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Abstract. Pioneer Orbiter Magnetometer observations during
the few minutes surrounding nightside periapsis traversals gener-
ally show a weak average field of magnitude <10 gammas between
-200 km and the periapsis altitude of -150 km except when either
1) the local solar wind dynamic pressure is high or 2) the spacecraft
is in a -700 wide solar zenith angle range, which includes the
midnight meridian and is centered west of it at -1 hr local time.
Both the direction and magnitude of the low altitude weak field vary
irregularly along the orbit on apparent spatial scales of 1-1000 km,
the peak value of the field magnitude remaining under-20 gammas.
When the local solar wind dynamic pressure exceeds-5 x lo-Bdynes
cm-2 average low altitude fields of up to -40 gammas with a
primarily horizontal orientation are observed in the regions adja-
cent to the terminator. In contrast, within -350 of the antisolar
point where the average magnetic field is typically higher (-10-20
gammas), the field magnitude does not exhibit a similar correlation
with incident solar wind dynamic pressure. Moreover, it is found
that the radial component may exceed 60% of the total field magni-
tude. Closer inspection of the data near the antisolar point indicates
that the radial fields are frequently related to the observation at
higher altitudes of extended regions of radial field that reverse
direction along the orbit. These results are consistent with the
interpretation that a magnetotail-like feature is sometimes present
down to ionospheric altitudes on the nightside of Venus.

Introduction

Since the Pioneer Venus orbiter was injected into orbit on 4
December, 1978, periapsis has drifted across the nightside hemi-
sphere at -150 km altitude and -15°N latitude three times, thereby
providing several hundred orbits which included nightside
ionospheric data. Initial observations of magnetic fields in the
Venus nightside ionosphere by the Pioneer V ~nus Orbiter mag-
netometer (Russell et al., 1980) were reported by Russell et al.
(1979) who suggested that the moderately strong (20-30 gammas)
horizontal fields were convected remnants of ionospheric fields
induced on the dayside by the solar wind interaction. Here, the
results of an analysis of a large sample of these data is presented
which reveals more details of the characteristics of the magnetic
fields near periapsis when periapsis is on the nightside of the planet.
The complementary analysis for the dayside low altitude fields can
be found in the recent letter by Luhmann et al. (1980). Some of the
data discussed in the present report have been previously examined
for evidence of an intrinsic planetary magnetic field by Russell et al.
(1980) who placed a very low upper limit on Venus' internal dipole
moment. Practically all of the magnetic fields discussed below can
therefore be assumed to arise from ionospheric and other external
sources.

drifts across the nightside ionosphere at -15°N latitude during the
course of -112 24-hour-period orbits. For the purpose of the pres-
ent study, orbits 19-120 and 467-578 were selected because their
periapsides occurred at solar zenith angles >90°. The second
periapsis traversal of the nightside ionosphere (orbits 243-355) was
not included in the statistical analyses because of the loss of data
from many orbits due to a superior conjunction and to dedication of
telemetry facilities to the Pioneer Saturn encounter. However,
inspection of the available orbits indicates that the average charac-
teristics of these data were consistent with those observed during
the other two nightside traversals.

Some representative time series of the magnitude of the magnetic
field observed near Venus during orbits with periapsis in the
nightside ionosphere are shown in Fig. 1. The dashed lines show the
approximate locations of the nightside ionopause, where the plasma
density falls to a few electrons cm-3 within an altitude interval of
-10'sofkm (Brace etal., 1980). As the examples in Fig. 1 illustrate,
the magnetic field may vary over different time (space) scales
throughout the ionosphere, with peak magnitudes typically ::;;40
gammas. The statistical analyses of the ionospheric field that are
described here utilized the averaged magnitudes and directions
observed at altitudes below 200 kIn. Because this value is nearly the
same as the ionospheric field parameter I<B>perl which was em-
ployed in the analogous dayside ionospheric fields study of
Luhmann et al. (1980), the present study can be regarded as the
complement of the dayside investigation. However, below it will be
suggested that the nightside ionospheric fields are sometimes
closely related to the magnetic field structure at higher altitudes in
a manner that has no dayside analog.

In the analysis of the dayside ionospheric fields it was found that
during about 70% of the orbits the average magnetic field in the
altitude range between -150 krn and -200 km was less than 10
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Figure 1. Typical time series of the magnitude of the magnetic field
observed along the Pioneer Venus orbit when periapsis occurred at
night. The time resolutiqn of this plot is 1 minute. Direction of field
in the ionosphere is irregular during orbits 500 and 534 and nearly
radial during orbits 526 and 530 (see text).
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Observations

The nearly polar, elliptical orbit of Pioneer Venus, which is de-
scribed in detail elsewhere (Colin et al., 1979) typically intersects
the Venus ionosphere between the latitudes of -600N and -50oS
(Brace et al., 1980; Elphic et al., 1980). Periapsis, maintained by
spacecraft maneuvers at -150 km altitude (for the first -500 orbits)
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Figure 4. Occurrence frequencies of high and low field observations
for various values of solar wind dynamic pressure measured on
outbound leg of orbit.

with periapsis SZA within the aforementioned interval and the
other comprised of the remainder of the nightside periapsis orbits.

Using the above division of the data, the relationship of nightside
high field (> 10 gammas) occurrence to solar wind dynamic pressure
as observed by th~ on-board plasma analyzer (Intriligator et al.,
1980) just exterior to the outbound bow shock was investigated.
Figure 4 shows the histograms for high and low field occurrence at
various solar wind dynamic pressures. The histograms of Fig. 4a,
for the SZA intervals adjacent to the terminator, appear very
similar to the histograms obtained in the dayside fields study; both
indicate that high ionospheric fields are correlated with extraordi-
narily high (;,,5 x 10"8 dynes cm-2) incident solar wind dynamic
pressure. On the other hand, as illustrated by Fig. 4b, the more
common high fields observed in the antisolar interval
160oE<SZA < 130OW occur for lower solar wind dynamic pressures
than near the terminator. Another feature of the nightside high
fields which is not observed on the dayside becomes apparent when
the average orientations of the near-periapsis fields are examined.
Figure 5 shows the fraction of the total field in the radial component
for all nightside SZA values. The high dayside ionospheric fields are

gammas. During the remaining 30% of the orbits the average
magnitude of this field was substantially greater, sometimes reach-
ing -130 gammas (Luhmann et al., 1980). Figure 2 shows the
statistics of the average field for the nightside ionosphere. Because
it was apparent, at first glance, that the field near the antisolar
point was different from the typical field closer to the terminators,
the nightside data were divided into the two solar zenith angle
ranges indicated. The distribution of magnitudes for the near-
terminator sectors resembles the distribution for the dayside iono-
sphere. The field magnitude is generally :510 gammas, but there is a
tail on the distribution from the occasional occurrence of fields of up
to -35 gammas. Although the high fields on the nightside are -8
times smaller than the maximum fields observed in the dayside
ionosphere, the similar behavior of the distribution of magnitudes
suggests a dayside-like behavior of the nightside fields near the
terminator. This similarity will also be seen in other analyses. In
contrast, the distribution of field magnitudes for the region within
35° of the antisolar point (see Fig. 2) shows that field strengths over
10 gammas are typical in this sector.

The distribution of the occurrence of high dayside ionospheric
fields in solar zenith angle (SZA) peaked around the subsolar point.
An analogous distribution for nightside average fields> 10 gammas
is shown in Fig. 3. From Fig. 3 it is apparent that these extraordi-
narily high nightside fields are observed most frequently in the
offset (with respect to the antisolar point) solar zenith angle range
1600E <SZA<1300W where E and W denote directions east and
west of the midnight meridian, respectively. Accordingly, the data
were again separated into two sets, this time consisting of orbits
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Figure 3. Solar zenith angle distribution of high (> lOy) field obser-
vations near periapsis. East and west are in the sense of Earth's,
here measured with respect to the midnight meridian.

90

~tt~ ...,,":,::,\:C J. .
0 ~~~:-~:~ ~ ..

." v ,-.'- -#- 00 j:,(~~~~:~ ; L1 0 ~. 10 :1-: a""",' ~. 0 .OJ) a- -', .,,--. 00 .0 0 t- -'-~'y" 0 t . .0 0O( ~ I """'-. -."- "-'-'-?'-'",- .0- '"
0 or$> rfJ. .p o' :'::'.:"-,,,,-) 0 .°000 0 '

0 0- " ...e a "",,-' . ~. "0 0 0
.0 {7 ~ 0 --'-:",",.. ~ 0-
..0 qp r ~ 0 .~:,~,,~';~\;2 '8'~ 00. 8'~ 0 0

'00. 4'0 ""'.3i:5':"" ~ .~o, 0 ~:O :~~~~:~~.(,' .'

90 1 130 90
£ost West

SZA of periapsis (deg)

Figure 5. Fractional contribution of radial field to average between
-150 and 200 kin as a function of solar zenith angle.
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Figure 8. a) Local time plot of the data of Fig. 7.
b) Subset of the data of Fig. 7arotated by the appropri-
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Figure 6. Time series of some orbits with high radial field compo-
nents near periapsis.

field is almost completely radial, although this is not always the
case. The regions of opposing field may be contiguous, as on orbit
532, or separated by an interval of low field as on orbits 530 and 531.
Sometimes one or two radial field intervals of the same sign are
observed or the sign reversal may be opposite to that illustrated.
The locations of the orbit segments where the observations of radial
fields for the series of consecutive orbits 529-532 were obtained are
shown in projection against the dark hemisphere of Venus in Fig. 7.
Another view is shown in Fig. Sa which gives the local time projec-
tion of these data.

practically horizontal everywhere. As illustrated in Fig. 5 the high
nightside ionospheric fields in the regions near the tenninator are
also mostly horizontal, but the fields in the antisolar region
160oE<SZA<130oW sometimes exhibit substantial (~60%) radial
components.

It is found that the subset of high field orbits with high radial field
components is characterized by time series profiles such as those
shown in the two lower panels of Fig. 1 and in more detail in Fig. 6,
where 32 s averages of the magnetic field data for several consecu-
tive orbits are shown to emphasize the large scale structure. Here a
region of negative radial field followed by a region of positive radial
field is observed at altitudes ;$2500 km. For the orbits shown the

Discussion

As mentioned in the conclusions of the earlier study by Luhmann
et al. (1980), one interpretation that is consistent with the observed
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Figure 7. Projected locations of the orbit segments where the
radial fields shown in Fig. 6 were observed on the dark side of
Venus.

Figure 9. Suggested magnetic field configuration in the plane of
symmetry which would be consistent with observations near
Venus. The tail current sheet is normal to the plane shown.
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formulated is an integrated model which can describe the sheath,
ionospheric, and wake fields together for a variety of solar wind
conditions.
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geometry of the large-scale magnetic fields in the dayside iono-
sphere of Venus is that the ionospheric field lines form a belt across
the dayside hemisphere. Outside of the ionosphere, in the 'sheath'
region; the field consists of interplanetary field lines that are piled
up in front of the dayside ionosphere. The manner in which these
various field structures connect to the nightside ionosphere "and
wake region determines the results of the present study.

It is expected that the captured field lines will somehow slip over
or through the ionosphere due to the magnetic stress caused by the
convecting remainder of the field line. However, the slippage is
evidently slow enough to produce a magnetic wake (Russell et al.,
1979) out to distances ~11 Venus radii. The magnetic wake appears
to be magnetotail-like, with at least two lobes of opposing (sunward
and antisunward) field separated by a current sheet (Russell et al.,
1980c). The two lobes are produced by the folding of the captured
field and the field of the current sheet on the surface where the tail
fields of opposing direction come into contact. This geometry is
essentially the same as that proposed by Alfven (1957) for the
formation of comet tails.

The data presented here, where radial fields of alternating sign
were observed at low altitudes and in the nightside ionosphere,
suggests that the antiparallel magnetotail fields can terminate very
close to the planet. Some configurations (in the plane of symmetry)
of the combined magnetic fields of the diverted solar wind, iono-
sphere and tail current sheet which are consistent with the obser-
vations are sketched in Fig. 9. For conditions of low solar wind
dynamic pressure the ionosphere is field-free (with small scale
structure having apparent dimensions $100 km) except near the
low altitude edge of the tail current sheet. For conditions of high
solar wind dynamic pressure horizontal fields are present inside of
the ionosphere and across the terminator. These ionospheric fields
probably merge with the low altitude tail structure in the nightside
ionosphere. Within this framework, the locations of the radial field
observations shown in Figs. 7 and 8a with respect to the antisolar
point can be explained. The average interplanetary field and
ionosheath field directions during the period of observations repre-
sented was consistently east to west as seen by the dayside hemi-
sphere. This orientation would be expected to produce a tail lobe
that was antisunward east of the midnight meridian and sunward
west of midnight. Figure 7 shows that the signs of the radial fields
are in the proper sense, but the plane of reversal, presumably a
north-south plane, is displaced to the west of the midnight meridian.
Another view of this behavior is seen in Fig. Sa. An explanation of
the apparent aberration from midnight is that the orbital motion of
the planet at-35 km S-1 normal to the (radial) solar wind velocity
should deflect the axis of the magnetotail from the antisunward
direction. The data can be approximately adjusted for this effect by
rotating the points eastward by the angle a = tan-1 (35/V sw) where
V sw is the solar wind velocity in km S-1 measured by the plasma
analyzer just outside of the outbound bow shock. The results of such
a correction for a subset of the data of Fig. 8a are shown in Fig. 8b
where the sign reversal is now seen to be located near the midnight
meridian.

Finally it should be pointed out that other observations by the
Pioneer Venus Orbiter have lead to similar conclusions about the
magnetic field geometry (i.e. see Taylor et al., 1980, Brace et al.,
1980). Moreover, elements of the above picture obtained from the
magnetometer data are present in the theoretical models of the
Venus-solar wind interaction proposed by Johnson and Midgely
(1967), Eroshenko (1979), Cloutier and Daniell (1979), and Johnson
and Hanson (1979), among others, and in the results of the labora-
tory simulations by Dubinin et al. (1980). What remains to be
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