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OBSERVATIONS QF INTERPLANETAHRY PLASLA DISTURBANCES
NEAR VENUS ON BOARD SPACECRAFTS VENERA-4 AND VENERA-G

K.I.Gringsuz, V.V.Besrukikh, G.I.Volkovw,
L.S.Musatov, T.K.Breus

Interplsnstary plasma and magnetic field disturbances
were observed simultsnecusly on October 18, 1967 with charged
particle traps and magnetoseter aboard the Vensra-i when the
spacecTalt was approaching the Venus., Preliminary results of
Vensrs-4 plassa messurements were reported earlier / 1_7.

Plasaa flux variation near Venus were also detected on
board spacecraft Yensra-6 by means of the charged particle
tr;p”. !

These observations together with data on interplanctary
plasma disturbances obtained pear Venus on October 19, ‘1967
from american spacecraft Mariner-5 /"2_7 enable one to can~
clude with more certainty then before that solar wind distur-
bances near Venus sxist alwsys and are not due to inhamoge—
nities of interplanetary plasma which occured accasionaly
noar Venus on October 18, 1967 when the Venera—4 was agproach-

ing the planst, In this paper sre glwven the corrected results

1) The c¢h d particle trap was also installed on board of
the spacecraft Vensra-S which descendsd in ths Venus atmo-
sphere on May 16, 1969, According to scheduls of flight of
Venera-5, however, the sampling rate of measurements results,
delivered to the 1nput of the telemetrie system at the naar-
=planetary part of trajsctory was auch lower then it was at
the Venera-G, therefore we use hare only the Venera-6 data.



of plasma messurements from the Veners-i and prelisinary
resulta of plasma measurements on board Venera-G near the
plenet., The brief discussion af all available data is also
Eiven,

I. The experimeatal data

There sust be noted some features of the results of the
positive ion fluxes measurements on board of Venara-4 to
explain presented now their corrected results.

The l.“ﬂﬂl;nts were mads by means of two plane positive
particls traps of integrsl typei the angle between their col-
lectors was equal 60° and the tons of enargy E<50 av wers
retardad. The net current of both collectors was messured
1. 7. The traps of this type are known / 3 7 to give no pos-
sibility of preciss determining a component seasured collector
currents dus to photoemission from the trap electrodes. But
for the near-planetary part of trajectory we sanaged tc deter—
ains 1t by following method using ths indespendent messurement
date obtained by the american spacecralt Marinsr-5,

Iz at some part of trajectory the trap orientation rela-
tive to the Sun remains unchanged then the photosmission cur=
rent is also constant and all collector current changes are
due only to variations of the positive lon flux reaching the
collector. If this case at some moment the ion flux is imown
froa independat measureasnts then photoemissive componsnt of
ths collector current can be determined and excluded from the
reading of the traps (from net current) on the whole part of
trajectory on which the trep orientation relative to the SBun
does not change.

For the purpose of excluding the photoemissive component
of the traps collectors current when Venera-4 was close to



the planet we used the data on solar wind ifon fluxes obtained
with the modulation type ion trap sboard the Xariner-5 by the
group of the Massachusetts Institute of Techmology on October
18, 1967 (when Venera-3 was approaching the planet).

This data were kindly provided to us by profeesor A.laza-
rus, Then the near-planstary run of the Venus—i4 asasurements
began the Mariner-5 was 240000 kn farther from the Sun tham
was scviet spacecraflt and its longituds in the ecliptic plane
was 0,22° less. Bearing in mind the Mariner-5 solar wipd bulk
vslocity determination ons pust conclude that the same values
of the solar wind fluxes should be observed by Venera-2 by
18 ainutes later /74 _7 (if one supposes that the value of the
solar wind flux has not changed during this interval of 14
minutes), In this case the ion component of the traps collec—
tor current can be determined at the beginning of the sear-
=planetary run of measuresents and the measured collector cur—
rent and its lon componant difference suoable us to determine
the photoemissive coamponent of the current., As during the
whole naar-plapstary part of the Venera=4 trajectory the traps
orientation with respect to the Sun was stabls,the photcoemis-
sive component could be excluded from the traps readings from
the whole this part of trajectory.

Fg.1 shows the changes of the solar wind ion fluxes a»
Venera—4 was approaching the planet; ip this case the effect
of photoemission by above mentionsd method and tha solar plas-
an lom velocity was supposed to be directed radially outward
from the Sun during the whole near-plenstary part of trajec—
tory.

One can see that at the distsace of ~ 25000 im from the
center of the planst ths disturbance of the solar wind fluxes



begine and ths disturbed region is of complicated structure
and spread over ~ 15000 km. In disturbed region the saximum
ion flux vyalues are ~ & times a8 high as undisturbed ones
{i.e, at the beginning of the near-planstary run of measure-
sents).

The precize wvaius of the photoelactron contribution to
thas collectoe current of the trap aboard Venera-6 is not pos-
sible to determine without additional independent data, But
as far as during the whole near-planstary run of peasurements
the trap orientation with respect to the 8un resains constant
the photoemisaive componsnt of the collector current 18 also
constant. Therefore, without knowledge of the precise value
of 'o = solar wind ion flux st the beginning of the nsar-pla-
astary run in the undisturbed region, the absolute values of

a li = the changes of registersd ion fluxes in the disturbed
region relative to lo = ¢can be detersined accurately enocugh.
Fig.2 presents messured from Venors-6 A By values. At dis-
tances from the center of thes planet R < 32000 ks the sampling
rate of trape readinga was low and the the small available
smount of messurements indicate the marked decrease of K,
whan Vensra-6 approsching the planet, The plot of Fig.2 shows
that detected by Venera-6 increass of Hi values began at the
distance of ~~ 36000 ka from the planet centsr; the comparison
of AN, values of Pig.1, and of Fig.2 indicate that measursd
by Vensrs—4 and Vensre—6 closs to the planet changes of '1 -

values are coamparable,

2, Discussion

It was supposed in /71 7 (as well as in [ 2_7) that
detected Daax Venus plasma and magnetic field disturbances



are collisionless abock wave which occurs when flures of magne-
tized solar plsma are flowing round the planet. As the suthors
of /71_7 41d not know the charscteristics of the Venus day-
time lonoaphlers (since Venera-4 could provide information

only on nighttime lonosphere of the planet) they considared
probable that solar wind disturbepces can occur as & result

of conductivity of the inner part of the planet. Now we ashare
coapletely the opinion of the authors of / 2_7 that the cause
of disturbances of solar wind flowing around thes Venus is the
conductivity of the daytime planet ionosphere,

The shock wave front location was evaluated in / 1_7
using the gas dynamics relation in which the sqund wvelocity
was substituted by Alfven velocity. '

Mg.3 gives a pumber of shock wave front locatiomscalcu-
lated with the same relation for various M = Mach numbers
- corresponding to different solar wind parameters., The parts
of Veners—4 snd Veners-G trajectories are also given; the
crosses indicate the beginnins of observed disturbances. The
aame curﬁ containes the points which indicate the Mariner-5
entry in the disturbed zone {point "a") and eacape (point "b")
(from data presented in /"2 7).

It ahould be noted that above-sentionsd Mach mmbars
were in the range of 4,5 to 5 when Veners-4 and Mariner-5
were approaching the Venus; M=10 corresponds to quite rarely
occuring combination of solar wind charscteristics.

From Fig.3 ons can ses that all four marked points are
more or less near the calculabed shock wave front locations.

_ Om the Veners-6 which descended ss well as tha Vemera-d in
the nightside part of the planetary atwosphere but farther
from the terminstor, the detection of plasma disturbances



begun at greater distances from the planet. This supports the
sssumption that the disturbance is a shock wave,

The width of collisionless shock wave front in accordsn-
ce, with theory / 5_/ have to be somewhat more than the ion
cyolotron redius [; (for solar wind Pi.N 500 km). One caa
see on Pig,1 and Pig,2 that this condition is fulfiled for
the outer boundaries of sudden risings of plasma fluxes,
This again supports the shock wave hypothesis.

It ahould be noted, however, that from the Vensra-6 data
ths outer boundary of disturbance lsys more close to the pla-
net than the point of intersection of Venera-6 trajectory
with calculated shock wave front (which is at the distance of
B »» 43000 kn for M=5 and R A2 39000 k= for ¥=10). From obser-
vational data of Marioer-5 / 2_7 one can concluds that the
outsxr boundary of disturbed region at ths entry of the space-
craft in this region (point(s) omn Pig 3) corresponds to the
shock wave froat with M=5 apd st the way out {point (b) on
Fig.3) to one with M«2 slthough the Mach musber for undisturb—
od solar wind seems to be in both cases about 5,

This gives impression that relation of gas dynaaics
concerning the shock wave front location fit to the observa=-
tionzl data obtained near the Venus not very well and it
ceuse us to sabatain from categorical statemsent that the observ-
ed disturbances are namsly the shock waves,

Some difficulties arise with the explanation of subatan-
tial (A~ & times) increass of the ion fluxes beyond the dis=
turbance front observed by Voners—4 (Fig.1), In part this
increass zay be related to the changs of ths particle flux
direction snd the incrsase of isotropy of their motion, As a
results traps orientation becomes more favourable and their



current rises for a givean flux value (it must be recallsd
that the graph of Pig.1 is plotted on the assumption that
at all near-planetary part of the spascecraft trajectory the
ions move yadially from the Sum),

However, the evaluations of this effect (based on sna-
logy with tha obaservations mads beyond the shock wave fronot
asar the Earth) revesl that it can not create such signifi-
cant (~v 4 tizmes) increase of measured fluxes and therefore
250N VAZUeness remiins,

In the paper /4 7 the results of sagnetic measurecents
made aboard Venera«d at the nsar-planstary part of trajecto=-
Ty are compared with sigultansous measuresenta fros liariner-5
{the sbove-mentioned time delay of ~14 minutes is taken acco-
unt), The magnetic field changes in the disturbed zons near
the planet had seversl features of those in the undisturbad
region (although in the disturbed zone the magnetic field
variations were considersbly more intensive). It can be sup~
posed that the ssme is trus for plasma also (ths variations
of which in the disturbed zone are quite aynckhropous with the
magnatic fisld variations, ses / 1_7), It csn not be ruled
out that this can give additional explanationm to the observed
by Venera—4 ion fluxes increase at the fromt of disturbancs.
Unfortunately the plasma measurement results of Mariner-5
which are in our disposal are averaged over considerably
greater time intervals than the data om magnetic asessuresents
of Maxrinor-5 used in /"4 7. This deprive us of possibility
of making sufficisntly detasiled comparison of the simultmne-
mhpln-l Beasuresents aboard Vonera-4 and Mariner=5,

It during the motion of the spacecraft after crossing
the shock wxve front the undisturbed wind characteristics ;



were changing this could cause the zotlion of Ehet‘x?nt with
a velocity, which was greater than the valocity‘;t the
spacecraft and the twofold crossing of the disturbance front;
this can give one of the sxplanations of tha observed cospli-

cated astructure of the disturbed plasme region (Fig.1).

3. Conclusion

The results can de summarized briefly as the following:

1, Easch tizme when the spacecrafts instrumented for de—
tection of solar wind positive ions approasched the Venus the
distorbances of ion fluxes were cbserved.

2., From the results of plasma seasuresents cnes can see,
that the outer boundariea of this disturbances are locatad
approximstely in accor™dance with the locations of the shock
wave front calculated with use of the zam Jdynamice relation;
bhowever the discrepancy of the obssrved locations of these
boundariss with calculated ones cause us to be careful with
the identification of ths observed disturbances with the shock
waves,

3. The significant increase of ion fluxes observed by
Veners—4 and Venera-6 near the disturbance front need addi-
tiona)l explanations; in part they may be explained by changes
of ion motion direction beyond the disturbance front or (and)
by sisultaneous increass of undisturbed flux, The obssrved
complicated structure of disturbed sone may be related to
twofold crossing of the disturbance front (if it moves with
velocity higher than ths spacecrsfts cne),
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