionosphere such

measurements become in certain [Taylor et al., 198?].
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Hevertheless,-tge fact itself of the convective motions
of the” plesma in the ionosphere and the orders of the velocity
values obse¥ved sometimes +there raise no doubts.

The plasme convection velocities and the iqnopause heights
in the vicinity of the terminator are usually used for esti-
mating the flux of Ot+ions trensported to the night ionosphere .
or Venus. The estimates of the transported flux of ions are
then used for calculating the diffusive flux of O;ions down-
ward over the nighi side of Venus [Taylor et al., 1980; Knud-

. sen et al., 1980b_]. However, the further destiny of ions trans-
ported from the dey side of the planet is not known, and‘the
éssumption that the significant part of convecting ions should
diffuse downward over the whole night side of the planet,seems

to be some oversimplification of the problem.

V. XNon-stietionary and small-scale evenis in

the Venus ionosphere

Above we discussed mainly the large-scale events charac-
terizing the ionosphere as a whole. However, direct measurements
in the ionosphere revealed certain interesting small-scale ev-
ents., Some of them affect undoubtedly the global features of
the ionosphere. To describe them briefly it is convenient to
use the scheme of the processes occurring in the Venus vicinity
developed by Brace et al. {1983] (Pigure 11).

The wave-type irregularities of the ionospheric plasma
which were interpreted by Brace et al. [1980, 19823] as sur-

face waves on the ionopause were often observed in the vicinity
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of the desy-side ionopause. The so-called clouds of the ionosphere--
iype plasma observed above the ionopause can be also. associgted
with these waves [Knudsen et al., 1979a; Brace e"c al., 1980] .

As =8 rule’ these plesma clouds are observed downstiream of the.
weve-type structures (Figure 11), and obviously are the next

stage of the processes of the losses of ionospheric plasma due

to its interaction with the solar wind [Bra.ce et al., 1982,&] .
The magnetic field envelopes ithe plasme clouds end contributes

to their acceleration [Russell et al., 1982] .

Flux ropes obseérved in the day ionosphere of Venus can be
the other result of these wave processes in the vicinity of the
magnetopause [Russell end Elphic, 1979} « The characteristic
scale of these structures in the lower ionosphere fi.s 10 to 20 km
increasing slightly at higher heights where ‘while recording the
magnetic fields tﬁisted into flux ropes the plasma density de-
crease is also observed. Any regdlar magnetic field has not been
found in 70% of observations in the Venus ionosphere [Luhmann
et al., 1980] .

One more structure - the magnetic belt - was sometime ob-
served in the day ionosphere of Venus and was connecied with
measurements of the magnetic field [Ruésell et al., 1983] + The
magnetic belt is the horizontal large-scale steady-state mag-
netic field with a strength frequently higher than 100}~ that
some time can be observed in the lower ionosphere for SZA ¢ 50°
[Zuhma.nn et al., 1980 ]. The appearance of these large-scale
fields correlates with the periods of high dynamical pressures
in the solar wind. In contrast to Cloutier et sal. [1981] the mag-



netic‘experimenﬁ authors believe that the magnetic belt is

" not a steady-state structure but the remaider (slowly decay-
ing 8%t low heights) of the intense magnetic fields which have
been formed there ﬁhen the dynamic pressure in the solar wind
was extremely high, and remained alive for some time after

its decresase [Rnssell et al., 1983] . Thus, we can suggest
that over the day side of Venus two layers of the sirong mag-
netic field exist simultanecusly for some time -~ in the magne-
tic berrier and in the magnetic belt. Howevef, meny events
associated with the observations of the intense magnetic fi-
elds in the icnosphere can be evidently explained traditional-
ly. Ve can assume.that they are the result cf the‘non—monoto-
nousg charge in a distance beiween the magnetic Parrier and a
satellite -during its motion through the ionosphere. Such a
non-monotonous change in the satellite position relative to
the ionopause can be caused, for example, variations of the
dynamic pressure in the solar wind, the specific éhape of the
ionopause for high dynamiczl pressures, large-scale wave chang-
es in its shape under these conditions and so on.

In the nigﬂt ionosphere the non-stationary events are
better pronounced than in the day ionosphere. The first mea-
surements in the night ionosphere revealed thet sometime it
disappear completely up to a height of*v170 km{:Taylor et
al., 1979b] . At this time ibe ion number-density in the night
upper ionosphere is by 3-4 orders of magnitude less than in
the case of the established night ionosphere. However, the re-
diooccultation data(but obtained at the different latitude)
showed that in the case of the depleted ionosphere the plasma



density changes inconsiderably in the vicinity of the ioniza-
tion peak. For example, in case of observations of the deplet-
ed ionosphere Taylor et al., 1979b in the vicinity of the
main and lower peaks of the ionization the electron mimber-
density was n = 104 cm-3, n, = 7103 cm—3, respective-
ly, i.e., close to the usual data obtained for this region
(see Pigure 3) [Taylor et &1., 1982] . The observed "indepen-
dence™ of the plasma éensity verietions in the upper and low-
er ionosphere can apparently indicete that their formation

is providea for différent sources of the ionization and oc-
curs under different physical conditions: in the upper night
ionosphere the dynamical processes of the plasma transport
from the day side of the planet are essential, but in the
vicinity of hm it is the collision ionization by precipi-
tating electrons (see also Section f(b».

During several passages of Pioneer-Venus in the night
ionosphere its spatial inhomogeneity was detected which is
associated with the presence in this region of the horizontal
plasma layers and the troughs in the plasma density, the so-
called holes [Brace et al., 1980] - The satellite meesure-
ments of the plasma density revealed the peculiarities sym-
meiric relative to the periapsis (i.e., located at the same
hgights) that are the irdication of the horizontal stratifi-
cation of the night ionogphere. These horizontal layers are
very extended since they can be observed at tke inbound and
outbound irajectories of the satellite at the distances of

several thousand of kilometers from these regions. The extent
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©of these horizontal layers indicates that the formation of .
the global stratification of the night ionosphere is connected
with the global processes [Brace et al., 1980] .

Holes in the night ionosphere are obviously the most
stable structures [Brace et al., 1982b} (Figure 11). They are
the pair large-scele formations with e characteristic size of
1000 km piercing the ionosphere down io the lowesi heights,
and possess the practically vertical magnetic field more in-
tense as compargd with thaet of adjecent regions I:Brace et al.,
1982b, Luhmann et al., 1981] . The plesme density in the “nor-

. thern®™ and "southern™ holes (ihey compose a pair) ralls by two
orders of magnitude in comparison with the ionosphere surround-
ing them. The electiron temperature is ~2000° that is substanti-
aily lower than in the ionosphere except the portion of a hole
with the minimuﬁ n, values where Te reacneSA'ZO,OOOO. Holes
ere assumed to be formed due to the electric fields parallel to
almost the radial magnetic field in the ionosphere [Grebowsky
and Curtis, 198‘%:1l « They are apparently the regions of the in-
tense escape of ionospheric plasma and the regions where acce-

lerated electrons penetrating from the magnetic tail heet elect-

ron gas up t0 high temperaturéeeragy et al., 1983] .

VI. Modeling the ionospheric processes x

The first electiron density profiles measured in the Venus
ionosphere gave rise 10 modeling physical processes occurring
there | Mariner Stanford Group, 1967; Kliore et al., 1967 1. At
the initial modeling stage one believed that COXL McElroy,1969;
Whitten, 1970; Herman et al., 1971] is the dominant iom



in the main ionization peak. However, it became clear then
(even before tihe Mariner-10 radiooccultation experiment
Howard et al., 1971 ) that O)-ion dominates in the main
ionization peak [Kumar, Hunten, 1974] . The ionospheric mo-
del developed by Negy et al. [ 1975 | described the most fea-
tures of ne(h)—profiles observed in both above experiments.
The resulis of the Venus ionosphere modeling initiated by the
Mariner-5,10 and Vengre-9,10 rsdiooccultation experiments

are rather completely reviewed in the papers by Whitten, Co-
lin [1974] and Shunk, Nagy [1980] . We will describe the cur-
rent state of the Venus ionosphere modeling problem, i.e.,
after the Pioneer-Venus direct mgpasurements.

All the theoretical models of the Venus ionosphere pub-
lished until recently are one-dimensional eicept calculations
made by VWhitten et al. [1982] and Cravens et al. [1983] who
tried to include the effect of horizontal gradients of iono-
spheric parameters on the ionization height profiles. The re-
sulis of modeling the day and_ night ionospheres can be dis-

cussed separately as the ionosphere models are one-dimensionsal.

e} Modeling the day ionosphere composition

General processes in the daysideAionosphere were defined
as a result of in situ measurements of ithe Venus atmosphere
and ionosphere composiiion [_Baugr et al., 1979] . The soler
UV-radiation is the dominent source of ions on the dayside.
Ions formed due to photoionization (and due %o secondary ioni-

zation by photoelectrons) take part in some ion-molecular re-
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actions and finally recombing: with electrons. The general-
ly accepted scheme of chemical processes in the Venus iono-
sphere is given in Pigure 12 [Nagy et al., 1983] .

To estimate the electron demnsity Dem in the vicinity
of-{iheé main ionization peszk, hmax’ there is no necessity
to include all these processes. In the viciniiy of hmax\og
is the dominant ion (see Figures 8, 13). Though the ion pro-
duction rate is the maximum in this region for COg—ion, CO;-
-ions ere effectively transfcrmed into O;-ions es a result

of the following ion-molecule reactions:

+
, +0 —= 0} +co, k=1.6210""" co® 67"

co >

9.6x10—11 Cm3 8—1

9.4x10~10 ¢~}

Y
ot + (0, — Ol-rCO} k

Then, most of OE ions recombine with electrons:

0.55 ., _
0f +e = 0+0, &= 1.6x1077( 5—2—3) om® 81

Unaer the photochemicel equilibrium conditions this simpli-

fied scheme provides the sufficiently exact equation for

Dem Gravens et al., 1981 F
Napm ¥ 520\P Te
where P is the ion production rate in cm-3-e-1, and T,
)

is the electron temperature in K.



However, to calculate the densities for other ions mea-
sured in the Pioneer-Venus direct experiments [Taylor et al.y
1979a, 1980] one must consider several tens of jon-molecule
reactions [Izakov et al., 1981; Nsgy et al., 1980:].’The cal-
culations made by Izaskov et al. [1981] based on Niemann et
al.'s [1980] model at the neutral atmosphere including 45
ion-molecule reactions confirm their reesonable agreement
with experimental daeta (Figure 8). A bend on the calculated
03-profile below the main ionization peak (Figure 8) is a
result of forming in this height region the lower peak due %o
the solar soft X-ray radiation. A similar bend can be observ-
ed on the radiooccultation ne(h)-prOfiles of the dayside
ionosphere.

Above 180 to 200 km the photochemical equilibrium con-
ditions are violated in the day ionosphere. The non-local pro-
cesseg of diffusion become significant due to increase of tpe
free path lengtihs for ions, and hence height profiles for dif-
fereni ions are usually calculated in a diffusion approxima- ’
tion [ Beuer et al., 1979; liagy et al., 1979, 1980; Gevrik et
al., 1982:]. In this case the one-dimensional simplified

equations of continuity and momentum ere solved together

[Nagy et al., 1980] :

_':PS'R,S; | (2)
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vhere Fs is the vertical diffusive flux of ioms of S—-type;

Dy and cAs are the coefficients of diffusion and thermal

diffusion, respeciively; g is the free fall acceleration;

¥
Ps and Ls are the rates of ion production and losses, res-
pectively. Figure 13 (dotted lines) illustrates’ the calcula-

3
° obtained by LHagy et al.[‘19861 with

s J
this approximation for ioms 03, 0%, co3, ¢, N, He' and H

tion results for SZA = O

and with the approximation of photochemical equilibrium for
ions N, NO' end CO. The solid lines in Figures 13 and 8
show the number densities of ions mentioned above determined
fron maess specirometer data [@aylor et a%?%gacquired on the
186th orbit of Pioneer-Venus (these measurements were started
ét SZA = 11°). The comparison of ihe estimated ni(h)—profilea
and the experimental date indicates that in,general we under=
stand now the character of physical and chemical processes thai
control & height distribution of ioms in the~day ionosphere of
Venus below the ionopause though many significant details need
their further refine [Hagy et al., 1980] .

thice, however, that incressing the density values used
in the neutral esimosphere model [ﬁedin et al., 1983] by a fact-

or of 1.63 (see Section IV) we can obtain better agreement be t-~



ween the calculeted and experimental data (estimates obtaiqf
ed by[Izakov et al. 1981] and Elagy et al. 198(2._)).

The model calculations described above, evidnetly,
can not bpe used near tae ionopause and the terminator where
the effects of the convective transport of plasma neglected
in Egs (2), (3)) become essential. If only the possible ho-
rizontal transport of the slasma is taken into account we

can write instead of (2):

ux%&)i+ hs%_l{)_(x_*mRux ofﬂ(\/%)*%‘%:%‘Ls (4)
where x is the arc length cou.t;ted frém the subsolar point;

R is the radial distance from the planet cen;er. If Uy end
Eﬁi{ values are assigned from any considerations, the equa-
E&zn (4) can be easily solved. The results by Cravens et al.'g
paper [jSBQ} referred to the day ionosphere provide that for
uxﬂ’ 1 km/8s independent of X and R,the effect of the hori-
zontal velocity to the heightﬂprofiles of ions is insignificant
When the velocities are high and can be épecified by the ex-

pression

wx (x, R):Stﬁ({‘)ﬂi- o.om(ﬁ-:zooﬂm-a“ (5)

i.e., linearly increasing from 1 km/s at h = 200 km to 5 km/s
at h = 533 km, the ion densities are obtained somewhat less
than those in the model proposed by Nady et al. [_1980] due to
plasma escape from the day ionosphere. The difference in the
ion number-densities for the both models can reach in this
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case 20-80% for individual ions. The fact that Cravens et al.
-[19831 in their model describe the horizontal plasme velocity
by external factiors (assignment of U, is equivalent to the
intro@uction of additional sources/drains of plasma) does not
pe;mit this model to be considered as two-dimensional one in
a sirict sense.

The model of Whitten et el. 1982 is also quasi-two
' dimensionalwwhich can be applied to a2 narrow region near the
terminator: 80°4 SiZA £100°. Using the simplified equation (4)
Whitten et al. [1962} calculated the horizontal velocities
of plasma in the vicinity of the terminator which are initi-
ated by a plasma pressure gradient in this region. The obtaine
ed values qof th correspond to the experimental ones but
the model is rather‘qualifative than quantitative due to ma-

ny simplifying assumptiions.

b) Ionizetion soupces in the night ijonosphere.

Until 1967:the,ionosphere was considered to be practical-
ly absent over the night side of Venus. Such a conclusion was
made basing on the fact that during the very long Venesian
night (~58 earth days) all ions transport;d from the dayside,
must recombine even if their transport velocity was equal
to that of a four-day superrotation of the upper atmosphere.
The Mariner-5 radiooccultation experiment resulis showed the
fallibility of these conclusions and encourage the attempts
ta expiain the existence and to model the distribution of the



plasme in the night ionosphere of Venus. The solar wind plas-
me turbulized behind the planetary bow shock front partly
penetrating intoc the Venus atmosphere, cosmic rays, the scat-
tered solar electromagnetic radiation, He'-ions transported
frocm the deyside end metel ions, meteorite ionization and =0
on were consicered es possible sources of the night ioniza-
tion ‘ : [ -Mariner Stanford Group, 1967; Gringa-
uz et el., 1968; Bufl%r and Chamberlain, 1976; hicElroy and
Strobel, 1969J . All these sources of ionizetion neither ex-
plained satisfactorily the observed rle'—values nor use direct
experimentel data.

Until recently all model celculations of the night iono-
sphere have been performed prectically ideptically to the pro-
cedure adopted for the day ionosphere, i.e., including only
chemical processes and diffusion. Such an approximation is not
obviously velid for the regions above several tens of kilomet-
erg over the main ionizetion peak, hm’ where the non-statio=
nary processes and the convective transport of plasma become
essentiel. To describe globall} the supersonic plasma flow

in the upper night ionosphere, the other equations are
necessary. A study of the kind’wae not performed and good gro-
unds hardly exist for making any physical conclusions based on
a comparison of the variable (especially in this region) re-
sulte of plasma experiments with the calculations carried out
in a diffusion approximation.

In the vicinity of h_ model calculations of the night
ionosphere become more valid from the physical viewpoint. The

ionization‘source nature differs them from the similar calcu-



letions in the day ionosphere. However, in this region a quan-
titative comparison of the model and experimental data carrieé
a8 few -information content since almost always the agreement
between experimental data about the night ionosphere (alter-
nating.widely) and the Venus atmosphere (see Sections 2 to 5)
cen be reached by choosing paremeters of the ioﬁization sourc-
es being varisble too. ’

It is prematurely now to speak about the availability of
the model that describes reliably physicel processes in the
night ionosphefe of Venus. We will pay below our attention
generally to the role of various ionization éources in diffe-
rent'regions of the night ionosphere. Together with the'resﬁlt&
of measurements in the night ionosphere we will use 6n1y qua-
Iitative rather than quantitative results of the model calcu-
lations. ‘

The first effective source of the night ionosphere ioni-
zation was detected during the Venera-9, 10 measurements of
the fluxes of electrons with the energies of several tens of
electronvolts in the optical shadow of the planets [Gringauz
et al., 1976e, b |. Gringauz et al. | 1976c, 1977a ] calculated
the electron impact ionization of the Venus\atmosphere and re-
vealed the correlation between.)ﬂe")and the fluxes je, of io-
nizing electrons. This resulted in the conclﬁsion [Gringauz
et al., 1977v, 1979:]that the fluxes of electrons with energy
of several tens of electronvolts detected by Venera-9, 10 are
responsible for forming the main ionization peak in ithe night
ionosphere.

Points on Figure 14 show all measured values (from Vene-



ra-9,10) of the integral electron fluxes JC. in the optical
shadow of Venus with four values of & retarding voltage: 20,
40, 80 and 150V by means of a wide-angle retarding potential
analyzer [Gringauz et al., 1983] . As seen from the Figure
the scatter of je values during measurements was 2 orders
of magnitude. This scattier qualitatively corresponds to’that
of he measurements which was approximately one order of
magnitude (Figure 3)(since ’7en1“’\je.

The thin broken line in Figure 14 gives the energy spec-
trum of electrons measured on October 28, 1975 from Venera-9
for SZA=142°. The estimated Ne (h)-profile formed due to the
effect of such electrons on the fénus afmosphere (the daté
about the night atmosphere were taken from the faper of Nie-
man et al. 1979 ) is shown in Figure 2 by a doited line
(Gringauz et al., 1981] . The similarity of the estimated and
experimental profiles is obvious (ibe experimental profile was
measured 11 minutes later on the same day for SZA=150°.

Pioneer-Venus measured th; similar (to Venera-9, 10 ones)
fluxes‘of electrons with the energy of several tens of elect-
ronvolts in the Venus ionosphere in situ by meens of two in-
dependent instruments [Intriligator et al., 1979; Spenner et
al., 1981:}. The solid line in Figure 14 presentis a typical
electron spectrum in the night ionosphere (H = 244 km, SZA =
= 125) plotted upon ORPA data | Spennmer et al., 1981] . For
convenience in a comparison the data of both @xperiments
are presented as the electron downward fluxes per 1 cm2 in-

stead of omnidirectional fluxes (by 4 times more intense)
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a8 it has been done in the Gringeuz et al.'s paper [1983} .« -
The height dependence of the electron fluxes snd their con-
sidrable anisotropy were not revealed [Spenner et al., 1981} .

Thus, it is established reliably thet the electron flux-
es8 precipitating into the night ionosphere are & source of its
ionization which can form h_ (A)-profile similer to that ob-
served in radiooccultation experimentis in the vicinity of A?n'
Also note that the vertical intersity of the atomic oxygen
glow (1304%1) ectimated in the zocel of Grevens et al. [1983]
is equel to 10R. This intersity is determinedvby electrons
precipitaeting into the night ionosphere and zgrees with the
typical intensities of the glow oObtained from thé Pioneer-
Venus UV-specirometer data [Stewart, 1982] .

The other source which maintains the night ionosphere

of Venus was suggested after the Pioneer-Venus mass-spectro-
metric meesurements [Nieman et al., 1979] . Such a source
can be O: ions transported from the day side of the planet
at heights 200 km. Diffusing downward OF ions take part in
ion-molecular reaction with CO, forming O'-ions predominant
in the main ionization peak. Spenner et al. [}981] believe
that 0% transport is the dominant source 8f forming the maﬁp
ionization meximum in the nignt ionosphere. The model calcu- >
lations of the night ionosphere considering this source of thé\
ionization are based, however, on the indefinite estimates of
the O+ion fluxes through the terminstor. The further behavior
‘of these ions end the velue of their downward diffusion flux

into the dense layers of the night atmosphere, was noti deter-
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mined in the experiment. Systematic errors in the paper of
Sperner et al. [1981] were analyzed in detail by Gringeuz
et al. [1983],

It has been noted in Section V that in the case of ob-
servations of the "depleted™ upper ionosphere of Venus the
plaenz Censity in this region turmed out to be by 3-4 orders
less than in the established case. Apparenily, within the same
or even within the wider limits the diffusive downward flux
of 0fions can vary. Hence, this ionization source becomes
"too much varieble™ to deterwine the density Ne in the vi-
cinity of mex where its characteristic varistions amount
to only one order of magnitude. - <

WWhen in the vicinity of K,”)the only ionization source
dominates, the height profiles of different ions have the fol-
lowing qualitative features. If Otions diffusing downward are
the oﬁly source of O;-ions, their'height profiles must be ri-
gidly "interconnected™, in this case the meximum of Og-densi—
ty must be observed on the background of abrupt falfgbidensi-
ty. Since the height scale of carbon dioxide, H002 = 3-km,
is charecteristic for 0% losses in 0; production, the maxima
of the height profiles for both ions can be located at a dis-
teance of en order of several height scales for Coz[crﬂngauz,
et al., 1983] . It is also obvious that the main ionization
peak is formed in this cese under the diffusive rather than
chemical equilibrium (Pz-layer) conditions.

- If the fluxes of ionizing electrons are respomsible for

forming the main maximum of 0;, the chemical equilibrium con-



ditions (F1-layer) are met in the vicinity of AWn resulting
in infinit growth of O'-density with increasing the heighi h.
Howe;er, when hm is increasing the diffusion processes be-
come predominant and the Otmaximum is formed under the dif-
fisive equilibrium conditions. In such a cese .the Otto-OZ
maxime distance is noi determined by the height scale for

002 and can be greater than in the first case.

Taylor et al. {1982] published the results of detailed
mass-spectrorziric measurements of the ion composition in the
vicinity of the ﬁight ionosphere obtained &uring the Pioneer-
Venus two pasces across this region. Figure 15a presents the
smcoth curves plotted over experimental points taken from
~Figure 5 of the above paper. As is seen, the distance between
the maxima of the number-densities for O0'- eand 0%ions was

15 km, i.e., 5 HCOZ’ Approximately the game distance was bet-
ween these maxims in the other example considered by Taylor
et al. [1982] (see also Pigure 9). Such distances are appa-
rently en argument in fevour of e conclusion that the main
ionization maximum is formed due to precipitating electrons.

The other qualitative feature of the height profiles of
ions shown in PFigure 15e is the increase Jf the scale height
for 0¥ and O ions at 170-180 km, i.e., in the vieinity
of O+Emaximum. Such a change in the scele height for O; and
NoY ions indicates evidently the passage from the chemical
to diffusive equilibrium in the vicinity of 0+-maximnm. In

this case the Og—maximum. In this case the o* ionization

2
meximum .is under the chemical equilibrium conditions. This



fact (as it has been mentioned above) can be a qualitative
argument in favour of the predominant role of a mechanism of
the impact ionization by electrons in the vicinity of h.

With the height increasing over h_, the non-stationary
processes start to be more substantial as well as the convec-
tive transfer of plasma. Then the coniribution of 0% ions |
transported from the dayside of the plemet to the ionic iono-
sphere formation gets more essential (see Section V). The
both ionization sources discussed sbove refer to the upper
meximum. To explain the -low maximum it is necessary one should
consider the other sources, for example: the fluxes of ener-
getic ions from the plasma layer [Grlngauz et al., 1981]

#he fluxes of more energetic electirons [Kllore et al., 1979b]
and so on.

To explain the very high number-densities of O ( 105cm )
and 01 ( 104 cm‘B) in the vicinity of h___ obtained from the
QIMS mass-spectrometric measurements (Figure 15a), Taylor et
al. 1982 assumed the exisience q; certain additional ioni-
zation mechanisms in the night ionosphere. However, the auth-
oré of this paper compared the mass-spectromeiric results (the
broken lime in Figure 15b) with the radiooccultation results
(crosses in Figure 15b) and made a conclusion sbout their
reasonable agreement. Indeed, as seen from Figure 15b, the
mass-spectrometric and radiooccultation data differ from each
other by 3-4 times (see the dotted line of the total number—
density '\e. plotted from Teylor et al.'s data 1982 ). It

is evident that first of all the cause of such discrepancies



must be cleared up, end before thie one should be very care-
ful with quantitative results in developing physicel models
(i% bas been alreaedy noted in Section IV).

c) Modeling the thermsl structure of the iorosphere

liodeling calculations of the thermel structure are bas-

ed on the equation for heat conduction of the electron and

ion gas:

3 dle ; 2 ' .

Zn, ke 2 v, 2Tei\_n i (6)
2le, il R K St F e bed

where Ko © are the thermal conductivity; Qeﬂ; and &Le,i
’b

ere the heasting and cooling rates, respectively. Lbesides of
heating by the golar EUV radiastion the energy inflow must
be taken into account ithat is due to the interaction with
the solar wind in the ionopause vicinity.

Photoelectrons formed by ionization of the aimospheric
neutral components loss their energy as a result of elastic
end inelastic collisions with neuiresls and of Coulomb col-
lisions with thermal electrons. The enefgy obtained by therm-
el electrons from photoelectrons and due to superelastic
collisions with neutrals determines the excess of Te over
Ty and ‘Tn. It is transfered to ions via Coulomb collisions
and to the neutral componentis of the atmosphere via elastic
and inelastic collisions. Exothermic chemical reactions and

Joule heating are the additional sources of thermal energy

of ions.



The model calculations base on the solution of (6)
are in reesonable agreement with the measuremenis of day tem-
perature of electrons end ions [Knudsen et al., 1979a,b;
Brace et al., 1979a; Cravens et al., 1979, 1980:} if fhere
exists the additional (not connected witih EUV) inflow of
heat, and/or transfer coefficients are modified in (6).
There are grounds for such changes.

The Pioneer-Vends experiment for measuring the elecct-
ric fields revezled the presence of wihistler-type waves in
the trensient regioﬁ which are attenuating fastly on the io-
nopause [Scarf'et al., 1979] . It is unknown what part of
their energy is reflected from the ionopause but the upper

e ™ &7y is by two orders of mag-

energy limit ( 3x10
nitude higher than the energy flux necessary for sustaining
high values of T, in the day ionosphere.

| Figure 16 presents the resulis of calculations made by .

Nagy et al. [1980] of the profiles T,, T, and T, in the

e’ i

day ionosphere for SZA = 60°. These calculations took into
account the changes in the thermsl condictivity of elect-
ron gas due 1o the magnetic field fluctuations; the energy
inflow to ions and electrons through the ionopause which

ie not connected with EUV radiation, was equal to 5x109ev'
vem2.8”'  and 31107eV-cm-2-8-1, respectively. Regardless

of the agreement between the experimental and estimated pro;
files of‘temperature the role of each sbove-~discussed pro-
cess in forming the thermal structure of the day ionosphere

was not established unambiguously due to a great number of
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free parameters used in calculations [ﬁagy et al., 1983].
Energetics of the day ionosphere is more understandable
than that of the nightside. In this region the heating by EUV
radiation and whistlers is absent but precipitating electrons
and the supersonic fluxes of ions contribute to the thermal

balence.
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FIGURE 1

FIGURE 2

FIGURE 3

FIGURE 4

FIGURE 5
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Captions

Height profiles of the electron number-density

in the day ionosphere of Venus obtained from the
Venera-9, 10 radioocculiation measurements in the
dm- (A1 = 32 cm) and cm- (32 =-2—4 = 8 cm) renges.
Height profiles of the electron number-density

in the Venus night ionbsphere obtained from the

Venera-9, 10 radioocculfation measuremenis [Alek-

sancrov et al., 1976b3 .

L]

- The dotted curve - the estimated prufile of the

electron number-density due to collision ioniza-

tion by the electron fluxes measured from the sam

probes [Gringauz et al., 1981] .
Solar-zeniihrangle dependence of the electron

numbe r-density in the main and lower)nel)

) Bem)

iopization maxima in the Venus ionosphere.

The shaded zome illustrates the interval of the
incertainty in the Pioneer-Venus data. The solid
and dotted lines show the zenith-angle dependenceg
of the electron number-density plotied for the
theory of Chapman's simple layer.
Solar-zenith-angle dependence of the height of

the main K h_, and lower,h, , mexima of the ioniza-
tion. The designations are the same as in Figure 3
Solar-zenith-angle dependence of the ionopause

height. from the data of different experiments
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[Elphic et al., 1980].

Height dependence of the day side ionopause of
Venus on the magnetic pressure at thé ionopause:
and the dynamic pressure of the solar wind mea-
sured before the shock front [Brace et al., 1986].
Solar-zenith-engle dependence of the ion compo-
gsition in the Venus ionosphere from the Pioneer-
Venus date [‘l‘aylor et al., 1980] .

Ion composition in the day ionosphere of Venus
from the rioneer-Venus data.

The dotted lines show the heighti distributions

of ion components in Izskov et al.'s model [1981].
Height distributions of ions in the night iono-
sphere of Venus from the Pioneer—Venﬁs mess-gspect-
rometric data [?aylor et al., 1980] .

Height profiles of electiron and lion temperatures
for different solar zenith angles from the Pioneer-
-Venus date [?nudsgp et al., 1980] .«

Sketch of the non-stationary and small-scale ev-
ents in the Venus ionosphere [ﬁrace et al., 198i]."
Sketch of the basic photochemical reactions in

the Venus ionosphere [Nagy et al., 1985}
Comparison of the ion height profiles in the Venus
day ionosphere (solid lines) with the modeling
data (dotted 1ines)[Nagy et al., 1980 .
Electron fluxes for four selected values of the

retarding poiential measured in the optical shadow



FIGURE 15

FIGURE 16

i
o

of Venus by Venera-9, -10.

[oringauz et e1., 1982, 1983 ] . The thin broken
line shows the energy specirum of electrons mea-
sured by Venera-9 on October 28, 1975. For a com-
parison, the energy spectrum of electrons in the
Venus ionosphere is given taken from Spenuér et
al.'s paper [198{] .

Distributions of charged particles in the vicinity
of'the ionization night maximum in the Venus iono-
spheré.

Figure 152 gives the distribution of individual
ion oomponents from the Pioneer-Venus mass-speci-
rometric (0IiS) data.

Fiéure 15b gives: the total number-density of ions
of the OIMS data (solid line) for the same passage,
ng determined from the radiooccultation data
(ecrosses), the total number-density of ions plotted
frogﬁthe data of Figure 15a (dotted line).
Electron Te’ jion Ti, and neutral TIl temperatures
in the day ionosphere of Venus calculated by Cra-
vens et al. [1980] . To compare the data sbout
electron temperatures measured by me ans of a Lang-
mur probe (OETR A ) end ion temperatures measured
by meens of e retarding-potential analyzer (ORPAR)

on board the Pioneer-Venus are given Gravens et

al. ,[1 980] .
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