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Magnetic Field Studies by Voyager 2: Preliminary

Results at Saturn

Abstract. Further studies of the Saturnian magnetosphere and planetary magnetic
field by Voyager 2 have substantiated the earlier results derived from Voyager 1
observations in 1980. The magnetic field is primarily that of a centered dipole
(moment = 0.21 gauss-Rg’; where one Saturn radius, R, is 60,330 kilometers) tilted
approximately 0.8° from the rotation axis. Near closest approach to Saturn, Voyager
2 traversed a kronographic longitude and latitude range that was complementary to
that of Voyager 1. Somewhat surprisingly, no evidence was found in the data or the
analysis for any large-scale magnetic anomaly in the northern hemisphere which
could be associated with the periodic modulation of Saturnian kilometric radiation
radio emissions. Voyager 2 crossed the magnetopause of a relatively compressed
Saturnian magnetosphere at 18.5 Rg while inbound near the noon meridian.
Outbound, near the dawn meridian, the magnetosphere had expanded considerably
and the magnetopause boundary was not observed until the spacecraft reached 48.4
to 50.9 Rg and possibly beyond. Throughout the outbound magnetosphere passage,
a period of 46 hours (4.5 Saturn rotations), the field was relatively steady and smooth
showing no evidence for any azimuthal asymmetry or magnetic anomaly in the
planetary field. We are thus left with'a rather enigmatic situation to understand the
basic source of Saturnian kilometric radiation modulation, other than the small

dipole tilt.

In this report we present results of a
study of the magnetosphere and plane-
tary magnetic field of Saturn as observed
by Voyager 2. The magnetometers (1)
operated normally throughout the en-
counter. The instrumentation of the
Voyager 2 magnetic field experiment is
identical to that on Voyager 1 (2) with
the instrument automatically changing
ranges as required by the measured field.
The minimum quantization step size

of = 0.0044 nanotesla (nT) in the lowest
range of = 8.8 nT full scale increased
to = 0.51 nT in the = 2100 nT range
near closest approach. As before (2),
vector measurements at 60-msec inter-
vals were averaged over 1.92, 9.6, and 48
seconds, 16 minutes, and 1 hour.

The maximum measured field intensi-
ty of 1187 nT was observed at a krono-
graphic latitude of 17.3°N and longitude
(Saturn longitude system, SLS) (3) of
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322.3°, just before periapsis at 2.69 Rg (1
Rg = 60,330 km). This value was only a
few nanoteslas larger than expected,
based on a Voyager 1-derived model (2)
magnetosphere, which had a centered
dipole tilted 0.7° with magnetic moment
0.21 gauss-Rg® and an azimuthal equato-
rial ring current (4) of 7 X 10° A to
represent the magnetic field for R < 15
Rg. The spacecraft crossed the equatori-
al plane only once, at 2.87 Rg just after
closest approach. There were no special
close encounters with any of the Saturni-
an satellites, such as were accomplished
by Voyager 1 at Titan (2, 5), at least from
the viewpoint of being within five or
fewer satellite diameters.

The main objective for the magnetom-
eter experiment was to determine the
location and characteristics of the pre-
sumed northern hemisphere magnetic
anomaly responsible for the periodic
modulation of the Saturnian kilometric
radiation (SKR) radio emissions (6). An-
other objective was to compare the mag-
netic field characteristics of the Saturni-
an magnetosphere with those observed
by Voyager 1 and Pioneer 11.

Bow shock, magnetopause, and mag-
netosheath. Voyager 2 observed multi-
ple bow shock and magnetopause (MP)
crossings during its inbound and out-
bound trajectory. Figure 1 (right side)
shows the trajectory of Voyager 2 in
cylindrical coordinates. The axis of sym-
metry of the system is along the planet-
sun line. A filled dot on the trajectory
denotes start of a day (for example, 236
is 24 August 1981). For comparison, the
Voyager 1 trajectory is shown (left side),
also in cylindrical coordinates. The Voy-
ager 1 model bow shock and MP bound-
aries (2) are also displayed. Table 1 gives
a preliminary listing of bow shock and
MP boundary crossing times and plane-
tocentric radial distances, based on the
Voyager 2 magnetometer data. There
were multiple crossings of both bound-
aries: five inbound bow shocks, one in-
bound MP, at least five well-defined out-
bound MP’s, and seven outbound bow
shocks. The average inbound and out-
bound bow shock crossing positions are
shown by line segments intersecting the
Voyager 2 trajectory on days 236 and
242, respectively.

The MP of all known magnetospheres
is most commonly observed to be a
tangential magnetohydrodynamic - dis-
continuity. To accurately estimate the
direction normal to that boundary for the
MP crossings in Table 1, we used a
magnetic field variance method (7) well
suited for analyzing tangential disconti-
nuities. The analysis to determine the
inbound normal yielded an estimate of
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Bin = 6° = 10° and &, = 25° = 10°,
where 0 is the latitude with respect to the
sun’s equatorial plane, and ¢ is the longi-
tude measured in that plane with ¢ = 0°
being in the sunward direction. A similar
analysis of the five outbound MP cross-
ings vielded an average normal orienta-
tion of Boue = — 18° £ 5° and oy = 57°
+ 7°. The observed local normals all
agree well with values to be expected
from the shape of the magnetopause.
When the Voyager 2 boundary cross-
ing distances (Table 1) are compared to
those -of Voyager 1 at Saturn (2), it is
apparent that during the 'Voyager 2 en-
counter external solar wind conditions
must have changed significantly from the
time of the inbound MP crossing to that
of the outbound crossings (a time inter-
val of 3 days, 10 hours, which is about
eight Saturn rotations). Therefore, two
model MP boundaries, assumed to be
geometrically similar in shape, were de-
rived for the two cases, inbound, 1, and
outbound, 2. That is, the MP boundaries
were assumed to be paraboloids of revo-
lution about the X axis such that
X, = oX; and p; = ap; (the similarity
condition) where '

@ir)? = (@) (1 — X% (i = 1,2)

¥°1,2 being the planetocentric' MP suuso-
lar point distance for the two cases, and
pi = (Y + ZHY. Under the similarity
condition, it is easily shown that ¢;/r° is a
constant. Using the average crossing po-
sitions and the reasonably well deter-
mined longitude of the outbound normal
(b, = 57°; predicted to be 70° based on
the Voyager 1 model MP), one can deter-
mine the four quantities a;, and r° ;.
They were: a; = 37, a, = 64, r°; = 19,
and r°, = 32, all in Rg units. The Voyag-
er 2 inbound and outbound model MP
boundaries are also shown in Fig. 1 (right
side). Obtaining the slope of the curve at
the point of the spacecraft inbound
crossing vielded ¢; (model) = 20°, in
good agreement ‘with the observed
&y = 25° = 10°. The ratio of MP subso-
lar point distances was 7°%/r°; = a = 1.7,
If it can be assumed that these distances
can be related to the solar wind ram
pressure by the 1/6 power law (8), then
this ratio implies that the pressure de-
creased by a factor of ~ (1.7)® = 24 be-
tween inbound and outbound crossings.
However, this estimate has a large asso-
ciated uncertainty, since r° = 32 Rg
may be uncertain by as much as = 5 Rg
(but the value °; = 19 Ry is well deter-
mined), and the power of six significant-
ly magnifies the error in the computed
ram pressure ratio. '

Figure 2 gives an overview of the
Voyager 2 encounter in terms of the
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measured field magnitude (16-minute av-
erages) and associated root-mean-square
(RMS). The asymmetry and the maxi-
mum field (1187 nT) is due to both a
latitude effect and the choice of trajec-
tory with respect to planetary local time.
The range and numbers of bow shock
and MP crossings are noted at the top of
the figure. There were at least five out-
bound MP crossings, and the range over
which they occur may be extended after
further study. The increase in RMS as
Binax is approached is due to the spatial
gradient of the field and not to temporal
variations, as is the case for the en-
hanced RMS’s in the far magnetosphere
and magnetosheath,

Outer magnetosphere. The average

Table 1. Saturn’s bow shock (BS) and magne-
topause (MP) boundary crossings observed
by Voyager 2.

nge Center Dis-
cross- Day time tance
ing un (Rs)
Inbound
BS 236 1337 31.5
BS 236 1709 29.6
BS 236 1830 27.9
BS 236 2021 26.7
BS 237 0026 23.5
MP 237 0700 18.5
Outbound
MP 240 1647 48.4
MP 240 1743 49.0
MP 240 1813 49.4
MP 240 1828 49.6
MP 240 2037 50.9
BS 242 1041 77.3
BS 242 1123 77.7
BS 242 1125 77.8
BS 242 1405 79.6
BS 242 1946 83.4
BS 243 0003 86.2
BS 243 0109 87.0

g *
/ \240 \

V2 ,MP Y

@—® PIONEER 1]
NEAREST MAGNETOSHEATH

225_\:

\ AVE BS
\\vz, MP (ouT)

\ \(OUT)

\
\

(see 'text). Distance
units are in Saturn ra-
dii, Rs. Pioneer 11
‘‘nearest  magneto-
sheath’ refers to that
portion lying between
the nearest observed
MP. and the nearest
observed bow shock
for inbound and out-
bound traversals (17).

magnetic field geometry observed by
Voyager 2 in the Saturnian magneto-
sphere is shown in Figs. 3 and 4. Given
are the hourly averaged X-Y (Fig. 3a), Y-
Z (Fig. 3b), and X-Z (Fig. 4) vector
component projections along the trajec-
tory. The coordinates are planetocentric
solar magnetospheric (SM), with Xgum
toward the sun, Zsy positive northward
and oriented such that the planetary di-
pole axis lies in the Xsym-Zsym plane. The
magnetic dipole axis was assumed to be
perfectly aligned with the rotation axis,
and so the SM coordinates are, in this
case, a fixed-orientation system. Also
shown are the two cylindrically symmet-
ric inbound and outbound magnetopause
surfaces already described. The large-
scale structure of the outer magneto-
sphere of Saturn is illustrated by these
vector data, which begin on 237/0700 at a
radial distance of 18 Rg and end with 240/
1300 at a radial distance of 46 Rg. '

Inbound at hour 7, when Voyager 2
was above the equatorial plane, the field
was predominantly southward (—6.6
nT), but also had substantial sunward
(2.5 nT) and eastward (1.8 nT) compo-
nents. This orientation persisted until
hour 10, when the field began rotating
toward the radial direction with a reduc-
tion in the relative size of the eastward
component and a corresponding increase
in the sunward component to a value
comparable with the southward compo-
nent.

After passing through the mainly dipo-
lar region of the inner magnetosphere,
Voyager 2 followed an outbound trajec-
tory which nearly paralleled the dawn
meridian plane at a relatively high south-
ern latitude (30°S). The hourly data show
that throughout this region the magnetic
field was uniform, with little variation in
magnitude and direction other than grad-
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Fig. 2. An overview of the magnitude (B) and Pythagorean mean RMS of the magnetic field
measured by Voyager 2 for 8 days around closest approach to Saturn. Shown are 16-minute
averages; Rg is the planetocentric radial distance of Voyager 2 and Lat. is the latitude of

Voyager 2 with respect to Saturn’s equatorial plane.

ual changes with increasing distance. Be-
yond 15 Rg the field remained approxi-
mately parallel to the equatorial plane
until near the outbound MP, where it
became variable for the first time and
showed a small southward component
(Fig. 4). Throughout this region the field
direction was consistent with a sweeping
back of the magnetic field out of merid-

ian planes to form the southern lobe of
Saturn’s magnetotail.

Because of the high kronographic lati-
tude at which the spacecraft traversed
the magnetosphere outbound; no -tail
current sheet crossings were observed
by Voyager 2. There was a similar ab-
sence of current sheet traversals in the
Voyager | observations (2), whereas Pio-

neer 11 (9) detected field polarity rever-
sals while outbound near the dawn termi-
nator at near equatorial latitudes.

From the first observed outbound MP
position it is estimated that the enlarged
magnetosphere had a tail diameter of at
least 100 Rg, compared with an estimat-
ed diameter of 80 Rg at the time of the
Voyager 1 encounter. Direct measure-
ments of the fully developed magnetic
tail field during the Voyager 2 outbound
pass were not made because the space-
craft did not enter the fully developed
tail lobe as did Voyager 1.

Comparison of the Voyager 2 outer
magnetosphere ~ measurements  with
those obtained by Voyager 1 provides
information about the temporal variation
of the Saturnian magnetosphere during
the two encounters. First, the magnetic
field observed outbound (R > 15 Rg) on
Voyager 2 over a period of 46 hours,
equal to 4.5 Saturn rotations, was very
smooth in character, in contrast to the
changes seen in the northern tail lobe
field by Voyager 1. This is consistent
with the previous interpretations in that
the changes observed by Voyager | were
temporal variations caused by changes in
the solar wind (2, 10). No evidence of
any variation of the field which can be
associated with the rotation of the planet
was observed by Voyager 2. Hence there
is no evidence in these data for any
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Fig. 3 (left). Projection of hourly average magnetic field components
in the Saturnian magnetosphere onto the solar magnetospheric (SM)

X-Y (a) and Y-Z (b) planes along the Voyager 2 trajectory. A
logarithmic scale has been used to represent field magnitude. Dashed line segments at selected points along trajectory in (b) indicate projected

Fig. 4 (right). Projection of

hourly average magnetic field components onto’ the solar magnetospheric X-Z plane. Dashed line segments indicate projected orientation of

undistorted dipole-field (see legend to Fig. 3).
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asymmetry of the magnetosphere or
large-scale anomaly associated with the-
modulation of the SKR emissions (6).

A comparison of the Voyager 1 and
Voyager 2 inbound data, together with
the conditions already discussed, indi-
cates that the change in the solar wind
conditions responsible for the expansion
of Saturn’s magnetosphere (evidenced
by the observed MP boundaries) oc-
curred during the inbound part of the
Voyager 2 encounter. Specifically, the
inbound observations for Voyager 1
showed a field that near the equatorial
region was almost totally southward in
the outermost part of the dayside magne-
tosphere (2), varying smoothly and in a
manner expected for a predominantly
compressed dipolar field with an axially
symmetric ring current as the inner mag-
netosphere was approached. The Voyag-
er 2 hourly averages inbound show that
the field was deformed in a way consist-
ent with more boundary compression
than observed by Voyager 1, that is, it
was rotated toward the east relative to an
undistorted meridian plane orientation at
that longitude.

The 6-hour interval (day 237, hours
1000 to 1600) during which the field
orientation rotated toward the sun is
considered to be a result of the dynamic
response of Saturn’s magnetosphere to a
sudden decrease in solar wind ram pres-
sure. The field became more nearly radi-
al in direction, suggesting a relaxation of
the magnetosphere as the sunward
boundry moved to a more distant loca-
tion. Indeed, the similarity between this
field disturbance and the ~ 6-hour dis-
turbance observed by Voyager 1 out-
bound [seen most clearly in figure 4b of
Ness et al. (2)] suggests that approxi-
mately 6 hours is a characteristic re-
sponse time of Saturn’s magnetosphere
to sudden changes in the solar wind ram
pressure. This is consistent with propa-
gation of a disturbance at ~ 400 km/sec
over a length of ~ 150 Rg, taken to be a
characteristic length of Saturn’s magne-
totail. The smooth character of the aver-
age field for the remainder of the encoun-
ter, together with the extreme distance
of the outbound magnetopause, suggests
that the magnetosphere remained ex-
panded at least until the spacecraft was
no longer inside it.

Inner magnetosphere and intrinsic
planetary field. The Voyager 2 trajec-
tory, although constrained primarily by
the Uranus 1986 encounter, nonetheless
provided a good opportunity to sample
relatively high latitudes in both hemi-
spheres, and the first close-in observa-
tions in the northern hemisphere. The
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Fig. 5. Presentation of trajectories of Pioneer
11 (P11), Voyager 1 (V1), and Voyager 2 (V2)
in a quasi-cylindrical kronographic coordinate
system. The radial distance from the planet is
shown at the correct longitude in the tradi-
tional SL.S system, Latitvdes of Voyager I
and Voyager 2 are shown at several points
along those trajectories.

close encounter trajectories of Pioneer
11, Voyager 1, and Voyager 2 are illus-
trated in a kronographic coordinate sys-
tem in Fig. 5, emphasizing the longitudi-
nal coverage of the near-planet observa-
tions of each flyby. Voyager 2 ap-
proached Saturn from the northern
hemisphere, reaching 29.5°N latitude at a
radial distance of 4.0 Rg, well before the
closest approach of 2.69 Rg at 12.8°N.
Voyager 2 crossed the ring plane at 2.87
Rg and continued southward, approach-
ing 30°S latitude. In contrast, Voyager 1
had remained in the southern hemi-
sphere throughout most of the near en-
counter period (R < 10 Rg), whereas
Pioneer 11 remained within ~ 6° of Sat-
urn’s equatorial plane throughout its en-

counter. Also illustrated in Fig. 5 is the
complementary longitudinal extent of
the Voyager 2 trajectory near periapsis,
which occurred at 323° in Saturn’s longi-
tude system, diametrically opposite from
the closest approaches of both Pioneer
11 and Voyager 1. This aspect of the
Voyager 2 encounter trajectory may
prove helpful in separating contributions
to the magnetic field observations which
are associated directly with Saturn from
those fixed in local time (for example,
current systems driven by solar wind and
solar radiation asymmetries).

The maximum field measured by Voy-
ager 2 was 1187 nT at day 238, hour 0304,
approximately 30 minutes prior to near-
est approach, within a few nanoteslas of
that predicted for a centered, aligned
dipole of moment 0.21 gauss-Rg® or the
~ 1° tilted dipole model obtained from
Voyager 1 observations (2, 11) but ~ 50
nT greater than that expected of a 0.2
gauss-Rs® dipole, offset to the north by
0.04 Rs (9).

The preliminary spacecraft (and sen-
sor) attitude and engineering data do not
allow an improved determination of Sat-
urn’s intrinsic planetary field. From an
analysis of vector magnetometer data
near closest approach, during a space-
craft roll maneuver (FSMAN 4) at day
238, hour 0309, we conclude that a
spacecraft orientation error of ~ 1° ex-
ists in the SEDR (supplementary experi-
ment data record) now available. Since
this roll maneuver directly precedes the
sequence of narrow angle camera images
which failed to target properly, we con-
clude that the roll maneuver was not
properly executed and that the space-
craft orientation following this roll was in
error by ~ 1°.

Saturn’s main field is mainly dipolar
with an axis nearly aligned with the
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Fig. 6. Comparison of the magnitude of the magnetic field observed by Voyager 2 with pure
dipole and dipole plus ring current models. The Voyager 2 trajectory is illustrated beneath the
observations showing distance from the equatorial plane as a function of time. Note the
different scale used for vertical distance of the spacecraft position.
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tilt angle and SLS phase to account for mi-
croabsorption feature at Tethys. The SLS
longitude of Voyager 2 at the microabsorption
event time is indicated (V2) as well as pre-
ferred longitude of SKR emissions. The
dsis = 330° is the dipole tilt longitude de-
rived from the Voyager 1 study (/).

rotation axis. The sensitivity of derived
spherical harmonic magnetic field mod-
els to small correlated errors present in
flyby observations precludes any at-
tempt to improve substantially on the
Voyager 1 models (/1) until a careful
analysis of engineering data can be com-
pleted. At present, however, we can
confidently utilize the Voyager 2 ob-
served field magnitudes, because they
are insensitive to orientation errors (and
disturbances perpendicular to Saturn’s
field, for example, field-aligned current
signatures). The use of field magnitudes
rather than the vector observations thus
results in a considerable loss of informa-
tion content and a correspondingly great-
er nonuniqueness in field models derived
from the observations, but is mandated
by the need for accurate and unbiased
observations.

We have therefore chosen to combine
the Voyager 1 vector observations and
the Voyager 2 magnitude observations
obtained within 8 Rg and to perform a
nonlinear least-squares inversion (/2) to
obtain a best fitting I1E1 (one internal,
one external order) spherical harmonic
model. That model has the following
Schmidt normalized spherical harmonic
coefficients: g,° = 0.21110 gauss, g, =
0.00072 gauss, A;' = 0.00288 gauss; ex-
ternal, G= —12 nT, G!=1 nT,
H;' = =3 aT, vielding a dipole tilt of
0.81° toward an SLS longitude of 284°,
This model has an associated weighted
RMS difference of- 4.3 nT between the
model field and the combined Voyager 1
vector observations and Voyager 2 mag-
nitude observations. Further improve-
ments in models of Saturn’s planetary
magnetic field can be expected as im-
proved spacecraft attitude and engineer-
ing data become available.
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Figure 6 displays the magnitude of the
observed field compared with that of a
centered dipole {moment: 0.21 gauss-
R¢%) with (dashed line) and without (solid
line) a contribution from an equatorial
ring current. The dashed line corre-
sponds to the model magnetosphere in-
ferred from the Voyager 1 observations
(4) in which ~ 7 x 10° A current flows in
aring S Rs thick, extending from 8.5 to
15.5 Rs in Saturn’s equatorial plane. The
model ring current leads to an enhanced
field magnitude along most of the Voyag-
er 2 encounter trajectory, a consequence
of the relatively high latitude of Voyager
2 and the solenoidal geometry of the field
of the ring current. The agreement be-
tween the Voyager 2 observed field mag-
nitudes and the Voyager 1 model is quite
good along the inbound trajectory on day
237, except in the vicinity of the inbound
magnetopause where local magneto-
pause surface currents (not modeled)
contribute to the observed field. Out-
bound, on 26 August, the Voyager 2
observed field magnitudes are considera-
bly greater at radial distances in excess
of 10 Rg than predicted on the basis of
the Voyager 1 model magnetosphere.

Although a detailed study of fields
originating external to Saturn is not yet
possible, we can offer some insight of a
general nature into the lack of agree-
ment. The lack of agreement may be due
to either (i) a temporal effect of varia-
tions in the solar wind momentum flux,
in which the expansion of Saturn’s mag-
netosphere, inferred from the inbound
and outbound MP observations, may
have contributed to an enhanced ring
current during the Voyager 2 outbound
pass, or (il) the neglect in this model of
the magnetotail currents associated with
the solar wind interaction (/0). The
asymmetries introduced by the solar
wind interaction were apparent in the
Voyager 1 observations at distances
> 15 Rs. These asymmetries were also
strongly evident along the Voyager 2
outbound trajectory, near the dawn me-
ridian, as shown in Figs. 3 and 4 and
discussed in the preceding section.

Microabsorption features of radiation
belt observations. Saturn’s ring current
has important implications for charged
particle motion in Saturn’s magneto-
sphere, particularly for the absorption of
trapped radiation by its many satellites
and rings. Observations of charged parti-
cles, confined to motion along field lines
and drift shells, can be useful in the
determination of field line geometry; in-
deed, the Voyager 1 observation (I13) of a
microabsorption feature, attributed to
the satellite Rhea, provided an indepen-
dent and conclusive test of the magnetic
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Fig. 8. Detailed 60-msec samples of vector
magnetic field as observed during = 3 min-
utes centered at ring plane crossing. Individ-
ual orthogonal sensor components By, By, and
B, (in spacecraft coordinates) are presented
as well as B, the scalar magnitude (see text).

field geometry derived from the Voyager
1 model magnetosphere (4).

A similar microabsorption feature ob-
served by the cosmic-ray experiment in
Voyager 2 (I14) near the L shell of Tethys
may ultimately yield an important con-
straint on internal field models (for ex-
ample, phase of the dipole tilt). Factors
influencing the field line geometry be-
tween Tethys, near Saturn’s equator,
and Voyager 2 at ~ 20°S latitude, which
must be considered in modeling the mi-
croabsorption feature include: (i) Sat-
urn’s dipole tilt, (ii) a possible polar or
equatorial offset of the dipole, and (iii)
the radial stretching of field lines near
Saturn’s equatorial plane due to the ring
current. A single absorption feature,
even with the simplest of assumptions,
leads not to a unique solution of a dipole
tilt but rather to a range of permissible
combinations of dipole tilts and longitu-
dinal phases. In a dipole field, a change
in the L parameter (AL) is simply related
to a change in the magnetic latitude (\)
by AL/L = 2 tan A AN. A small AN ob-
served at a longitudinal phase ¢ is like-
wise simply related to the tilt (8g) and
phase (o) of the dipole by AN = — 6
cos (b — dyg) for small tilts and AN. Thus,
a single observation AL (equivalently
A)) determines only the product of 6
and cos (b — &g). The present lack of
accurate engineering and ephemeris in-
formation precludes a detailed analysis,
but in Fig. 7 we illustrate the basic
features of such a solution and the rela-
tive magnitudes of several important pa-
rameters in the analysis appropriate to
the Saturn situation.

Each band in Fig. 7 extending perpen-
dicular to the spacecraft position vector
(7.5° SLS) at the microabsorption event
time of day 238, hour 0630 represents the
range of dipole tilts and phases for which
Voyager 2 and Tethys share the same ‘‘L
shell.”” The width of each band corre-
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sponds to an uncertainty of a satellite
diameter in radial position, the upper
band determined by considering a dipole
tilt only while the lower band represents
possible dipole tilt solutions when the
effects of Saturn’s ring current are con-
sidered. For the latter solution, field
lines must be traced numerically from
Voyager 2 to the equator. The Voyager |
model of Saturn’s ring current has been
assumed in this example for demonstra-
tion purposes, although it is clear from
the preceding discussion that the ring
current and hence the nondipolar charac-
ter of the field geometry may have been
significantly changed at the time Voyag-
er 2 encountered the Tethys L shell
outbound. Both solutions demonstrate
insensitivity to a rotation of the dipole
tilt about the Saturn-spacecraft vector
(or a translation of the dipole perpendic-
ular to the Saturn-spacecraft vector).

Additional constraints based on parti-
cle species identification, the relative
longitude of Tethys and Voyager 2 at
event time, and particle drifts due to field
gradients and curvature may further con-
strain the range of possible solutions.
Clearly additional microabsorption fea-
tures at longitudes around 90° or 270°
SLS would also further constrain the
solution.

Ring plane crossing. Because of the
special circumstances (15, 16) surround-
ing the crossing of the ring plane by
Voyager 2, we have investigated the
detailed 60-msec data during a 16-minute
interval centered on the nominal cross-
ing time at day 238, hour 0418, for evi-
dence of any unusual anomalies, and the
central 6 minutes of these data are plot-
ted in Fig. 8. There are no sudden
changes evident or quasi-periodic varia-
tions that could be associated with any
mechanical motion of the magnetometer
sensor or with any localized field pertur-
bations or wave phenomena. The regular
toggling of the individual components
between adjacent digital values is readily
evident because the magnetic field com-
ponents changed gradually throughout
this sample. Note the very expanded
scale of the plots in this figure, where the
field intensity is approximately 1100 nT,
so that the quantization step size of the
12-bit A-D converter yields a = 0.5-nT
uncertainty. This is well above the intrin-
sic noise level of the sensors measured in
flight, which is less than 0.006 n'T RMS
equivalent over the 8.3-Hz bandwidth.

We conclude that there is no evidence
in these detailed data for any special
event or events which would have dis-
turbed either the assumed orientation of
magnetometer sensors or the ambient
field at the location. The sensitivity is
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limited only by the quantization step size
and the vector sample rate of 16%/sec-
ond (Nyquist frequency = 8.33 Hz). The
quantization limitation translates to an
insensitivity to angular variations of less
than 1.5 arc minutes. Short time scale
events manifested as magnetic distur-
bances would be progressively attenuat-
ed by the instrument frequency roll-off
characteristics beyond 5 Hz.
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Plasma Observations Near Saturn:

Initial Results from Voyager 2

Abstract. Results of measurements of plasma electrons and positive ions made
during the Voyager 2 encounter with Saturn have been combined with measurements
from Voyager 1 and Pioneer 11 to define more clearly the configuration of plasma in
the Saturnian magnetosphere. The general morphology is well represented by four
regions: (i) the shocked solar wind plasma in the magnetosheath, observed between
about 30 and 22 Saturn radii (Rs) near the noon meridian; (ii) a variable density
region between ~ 17 Rg and the magnetopause, (iii) an extended thick plasma sheet
between ~ 17 and ~ 7 Rg symmetrical with respect to Saturn’s equatorial plane and
rotation axis; and (iv) an inner plasma torus that probably originates from local
sources and extends inward from L = 7 to less than L = 2.7 (L is the magnetic shell
parameter). In general, the heavy ions, probably O, are more closely confined to
the equatorial plane than H", so that the ratio of heavy to light ions varies along the
trajectory according to the distance of the spacecraft from the equatorial plane. The
general configuration of the plasma sheet at Saturn found by Voyager I is
confirmed, with some notable differences and additions. The ‘“‘extended plasma
sheet,”’ observed between L = 7 and L. = 15 by Voyager 1 is considerably thicker as
observed by Voyager 2. Inward of L = 4, the plasma sheet collapses to a thin region
about the equatorial plane. At the ring plane crossing, L = 2.7, the observations are
consistent with a density of O of ~ 100 per cubic centimeter, with a temperature of
~ 10 electron volts. The location of the bow shock and magnetopause crossings
were consistent with those previously observed. The entire magnetosphere was
larger during the outbound passage of Voyager 2 than had been previously observed;
however, a magnetosphere of this size or larger is expected ~ 3 percent of the time.

Before the Voyager 2 encounter with

Saturn, our knowledge of the Saturnian

magnetosphere was based on the results
of the Pioneer 11 (I) and Voyager 1 (2)
flybys. Since the inbound trajectories of

Pioneer 11 and Voyager 1 were close to
the noon meridian and to the equatorial
plane of Saturn, measurements could be
made only for a limited range of lati-
tudes. The Voyager 2 trajectory tra-
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