
Observations at Venus Encounter by the 
Plasma Science Experiment on Mariner 10 

Abstract. Preliminary results from the rearward-looking electrostatic analyzer 
of the plasma science experiment during the Mariner 10 encounter with Venus 
are described. They show that the solar-wind interaction with the planet probably 
involves a bow shock rather than an extended exosphere, but that this is not a 
thin boundary at the point where it was crossed by Mariner 10. An observed 
reduction in the flux of electrons with energies greater than 100 electron volts is 
interpreted as evidence for some direct interaction with the exosphere. Unusual 
intermittent features observed downstream of the planet indicate the presence of 
a comet-like tail h'undreds of scale lengths in length. 

The plasma science experiment is a 
cooperative effort by groups from the 
Massachusetts Institute of Technology, 
the Los Alamos Scientific Laboratory, 
the Goddard Space Flight Center, and 
the University of California at Los An- 
geles. The instrument consists of two 
independent hemispherical electrostatic 
analyzers mounted back-to-back on a 
scan platform. The platform moves 
through an arc of 120 deg centered on 
a direction in the ecliptic plane, 10 deg 
east of the spacecraft-sun line. The 
platform axis is pointed toward Cano- 
pus, approximately perpendicular to 
the plane of the ecliptic. We report here 
results from the rearward-looking ana- 
lyzer, which accepts electrons in the 
energy (E) range from 13 to 715 ev 
in 15 logarithmically spaced windows 
of width AE/E = 6.6 percent. The field 
of view is fan-shaped: + 3.5 deg in the 
scan plane and ? 13.5 deg perpendic- 
ular to that plane. The instrument ob- 
tains an electron spectrum every 6 sec- 
onds, measuring at each differential 
energy step for 0.4 second. The sun- 
ward-facing analyzer was designed to 
accept electrons and positive ions, but, 
unfortunately, no data have yet been 
obtained from it because of some pres- 
ently unexplained electrical or me- 
chanical failure. 

We present preliminary measure- 
ments of electron number density and 
temperature; flow speed and tempera- 
ture anisotropy measurements will 
eventually be available from this in- 
strument for times when it was in the 
interplanetary medium and perhaps in 
the vicinity of the planets. These are 
the first measurements of plasma elec- 
trons near Venus, and we show that 
they can be interpreted in such a way 
as to add considerably to our knowl- 
edge of the planet. 

Figures 1 and 2 show the Mariner 
10 trajectory and the plasma electron 
observations during the period from 
1530 U.T. to 1800 U.T., spacecraft 
time (that is, the universal time at 
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which the corresponding datum was 
taken by the spacecraft). Periapsis was 
at 1701:50 U.T. when the spacecraft 
was 11,858 km from the center of the 
planet. The trajectory of the 1967 en- 
counter of Mariner 5 with Venus 
is also shown for comparison. The 
observed fluxes of electrons in the en- 
ergy ranges from 12.9 to 13.8 ev and 
from 501 to 535 ev are shown, as well 
as the values of density and tempera- 
ture derived from these and the other 
differential channels by the methods 
outlined in the caption for Fig. 2 and 
described in (1) (the bulk speed ef- 
fects have not been removed; conse- 
quently, peak values of the densities 
are most representative of the plasma 
environment and the best temperature 
estimates occur at these times also). 

These two channels were chosen to 
provide representative observations at 
low and high energies, respectively. 
The events in Fig. 1 are plotted as a 
function of time (in minutes) with 
zero at the time of periapsis, whereas 
those in Fig. 2 are in spacecraft time. 
Six features of interest are identified 
by letters in the data fields, corre- 
sponding to the same lettered loca- 
tions on the trajectory. 

Each of the trajectories is plotted 
in the rotating plane containing the 
sun, the center of the planet, and the 
spacecraft, so that the plot gives the 
distance of the spacecraft from the 
sun-Venus line as a function of its 
motion along that line. This coordinate 
system is the appropriate one if the 
solar wind interaction is axially sym- 
metric about the sun-Venus line. How- 
ever, we note that the solar wind di- 
rection can deviate several degrees 
from this line, so that the interaction 
features may not be axially symmetric 
by this amount. The aberrated flow 
direction of the free-streaming solar 
wind was 4 deg from the west after 
encounter; the solar wind direction at 
the time of the encounter of Mariner 5 
was inferred from upstream observa- 
tions to be 4? +1 deg from the west. 
Figure 1 shows two calculated bow 
shock and ionopause locations. The 

Fig. 1. The Mariner 10 and Mariner 5 trajectories in a plane containing the Venus-sun 
line. The planet and two predictions of fluid theory for the case of flow along the 
Venus-sun line are also shown. The letters refer to events along the track of Mariner 
10, and the circled numbers refer to events along the track of Mariner 5. 
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Fig. 2. The data fields show the fluxes observed at 13 and 518 ev, respectively, and also plots of "density" and "temperature." 
The density is defined as (47r/AM7) f fdv and the temperature as 27ri-,./Aq J f'2dv where the integrations have been carried out 
numerically for the spectra between 0 and 40 ev observed by the detector, which has a solid angle of acceptance of AQ. The nec- 
essary extrapolation between 13 ev and zero is made by assuming a Maxwellian form for the spectrum. 

dashed lines are those which were pro- 
posed as a representative model of the 
Mariner 5 data, whereas the solid lines 
correspond to one model from a 
parameter study (2). 

As the planet is approached, the 
density generally increases, reaching 
a maximum about 10 minutes before 
periapsis, and then drops rapidly to 
half its maximum value. Throughout 
the encounter period the density never 
decreases substantially below the up- 
stream solar wind value of approxi- 
mately ten electrons per cubic centi- 
meter. Superimposed upon this broad 
density feature are many large-ampli- 
tude, short-period variations which sug- 
gests the presence of turbulent flow. 
The electron distribution functions al- 
ways decrease monotonically toward 
higher energies (Fig. 3); low-energy 
flux channels usually control the den- 
sities. Some aliasing may have occurred 
in the period (from x to x) indi- 
cated in Fig. 2. After the density de- 
crease, there are several discontinu- 
ous density increases, up to the last 
density "spike," labeled event E in 
Fig. 2. 

New features are seen in the data 
from the high-energy channel. At the 
beginning of the gradual rise in den- 
sity, the flux at high energy begins to 
decrease rather rapidly (event A). Af- 
ter 9 minutes, the high-energy flux 
reaches a minimum (event B) and 
then rises to the predecrease value 
after 15 minutes (event C). Point C 
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occurs 8 minutes before the density 
decrease (event D). At its minimum, 
the flux in the high-energy channel is 
about one-fifth as much as its value 
in the upstream solar wind, and this 
feature is general in channels above 

100 ev. The flux in this energetic 
electron "bite out" interval is highly 
modulated at the scan frequency, im- 
plying a large anisotropy; that is, the 
flux is very directional. Several smaller 
decreases, of short duration, occurred 
in high-energy channels before event 
A. Figure 4 shows a comparison be- 
tween the electron distribution func- 
tions observed before and during the 
decrease in high-energy flux. 

Another noteworthy feature is that 
for electron energies above about 100 
ev, the flux increases across the dis- 
continuity D, whereas for lower en- 
ergies it decreases markedly. The en- 
ergetic electron flux drops to the am- 
bient solar wind value at event F. 
There are four brief occurrences of 
the high, upstream, energetic electron 
fluxes within 35 minutes after event E, 
each about 2 minutes in duration. 
Their locations are shown on the 
Mariner 10 trajectory in Fig. 1. 

The temperature parameter shown 
in the last data field is based on elec- 
trons with energies less than 40 ev to 
avoid biasing by the nonthermal, en- 
ergetic electron fluxes. The variation 
in temperature is smaller than the vari- 
ation in any other parameter. There is 
a small increase coinciding in shape 

with the broad density feature and ex- 
hibiting a total range of a factor of 
1.3. 

We now compare these results with 
those of Mariner 5; five features were 
discussed by the Mariner 5 experi- 
menters (3), denoted by circled num- 
bers in Fig. 1. Feature 1 was iden- 
tified with the crossing of a bow 
wave. The trajectory of Mariner 10 
is such that it would have crossed 
a bow wave far downstream, and 
no clear crossing analogous to that 
at feature 1 was observed. Feature 2 
marked a decrease in IBl, a change in 
the character of the magnetic fluctua- 
tions, and a drop in density and flow 
speed. The flow speed dropped to its 
lowest value at feature 3, abruptly re- 
covering at feature 4. From detailed 
examinations of the plasma and mag- 
netic field records, the spacecraft is 
thought to have passed through a 
shock transition between features 4 
and 5. 

The plasma and magnetometer data 
observed at Mariner 5 and Mariner 
10 encounters raise the obvious ques- 
tion: Do the density, temperature, and 
magnetic field enhancements along with 
the accompanying large-amplitude and 
high-frequency fluctuations occurring 
between events C and E during the 
Mariner 10 encounter and between 
features 4 and 5 during the Mariner 
5 encounter represent the signature 
of a standing bow shock? The Mariner 
5 investigators interpreted such fea- 
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tures as representative of a bow shock, 
and several subsequent models (4) 
showed that it is plausible to expect 
a shock when the solar wind in- 
teracts with a planetary ionosphere. An 
alternative interpretation is that no 
shock was present and that the above- 
mentioned features correspond to the 
effects of planetary ions picked up by 
the wind far upstream of the planet 
(5). We shall consider both possibili- 
ties in what follows. 

By representing the interface be- 
tween the solar wind and the iono- 
sphere (ionopause) as a tangential 
discontinuity, a detailed fluid dynamic 
model has been constructed to explain 
the Mariner 5 data for the solar wind 
interaction with Venus (2). The iono- 
pause surface was determined by re- 
quiring a balance between the solar 
wind ram pressure and the topside ion- 
ospheric pressure. In this model the ion- 
osphere was characterized by H/ro, the 
ratio of the ionospheric scale height H 
= k (To + Ti)/mig to the planetocentric 
distance ro of the nose of the iono- 
pause, where k is Boltzmann's con- 
stant; T7 and Ti are, respectively, the 
electron and ion temperatures of the 
topside ionosphere; mi is the ion mass; 
and g is the gravitational acceleration. 
A best representation of the Mariner 5 
bow shock position was obtained (2) for 
H/ro = 0.25, and we note that this 
model represents a rather poor predic- 
tion of the shock positions suggested 
by Mariner 10, which lie essentially mid- 
way between the theoretical ionopause 
and bow shock. The following consider- 
ations tend to alleviate this problem: (i) 
the theoretical shape of the ionopause 
(H/ro = 0.25) is inappropriate for Mar- 
iner 10 (and possibly Mariner 5); (ii) the 
location of the bow shock depends upon 
the immediate history of the flow di- 
rection of the solar wind; and (iii) the 
addition of solar wind material to the 
Venus atmosphere will alter the shock 
position. 

Even without the stimulus of the 
Mariner 10 observations, one can argue 
that the shape of the ionopause should 
be modified to account for the expected 
ionospheric temperature decrease from 
the subsolar point to the terminator; 
that is, H/ro is expected to decrease 
with increasing solar zenith angle. This 
modification alone makes the obstacle 
to the solar wind smaller (lower aver- 
age radius of curvature on the day- 
side), thereby bringing the shock 
closer to the planetary surface in the 
terminator plane. In addition, the ram 
pressure of the solar wind during the 

29 MARCH 1974 

ENERGY (eV) 

Fig. 3. A comparison of the measured energy distribution function in the maximum 
density region (near point D of Fig. 2) with a typical upstream solar wind spectrum 
taken on 8 February 1974. A fit to a straight line indicates a Maxwellian distribution 
function. The solar wind spectrum is adequately represented by a sum of two Maxwel- 
lians, whereas the maximum density spectrum is not; ERT, Earth real time. 

Mariner 10 encounter was most prob- 
ably about a factor of 1.5 greater 
than that during the Mariner 5 en- 
counter; this suggests that the light 
ions of the topside ionosphere (in- 
ferred from Mariner 5 data) may 
have been compressed and perhaps 
squeezed laterally into the tail, there- 
by reducing the altitude of the dayside 
ionopause relative to that for Mariner 
5, decreasing its radius of curva- 
ture. The solar wind ram pressure was 
approximately twice as high before the 
Mariner 10 encounter which may have 
"pushed" the ionopause into the main 
part of the ionosphere consisting of 
02+ and CO2+. Thus, the combined 

10-30 

Fig. 4. Two electron spectra 
showing distribution func- 
tions before, - 41 minutes, 
and during, - 31 minutes, 
the decrease in high-energy 
flux, points A through C 
in Fig. 1. 
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effects of accounting for a cooler iono- 
spheric plasma at the terminator and 
a higher solar wind ram pressure dur- 
ing the Mariner 10 encounter should 
result in a smaller obstacle in the wind 
than previously supposed. With this 
in mind, we have attempted to fit 
the presumed Mariner 10 shock cross- 
ing by selecting a fluid interaction 
model (2) with H/ro = 0.01 as indi- 
cated in Fig. 1 (the low value for H/ro 
we have chosen is intended to account 
for the cool terminator region although 
the shape of the ionopause over a large 
portion of the dayside is rather in- 
sensitive to the value chosen; on this 
basis we have chosen a constant value 
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for H/ro). We note that this results 
in a considerably improved fit to the 
density maximum positions measured 
by Mariner 10. A lower value of H/ro 
is suggestive of an effective ion mass 
mi > mi (He+) near the ionopause 
(perhaps 0+ and O2+ which is con- 
sistent with several models of the top- 
side ionosphere) (6). 

A shock wave can have high-ampli- 
tude standing waves on the down- 
stream side and may be in motion; 
thus, the apparent lack of sharpness 
of the discontinuity at event D may 
be related to downstream waves or 
to the motion of the shock. Further- 
more, when the interplanetary mag- 
netic field is parallel to its normal, 
Earth's bow shock has been observed 
to be pulsating (7), and this could 
also occur in the case of the Venus 
bow wave. The effective shape of the 
obstacle should be approximately 
spherical (even for large deviations in 
the flow direction of the free-streaming 
solar wind), and thus the position and 
movement of the shock would be sensi- 
tive to the direction and directional 
changes in the flow of the free-stream- 
ing solar wind. This may be an ad- 
ditional cause of the density peaks 
near event D. The fluid interaction 
models with H/ro < 0.25 may be ap- 
plicable for the Mariner 5 encounter, 
since the apparent solar wind flow di- 
rection was from the west of the sun 
during the shock crossing at feature 1 
and a value of H/ro < 0.25 would be 
needed for the theoretical position of 
the shock to pass through the crossing 
at feature 1 and the density maximum 
preceding feature 5. 

In addition to the dependence on 
the direction of solar-wind flow, the 
shock position also depends on solar 
wind penetration into the dayside ion- 
osphere. If a fraction of the solar wind 
is absorbed by the ionosphere, then the 
standoff distance will decrease since 
less plasma is diverted around the 
planet. We note that such penetration 
of solar wind is also desirable from 
the standpoint of several models of the 
dayside ionosphere (6) which require 
an additional ionization source to ex- 
plain the peak ion concentration of the 
"F1 layer." 

Altogether, it appears that the salient 
features of both the Mariner 10 and 
Mariner 5 plasma data taken during 
their respective encounters can be un- 
derstood in terms of a fluid interaction 
of the solar wind with the ionosphere 
of Venus and that corresponding models 
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are consistent with the presence of a 
standing bow wave which can pass 
through the high-density regions ob- 
served by both spacecraft. Thus, it 
appears that there is no need for a hot 
(> 1500?K) extended neutral exo- 
sphere as has been proposed to slow 
the solar wind down far upstream of 
the planet (by means of mass loading 
due to planetary ions born in the wind) 
in order to avoid the formation of a 
bow shock. This conclusion is also 
consistent with the low exospheric 
temperatures inferred from both Mari- 
ner 10 (5 400?K) (8) and Mariner 5 
(600? ? 50?K) (9) as well as calculated 
upper bounds on the extent of the neu- 
tral atmosphere and ion-exosphere in 
the solar wind (10). Additional sup- 
port for a bow shock is provided by 
the observation of the high-energy 
electron enhancements, upstream of 
the planet, similar to those observed 
near Earth's bow shock. 

We suggest that the flux decrease 
observed at energies above 100 ev, 
when the spacecraft was between 
events A and C on its trajectory, was 
caused by depletion of the electron 
population on magnetic flux tubes 
which passed close to the ionopause. 
Since the cross section for electron im- 
pact ionization of helium has a peak 
near 100 ev and remains high above 
that energy, penetration into the neu- 
tral helium exosphere is a natural way 
for electrons at these energies to be 
selectively removed or to have their 
pitch angle distribution disturbed. This 
is consistent with the observed flux 
modulation. Considering the probable 
dimensions of the interaction region 
near the ionopause, a helium density of 
106 to 107 per cubic centimeter is suf- 
ficient for the high-energy electron de- 
pletion observed, and such densities 
have been predicted at the altitude of 
the ionopause (6). 

The interaction between the solar 
wind and the Venusian atmosphere ap- 
pears to resemble in some ways that 
thought to occur with a comet. This 
is supported by the possible penetra- 
tion of solar wind into the atmosphere 
of Venus and the depletion of high- 
energy electrons as they pass through 
the exosphere near the ionopause. In 
addition, unusual intermittent features 
unlike those observed in the terrestrial 
magnetosheath or in the free-streaming 
solar wind were observed thousands 
of scale lengths downstream of Venus 
during the approach of Mariner 10. 

The following conclusions may be 

drawn from the data presented here: 
(i) the interaction of the solar wind 
with Venus most probably results in 
a bow shock; the best fit by hydrody- 
namic models at the time of Mariner 
10 is characterized by H/ro = 0.01; (ii) 
an extended exosphere which slows 
down the solar wind without a bow 
shock appears very unlikely; (iii) a 
direct interaction between the solar 
wind and the Venusian atmosphere is 
indicated by the behavior of electrons 
of energy between 100 and 500 ev; and 
(iv) Venus probably has a "tail" hun- 
dreds of scale lengths long, suggestive 
of that of a comet. 
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