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A COMPARISON OF THE
MAGNETOSPHERES OF MARS,
VENUS AND THE EARTH

K. 1. Gringauz

Space Research Institute of the USSR Academy of Sciences,
Mascow, USSR

ABSTRACT

Plasma and magnetic field data from Venera 9,10 and Ploneer Venus Urbiter are used
to outline the main features of the induced Venusian magnetosphere. Based on
results from the Mara orbiters M-2, M-3 and M-%, sevidence is given in favour of ar.
intrinsic magnetic fleld as origin of the Martian magnetosphere. Comparisons witr
the gecaagnetosphere are made.

INTRODUCTION

Since 1959 when Gold {1) had invented the word “magnetosphere" many definitions of
this concept can be found in literature. In most cases, the word "magnetosphars”
is used for that region of space wbere the intrinsic magnetic fleld of the planet
can be detected. Sometimas the space near a planet without intrinsic magnetic
field, vhere the magnetic fleld topology is similar to a magnetosphere, is called
“pasudomagnetosphere”. Confusion can be avoided if the following definition is
accepted: "Magnetosphera is the limited region of space where the planet's presence
cauges deviations in valus, direction and regularity both from the interplanestary
magnetic field configuration and from the field pattern in the nagnetosheath
dosnstream the planetary bow-shock £f it exista™. Such a dafinition can be
applied to all known planets Iincluding Vanus.

Several reviews were published during the last 5 years whers existing magnetic
field and plasma measurements near Venus and Mars and the history of their
interpretation were described [2-7]. It can be seen from these reviews that
amongst the experimenta) data available for the near-Venus spaca, the Veners-9,10
{V-9 and V-10) and Pionser-Venus Orbiter (PVD) data have the highest welght and
significance, But not all ths V=9 and V-10 data have besn published yet in detail
and the PVO data are still being acquired and processed. Thersfors one of the
tasks of this review iIs the attempt to summarize the basic results of the Venus
oagretoaphere measurements avallable now from these satellites.

As far as Mars is concerned most of the available datz on its magnetosphars were
obtaired by the Soviet satellites Mara-2, -3 and -5 in 1971-1%74, These

satellites did not approach the planet closer than 1100 km. Unfortunately therse
were gaps of 2 minutes and in some cases of Lp to 10 minutes between the plasma
cbservations and magnetic measurements on board of Mars-l and -3, that impaired
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the spatial resolution of these parameters near the planet. In addition, the
number of orbits during which plasma and magnetic instruments were switched on,

was insufficient. Therefore some questions connected with the Marian magnetosphere
remained unanswered by these missions. The American spacecraft Mariner-6, 7 and 9
(Mar-6,7,9) and Viking~1l and Viking-2 had no instruments for measuring the magnetic
field and the solar wind plasma.

In 1975 the data from the M-2, M-3 and M-5 satellites were discussed at the Soviet-
American seminar [8]. New experimental data on the Martian magnetosphere have not
been obtained yet except from the ionospheric data of Viking-1 and Viking-2 [9].
Nevertheless the plasma and magnetic field data from the Soviet satellites which
visited Mars are still under discussion. Using the same set of experimental data
some authors conclude that Mars has an intrinsic magnetic field and disagree only
in some details, e.g. Dolginov [12], Gringauz et al. (13], [69], Smirnov et al.
{14], Intriligator and Smith (11]. On the other hand Russell [10] concludes that
Mars has no intrinsic magnetic field. Hence it seems to be reasonable to look
once more at these data in order to improve our understanding of the near-Martian
environment by comparing them with new results obtained near Venus.

It is quite natural that all phenomena revealed near any other planet are first of
all compared with similar phenomena near the Earth. If the peculiarities of the
phenomena are similar, it is often concluded that the phenomena are of the same
nature. Sometimes such conclusions are not correct. In this review we intend to
outline some properties of the geomagnetosphere, and compare them with the
magnetospheres of Venus and Mars.

THE VENUS MAGNETOSPHERE

Dayside ionopause. When Dolginov et al. {15] made the magnetic measurements on
board the Venera-4 satellite in 1967 at altitudes » 200 km it became clear that the
intrinsic magnetic field of Venus is too weak to create the obstacle causing the
near-planetary bow-shock, and it became more and more obvious that the ionosphere
is undoubtedly the obstacle which causes the bow-shock. This was studied from the
V-9 and V-10 satellites using the radio-occultation technique [16]1, [17], from the
PVO again using the radio-occultation technique (18], (19], and by some direct
techniques (a retarding potential analyzer [20], [21], an electron temperature
probe (22], (23], and ion mass-spectrometer (24], [25]). Only those results will
be considered here that are of prime importance from the standpoint of magneto-
spheric physics. Fig. 1 gives the first day-time profile of electron density
obtained from Mariner-5 {26]. It shows the essential peculiarity of the day-time
profile recurrent on all electron or ion-profiles obtained later - a sharp upper
boundary, the ionopause is clearly identified. Fig. 2 illustrates the day-time
height distribution of 0% jons which dominate in the day ionosphere obtained by
the PVO ion mass-spectrometer [24l. The distinct ionopause is clearly seen on
these profiles. Fig. 3 {23] shows data on heights of the ionopause versus the
solar zenith angle: the solid curve is obtained from the V-89 and V-10 satellites
and the points from the Mariner-5, -10 and PVO satellites. The V-3/10 curve shows
the increase of height of the ionopause as the terminator is approached.

It is evident that the height variations of the ionopause and its average height
increased significantly during 1977-1978 years as compared with 1975-1976 (V-9,
V-10). The authors of (23] mention that this might be associated with
differences in the phase of the solar activity cycle. The tendency for the
ionopause height to increase with the solar zenith angle detected by V-9 and V-10
is confirmed by the PVO data. In analyzing the pressure balance at the ionopause
the authors of [23] assumed that the ionospheric plasma pressure was 1.5 negKTe
(Te was measured by the electron temperature probe; Ti was assumed to be 0.5 Te).
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Bow-shock position. Fig. 4 gives several positions of the points at which the V-9
and «10 satellites crossed the bow-shock near Venus determined from the data of the
wide-angle plasma detectors (Verigin et al.[27]) corrected for aberraticn of the
solar wind., This figure also givas the average position of the bow-shock based on
the data of the PVO magnetic measurements [(3¢], which show the shock to be rather
zore distant from the planat than observed by V-9 and -10 dats, Tig. S shows the
points at which the PV0O satellite crossed the bow=shock [28]. Besides higher
average distance from the planet, the Venusian bow-shock also varied significantly
in position during PVO measursments. In [29] it is estimated that the variability
of the front position was twice as much as that seen by V-9 and V-10. The authors
of [28] Delieve that this can alse partialiy be sxplained by the higher solar
activity. There is one further reason for a greater distance of the shock sesn by
PV0: its orbit is more inclined to the
scliptic plane than that of V-9 and
¥=-10, which meansa that V-9 and V=10
crossed the bow-shock at lower
100GRnHR latitudes where the interplanetary
. magnetic field is more parallel to the
shoek front normal. For PVO the
gecmetry was such that the shock wave
was more quasi-perpendicular. This may
also explain the larger bow-shock
distance sesn by PVD. Note that the
shock asymmetry associated with the
different orientation of the IMF
relative to the normal te the front was
seen by Romarnov et al. (30] based on
V-9 and V-10 magnetic owasurements.
This effect may be revealed only when
the bow-shock as a whole is very stable
and paper [36] provides additiomal
avidence for this stability during the
v-9 and V=10 measurements,

CABIT 170
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Magetic barrier. Venua' intrinsic
atic field. The concept of a
magnetic barrler being the obstacle in
the solar wind interaction with Venus
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Fig., 5: Magnetic field profile Midgley (327, Clutier et al. (3u-36],
measured by PVO and location of Michel [32]. In references [ 34-38) it
Venusian bow-shock. was assumed that diffusion of solar

wind magnetic flux and induced currents

existed throughout the day-side

ionosphare. As boundary conditien it

was assumed that Bz0 at the lower
boundary of the ionosphere and that the current maximum colncided with that of the
Hall and Pedersen conductivities. The PV0O measurements show a very different
situation {37]. In our opinicm, this noa-conformity of the real werld with a
;imi ical forecast is one of the moat important results cbtained from the PVO

ssion.

Fig. § [23] showa the prejections of magnetic field vectors into the plane
cross thg PVD and Sun-Venus line in the cylindrical system of ccordinates

(x, + 2¢). The orbit part near periapsis in which the magnetic field ia
close to zero lies inside the icnosphere; the part of the orbit with the largest
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magnetic field is Inside the magnetic barrier region. Fig. 6 [23] presents the
prassures of the magnetic field B2/8™ (thin curve) and of the ionospheric plasra
~1.5 n KT, (thick curve) for the orbit portion near periapsis during the same

pass 0. The boundaries of the region where the plasma pressure is significant
correspond to satellite crossing the iocnopause at zenith angles near 45° and 229,
The periapsis occurred at 200 548 4uS, The magnetic pressure peaks ovar narrow
regione with linear dimensions#l0 km whers the magnetic fleld increases sharply in
the day ionosphere; such regions were detectsd by Russell et al. [38] who called
them "ropas"”. These local small-scaie increasas of the magnetic field are
undoubtedly of congiderable interest but in this review we cannot discuss then in
more detail. Fig., 6 clearly shows that the transition from the conditiom

§= (1.5ngXTe.6W/B2) <K 1 to A®1 occurs within the height range of ~90 km (a
location assumed to correspond to the ionopause) with B2/6w in the magnetic barrier
approximately equal to 1.5 ngKTy, (i.e. there is approximate balance between the
magnetic pressure in the magnetic barrier and the lcnoapheric plasma pressure),.
Elphic et al. (23] noted that altheugh the situation shown in Fig. & is typical
there might be cases when a significant magnetic fiald is obsarved inaide the
ionosphere (below the joncpause}, but these are rather rare. Such a situation is
present in Fig. 7.

One possible interpretarion is that the lonopause, being a dynamical phenomenon,
moved downward by 100 km for 2 min (from 20 0™ to 200 10M) and then up again. It
is also possible that this case correspends to the formation of the currant systen
deep Inside the day ionosphers. However, since the near-planet bow-shock iz always
cbserved and significant magnetic flelds at altitudes lower than the recorded
lonopause are obssrved only occasionally, the magnetie barrier deflecting the
solar wind is evidently formed irrespective of magnetic fields existing at lower
heights and is produced by the current in the thin ionopause (thickness of ~90 km).
This current is probably closed in some laysr of the transition region (magneto-
sheath), the cuter boundary of the magnetic barrier regioti. The reason why the
current in the iomcsphere is limited within the thin layer of the lonopause is not
yet clear and needs physical explanaticm.

There is general agreement that the Venussan magnetic field cannot be the obstacle
to the solar wind; there is nevertheless discussion as to the upper limit of the
magnetic moment of Venus. Dolginov et al. [15] estimated a magnetic moment of
211022 gauss x cw® whereas Russell [39], based on the same data, claims a value of
Ex10<* gauss X emd.  The results of the V-9 and V-10 magnetic field and plasma
measurements also indicated the existence of a Venus magnetic-plasma tail (27],
[40], although there was some difference of opinions regarding the magnetic field
measurements [40]. Eroshenko held the opinion that the measursd magnetic field
would be created by induced ionecspheric currents, whereas Dolginov at al. only
considered it as avidence for an intrinsic magnetic field of the planat. In 1978
Dolginov et al. [41] derived a valus for this magnetic moment as M, = {1.2-2.5) x
102 gauss x cwd. In 1979 Eroshenko presented his ideas In a separate paper whare
he showed that the orientation of the neutral layer in the magnetospheric tall of
Venus at relatively small distances from the planet changes with the direction of
the IMF component perpendicular to the Sun-Venus iine [42].

Laboratory experimsnts [43], [44] have demonstrated that an induced magnetosphere
including a magnetotail can be formed when a magnetised plasma flows past a non-
conducting body (wax sphere) which is surpeunded by an ionosphere. Breus [2] has
given additional arguments supporting Eroshenkc's [u2] point of view. Like
Clutier ot al. [34-36], Eroshenke suggested that current would flow throughout the
entire day-side icnosphers.

The most recent measurements in the Venusian night-time lonosphers {#5] led Russell
to withdraw his originel conclusion [39] that Venus possessed an intrinsic magnetic
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mooent. Taking Into account possible experinental errors he estimated that the
upger limit of the planat's magnetic moment be My = 4.3 x 1021 * sx1021 gauss x
¢, l.e. approximately 3 times less than the minimum moment assumed by Dolginov
[41]. Thus, onme could conclude that the discrepancies existing in the estimates
of the Venus' {ntrinsic magnetic field baszed on the V-9 and V-10 data and the PVO
results are of some interast to the theories on planetary dynamo mechanisms, but
not for the physics of Vanus' magrnetosphere.

Antisolar part of the Venus magmetoaphers. We divide the Venusian magnetosphers
into two regicns separated by the terminator plane and call the "night region" the
Tantigolar part of the magnetosphere". The presently available PY0 data were
obtained at relatively low heights (hsRy), so in this part of our review we use
mainly V-9 and V-10 data.

Fig. 8 [27] shows the distribution of the plasma density in the antisolar part of
the Venus oagnetosphere cbtained from the data of the V-9 and V-10 electron
retarding potential analyzers. Contours of equal density ars slongated towards
the Sun-Venus axis.

Fig. 9 presenta schematically the structurs of the antisolar magnetosphere in the
X,Y-plans which originates from [27). Of particular interest is the transition
zone (magnetosheath). FPlasma properties and magnetic fleld in this region are well
described by Spriter's etohydrodynamical model for an obstacle impenetrabls for
the solar wind plasma [:;fn The B-region is the boundary layer [46], “corpuscular
penumbra® (47], [27] or "rarefaction wave" [48] that is characterized by decreased
fluxes of the plasma and its lower velocities as compared with Spriter's propesed
nendissipative model [u6)]. This region expands to the optical umbra of the planet.
The authors of {27] note that the quasi-vigcoua interaction of the solar wind
plaama in the transition zone with the obstacle (i.s. with the ionospheric plasma)
is the cause of the plasma deceleration in the B-region. Spriter [46] had
indicated the poasible formation of the wide boundary layer to be due to the

reason given abave. It was shown in [27] that the experimental data obtained by
means of the V-9 and V-10 wide-angle plasma detectors agree qualitatively with
Perez de Tejada's and Dryer's calculations for the boundary layer [491, [50]. The
part of the B-region adjacent to the terminator was explored by the PV0O retarding
potential analyzer {Spenner et al., 1979) [51], the authors proposed for this
region the name "ionospheric mantle” (without making reference to V-9 and V-10
observations}.
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Neither V-9, V-10 nor FV0 were squipped with ensrgy-mass spectrometers. Such
instruments will be rather useful in futurs studies of the physica of Venus'
"corpuscular penumbra™. Corpuscular umbra is the "C"-regicn where the V-9 and V-10
wideangle plasma analyzers did not record regular fluxes of ions from the
transition zone {477, [27]. It probably has the shape of a cone, Ithe base of which
has a radius Ry + Hipr where Ry is the planet radius and Hipt is the alrirude of
ionopause at the terminator. The helight of the cone isau to 5 Ry, A similar
estinate of the corpuscular umbra dimensions (the authors call it "caviry") was
made by Intriligator et al, [52] based on PVO plasma analyzer data.

Fluxes of slectrons in the energy range of tens and few hundreds eV a-e very
variabls but always observed while ions with snergies below 4.5 keV are observed
only sporadically. Ions with ensrgies E»1-2 keV are not cbserved in the transition
layer {magnetosheath) and probably are created by accelarating processes in the
corpuscular umhra or at great distances from the planet in the tail of the
magnetosphere, "D". The samples cf ion spectra obtained on paasing from the
corpuscular umbra to the transition layer one can find in [47]. The results
ocbtained In the "C"-region by the PVO measuremants of electric flelds (not
publishad yet) should be of interast for bettar understanding the nature of
sporadic ions with energiea 1 keV<E<u.5 keV observed in the corpuscular umbra.

The reglon marked D {n Fig. 9 corresponds to the Vemus magnetotall [40], plasma-
magnetic tail [27], magnetoplasma tail [53). At the boundary of the D-region the
magnetic fleld is stretching along the Sun-Venus line. The By and By components
decrease significantly while the B-szcalar increases.

Fig. 10 gives an example of ion spectra measured by the V-10 wide-angle Faraday cup
when the satellite crossed the tail boundary at a distance of 5 R,. The entry into
the tail is aaaociated, as it is in the geomagnetosphers, with the abrupt decreass
of the plasma flow and the aimultanecus increase of magnetic field.

Fig. 11 gives some lon aspactra measured by the same Faraday cup desp in the
magnetic tail near a point at which By changes its sign. It can be seen that
By 3 Byy, thus the fleld lines are really elongated along the X-axis. It can also
be seen that near the point, whare By passes through zero, the lon spectra changea:
ions with snergies »2 keV appear that were absent in the spectrum bafore and after
this pass. This can be interpreted as the cbssrvation of the plasmashest near the
magnetic neutral shest of Venus' magnetic tall.

The V-9 and V-10 measurements in tha distant magnetoapheric tail at greater
distances from the planet were carried ocut without jnowledge of the attirude of the
satellites. This did not allow the orientation of the neutral layer tc be
detsrmined at great distances from the planet. However, considering the fact that
a rotation of the neutral sheet during changes of the IMF-orlentation was detected
near the planet (Eroshenkc [42]) it should be zasumed that the orientation of the
asutral laysr in the tail changes also far from the planet when By and By in the
solar wind change.

The formation of the main maximm in the night time ionosphers of Venus as a result
of impact lomization by alectrons with enargies %300 &V, observed in the ymbra
region by RPA's on board V-9 and V-1) was proposed in [53 - 551, This
consideration required substantial changes in the 1976-1977 models of the night-
time neutral atmosphere of Venus, which are now completely conflrmed by neutral
atmosphare cbservations om PVO [55], (56].

Current system of tha Venus magnetosphere. All observations and comsiderations
nentioned above permit a current system to be constructed that can in a zero order
approximation describe the basic features of the configuration in the Venus
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magnetosphere (Fig. 12). This system was designed uaing topology conjugation of
current contours forming the magnetic barrier ahead of the day-side ionopauae and
a G-type current structure encompassing the magnetic tail with two antiparallel
bundlas of field lines.

The annotation "zero approximation' should be understeod not in the sanse of
Al fvin who calls approximation adequate for a one-particle problem as a current
system of the magnetospherse in "zero approximation™ [57], but in the sense that
Fig. 12 is oversimplified and in fact the actual current system of the Venus
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Fig. 12: The current system in the Venus magnetosphere derived from
sxisting observations.

magnetosphere is surely more complicated. The crientation of the current aystem
shown in Fig. 12 must change following variations of the Venus magnetic field
B-component Iin Y, Z-plane crientation.

MARTIAN MAGNETOSPHERE

Some remarks, As mentioned before the Soviet satellites to Mars were not capable
of performing measurements at low sltitudes. For cenclusions about the
Dagnetosphere and the existence of a Martian intrinsic magnetic field the
peculiarities of magnetic and plasma experimental data were used in analogy to
features of plasma and magnetic data cbtained near the Earth, namely:

A. Increass of the magnetic field value after crossing of the magnetopause (frem
nagnetosheath into the magnetosphers).

B. Decrease of tha plamna flows after crossing of the agnetopause (as a rule,
similtanscusly with P-growth).

€. Independence of the magnetic field direction inside the magnetosphere of the
varying direction of IMF,

D. Decrease of B-fluctuations in crossing the magnetopause (as compared with the
magnetosheath).

Some authors thought it possible to cbtain informatien from:
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E. Variability of R-disrance of the bow-shock from the cbstacle (by the ratio of
AR-rangs of variations R to the obatacle dimension) as compared with the case of
the Earth (Gringauz [13]).

T. Average position of the near-planet bow-shock (Vaisberg et al, [58], Russell
[10], Intriligator and Smith [11]).

Now that we have exparimental data on several planetary icnospherss the follewing
faaturs can also be used to reflect on the nature of a planetary magnetosphers:

G. Presance of theday-side icnopsuse for the case of an ionospheric nature of the
obstacla,

It oust bs noted, based on Venus observations, that features A and B exist beth for
the case of intrinsic and induced magnetospheres. The detalled PVO data, on the
magnetic field inside the magnetic barrier are not avallable to the author now and
so he cannot judge the comparative B-fluctuation levels; but these data certainly
axist and, in general, thay could be significant if they dlffer from the many
corresponding data in the Earth magnetosphere. The data given by Slavin et al.
[22] indicate that if criterion E is applied to the data on the near-Venus bow-
shock, the features are rather similar to thuse of the ZTarth; therefore criterion
E is of little use for the judgement on the nature of the obstacle near Mars.

The use of the concept "average position of the shock front™ has been criticized
time and again [60], [2], [12]. It was indicated that it is nacessary to analyze
esach individual position of the bow-shock including the most diatant one from the
planet. Let us here only memtion that although the "average"™ bow-shock at Mars
occurs farther frow the planet than in the case of Venus, this difference is not so
great. This can be seen from Fig. 4, wheare the mean Venuslan and Martian bow-sheck
poeaitions are given. Hence the greater distance of the average bow-shock positiom
in the casa of Mars compared to Venus is better not to be used in cur consideration.
Thus, in conclusion, only "C" and "G" features may be regarded as useful for our
further considerstions.

On the independence of the magnetic field direction inside the Martian
magnetosphers on IMF direction. Soma passes of the M-2 and M-3 satellites near
Wars wers performed without a thres-axis stabilisation of the satellite. As a
result cnly B-scalars wers measured. Omly on January 21, 1972 three components of
the magnetic field near Mars were measured. Fig. 13 presents the distribution of
projactions of B-vactors along M-3-orbit, on this day, in the system consisting of
coordinates x.Yy! + 22, Note that Russell is the co-author of the plot in

Fig. 5 [22]; he also drew the plot in Fig. 13 using the M-3 data [10]. The plot in
Fig. 5 corrssponds to the typical case of the "magnetic barrier" near Venua; upon
antaring in the magnetic barrier tha B, -component does not change its aign as it
should according te the thecry. The increase of the magnetic field only begins at
a point much closer to the planet than te the bow-shock. In plot In Fig. 13, on the
contrary, the Increase in B starts st a point much closer to the bow-shock than to
the planet; tha sign of the B -componant in the zone of the maximum magnetic field
is not the same as its sign near the bow-shock. We thus think that the plet in
Fig. 13 indicates that the nature of the magnetic fleld increass detected during
the M~-3 pass into the Martian day-time magnetosphare differs from that of the
magnetic field increass recorded during the PVO passages ovar the Venus day-side,

Three component magnetograms are agiven in (60] which were obtained during nine
paasas of M-5 in the Martian magnetosphere tail, Fig. 1% shows the M-5 crbit and
one of the magnetograms. The portion 2-3 corresponds approximataely to the satellite
pass inside the magnetosphers. In five passes, an example of which is shown in
Fig. 14, B, has a constant sign (directed away from the Sun}, opposite to that in
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Fig. 13: Magnetic field measurements
near Mars by the Mars-3 spacecraft,
Vectors are given in an x, y© + 2
coordinate system.

Fig. l4: Magnetogram sbtained during

a pass of the Mars-5 spacecraft through
the Mars magnetosphere. Also Indicated
in the figure is the trajectory of the
spacecraft indicating points of
measurement.
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of ::; Mars loncaphere from Mariner-u, of the Mars ionosphare from Mariner-9,
-6 -7.

the solar wind and in the transition region, In four other casas By in the 2-3
regicn is either very small or changes its sign inside this region; In one case By
is =rvall and By is directed towards the Sun

It is noted in [60) that since the Martian magnetosphere is amall as compared to
the Earth's cne, the relative value of the magnetie flux generated in it by
external sources is much more intenss than in the case of the geomagnetosphare;
therefore, the areomagretic variations must be relatively much more significant
than the gecmagnetic cnes may be, up to a degres which changes the sign of the
B,-component in the magnetospheric tail in some cases. The sxistence in many
cases of a stable By-component in the magnetosphere tail that does not change its
aign with changes of the IMP-directions, Therefore the data of Fig. 14 obtained
in the day magnetoaphers of Mars, can be interpreted in favour of the presence of
the Intrinsic arecmagnetic fleld.

Martian fonosphers. The sharp boundary of the day fonosphere {icnopause), the
helght of uﬁch Trncraases with increasing zenith angle is the nain peculiarity for
this type of solar-wind planet Interaction that takes place in the case of Venus.
We call it "{nductive". So let us analyze the avallable dara on density profiles
of the Martian day ionosphere.

Fig. 15 gives profiles cbtained by radio-occultation technique of the Martian
ionosphere (Fig. 15a from Mariner-4, 1965 (613, (621). The Mar-4 neasurements
wers made in the period close to solar activity minimum, Mar-§ and Mar-7
measurenants wera made during moderate solar activity conditions. Significant
space-or~tioe fluctuations were recorded in the upper parts of the proflles but
the day-side loncpause is not seen. Flg. 15b presents a profile obtalned fream
Mar-2 £63]. Theres is no ioncpause visible, Kliore et al. in [88]1 published the
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Fig. 16: Ion density profiles in Martisn ionosphere from Viking-1 {left)
and Viking-2 (right).

ionospheric data obtained from Maviner-9; the ionopause was not menticend there as
a typical faature of the Martian day fonosphere.

Finally, Fig. 16 gives tha data cbtained by retarding potential analyzera in the
Martian day ionosphare during the Viking~l and -2 descend (Hanson et al. [9]).
There is no sign of an ioncpmuise on the Viking-l1 data; some resemblance to the
icnopause can ba seen on the graph of the Viking-2 data.

The estimates show that under reasonable assumptions on sclar-wind pressure values,
the pressure of the ionospheric plasma in the "ionopause™ correspending te Fig. 16
is entirely insufficient for pressure balance which takesplace in the magnetic
barrier case and hence the density decrease in the upper part of the density
profile of Fig. 16 is not the result of tha direct interaction between the sclar
wind and the Martian ioncsphere.

The axisting experimental data about the Martian day-side icnosphere cbtained by
the same technique as the data about the Venus day-side ionosphere provide us with
evidence in favour of the absence of an ionopause in the Martian day lonosphers
and indicates, therefore, a solar wind interaction with Mars, which differs
significantly from that with Venus.

Some arguments in favour of the absence of the intrinsic magneric field near Mars.
Russell [1C], in ordar to reinforce his conclusion on the absence of a Martian
intrinsic magnetic field, noted that during the M-3 pass on Fsbruary 21, 1872 the
maximum B occurred not near the pariapsis, a fact incompatible, in his opinion,
with the presence of an intrinsic fleld. Dolginov et al. [€66] indicated that the
Martian magnetic field is dipolar with its axis inclined to the planet rotation
axis at an angle 15-209, Smirmov et al. [14] concluded that the dipole axis is
located cliose to the equatorial plane. So, the position of the day-side cusps of
Mars i{s the subject of discussiom.
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It ia quite evident that if the satellite periapsis iz located In the reglun of the
magnetic field depression typical of the day-side cusp, the maximux of the nmagnetic
fiald along the satellite orbit may not be in the periapsis, and hence, Russell's
above-menticned objection against the Mars-3 data Interpretation, according to
which Mars has its intrinzic magnetic field, 1s not comvineing.

The data of Vaisberg et al. [67] on the detaction of heavy ions in the zone of the
solar wind flowing around Mars is used by Russell as the evidence of the direct
Interaction between the solar wind with the Martian loncsphars apd, consequently,
of the absence of an intrinsic Martian magnetic fisld. Bezrukikh et al. [68]
analyzed once more Vaisbarg's st al. data [67] and showed that the peculiarities of
the data, used in [57] for the conlcusion about the detection of heavy ilcns, can be
explained without assuming heavy Icns present in the plasma and even if heavy ions
really could be detected, this should not be used as evidence for the absence of an
intrinsic magnatic fileld,

On ths value of the Martian magnetic moment, Dolginov et al. {66] on the basis of
magnetic Field data from M-2, M-3 and M-5 orbiters svaluated the ?gnotic momsnt of
Mars {(corresponding to an intrinsic magnetic field) as Hn=2.5x102 gauss x em”.
Gringauz et al. (69], considering possible ~ressurs balance and measured stand-off
distances, estimated 2x1022 gauss x cm?, Authors of [6%] used scaling of the
asrcmagnetosphers and the geomagnatosphere to obtain the valus of M , assuming that
both magnetospheres have similar shapes. This assumption was supported by data
from Martian magnetcaphere crossings by the M-S-orbiter given in (69],

In 1978 Russell, as was mentioned above, reconsl.gcmd magnttig data from M-3 and
¢lalmed that the upper limit My is equal te 2x10 1 geuss x cm*. Further, in 1979
Intriligator and Smith [11], again without new experimental data, reconsidered
previously lished estimates of the Martian magnetic moment and claimed a value
of Mx=8x102) gauss x cm3. They criticized both Dolginov and Gringauz. The authors
of 11 indicated that Dolginov's estimate [66] based on Gaussian coefficient
calculation Is not correct bacause the compression of the magnetic fleld by the
solar wind was not taken into account. They claimed that probably there are times
when the sxternal solar wind pressure increases in which casa the interactien is
dowinated by the lonosphers rather than by the planet's magnetic field.

One may agree that the criticism of Delginov's calculations is not entirely
groundless. It also is not excluded that in extreme cases of very large solar
wind pressure, direct contact between the sclar wind and the ionoaphere may occur
with the consequent creation of a day-side ionopause. Nevertheless the arguments
by the authors of [11] are in our opinion not at all cemvincing. Intriligator and
Soith tried to improve considerations on preasura balance by considering this
balance &t a pecullar solar zenith angle corresponding to Viking ionospheric RPA-
measursments, but the absence of simultanecus near-Mars solar wind data makes this
improverent purely fllusive. Authors of [11] eriticize Gringauz for using an
altitude of the Martien subsolar etopauae hy equal to 1700 lm. But the only
paper by Gringauz et al. quoted i:.gu is paper (707, while in (69], as a matter
of fact, a value of hys(1200 +5800) km was u-ed and its variabiliry was discussed.
On the othar hand, Intriligator and Smith use the concept of “mean bow=-shock
position” and scaling of the areomagnstosphere and the gecmagnetcosphare to obtain
the magnetic noment of Mars. The "mean bow-shock position” without analysing

the distribution of bow-shock positiona is, in our opinion, not more useful than
the "mean temperaturs” of patisnts in a hospital (some may have fever, some may be
dead, the mean tempersgture may be normal)., To use the scaling one must be sure
that in cases under consideration the shapass of the magnetospheres are similar;

it is obviously impossible to use scaling for the Jevian magnetosphere based on
the geomagnetosphare. The only information on the shaps of the Martian magneto-
sphare is given by data from crossing of the magnetopause by Soviat crbiters M-2,
M-3 and M-5, which Intriligator and Smith do not consider. That is why their
arguments are not convincing.
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Fig. 17: Scale cooposium of
squatorial cross sections of the
magnetospherss of Earth, Mars and
Venua,.

Taking into account the pecullarities of
magnetic and Plasma data from M-2, M-3
and M~5 mentioned in the "Introduction",
one can conclude that at present these
dats are not sufficient for unmmblguocus
definition of My, Bearing in zmind the
influence of a compresaion of the Martian
magnetic field by the solar wind, one may
regard the magnetic moment estimated by
Dolginov (My=2,5x1022 gauss x cmd) as an
upper limit of the undoubtedly existing
intrinsic magnetic moment of the Mars.
Ws believe that our estimate (My=2x1022
gauss x cm3) based on pressure ance
and scaling consideration [65] is close
to reality. But as it was mentioned in
[70] the shape of the arecmagnetosphere
may vary in time with the solar wind ram
pressure or (and) with the aign of the
interplanetary magnetic field due to
reconnection. If such varlations are
large anough the scaling may lead to
significant errors.

¥agnetospheras of Venus and Mars and the
gecmagnetoaphers. The gecmagnetosphare
has been studied for more than twenty
years. The greatest part of this twenty-
year period dealt with the study of the
magnetosphere morphology; many significant
faatures of the geomagnetospheric
structurs wWers axperimentally revsaled
only a long period of time after the study
bagun {e.g. day-time polar cusps enly iIn
1971, the diffusive boundary (mantle} in
1971-1972). Regardless of the fact that
the experimental study of the geomsgneto-
sphere was carried cut by means of tens of
Earth satellites, at present, after twenty
years of numercus plasma and magnetic
measurenests in the near-Earth space, the
number of unsettled problems in geo-
magnetospheric physica i{s still great,

Open problems are related to the solar
wind sntry into the magnetosphere and to
the varicus mechanisms causing the plasma
motion ingide the magnetosphers; a number
of questions related to the distant part
of the geomagnetic tail still recains
unanswered. New missions concentrating on
answering these questicns are under study.

Indeed, the Investigatiom of the Venus
nagnetosphers im still at its early stage
(comparable to the state of the geomagne-
tospheric research in 1965-68) and the
study of the Martlian magnetosphare is even
farther bahind. 50 it is quite natural
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that the number of unsolved problems relatsd to the mametosphere‘ of Hars and
Venus is very large and that further studies are needed.

Fig. 17 shows a scale composition of the squational cross sections of the three
magnetospherses. The bow-shocks are taken identicaly and the magnetospheres and
planets are scaled accordingly. The characteristic cross sections of the magnetic
tails of Mars and Venus are given based on the data from M-5 and V-9, V-1C.

It is reasonable to list some features of the Earth magnetosphere which are
inherent also to the Venusian magnetosphere:

a) a well-developed near-plarnet bow-shock;

b) the plasma flow behind the bow-shock is sufficlently dascribed by hydromagnetic
theory;

¢} relative time variability of the distance of the aubsolar point of the bow-
shock from the obstacle is approximarely the same both for Earth and for Venus.
The spread of the front positions near Venus was given in Fig. 5; the similar
graph for the Earth is presented in [29];

4) existence of the magnetic tail elongated along the Sun-planet line;

e) presence of the plasmasheet separating two bundles of magnetic Aeld linea in
the tail (directed towards the Sun and away from the Sun).

Inspite of thexs commor signs, the nature of the obstacles to the sclar wind near
Earth and Venus is, as we know, quite different. The similarities given above
prove only that magnetospheric structures with long magnetic talls can occur in a
superscnic magnetized plasma with obstacles present, the nature of which might be
essentlially different.

Thers are no doubts that the magnetospheres of our neighbour planets, of Venus,
which practically has no intrinsic magnetic field, and of Mara, with a relatively
weak intrinsic magnetic fileld but in contrast to Mercury, with & well developed
ionosphere, are peculiar among the magnetospheres of the planets in the Solar
System.

CONCLUSION

In apite of the fact that Venus probably has ne intrinsic magnetic flald, the
Venusian magnetosphere has a complicated structure. In particular there exists a
magnetic tail directed along the Sun-Venus line. The magnetic field directien in
the tail depends on the directiom of the azimutal IMF-component. On the basis of
v-9, V=10 and PV0 obssrvations a simple magnetospheris current system can be
proposad, There are substantial arguments supporting the sxistence of a Martian
intrinaic magnetic field, which is weak but sufficient to deflect the solar wind:
the topology of the magnetic fiald In the day-side Martian magnetosphers Is
different conpared to the Venus magnetosphere, and the fonopause is not a
characteristic feature of the Martisn day-side icroaphere. Mars also has a
maguetic tail. Many other similar features exist in the magnetosphere of Venus,
Rars and the Earth in spite of the different nature of magnetic field origin ar
Venus and at Earth and of the Martian magnetosphers peculiarities.

ACKNOWLEDGEMENT

The suthor thanks M,I, Verigin and T.K. Breus for useful discussicns and is
grateful to J. McKenzie for scientific discussions and help in the tranalation of
the papar and to K. Knott for further improvements of the papsr in the process of
its ditm.



22 K. I. Gringauz
References

1. T. Gold, J. Geoph. Res., &4, 1219 {1959).
2. T.K. Breus, Space Sci. Rev,, 23, 253 (1979),

3. Sh.5h. Delginev, in D.J. Willigns (EA.} "Physics of Solar Planetary
Envirorments®, p. 869, AGU, Washington, D.C., 1976.

4, 0.L. Vaisbarg, ibid, p. 85u.
S. N.F. Neas, Ann. Rev. Earth. Sci., 7, 249 (1479).

8. ©.T. Russell in "Solar System Plasma", C.F. Kennel, L.J, Lanzerotti and
E.N. Parker (Editors), North Holland Pub. Co., 1979.

7. G. Siscoe, J.A. Slavin,Rev. Geoph. and Plasma Phys., 17, 1677 (1979).

8. N.P. Nass (Ed.), "Solar Wind Interaction with Planets Marcury, Venus and Hars",
4 seminar held at Moscow, USSR, November 17-21, 1975, NASA SP-397 {1978).

9. W. Ranson, S. Sanatani, D.R. Zuccaro, JGR 82, 4351 (1977),

10, C.T. Russell, Geophys. Res. Lett., 5, B1 (1973).

il. D.S. Intsiligator, E. Smith, Jour. Geoph. Res., 84, 8427 (1979).

12. Sh.Sh. Dolginov, "On the magnetic field of Mara", sulnitted to "Nature”, 1980,
13. K.I. Gringauz, Rev. of Geoph. and Space Phys., 14, 391 (1976).

ls. B.N. Spirnov, Omelchenko, 0.L. Vaisberg, Kosm. Isaled XVI, 6, 64 (1978).

15: ?h.sm Dolginev, Ya. G. Eroshenke, L. Davis, Xosmich. Issledovaniya, 7, 747
1969).

16. N.A. Savich et al. In 9 , p. 81.

17. 6.S. Ivanov-Kholedny et al., Icarus, 39, 209 (1979).
18. A.J. Kliore et al., Sclence, 203, 4382, 765 (1979).
18. A.J. Kliore et al., Sclence, 205, 4401, 99 (1979).
20, W.C. Knudaen et al., Science, 204, 4382, 757 (1979).
21. W¥.C. Koudsen et al., Science, 205, Lu401, 105 (1979).
22. L.H. Brace et al., Science, 203, 4382, 763 (1979).

29, R.C.Elphic, C.T. Russell, J.A. Slavin, L.H. Brace “"Observations of the Dayside
lonopausa and Ionosphere of Venus', submitted to JGR, 1879

24. H.A. Taylor, Jr. et al., Sclence, 203, 4382, 755 (1979).
25. H.A. Taylor, Jr. et al., Sclence, 205, 4401, 96 (1979).

26, C, Fialdbo, V.R. Eshleman, Radio Sci., &, 879 (1969),



27,

28,
29.
30.
3.

32.
33.
k.
35,
36,
7.
a8,

39.

41,
42.

43.

45.

45,

47.

L
49,

50.

Magnetospheres of Mars, Venus and the Earth 23

M.I, Verigin, K.1. Gringauz, T.K. Breus, T. Gembosi, J. Geophys. Res., B3,
3721 (1978).

J.A. Slavin et al., Geoph. Res. Letrt., §, 11, 901 (1979},
L.A. Slavin et al., Geoph. Rea. Lett., &, 11, 905 (1979).
S.A. Romanov, V.H. Smirmov, O.L. Vaisberg, Kosm. Issled. XVI, 5, 746 (1978),

A.J. Dessler, in "Tha Atmospheres of Venus and Kars", J.C. Brandt and
M.B. McElroy (Ed.), Gordon and Breach N.Y. (1958),

F.$. Johnaon, J.E. Midgley, Space Resa. IX, 760 (1969),

F.C. Michel, Rev, Geoph. Sp. Phys., §, 427 (15871),

P.A. Cloutier, M.B. M¢Elroy and F.C, Michel, J. Geoph. Res., 24, 6215 (1969;
P.A. Cloutier, R.E. Daniel, Plant. Sp. Sci., 21, 463 (1973).

P.A. Cloutler, in 9 , p. B3.

F.S. Johnsen, W.B, Hanson, Geoph. Res. Lett., 6, 7, 581 {1979).

C.T. Russell et al., Science, 203, 4382, 7u5 {1979},

C.T. Rusaell, Geoph. Rea. Lett., 4, 387 {1977).

Sh.Sh. Dolginov, L.N. Zhuzgov, V.A. Sharova, V.B. Busin, Ye.G. Lroshanko,
Preprint N 19 (193) IZMIRAN SSSR, presented to IAGA Symposium on Solar Wind
Interaction with Venus (5IV3), Seattle, August 1977,

Sh.5h. Dolginov et al., Kosm. Issled. XVI, 6, 827 (1878).

Ye.G. Eroshenko, Kosm. Issled, XVII, 1, 93 (1979).

U.¥. Andlanov, I.M. Podgorny In 9 , p. 101.

I1.M. Podgorny, E.M. Dubinin, P.L. Izrailavich, "Laboratory Simulation of
ir;g.:::ed Magnetospheres of Comets and Venus" submitted to "Moon and Planets”,

C.T. Russall, R.(, Elphic, J.A. Slavin, "On the Possible Intrinsic Magnetic
Field of Venus™, Preprint UCLA (1979).

J.R, Sprelter, "Magnstohydrodynmmic and Gasdynamic Aspects of Solar-Wind Flow
around Terrestrial Planets - a Critical Review" In 9 , p. 135.

K.I. Gringauz, V.V. Bezruklkh, T.K. BEreus, T. Gombosi,6 M.I. Verigin,
G.I. Volkov, in Physics of Solar Flanerary Environments AFU, p. 918, 1976.

0.L. Vaisberg st al., ibid, p. 90%
M.J. Perez de Tejada, Geoph. Res., 81, 2023 (1578),

M.J, Parez de Teiada, "Viscous Flow Orientation of the Solar Wind behind
Yenus" subnitted to "Science"”, 1880;



24
51‘

52.
53.

55.

57.

58.
59.
80.
6l.

52.

63.

85,
66,
67.
68.

?o.

K. I. Gringauz

K. Spenner, W.C. Knudsen, V. Novak, In IAGA Bulletin N 43, I UGG Publ. 0ffice,
Paria, 1979.

D.S. Intriligator et al., Scilnca,_&gs. 4401, 116 (1979),
K.I. Gringauz, ¥.I. Verigin, T.X. Breus, T. Gombosi, DAN SSSR, 232, 1033 (1977).

K.I. Gringauz, M.I. Verigin, T.K. Breus, T. Gombosi, presented to IAGA
Symposium SIV-2, Seattle, 1977; JGR, B4, 2132 (1979).

K.I. Gringauz, M.], VYerigin, T.K. Breus, "Low-Energy Electrons in the Venus
Optical Umbra Detected by the Venera-9 and -10 the source of the High
Ionosphere. Comparison with the Pionesr-Venus Satellite Measurements" presented
preaentad to IAGA S-IV-2 Symposium in Camberra, 1979; Preprint IKI 534 (1979).
H.B. Niemann et al., Science, 205, w401, S4 (1979).

H. Alfvin, "Electric-Current Model of the Magnetosphers" in "Magnetospheric
Boundary Layers -~ A Sydney Chapman Conf.™, ESA SP-148, p. 15 (1979).

O.L. Vaisberg et al., in 9 , p. 21,

Sh.Sh. Dolginev, Gecph. Res. Lett., S, 89, 93 (1978).
Sh.Sh. Dolginov ot al., in 9 , p. 1.

S.I1. Rasool, R.W, Stewart, J. Atm, Sci., 28, 869 (1971).

S.J. Bauer, Physics of Planetary Ionospheres, Springer-Verlag Berlin-Heldelberg-
Kew York, 1973.

A.J. Kliore et al., JGR, 78, 20, 4311 (1973).

A.J. Kliore et al., Sclence, 175, 313 (1972).

M.B., Vas{liev et al.,, Kosm, Issled, XIII, 1, 4B (1975},

Sh.Sh. Dolginov, Ye.G. Yaroshenko, L.N. Zhusgov, Kosm. Issled. XIII, 108 (1976).
0.L. Vaisberg et al., Space Research XVI, 1033, Academic-Verlag, Berlin, 1976.
V.V, Bezruklkh, M.I. Verigin, N.M. Shutte, Kosm. Issled. XVI, u, 583 {1978},
K.l. Gringauz, V.V, Bazrukikh, T.K. Breus, M.I. Verigin and A.P. Remezov,
"The Magnetic Fleld of Mars Estimated from the Data of Plasma Msasurements by
Soviet Artificial Satellitea of Mara” in J.H. Pomeroy and N.J. Hubbard
{Editors) "The Soviet-American Conference on Cosmochemistry of the Moon and
Planats", NASA, Washington D.C., p. 858, 1977,

K.I. Gringauz, V.V. Bezrukikh, ¥.I. Verigin, A.P. Remizov, J. Geoph. Res,., B1,
33w {1976).



