
verging into the Venus wake. Eventually 
the field strength decreases to very low 
values, but it increases later to quite 
large values near periapsis. Generally 
these field values are horizontal and do 
not appear rooted in the planet except in 
the region closest to the center of the 
wake. Outbound at higher altitudes the 
field is no longer horizontal at the same 
values of SZA as it was when the space- 
craft was inbound; this result suggests 
that in this region the flow is not horizon- 
tal but more tailward away from the 
planet. Farther along the outbound leg 
the field reverses and becomes quite 
strong. The direction of the field in this 
display then follows the pattern of the in- 
bound leg but reversed in direction. This 
pattern would be expected if the external 
field direction remained constant during 
the satellite's passage through the wake 
and these field lines were draped over 
the ionosphere. The opposite field direc- 
tions seen in the center of the wake are 
therefore probably the remnants of some 
earlier magnetosheath field which had 
penetrated the ionosphere and been con- 
vected to the nightside, possibly in the 
form of flux ropes. 

Figure 4 shows a similar display for or- 
bit 72 during which the spacecraft pene- 
trates closer to the wake axis than on or- 
bit 66. Well away from the wake on both 
inbound and outbound passes the field 
directions suggest draping. Closer to the 
wake the pattern of the field vectors 
again suggests convergence of the flow 
into the night ionosphere. In the magnet- 
ic field there is no clear boundary be- 
tween magnetosheath and ionospheric 
plasmas. However, there are distinct re- 
gions with different directions of magne- 
tization. The existence of these differing 
field directions within the wake suggests 
that the field here is a remnant induced 
by earlier solar wind conditions. When 
the data for entire orbits become avail- 
able, we will be able to determine when 
this field direction was impressed on the 
ionosphere. 

Although there are strong magnetic 
fields on the nightside of Venus, there is 
little evidence that these fields arise from 
an internal dynamo. A Venus magnetic 
moment of 1022 gauss-cm3 would give 
rise to a 10-nT polar field. If such a field 
were present, it would certainly be evi- 
dent in displays such as Figs. 3 and 4. 
Instead, the field is mainly horizontal 
near the planet. Furthermore, the direc- 
tion of the field in the wake on these or- 
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tion of the field in the wake on these or- 
bits is opposite to that seen on the Mari- 
ner 5 and Venera 4 missions (5, 6). A 
firm upper limit to the moment awaits a 
comprehensive study of all the nightside 
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data, but it would certainly seem at this 
stage that such a limit will be much less 
than 1022 gauss-cm3. The rapid con- 
vergence of the field toward the wake 
axis implies slow flows into the wake at 
low altitudes. The direction of the large 
fields near periapsis often differs from 
what we would expect, given the direc- 
tion of the field outside of the iono- 
sphere. Thus, these low-altitude wake 
fields appear to be remnants of some pre- 
viously induced current. It seems im- 
probable, because of their variability 
from orbit to orbit, that they are intrinsic 
fields. 

Prior to the Pioneer Venus measure- 
ments, the Venus magnetic field ap- 
peared to be surprisingly weak. These 
measurements increase the gap between 
expectation and observation. It is most 
likely that at present Venus does not 
have an active magnetic dynamo. Since 
Venus rotates and most certainly has a 
liquid conducting core, the explanation 
probably lies in the fact that the magnetic 
Reynold's number is not high enough for 
dynamo action. This fact in turn suggests 
simply that the convective motion in the 
interior of Venus is not strong enough to 
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In this report we present additional (1) 
early results from the Pioneer Venus or- 
biter plasma analyzer experiment. Most 
of these results are based on the avail- 
able real-time data. Least-squares reduc- 
tion of the few data tapes we have re- 
ceived provided the ion flow velocities. 

Our early Pioneer Venus observations 
(1) indicated that the solar wind inter- 
action at Venus is dynamic and consis- 
tent with a solar wind ionosphere-atmo- 
sphere interaction. Recently, Intriligator 
and Smith (2) calculated that the atmo- 
spheric-ionospheric particle pressure at 
Venus [as measured by the Pioneer Ve- 
nus orbiter experiments (3)] is sufficient 
to hold off the external solar wind. The 
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generate a field. Weak convective mo- 
tion could be due either to the present 
state of thermal evolution of Venus or to 
some chemical or physical difference be- 
tween the interiors of Venus and Earth. 
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implied primarily nonmagnetic planetary 
solar wind interaction is consistent with 
Pioneer Venus magnetic field measure- 
ments (4) and unlike the interactions at 
Earth or Jupiter. 

In this report we further explore this 
interaction by presenting preliminary 
plasma electron and ion observations in 
the ionosheath and in the vicinity of the 
wake. Finally, since the solar wind-Ve- 
nus interaction is very dynamic and 
since the configuration of the Venus ion- 

osphere, on the sunward side at least, 
appears to be coupled to the external so- 
lar wind (1, 3), we present the daily solar 
wind speeds from orbit insertion (4 De- 
cember 1978) through 18 April 1979. 
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Electron Observations and Ion Flows from the 

Pioneer Venus Orbiter Plasma Analyzer Experiment 

Abstract. Additional plasma measurements in the vicinity of Venus are presented 
which show that (i) there are three distinct plasma electron populations -solar wind 
electrons, ionosheath electrons, and nightside ionosphere electrons; (ii) the plasma 
ion flow pattern in the ionosheath is consistent with deflected flow around a blunt 
obstacle; (iii) the plasma ion flow velocities near the downstream wake may, at 
times, be consistent with the deflection of plasma into the tail, closing the solar wind 
cavity downstream from Venus at a relatively close distance (within 5 Venus radii) to 
the planet; (iv) there is a separation between the inner boundary of the downstream 
ionosheath and the upper boundary of the nightside ionosphere; and (v) during the 

first 4.5 months in orbit the measured solar wind plasma speed continued to vary, 
showing a number of high-speed, but generally nonrecurrent, streams. 
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Plasma electron observations. As in- 
dicated in Wolfe et al. (1), our initial 
electron observations indicate that the 
plasma electron parameters appear to be 
consistent with those of the plasma ions. 
In this report Figs. 1 and 2 are our initial 
presentation of observations of plasma 
electrons in the vicinity of Venus. All en- 
ergy-dependent corrections have been 
made, so Figs. 1 and 2 show the mea- 
sured relative differential electron cur- 
rent as a function of energy, measured in 
two instrument modes, covering two ad- 
jacent energy ranges, running from near- 
ly 0 to 250 eV. The top panels in Fig. 1 
show a typical solar wind electron spec- 
trum. The middle panels, a typical iono- 
sheath spectrum, show a broader peak in 
the higher energies, most likely associat- 
ed with thermal heating of solar wind 
electrons across the Venus bow shock. 
The peak at lowest energies, on the left 
in both the solar wind and the ionosheath 
spectra, is identified as primarily associ- 
ated with photoelectrons from the space- 
craft. The bottom panels show a typical 
nightside ionosphere electron spectrum, 
recorded in the optical shadow of Venus 
and lacking a low-energy peak, consis- 
tent with the association of the low-ener- 
gy peak with spacecraft photoelectrons. 

Since tapes are not yet available for 
data obtained in the vicinity of Venus 
and in the solar wind, it is not possible at 
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this time to present plasma electron den- 
sities and more detailed plasma electron 
parameters. It is anticipated that these 
parameters will be published once the 
data tapes have been received and pro- 
cessed. 

Figure 2 is a series of successive elec- 
tron energy spectra on 21 February 1979. 
The spectra at 2008 and 2014 universal 
time (UT) were obtained in the nightside 
ionosphere when the spacecraft was in 
optical shadow; thus the lower-energy 
spectra (on the left) show the absence of 
a photoelectron peak. An expanded ver- 
tical scale for the higher-energy spectra 
indicates the presence of enhanced cur- 
rent levels for these same times (2008 
and 2014 UT). The absence of a photo- 
electron peak and the enhanced current 
levels at the higher energies in the night- 
side ionosphere are discussed later with 
regard to the maintenance of the night- 
side ionosphere. 

The next three sets of electron energy 
spectra (2019, 2025, and 2030 UT) were 
obtained in the ionosheath. The lower- 
energy portions of these spectra show 
the prominent peak associated primarily 
with photoelectrons after the reemer- 
gence of the spacecraft into the sunlight. 
The higher-energy portions show the 
thermalization of solar wind electrons 
across the bow shock. Note the particu- 
larly broad and large (that is, hot and 
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Fig. 1 (left). Comparison of typical plasma differential electron energy 
spectra, corrected for energy-dependent instrumental effects, from the solar 
wind, the ionosheath, and the nightside ionosphere. The lower-energy (mode 
1) spectra are shown on the left and the higher-energy (mode 2) spectra on 
the right. Fig. 2 (right). Successive electron spectra as in Fig. 1, near 
periapsis on 21 February 1979, showing the change in spectral characteristics 
as the spacecraft passes from the nightside ionosphere (2008 and 2014 UT), 
through the ionosheath (2019, 2025, and 2030 UT), and into the solar wind 
(2046 UT). Exact times of the boundaries between these three regions have 
not been determined yet. The highest energies of the nightside ionosphere 
spectra in Figs. 1 and 2 and other data show evidence of current levels en- 
hanced over backgrounds estimated from solar wind measurements. 
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dense) distribution at 2030 UT, just in- 
side the bow shock. The subsequent 
spectra were obtained later in the out- 
bound portion of the orbit and the final 
spectrum, obtained at 2046 UT, indicates 
the reemergence of the spacecraft into 
the free-stream solar wind. 

Plasma ion observations. Preliminary 
determination of the Venus ionosheath 
flow field is shown in Figs. 3 and 4. 
These are the results obtained from or- 
bits 3, 5, 6, 72, 74, and 77. This particular 
choice of orbits was dictated by the 
availability of data tapes and was not 
made for any illustrative purpose. The 
flow field is therefore incomplete at this 
time. Nevertheless, it is clear in Fig. 3, 
which gives a projection into the noon- 
midnight meridian plane of unaberrated 
ionosheath proton flow velocity vectors, 
that the flow pattern is consistent with 
postshock solar wind flow around the 
blunt-obstacle shape of the dayside iono- 
pause. The unaberrated proton velocity 
vectors projected on the Venus orbital 
plane (viewed from the north) in Fig. 4 
show a relatively small deflection com- 
pared to that in Fig. 3; this is because the 
locations where the flow was observed 
were not far from the sun-Venus line in 
this projection. Even here, however, a 
pattern consistent with postshock flow is 
evident. 

On the meridian plane plot of Fig. 3, 
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solid bars show where deflections of ion- 
osheath plasma flow toward the Venus 
solar wind cavity were observed in the 
real-time data for 11 orbits between or- 
bits 36 and 95. Deflection here means a 
shift of the peak plasma flux out of the 
central collector of the five in the in- 
strument corresponding to a flow deflec- 
tion of approximately 15?. These are the 
only cases found in real-time data 
through orbit 114. The deflections to- 
ward the cavity occur at various proton 
energies, appear sporadic in time, and 
are all observed well outside the Venus 
optical shadow. Flow deflections of ap- 
proximately 10? to 15? imply that some 
ionosheath plasma should occasionally 
be detected throughout the region of the 
Venus optical shadow beginning approx- 
imately 4 to 7 Venus radii (Rv) down- 
stream from the planet. Alternatively, 
these deflections may be associated with 
changes in the interplanetary solar wind 
flow direction or local plasma insta- 
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lities, which would give rise to tail 
r cavity oscillations with actual tail clo- 
ire being much farther downstream. 
ecause of the incomplete nature of the 
ata, it is not possible to choose between 
ese alternatives (or possibly others) at 
is time. 
Daily values of the peak speed of the 
)lar wind protons, obtained from Venus 
rbit insertion (4 December 1978) 
rough orbit 135 on 18 April 1979, are 
ven in Fig. 5. These solar wind speeds 
ere taken from the real-time data at ap- 
roximately noon UT on each day and 
present interplanetary values several 
)urs upstream from the bow shock on 
e inbound leg of each orbital pass. 
There are numerous high-speed 
reams evident in the data, with peak 
reeds ranging from about 400 to 750 km/ 
:c and the quiescent solar wind speed 
rnerally near 300 km/sec. It is clear, 
)wever, that there is no strong tenden- 
y for the stream structure to show re- 
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g. 3 (left). Unaberrated ionosheath proton 
rlocity vectors measured on orbits 3, 5, 6, 
!, 74, and 77, projected into the noon-mid- 
ght meridian plane. The change during this 
ne of the direction toward the north, due to 
e slight inclination of Venus' orbit to the 
?liptic, is indicated. Solid bars indicate the 
cations where inward deflection (toward the 
itisolar line) was observed in the real-time 
ita. The dashes associated with some of the 
,lid bars indicate missing real-time data (to 

available later) so that slow deflections 
)uld not be determined. Fig. 4 (right). 
milar to Fig. 3 but projected on the Venus 
rbital plane. 
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currence with respect to the synodic 
rotational period of the sun (28.0 days). 
This is most likely due to coronal tem- 
poral variations typical of the rising por- 
tion of the solar cycle near solar maxi- 
mum (5). 

Discussion. Although most of the data 
are very preliminary, we are able to 
reach several interesting conclusions re- 
garding the nature of the solar wind in- 
teractions at Venus. 

The electron observations show possi- 
bly enhanced current levels in the night- 
side ionosphere (Figs. 1 and 2); these 
may be associated with physical pro- 
cesses connected with the maintenance 
and energetics of the nightside iono- 
sphere (6, 7), the location of the night- 
side ionopause (8), and the other night- 
side ionospheric phenomena. 

To calculate the ionization rate due to 
electrons in the energy range 0.05 to 0.25 
keV, we used a modified version of the 
program previously employed for com- 
puting photoelectron fluxes (9). Mea- 
surements on orbit 57 showed enhanced 
electron current between 50 and 250 eV 
although no angular distribution for 
these energies was available in the data 
at that time. We assumed an isotropic 
distribution, made a preliminary esti- 
mate for the downward electron flux of 
5 x 10-7 cm-2 sec-1, and inserted this 
flux into the existing model as the upper 
boundary condition for the most energet- 
ic bin at 70 eV. The computed ionization 
rate at an altitude of 150 km was -15 
electron-ion pairs per cubic centimeter 
per second, with values decreasing rap- 
idly with increasing altitude. The CO+ 
ions so formed rapidly undergo reaction 
with O to produce O+. For the observed 
electron temperature (10) (-1000 K) at 
150 km, the dissociative recombination 
coefficient (11) is about 8 x 10-8 cm3 
sec1, leading to a predicted O+ number 

density of (1 to 2) x 104 cm-3. This O+ 
concentration is of the same order as the 
average observed (12) and inferred (7, 
13) values at an altitude of -150 km on 
several orbits. Thus we conclude that 
our observed electron fluxes below the 
nightside ionopause may be sufficient to 
account for the observed O+ density at 
-150 km altitude. As indicated above, 
the production of these ions is consistent 
with the results from other Pioneer Ve- 
nus experiments. 

It should be noted that for the sunward 
hemisphere the boundary defined by the 
exclusion of the postshock solar wind 
ionosheath flow is coincident with the 
upper boundary of the ionosphere and 
has been called the ionopause (1, 3). 
However, downstream from the termi- 
nator, inspection of the real-time data 
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shows a cessation of ionosheath flow at 
radial distances greater than those re- 
ported for the ionospheric boundary (8). 
The separation of these two boundaries 
becomes progressively larger as the sun- 
Venus-spacecraft angle increases be- 
yond the terminator. This indicates the 
presence of a cavity on the nightside de- 
fined on one side by the inner boundary 
of the ionosheath and on the other side 
by the outer boundary of the ionosphere. 
The inward flow deflections observed 
thus far, as discussed in connection with 
Fig. 3, indicate that this cavity is cone- 
shaped with the cavity closure at times 
perhaps as close to the planet as about 5 
Rv. This result is consistent with the 
Venera 9 and Venera 10 measurements 
by Vaisberg et al. (14) and with other 
work (15). 
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Gamma-Ray Burst Observations by Pioneer Venus Orbiter 

Abstract. The Pioneer Venus orbiter gamma burst detector is an astrophysics ex- 
periment for monitoring cosmic gamma-ray bursts. It is included in this planetary 
mission to provide a long baseline for accurately locating the sources of these bursts 
in order to identify them with specific astronomical objects. Responses to 14 gamma- 
ray burst events were examined; these events were verified from data acquired by 
other systems. Preliminary locations are proposed for three events, based on data 
from the Pioneer Venus orbiter, ISEE C, and Vela spacecraft. These locations will be 
improved, and additional locations will be determined by including in the analyses 
data from Helios B and the Russian Venera 11, Venera 12, and Prognoz 7 space- 
craft. 
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The orbiter gamma burst detector 
(OGBD) was placed in service about 1 
day after the launch of the Pioneer Ve- 
nus orbiter spacecraft. The instrument 
thereupon functioned continuously until 
it was turned off in preparation for orbit- 
al injection. After orbital injection the in- 
strument was turned back on, and it has 
provided continuous observations 
through the time of this writing. 

The OGBD is not truly a participant in 
the investigations of the planet Venus, 
but was included to perform astrophysi- 
cal observations from a platform far re- 
moved from Earth. Early in our consid- 
erations of the gamma-ray burst (GRB) 
phenomenon, it became apparent that 
the identification of GRB sources with 
other known astronomical objects was of 
major importance for understanding the 
mechanisms of generation of these 
bursts. Since these events occur infre- 

181 . ----------- 

78 

160{ - 

12- 

z 

C)li 

The orbiter gamma burst detector 
(OGBD) was placed in service about 1 
day after the launch of the Pioneer Ve- 
nus orbiter spacecraft. The instrument 
thereupon functioned continuously until 
it was turned off in preparation for orbit- 
al injection. After orbital injection the in- 
strument was turned back on, and it has 
provided continuous observations 
through the time of this writing. 

The OGBD is not truly a participant in 
the investigations of the planet Venus, 
but was included to perform astrophysi- 
cal observations from a platform far re- 
moved from Earth. Early in our consid- 
erations of the gamma-ray burst (GRB) 
phenomenon, it became apparent that 
the identification of GRB sources with 
other known astronomical objects was of 
major importance for understanding the 
mechanisms of generation of these 
bursts. Since these events occur infre- 

181 . ----------- 

78 

160{ - 

12- 

z 

C)li 

quently and unpredictably, an in- 
strument capable of independently locat- 
ing the source of each burst with reason- 
able accuracy and efficiency would need 
to be massive and complex. Consequent- 
ly, it was decided to extend the simple 
locating technique that has been em- 
ployed with the Vela data (1), namely 
that of triangulation between multiple 
observing platforms, using time-of-arriv- 
al differences between the widely distrib- 
uted array elements. Clearly, the preci- 
sion in this technique of location could 
be improved by simply increasing the 
separation between members of the ar- 
ray. It was on this basis that the OGBD, 
which is a modest instrument by the 
standards of gamma-ray astronomy, was 
proposed to be included among the com- 
plement of the Pioneer Venus orbiter 
spacecraft. 

The OGBD consists of two sensor 
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Fig. 1. Event record of 19 November 1978, illustrating the time structure of the count rate in the 
full energy channel (0.1 to 2.0 MeV) and displaying the entire contents of the experiment memo- 
ry. 
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