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ABSTRACT
Large scale (many minutes to 1oﬁﬁ%ﬁra) magnetic field struotures y
evnsisting predominantly of nearly north-south field directions have been
discoverad in Jupiter's magnetoshesth from thé data of Voyagers 1 and 2 and
Pionaer 10 during their outbound encounter trajectories. The Voyager 2 data,
and that of Voyager 1 to a lesser axtent, show evidence aﬁ a quaai~p¢hiod of
10 hours (and occasionally 5 hours) for these structuras, For all three
- Spaceqralt the changes in hhd@riald throughout these struatures for many tens
/7br hours are upproximah«ly restrioted to a plane parallel to Jupité?'a local
magnetopause , nuaovdia; >to a variance analysis of the field, Similan,
diraﬁtianml changes in the field oocurred in the inbound magnetosheath for the
Voyager spacaoralt, but the occourrence was much less frequent, no quasi~
pariodinity“was apparent, and the scale lengths were on averasge much shorter,
The north-south oomponunts of the field and plasma velooity are strongly '

" correlated in the outbourd maghetosheath as observed by Voyagers 1 and 2, and

the acompenants orthogonal to the north-south direction show weak correlations.
For both Voyager ancounters the sense (paaitiva or negative) of the
north-south correlations hes been directly Pélﬂhﬂd to the direotion oi the
~ecliptic plane component of The interplanetary maxnetio field (IMF) using the
field and plasma measurements of the hﬁn-enuounhehfug spacecraft, Some
putbound magnetopause and bow shook crossings, on Voyager 2 aspealally, are
phiase locked in system IXI with some of the large scale magnetosheath field
and plasia shvucthres‘ These structures uay be mooountﬁd for in terms oI
field line draping around the magnetopause of the oonveatad INF and solar
wind, whaere the temporal properties are controlled by tha motion and shape of 7

a flattenad magnetosphere which, in turn, depend on thzi- rapid rotation of the
eurrent sheet within the magnetosphere. ey

INTRODUCTION

In situ measurements of the mm&ﬁétia riéld and plasma naar Jupiter by
Pioneer 10 and 11 (Smith et al., 1976; Goertz, 1976; and Kennel ‘and Coroniti,
1977) and by Voyager 1 and 2 (Ness et al., 1979%a, by Bridge et al,, 1979a,b;
Siscoe et al., 1980) have demonstrated the existence of & bow shook (BS), a
mnguetoshqghﬂf?ns). and & maghetosphere, All of hhese‘obaarvaticna indicate
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the praaenoe of a well-def'ined magnetopause on the dayside, similar to that of
the earth, Krimigia et al, (1979) suggest that corotating magnetospheric
plasma extends to the MS on the dayside; thoy infer that on the nightside
there is a transition from corotating plasma to a “magnetospheric wind%, but
they raeport that the relation between this boundary and the magnetopause (MP)
ia not clear, Other observers have reported a olearly defined MP on the
nightside, The stand-off distance of the Jovian MP is greater and more
Viri&blugapan pridicted by a wodel in which the momentum flux of the solar
wind is bnianccd by the pressure of the planetary magnetic field. This
suggests that at Jupiter (in contrast to earth) hot magnetospheric plasmas,
particularly in the Jovian ourrent sheet, play a significant role in balancing
thie momentum flux of the solar wind,

Little has been written about the magnhetic fields and plasmas in the
Jovian MS. In analogy with the earth's MS and on the basis of fluid ocaloula-
tions such as those of Sprelter et al, (e.g., 1968), one might expeot that,
for an interplanetary magnetic field lying mainly in the seliptie plahq, the

PR}

magnetic field in the M3 would tend to be slso in the saliptie plana with

/,rmndom fluctuations about that plane, However, Lepping et a}. (1980) found

that the magnetic field in the Jovian NS tends to be either naarly north or
nearly south (i.e¢,, either parallel or antiparallel, respectively, with
respect to Jupiter's rotation axis) for intervals ranging ocoasionally from
many minutes to 10 hour&. and the trapsitiors from north (south) to south
(north) tend to occur 0% 5 or 10 hr intervals, The north-south fields were
cbserved both inbound and outbound, but they were observed most olearly

_ outbound and close to the MP. The 5 and 10 hr changes were observed onfy on

the outbound (tailward) passages of vcyaaara 1 and 2. possibly because of Vha
longer observing time thare,

Highly inelined MS fields are observed ocuasinnally in the earth's NS and
to aur knowledge there has besn no report of analogous 12 and 24 hour changes.
Thus, the Vanger data have ravaaled & nhew NS phanonenon, which seems to be a
characteristic’ oﬁ the Jovian system. ; :

The purpose of this paper is to present a comprehenaive deseription of
the Jovian MS magnetio fields and to speculate briefly on possible causes of
these phenomena, We emphasize our Voyager 1 and 2 magnutic field observations
and their relations to the plasma observations, but we alse show that the same
phenomena are present in the Pioneer 10 maghetic field data.
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SPACECRAFT TRAJECTORIES AND MODEL BOUNDARIES
/

Figure 1 shows the trajectories of Pioneer 10 and the two Voyagers in
Jupiter orbital coordinates as well as model boundaries of Jupiter's MP and
BS, in the orbital plane, as estimated separately rrpm the two Voyager
enocounters (see Ness et al,, 1979a,b; and Lepping aﬁlal.. 1980), The MP
boundaries were modeled by fitting parabolas to the average inbound and
outuound MP crossing points with the assumption of zero aberration due to
planetary motion; such aberration at Jupiter is cbviouély small compared to
solar wind direction changes over the three or four week period of encounter,
The BS's were similarly modeled, except hyperbolas were used with the added
constraint that estimated normals to the actual boundaries at the orossing
points (based on aversges) must agrse with the models. The MP and BS model
boundaries are meant to be ﬁhly ggproximately representative, since the time
scale for major changes in the solar wind is much shorter than the period

_separating the};nbound and outbound series of orossings, for either

spacecraft. Sinve the primary concern here is the outbound MS, also shown in
Figure 1 are shaded regions denoting for each spacecraft the region between
the first actual outbound MNP encounter and the first actual outbound BS
encounter, i.e., the region where the MS olosest to the NP was observed for
each trajectory. These regions will be referred to as "early magnetosheath'.
Magnetosheath beyond this in &ime will be referred to as "late magnetosheath",
A list of the MP and BS boundaries is given for Pioneer 10 by Intriligator and
wolfe (1976) and for the Voyagers by bridge et al. (1979a, b) and Lepping et
al. (1980}, |

The length of the shuded regions in the figure indicate how the width of
the observed early MS increased dramatically from the Picneer 10 outbound
longitude (& 0525 L. T.) to Voyager 1 (g OM20 L T.), and finally to Voyager 2
(m 0300 L.T.). The 1enaths of these three regions were 30, 41, and 11 R; (R
= 71 372 km is Jupitert's radius) , respectively. Since the outbound MS data
are most extensive for Voyager 2, it is probably for this reason that the M3
effects studied are most prevalent in the Voyager 2 data.

MAGNETIC FIELD OBSERVATIONS OUTBOUND

The magnetometers onboard the Voyagers have been described by Behannon et
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al. (1977). For all of the magnetic field data discussed here the instruments

were in the most sensitive range * 8§ nT, and quantized to a resolution of %
0.004 nT per component. Absolute acouracy is estimated to be : 0.09 nT per
component, and the sample rate was 16,6 vectors/s tﬁ?@ughoub the periods of
interest, but only 48 s averages were used for analysis and display in”bhia
study, >

Figure 2 shows Voyager | U8s average magnetic field data in heliographic
(HG) coordinates for the two days 75 (= 16 March) and 76, 1979, which occur in
the early MS. (A similar 2-day example of Voyager 2 early MS is given by
Lepping et al., 1980.) Much of the scatter in A in the figure is simply due

\, to the extreme northward or southward inclinations of the field throughout

this period, These data are reasonably typical of the early outbound MS of
all three spacecraft, in that great variability in magnitude and direction is
observed, most of the direotional change is in latitude, and the field is
predominantly in the northward or southward directions. From » 0200 UT of 75

to v 2200 UT, 76d (# 44 hours) there are four major features 1n §(t) separated :

approximately by the times: 1300 UT of 75 s And 0100 UT and 1100 UT of ”6 W
These major features are then v 11 hours in duration on average. The extreme
northward and southward directions of the outbound MS field as observed by
Voyagers 1 and 2 is generally in marked contrast to the directions of the
magnetotail field, which lies predominantly in or near the Jupiter orbital
plane; see, for example, Figure 3 of Behannon et al. (1981) which shows this
regional comparison dramatically in vector form., However, as we will show
below, there is occasionally a significant southward component of the

magnetosphere field also, especially as the MP is approached and in weak field
regions such as the magnetotail current sheets,

For a broader view of the MS phenonenon Figure 3 shows the latitude of the
field for the Voyager 2 outbound MS for approximately ten days; regions of
magnhetosphere and interplanetary magnetic field (INF) are denoted, and the
§-day separation is a continuation of magnetosphere data. The data are
plotted with respect to System III (1965) longitude of the sub-spacecraft
position, with two 360° cycles (plus 45° overlap) per panel, as well as by
calendar day. Major tic marks on the time axis denote start-of-day, and one
hour of data is repeated at the start of each panel in order that features are
not lost at Arir ® 45°, Again latitude variations occur throughout the entﬁre
ten days and are especially dramatic during the early %ﬁf which ends (by
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definition) at the first outbound BS at 1441 UT on 215%, various v§ and %10
hour features appear throughout, and two of these are identified. The Voyager
2 data, in fact, demonstrate this large scale 5 and 10 hour latitude variation
nore clearly than the Voyager 1 datu,

It is evident from Figure 3 that prominent "events" were most probable at
M1 5 360° (see vertical arrows at bottom), By an "event" we mean &ny one of
the four occurrences: (1) a major north + south change of &, (2) a major south
» north change of &, (3) MP crossing, or (U4) BS crossing, Eleven such events
occur for the first arrow, and eirht- for the second arrow, This suggests a
synchronization of field latituds changes and MP_and BS motions jointly with
the planetary rotation period (9.92492 hours for System III, 1965). The case
for such events occurring with a » 5 hour period is much weaker, but 5-hour
features in §(t) are present, Noh; that there is much less variability in
§(t) in the "late" MS.

As mentioned above for Voyager 1 there was considerably less outbound

early MS data; nevertheless, some of the same characterist :s of the toyager 2
MS are seen in a comprehensive view of Voyager 1 data, Figure 4% similarly
shows the latitude of the Voyager 2 field as a function of System III position
of the spacecraft for » 8 days, » 3.5 days of which are MS data. The obvious
similarity is }n the distribution of § itself, but the 5 and 10 hour
structures q;é/barely discernible if at all, as mentioned above (Figure 2 and
assoeiagggjééxh). Some of the complexity of structure may be due to the
unusually variable IMF as evidenced in the latter half of the figure, There
is a weak synchronization of events; for example, at Mt * 90° 2 20° there
are four BS crossings, one MP crossing, two major north -+ south MS & changes,
one major south + north § change, and. a minor north + south change. There are
other weaker, synchronized events. To draw a broader comparison of features
in the MS and of its boundaries, we proceed further upstream to the position
of Pioneer 1C. ,

Figure 5 shows the latitude (in an S-J coordinate system--see Smith et
al,, 1976 for a description) of 1-min averagés of the magnetic field as a
function of time for seven days, approximately 3-1/2 days of which are NS
data. Again 'northward!' and 'southward' magnetic fields are evident, and
there is a weak suggestion of a 10-hour structure (e.g., 0350 UT to 1310 UT on
3ﬂ5d) and the BS crossings on 3146d are separated almost exactly by 5/hours
(1453 UT and 1951 UT) as identified by Intriligator and Wolfe (1976). And
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very nearly 5 hours prior to the first outbound BS, a pair of MP crossings
occur (at 0943 UT and 0956 UT on 346%). By 3499 the latitude angle of B
approaches lower values, as it did in the late MS of Voysger 2.

MAGNETIC FIELD ANALYSES

A qualitative examination of the outbound Voyager MS field data indicates
that the large scale directional changes (over many min. to 5 hours) ocour
primarily in a plane whose normal is approximately parallel to the modeled MP
normal (obtained from the fit to a parabola) for each encounter., In HG
coordinabes the NP model normals are: AHG = 120° ' GRG z -3 for Voyager 1 and
Mg ® 109 v by = ~3 for Voyager 2 (see Lepping et al., 1980). To
demonstrate this quantitatively a minimun variance analysis of the field
according to the method of Sonnerup and Cahill (1967) was carried out using 78
one-hour averages of Voyager 2 data; 1000 UT of aosd to 1900 UT of 208d,
éxeluding the three hours of magnetosphere data on 206 (see Figure 3). Over
the 78 prrs the Voyager 2 trajeobory covers an x range of 22 R (see Figure
1, a Zﬂﬂ&ver this range the model MP normal ohanges by only 0, 9 » The
resul tiAg minimum variance direction was AHG(Z) = 11°, GHG(Z) = 7° , which is
in excellent agreement with the model normal. The ratio of intermediate to
minimum eigenvalues (E2/E3) was 7.9, the ratio of maximum to intermediate
eigenvalues (E1/E2) was 23.8, indicating that the estimated minimun variance
dirqu§on is well determined; a value of E2/E3 below 2.0 indicates a poorly
determined variance ellipsoid (Lepping and Behannon, 1980)., Also |<B,>|/<B> =
0.16 and <B> = 3.0 nT, where B, is the component along the minimum variance
direction, B is the magnitude of the field, and the braces < > indicate an
average over the 78 hours,

Using 64 one-hour averages of Voyager 1 data over the MS period 1000 UT
of 7ud to 0800 UT of 77d. and excluding six hours of magnetosphere data on
late 7ud (see Figure 4), the following minimum variance results were similarly
obtained: Ay (1) = 130°, Spgt1) = -3° E2/E3 = 3.2; E1/E2 = 16.0; |<B,>|/<B> =
0.23; and <B> = 1.4 nT. ~Again the minimum varience direction is in good
agreement with the Voyager 1 model MP direction, differing by only #10° and it
is reésonably well determined according to the eigenvalue ratios., Over the 64
hours the Voyager 1 trajectory covers an, x range of 15 R . and over this
range the model MP normal changes by only 1 3 .
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Notice that the average outbound MS field <B> was approximately twice as
strong for Voyager 2 as for Voyager 1, Also z<sz>|/<n> WaS a ligg;é smaller
for Voyager 2, although in both cases its value indicates a relatively weak
component of the field normal to the plane in which most of the variation is
taking place, on average, Figure 6 (center and right panels) shows hodograms
of the Voyager 1 and 2 hour averages in the coordinate system defined by thg
derived variance ellipsoid: Z is along the minimum variance direotion, and X
and Y are along the maximum and intermediate variance directions, respec~
tively., Below the hodograms are the ggsociated minimum variance normals and
the MP model normals for comparison. An outstanding feature of the hodograms
is the tendency of the field in the X-Y plane to form nested arcs for a large
fraction of the analysis intervals, implying clear repetition. Also notice
that both the variation of B and its mean are sighifioantly smaller than <B>
for both spacecraft., So the HS field at any "Inagkqp/’and its coherent,
ungulatory variations are fairly well contained in a plane whose normal is .
nearly parallel to the local MP for each data set.

The Pioneer 10 outbound MS was similarly anglyaed using one-haur nue Bges
of the magnetic field over the period 1200 UT of 344% to 1500 UT of 346%,
1973. The following variance results were obtained: A(10) = 135°, 8(10) =
-1°; E2/E3 = 8.3} E1/E2 = H.2; |<B,>|/<B> = 0.18; and <B> =u;3 nT. The
associated . hodogram in the variance coordinate system is shown in Figure 6
(left panels). The minimum variance normal, which was well determined
according to the eiannvalue rabios, and model normal (Voyager 1 model MP
normal) differ by only 7°, and again the ratio |<B>|/<B> is small and
consistent with those for Voyagers 1 and 2. There is a pattern of repetition
in the X-Y plane, but not in the form of an arc structure. Again the
variation inB, is small comparéd to <B>, and interestingly <B,” appears to
increase in golng from Pionesr 10 to Voyager 1 and again to Voysger 2, i,e,,
as we go tailward, as the upper panels of Figure 6 show. {t

Similar analyses were carried out for portions of most of the large
features individually using Voyager 1 and 2 46s averages of the field. The
specific analysis intervals are shown in Figures 3 and 4 as black horizontal
bars beneath the regions of interest. There were 14 such intervals for
Voyager 1 and 14 for Voyager 2. Figure 7 shows four examples of the 48s
average points plotted in the derived minimum variance coordinate system for
each case, with their associated numerical results below. These were fairly




W ))

/}/

characteristic of the overall 28 cases, excluding a few poor cases,

Notice that directions (GN. AN) parallel to the direotions of minimum
variance were close to the MP model normu& directions and were pell
determined. Also it is striking that doublc arcs appear in the X-Y plane
(i.e,, intermedlate-maximun variance plane) of the Voyager 2 data indicating
that the field partially retraged its path more or less half way through its

angular excursion. Notice that the points tend to cluster more at the ends of

the arcs than in the centers, Even though they are not discontinuities in the
usual sense, these large scale features more closely resemble tangential
discontinuities than rotational discontinuities in that they have amall ratios
| <B >l/<B> i.,e., the field changes are well confined to a plane, whioh is
parallel to the local MP in each case, This was true of almost all or ‘the
cases studied, and on average this ratio (0,17 for Voyager 1 and 0.29 for

Voyager 2) was comparable to what it was for the analyses using hour averages
over Several days as disousvad above,

/

Figure 8 summarizes the full set of minimum variance normals from the
results of both spacecraft, and compares them to the MP model normals, With
only a few sxceptions the minimum variance normals cluster very elase&& around
the model normals. Sincévthe minimum variance normals usually were associated
with a large ratio of the intermediate to miniinum eigenvalues and since
changes in the field perpendicular to these normals subtended large arcs, they
were very well determined, having error cones of half-angle possibly in the
neighborhood of a few degrees, Hence, the scatter shownﬁﬁn Figure § is
probably real in the sense that it mainly represents an actual time-variation
in the direction of the normal to the plane of maximum variance over the days
representing the full sample sets., This is not surprising since bulk and wave
motion of the MS and its boundaries is expected.

In order to obtain a statistical overview of the distribution of
latitudes of the field in the outbound MS over as broad a range of Jovian
longitude as possible, histograms of & were generated using U8s averages for
the early and late MS separately from the data of all three spacecraft. “Also
for comparison and for each spacecraft a histogram of § was computed from the
magnhetosphere data just prior to the first outbound MP crossing combined with
maghetosphere data between subsequent MP crossings. To complete the
comparison similar hictograms were computed for the IMF data by combiﬁing that
data between BS crossings with a sample obtained after the last B3 croising.
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The times for the Voyager MP and bS orossings are given by Lepping e% al.
(1980) and for Pioneer 10 vy Intriligator and Wolfe ({1076). The resulting
histograms are given in Figurc 9, The mlguctoc,&er@ histograms priyvide no
surprises, They peak at & 4 0° and show a considgi‘ntle prmportio:\ f the
distribution toward negative &'s as expected for Jupiter's magneto//phere and
tail (Smith et al., 1976 and Ness et sl., 1979). (See the top tu//panels of
Figure 5 for an exsmple of why the distribution of mu;nntoaphcre § is
disproportionately negative.,) The early MS hiptograms haye & bimodal
appearancs, as expected {rom fields that spend mos’ 'of tiie time at high (+/-)
latitudes as Figures 3, % and 5 have indicated. The reason for the lack of

_reprodycibility from one spacecraft position to the next for the early MS data

is at least partially due to the aﬂort perioas of time spent in the early M8
by Pioneer 10 and Vi zer 1, 88 meaaurcd in planetary rotation periods, uhich
provides biased statisties. Thin ic even more true forithe late MS
histograms; for example, notice that only 0.72 Qay@ of data could be used for
Voyager 1 late MS, However, Pioneer 10 and Voyager 1 late MS distributions
are similar, even if they nfc;or opposite proportion with respect to polarity,
This is in marked contrastdco the Voyager 2 late MS, which is rather flat and
peaks near the center (af er gome libersl smoothing). Apparently the mechanism
oausing the large north-sputh|structures diminished in effectiveness for
Voyager 2 with rcspeot to! the (evioua encounters, either as a runotion o§
time or because Voyager ¢ has travelled a greater distance from the MP's most
probable position (suppojsedly the model position) than did the two earlier
spacecraft or for some ag\yet unknown reason, The interplanetary

; distributions are oonsider\ily flatter than all of the others, but

surprisingly they are not gaussian-like, as would be expected for most large
INF data samples. 1In any case, they do not portray the rather clear bimodal
shape of most of the MS distributions,

In order to provide an example qf the distribution of the latitudes (§)

of the IMF at the orbit of Jupiter, for comparison with those given in Figure A J

9, 480 Voyager 2 hour averages of the IMF upstream of Jupiter (163 to 183~o
1979, Jjust before the first inbound B§) were used, Figure 10 displays the
results along with distributions of B and A for completeness., Notice that all
three quantities have fairly standard distributions. Although the B distri-
bution is somewhat broad, its mode is close to what is expected (0.5 nT) from
the IMF model '5f Behannon (1978), and the peaks in A are also where the model
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| prediota A = 100° and 280°, indioating a tight spiral field in the R-T plane,
i More importantly, the & distribution is spproximately gaussian peaking near
zero, Use of the R-T-N system instead of the modal system (ecliptic) causes
an «3° shift in ‘:xgitude for a tightly wound field for this period, It is

_ yery interesting that this ¢ distribution, being quite typical, is 30 markaedly
f different from the post-Jupiter IMF distributions ahown in Figure 9.

? CORRELATION OF PLASMA FLOW VELOCITY AND MAGNETIC FIELD
In this seotion we desoribe a correlation tihikt has been observed between
the maghetic field and the ion-plasma flow velocity in the outbound Voysger
MS. The Plusma Science Experiment (PLS) has been described by Bridge et al.
(1977). The proton energy range of the instrument is 10 to 5950 ev, and a
full spectrum is sampled over a 96s measurement cynle for the intervals of
concern here, Figure 11 ahowa‘daily plots of the N-components of the plasma
velooity (V) and magnetic field (4B8s averages) for days covering the earliest
portion of the outbound MS for both Voyagers, where "N represents the
component normal to tue sun's equatorial plune, positive northward (see
caption of Figure 2), The VN and BNVsoalea are inverted with respect to esch
other for all panels, except for 2059 of Voyager 2, in order to show the
correlation behween VN and BN most clearly. ‘lhere is a strong positive
correlation on 205 and an equally remarkable negative correlation for the
other days (with the exception of the brief positive correlation early on
206d). In fact, for all of the remaining outbound MS data of both spacecraft
(i.e., for all those not shown in this figure) a pointwise negative
correlation between Vy and By is observed, (There are signifiuanb but much
weaker correlations in the oomponents of V and B orthogonal to N throughout
the outbound MS also,] The IMF and the solar wind velocity in the proximity
~ of the outbound BS's were examined in light of this M3 phenomena, and such
; | correlations were not found although non-Alfvenic compressional fluctuations
| were observedo Briefly summarizing: a negative correlation in VN Vs, BN
occurreﬂ for all of the outbound Voyager 1 and Voyager 2 MS, except for a
positive correlation in the very marliest Voyager 2 interval, ending somewhere
between 0051 and 0“09 UT of 206d during which the spacecraft "peturned" to
the magnetosphere.
The MS magnetic field is a modification of a former IMF that has been
&
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convected past a turbulenos producing BS and distorted by the MS flow field in
which it is embedded, which, in turn, depends on the shape and motion of the
obstanle to flow, Jupiter's magnetosphere in this case. If magnetic merging
cocurs at the MP for instance, the resulting MS field would expérience further
alteration., Henoce, any hope of understanding the newly discovered VN'BN M8
rulationship requirss knowledge of at least the upstream IMF, In order to
determine the IMF just upstresm of Jupiter, we used the known plasma and field
quantities measured by the non—iﬁcounbering spaceoraft and projeoted hour
averages of these quantities temporally forward in the case of bhﬂ'Voyager 1
encounter and backward for the Voyager 2 ancounter, This prediction method
assumes constant rsdial expansion velocity for the solar wind and neglects
evolution; this usually suocceeds well for intervals devoid of 1nterp1anebaﬁ§
shooks, which was the case for the intervals of interest here,

| The predictions indicate that for the vN-BN hegative correlation periods
of both encountering spacecraft the IMF at Jupiter had a consistent and
significant positive BT component (see caption of Figure 2 for the
definition), L.6., Apyp » 60°=50°. And for the period when V) and By were
positively correlated (Voyager 2, late 20!4d throughout, 0051 UT of aDGd) the
IMF at Jupiter had a consistent and- significant hegative bT component, i.e.,
AIMF w 270° In particular, an IMF sector change as observed at Voyager 1 was
predicted to ooccur at the nose of Jupiter's MP at atout 2000 UT + 8 hours on
2049, It was then estimated to arriia at Voymger 2 in the downstream NS at
1700 UT + 10 hours on 205d, after traversing ” 300 RJ at an average speed of »
290 km/s along the curved MP, This is consistent with the alteration from
positive to negative VN--BN correlation ooceurring at » 0200 UT & 2 hours on
206d. The estimated average MS speed of 290 km/s used above was based on the
Spreiter et al. (1968) steady state model of MS flow for the earth's case, a

. projected solar wind speed of A 400 km/s based on the Voyager 1 data, and the

preliminary assumption of zero signal propagation speed with respect to the

bulk MS flow., [The actual speed of sighal propagation is small compared to

290 km/s, so it can be neglected for our purposes here; this will be further
developed in the Discussion.]

It was also ih@éreating to note that neither the positive nor negative
correlation periods possessed any obvious relationship to the projected IMF B
component (i.e., to GiMF)' Befor=2 leaving Figure 11 it should be remarked
that in this component format (‘as opposed to the ¢-angle format) various 5 and

N
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10 hour features again appeer, even in the Voyager 1 data, which was less .
alear in Figure 4, for example. Also notice the v5 hour VN structure on W
Voyager 1, 75 between ~1100 and »1630 UT, a period when Vy-By are only
weakly correlated, and on late 205d for »10 hours where VN and BN are strongly
correlated,

The solar wind and the IMF ro; the pericds shown in Figures 3 and 4 and
for brief periods beyond the last outbound BS's were visually surveyed for
possible correlations similar to those in the MS, but no obvious' correlations

were found, but again compressional waves were obaserved (at least on Voyager
.

2
MAGNETIC FIELD OBSERVATIONS INBOUND

An examination of the inbound MS data of both Voyager spacecraft reveals
magnetic field features that in some respeqts resemble those of the oubbound
MS. As an example, Figure 12 shows Voyager 1 field data for. 59 and 60
i.e., around the time of multiple BS crossings pre-Jupiter encounter (see
Figure 1), Notice that the MS between 1434 and 1954 UT of 59 is fairly
steady on a scale of tens of minutes and devintes lltbfe in direction from the
upstrean IMF. even though highly inclined; the IMF inclination was possibly
due to the occurrence of solar wind steams interacting at this time (J.
Scudder, private communication, 1980). 1In contrast to this steddy MS field
close to the BES and far from the MP, the MS occurring between 1227 and 1956 UT
of 60d shows both positive and negative inclinations especially as the MP is
approached. This is not an uncommon feature of inbound Voyager MS fields
which are apparently close to the MP. However, there does not seem to be a
case for 5 and 10 hour vafiat;pns for any of the inbound MS data from Voyager
1 or 2. This is possibly duevto the fact that most inbound MS intervals are
too short, because of the nature of the spacecraft trajectory, for such long o
period phenomenon to be properly identified. Alternately, perhaps such
repetitiveness either does not occur in the inbound MS or is a subtle effect
there, - ’ o o

A preliminar§\yariance analysis of several of the highly inclined
magnetic field structures in the inbound MS of Voyager 1 and 2 (Leppirg et
al., 1960) indicates that the minimum variance normals are apprdximately

parallel to the local MP model normal, just as was found for the outbound MS

13

et s i _— - i N o S




&';
i
g
b1
Kig

structures, // o
/ [

., DISCUSSION AND PRELIMINARY INTERPRETATION

SN

All of the obaervabigns discussed above have referred 5?7§h° dawnside MP,
M8, and BS. One might aa@ﬁif the dawn and dusk M8 ragionaVﬁr« similar with

|
regard to the various featUres discussed in light of a possible asymmetry
brought about by Jupiter's rapid rotation: anti-parallel plasma streasms at the

“dawn MP (i.e., oorotﬁging nagnetospheric plasma moving v sunward vs, «»

tallward moving MS rléu} and presumably parallel streams at the dusk MP, in
Jupiter's orbital plane. The answer must wait for future observations, byt it
would be surprising if there were no marked average differences. ‘ J

N Related to this yuestion of asymmetry is the question of possible
magnetic field line merging (Vasyliunas, 1975) at the dawn vs. dusk MP's., It
sppears that such merging would be more probable at the dawn side, if possible
at the MP generally, bedause of the snti-parallel streaming, the highly-to-
mederately probable southward maghevosphere field (dus Pigure §5), the highly
likely (» 0.5 probability) condition that BN will be northward in the NS
(Figure 9), and the known dynamic state of the dawn MP which prahfbly cqg#&igs
of bulk and wave motions as in the cuse of the earth's NP, Probably all w.
these conditions hold for the dusk side MP as well, with the important
excaptionqor the anti-parallel stresming. At the dawn side MP then, we
envision frequent occasions when paraels of plasma with embedded fields of
-oppositely directed and asignificant BN‘qomponenbs are moving directly towards
each other with relative speeds of' up %o ~103 km/s, That these conditions

5 cause magnetic merging at Jupiter has not been proven, so we will discuss it

no further here; however, it is & possibility that will be investigated
further. In any case, it is probably not necessary to invoke merging to
axblain the outbound MS phenomena, as we attempt to show below.

We now discuss the overall aspects of the observations that have been
presented and consider the following questions: (1) what causes the norhh/
south field orientations and changes which ocaur in & plane parallel tb the
local MP, (2) what is the c&use of the 5 and 10 hour struoture, (3) why are
Vy 4nd By so strongly correlated, (4) why are these features occasionally
synchronized with MP and BS corossings, and (%) is there an analogous, but yet
unidentified, phenomenon in the earth's NS?
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We believe that the firat three questions might be explained in terms of
tho draping of Mb fields around a flattened and dynamic Jovian magnetosphere,
i.e,, flattened approximately nlmhg tiie direction of the planetary rotation
axis, First consider the shape of the magnetosphere, Studies based on
Pioneer data and theoretiocal considerations suggest that Jupitorfs
magnetosphere is aignificantly smaller in its north-south direction (ZE) than
in its east-west direction (!E) in the Xp = 0 plans, for instance (e.g.,“aue
Hill et al., 1974; Beard and Jackson, 1976; uﬂd Engle and Beard, 1960); 2 is
parallel to the rotation axis of Jupiter and XE;is sunward, and the subsoript
E refers to the aquatorial conordinate system. The model developed by
Connarney et al, (1%80) which inoludes the effects of the inner current sheet
and which is based on a fit to Voyager 1 and 2 magnetic field data supports
this idea, Engle una Beard (1950) eatimate that Z, /! % 0.6 where Yp and 2,
are measurad in the x = 0 plane. 1t was suggaahae bn us (A, Deaaler, private
OQmmunioatinn, 1980) bhab there is an indapeadénb means of testing the idea o
vhat Jupiter's magnetosphere is significantly flattened (approximately along
planstary rotation axis) by applying aeprodynamic theory (see, for example,
Krasnov, 1970) and oomparing the ratio AR!RSP for Jupitaer and earth, wherae R&P
ig tha solar wind stagnation distance (Joviocentrio), ak = Rbb'an and Rbb is
the subsolar bow shook distance. For a fixed mach number, as the abstacls to
supersonic flow becomaes more sharp-nosed (representea by Figure 13a) in
eontrast to a moderately offset sphare with a much larger front-side radius of
survature (ré) (Figure 13b), reprasenting the earth's front-sids magnato-
sphere), the ratio AR/RSP approaches zero, This ratio is Q.26 and 0.22 for
the Voyager 1 and 2 sncounters, raspectively, and is 0.35 for earth on average
(Fairfield, 1971); the Voyager estimates are based on model bS and MP
boundaries (Lepping et al., 1980). Since the Pioneer and Voyager obsarvations
clearly reveal an approximately parabolic shapa for the MP (on the dawn side
at least) in the xn-xn p;anu (Figure 1) whose characteristics are sush that xn
< !n, then it is likely that in the xn~25 plane XO > Zn, ana the magnatosphers
is significantly flatiensa along the 2, axis. ILNotice that the Jupiter
aequatorial coordinates and orbital coordinates are alignea to within about one
degree,] Concerning the large scale dynamio behavior of the tailward pontion
of .the mwagnetoasphere, behannon et al. (1981) show that observations of :
Jupiter's magnetotall strongly suggest that the predominant motion is one of ¢
rocking of the tail about the planet-sun axis (X, axis in Figure 14). “Their
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; arguments are based on nnulyaaa of the orientation of the tail current ahcnc
as seen by Voyager 2, as uel as on modaling of the gruss tail motdon

adeternmined by ocurrent sheet broaaing times from Voyagers 1 and 2, Thus, we
envision a large, flattenad magnatoapherc of Jupiter rooking primarily about

g the planet-sun line with an v 10 hour period. However, other motions of the
. magpatodisc probably cannot be ignored (e.g., see Carbary, 1980, and Behannon °
i' et al,, 1980), espsoially the preceasi on nt the aisc about the rotation axis

close to the planet (g 25 “d) Alan/!r “'atura of a "flattened" magnetn-
sphere is not meant to exclude such s i i geometrical shapes as an i
earth-like magnetosphere with a bulge runnins around its equatorial region,
A for example.,

Let us consider a kinematic wodel for the raaking“motinn of a rlatﬁened
magnetosphere, Wwe dafine 8 to be the angle between the rotation axis (zh) and
| the pvojeotinn onto the XE-ZE plane of the normal (N the planet's dipnle
direction, M) to the inner magnetosphers current uhuet, see Figure 14, 1ln
9.9¢5 hours B‘Qilfhcompluta a full oscillation, but in 4,96& hours it
completes a minimum to maximug~axouraion: -9.6ﬁ L 8¢ 9.66, assuming for ~
example, a GSFC 0, model for M (Aouna and Ness, 1976). We need to relate § to
the phase of Jupiter's rotation at a given spaceoraft observing time and
position, Reoognizing that to zaroth order

1Y
y

dNZdt = & x N, (1)

where & is Jupiter's angular velaaity (% = n %, for constant f), and
integrating (1) gives

tan 8 = tan 9.6° siny, o (2)
wherea =« .

# %‘% Wn f kill - Alll(N) (3)

Lfrom the X~Y and Y-z projsctions of (1)1, and where ¥, ¥, Ay, and %111(*‘3
are defined in Figure 14, i.e.,:

- B is the angle from sun-line to X E prajan%ian of N;
7

! : L iz the angle from sunflina ta spacecraft,
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M is tho syatem 1ll1l longitude of apaceoraft,
and

klll(N) is the system 111 longitude of the Xy~Xp projection of N

For practical purposas tﬁo sun-line is assumed to be in the XE-!E\plana.
Combining (2) ana (%), and allowing for a phasa change A > 0 corresponding to
the time for a featurae to travel along (or near) tha MP from a rcginn near the
stagnation point to the spaceoraft, we obtaint K

o

B = el [tan 9,6° sin(Arg)) (%)
whera the argumant of the #ine funotion is
Arg ¥ VY * *Ill "[31x1‘“’ - A, (5).

ke assume that the values of the phase angle B of the rocking magnatosphera
determine the state of the My field, i.e,, whather tha u By asompohent of the IMF
{the most probable dirsction at Jupitar) remains steady or starts to turn
Ynorthward" or “soutnwapd" at or near tha staghation pninb (xﬁ = 70 Rd
nominally) as it is constrained to siide ovar the MP., To illustrate this
considar tha Voyager 2 features wharae *lll 560 ) ipa*, the lnnaitud& whara
ninsteen features shown in Figurs 3 occourred. In parhicular uo oonoentratae on
$-ohanges from nopth=to-south ocourring clearly at 2019, #0000 U. 1., and 2000
U. fr,, «08%, w1700 U.T.; and 2149, 110U U.T. It is assuned that am(u) *
_a02 » consistent with the longitude of the dipole pnrtimn of the GSFC Oy modal
of the field of Jupiter {Acuna and Ness, 197b), and Uy ® 226", Henoa, Arg =
2474,  We assume that- this switol from north tn south at the X s 10 RJ plana

ceours at g & 0°, Figure 15 shows hnw a r&abbanad magnataaphcra roaiking sbout

tha plan&t»sun iine through the mngla B mey saparate aonvectad IME field lines

as they impmot the MP ana travel down the MS, When g is -9.6° {minimum) a
westwarn IMF (i.e., AJME = 90 ) will be drapaa southiwara in the MS, and whun 8
s 9.7 (maximum) the IMF will be draped northward. For an eastward (i.e.,
IMF % a?Oﬁ) ‘and the same §'s the draping would ba 1n tha opposita sense to -
that aasnciatad with the westward IMF, p = 0% than 1$ the “3aparatlan~angla“”
batwaen northwara ana southward MY fields dapending on the sense of the phk
axpacted bto be praaominancly the bﬁ aomponent., Tharafavn. fOP B = 00, Ars. =




"= 70 RJ, then a wave speed lower than 90 km/s woula be sufficient; the wave

~10% n (n = 0, 1, 2,,..), and & = zh® + 160° n. From the work of Spreiter et
al., (1968) we estimate an average MS plasma spedd along the MP from the )
subsolar point to the Voyager 2 poaition (ourvilinear distance of v 300 “J) to
be » 290 km/s, where the solar wind speed was 2 40O km/a, obtained from

Voyager 1, ‘The oonveotea plasma aslay was then 20.5 hours, Converting 4 (=
24® + 180° n) to time units (using 9.925 hours/3607) and comparing to 20.5 |
hours, gives n = 4,0 for purely convected features. However, the phasing of 8 3
is such that an odd n is required; this is easily seen if the Arg is allowed f
tn”chaﬁse by 2-1/2 hours, for example, to maximum A. A lower n would imply
that a wave propagation spsed must be addea to the conveotion spesd of 290
km/s. Trying n = 3 shows that & propagation speed tailward of 90 km/s (total
speed of 350 km/s) is requirea to yield 8 = 0 and proper phasing, For n =z 3
we sae that Jupiter roatated one and half times during the MS traversal from xE
= 70 K, to Voyager 2., [Obviously if the effective MP region for the
discrimination to north or south MS fields is closer to the spadadrait vhan xE

apesd will be disoussed below.] Assuming n = 3 to be & renaanablo ggbimate.
then ébnut 2=1/% hours atter 8 = 0® (4. a,, for M1y - 90 now) Ara‘ = 270° and

B = =Y. 6 For this minimum B the LMF, which was known to be in the A .. 4 |
90 dirsotion at this time from Voyager 1 measurements, would be draped
southwarg in the MS, as Figure 15 indioates. Figure 3 demonstrates theae
predicted southward fislds at times 207 y 0230 UL.1. and 2230 U.T., 208%, 1930
U.T., and ¢1u“, 1330 U,T., for example--all #-1/2 hours aifter the times listed

i

i

abave for tre north-to-scuth ohanges. Obviously other large perturbations are i
|

i

|

5

seen in Figure 3 which compete with our model of the north 3 south changes.
Some of these are probably due to ths naturally oocourring waves and
discontinuities in the 1MF, ana passibly also to a magnetosphere rocking
motion about the !E axis, whioch will be investigated in a future study.

Is a Mb wave speed of S y0 km/s reasonable for the conditions present at
that tima? we examinea the more prominent changes shown in Figury 11 to see
if the VN-b correlations were ‘Alfvénic, A necessary (but nat squicient)
condition that a fluctuation must satisfy to be identified as an Alfvén wave
(ALfvén and Falthammer, 1963; and Belcher et al., 1969) is

B = t(unp) V2 ¥, (5)°
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whege b is the vector perturbation in the magnetic field, ¥ is the perturbi-
tion in the plasma velocity, and p is the plasma mass density. The
N-component of (5) was examined to see if the derived p agreed with the
observed dansicyggaba. For the several cases tested there was agreement to °
within 50%, Usig the derived density and the average magnetic field
magnitude across these BN fluotuations one derives a charaoteristic Alfvén
speed of 60 £ 15 km/s, which is in good agreement with the required value of $
90 km/s and consistent with our model, So the flowing plasma in the MS ia
probably being deviated approxiumately "northward" and "southward", as viewed
in the equator plane of Jupiter, primarily by the rocking motion of a
flattenea magnetosphere about the XE - axis, The field lines frozen to this
plasma are constrained tn lie in a plane parallel to the MP especially in the
MS close to the MP, Q?‘e net tailward speed of the plasma 'and field fluctua-
tions, from several (qzutes to 10 hours, is apparently a combination of a
convected componenéﬂiw 290 km/s) and an apparent propagation component

(» 70 km/s) for this period (solar wind speea of w 400 km/s)., The waves
appear to consist of highly non-linear perturbations according to this
preliminary analysis. The rocking motion of the magnetosphere is apparently
directly responsible for generating these waves,

As Figures 9 and 10 show the direction of the IMF field at Jupiter is not
constrained to low latitudes at all times; the spread in § is, in fact, quite
considerable. Spreiter et al, (1968) demonstrate how easy it is to obtain
steeply inoclined MS fields when there exists a significant IMF-bN component
for the earth's case, and indeed such a condition must contribute to our
Jovian MS observations; see their Figures Z5 ana 26, for example, however,
this is not the most probable state for the 1MF at Jupiter, and when the
lMF-BN is significant it would probably play a less important role than the
draping of the lMF-BT component with respect to the 5 and 10 hour modulation.

We now address question (4), why are the north/south crossings )
occasionally synchronized with MP ana BS orossingg? Dessler and vasyliunas .
(1979) suggest a range, in Ay17¢1965) cnnrdinateg, in which the Voyger MP
grossings should occur according to predictions from the magnetic anomaly
model. The longitude Alll " 560 was the longitude of greatest occurrence of
Voyager & outbound MP crossing positions, as Figure 3 shows, and this
longitude lies just outside the Dessler and Vasyliunas range, A 2-1/2 hour

delay (or A‘111 = 90Q) between the center of the predicted range and our xIll
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3 360°, explained possibly by mugnetosphere propagation, would force
agreement. We believe a more likely explanation for the quasi-periodic motion
of the MP, and subsequently the BS, lies in understanding the motion and
oonfiguration 6 the maghetosphere current sheet, including especially the
tail ourrent sheet, If the motion of the tail current sheet has a direct
influence on the tail MP motion along with solar wind changes, then it is
obvious that tail MP crossings will be synchronized with g (through XIII) for
a fixed A, since Vo and AIII(N) are essentially constant. Synchronizstion
with B8 means synchronization with north/south crossings of the field in the M3
a3 we argued sbove, hhykgﬁﬁ north/south changes are sometimes nearly phase
locked with the boundary E}stings is diffioult to understand, but it could be
& coincidencé in which oase it should disappear for a different trajectory
(i.e., different *o)‘ This is suggested by a Voyager 1 and 2 comparisch;
Voyager 1 shows somg aynchronizgpian but few boundary crossings at AIII = 3600-
In order to answer question (5) properly, concerning analogy with the
earth's MS, would require a ststistioal study of that region. However, to
show that steeply inclined ficlds do exist in the earth's MS Figure 16 is
presented, It shows » 31 hours of duskside MS field astu from IMP-8., The

average position of the spacecraft at this time in Cartesian GSE was X = -16.4

f/RE' Y = 30.1 Rg, @nd 2 = 1.1 Ry (where Rp is the earth's radius). The figure

does show similarities to the Jovian NS, especially the inbound MS: lower
latitudes near the BS and large scale, and rapid, latitude variations as the
MP is approuched, However, to our knowledge there has been no report of 12 or
24 hour field structures in the earth's kS, although steeply inclined fields,
i.e., "north/south" orientations as shown in Figure 16 are well known (see
Figures 5 and 8 in Fairfield, 1976, for example), The occurrence probability
of such steep zorth/scuth field inclinations in the earth's MS in the ecliptic
plane, for example, is not known. We suggest that random samples of the
earth's MS would not generally yield latitude histograms resembling those in
Figure 9 for the early MS cases, The dramatic bimodal appearance of almost all
of the MS s-histograms of Figure 9 and the presence of § or 10 hour
quasi-periodie MS structures, especially in Voyager 2's case, argues fairly
convineingly that the large scale features in Jﬁpitar's MS are for the most
part a uniquely Jovian characteristic and must be explained by forces of
internal origin., An exception to this remark concerns the variation in the
sense of the BN-VN correlation, positive or negative, which we now know
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depends simply on the direction of the ecliptic plane oo-poncgt of the

; impinging IMF; this component was predominantly aligned with T during the
outbound legs of both Voyager encounters (Figure 11 and accompanying text)
with parallel or antiparallel sense depending on the sense of the MS
oorrei%tion as previously discussed.
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/' This section presents a brief summary of our observations and findings in

“three categiries, starting with the most firmly established observations and i
ending with some preliminary interpretations, P
Firm Obasrvations or Hesults: d

1) There is an unusually high occurrence of nearly north or south fields :
in the outbound MS, especially in the vicinity 4f the MP, 2 =

2) 1he outbound MS fields and their variations teénd to ocour in a plane
parallel to the local MP, according to reasonable large scale MP models. o

3) An AlLfvén wave-like correlation exists between variations in the
plasma velocitgyand magnetic field in the outbound MS.

4) The "north-south" field is also prevalent in the inbouna MS but
usually only guite ¢lose to the MP and generally having a shorter time scale
for its variation.

Less kirmly Established Kesulta:
5) Appearance of 5 or 10 hour quasi-periodicities appear in the outbound

MS, especially in Voyager 2 data, which is more extensive.

" 6) Cpmparing Jupiter's and earth's MS's indicates obvious differences, in

that no known 12 or 2l hour periodicities exist in the earth's case and

north-south fields in the earth's MS are infrequent compared to Jupiter's case,

7) Occasionally (especially for Voyager 2) an apparent synchronization

ocours between the large north-south MS field changes and some MP and BS

boundary crossings.

Prelimipary loterpretation: :

% 8) The occurrence of north-south fields and 5 or 10 periodicities is

o tentatively explained in terms of MS field line draping around a rocking
magnetosphere whose period is synchronous with Jupiter's rotation perind. See
Figure 17 which shows a speculative sketch, with realistic dimensions, of
Jupiter's dynamic MP,

2 3

//
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9) The magnetosphere is probably flattened, i.e,, shorter in the
qpﬁth-aquth direction than in the east-wast dirdotion, or there is a bulge in

/the MP around the region of the equatorial plane giving the effect of a

flattened magautoaphere,

The large current sheet which surrounds Jupiter and which is inclined
with reapect to Jupiter's equatorial plan¢ is a distinguishing mlsnetoapppric
feature of great importance. The basic point that we have attempted to iake
is that the effects of this current shset probably extend beyond the
magnetosphere into the magnetosheath., 1he dynamical processes involved are
not fully understood, but the kinematic effeots alone can be significant in
producing the magnetosheath phenomenz that we have observed and described,
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FIGURE CAPTIONS

1

Figure 1, The trajectories of Voyagers 1 and 2 (V~1, V=-2) and Pioneer 10

(P~10) in the plane of Jupiter's orbit. Also shown are model
magretopause (MP) and bow shook (BS) boundaries (see Lepping et al,, =
1980) delineating the average magnetosheath regions as observed by V-1
and V-2, The gray shaded rcgiona\hlonz the trajectories are the "sarly"
magnetosheath bounded by the first outbound MP and first outbound BS,
Day-of-year is given along the trajectories for various positions,

Figure 2, A two-day example of U8-s aversges of the magnetic field in the

and

outbound MS as seen by Voyager 1. B is the magnitude of the field, A is
its longitude measured in a plane parallel to the sun's equatorial plane
where A = 0° is antisunward, and ¢ = 90° is "pnorthward", These angles

are related to the heliographic R-T-N coordinate system by the following:

By = B coss cos,
"B cosg sin),

=3
]

B sing .

Figure 3, The latitude (§) of the magnetic field in the outbound MS along the

Voyager 2 trajectory for a total of 12 Jupiter rotation periods; the
central four days consisted primarily of magnetosphere data. Othsr
segments of magnetosphere or interplanetary magnetic field (IMF) are
designatsd by the shaded regions, The data is plotted with respect to
Jupiter's system III longitude of 1965.0 (XIII)' and by day count; major
tic marks denote starts of days. The horizontal black bars represent
specific analysis intervals (seec text). N

Figure 4, The latitude (§) of the maghetic field in the outbound MS along the

Voyager 1 trajectory. See caption of Figure 3.

Figure 5. The latitude (§) of the magnetic field in the outbound MS along the

& e ST Bl
el g

Pioneer 10 trajectory. The display is similar to that of Figure 3 except
é is given as a function of Earth Receive Time (ERT); its relationship to
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spacecraft UT is given at the bottom,

Figure 6, Hodograms of the magnetic field for hour avcragis for:-Voyagers 1

ahd 2 and Pioneer 10 over time intervals listed at the top. N is the
number of hour averages used, The plots are given in a variance
coordinate system for each example (see text), where Z is in the minimum
variance direction for each, The b¥.i3k dot denotes the starting time.
The table at the bohtcm cumpares the MP model normal from Figure 1 with

the minimun variance direqtion in heliographic coordinates (e Ap)e
¢ =

Figure 7. The magnetic field (48-s averages) plotted in a variance coordinate

Figure 8.’ Unit normals along the minimuns variance direction for the 28 0

system for each example (Z in minimum variance direction) for Voyager 1
(V-1) and Voyager 2 (V-2). These examples are from those denoted by
black horizontal bars in Figures 3 and 4.

analysis intervals shown in Figures 3 and 4 as black horizontal bars in
terms of the longitude A and latitude 6. R, T, N are defined in the
caption of Figure 2. The short arrow represents an average of all normal

estimates. The dashed line (and dashed arrow) represenh the model MP v

(and its normal) for comparison,

Yo

Figure 9. Percent histograms of the latitude (§) of the magnetic field (48-s

averages) for Pioneer 10 and Voyagers 1 and 2, The 1atitude is strictly
An heliographic coordinates (Figure 2 caption) for tne Voyagers but is in
hye S-J system for Pioneer 10 (see Smith et al., 1976); the difference is

“'small and unimportant for our purposes here. The histograms are divided

into f¢ur categories: the magnetosphere adjacent to the outbound MP, the
early and late outbound MS defined in the text, and the IMF adjacent to
the outbgund BS. The number of days of data is given in pérentheses for

.each histogram, and the histograms are plotted by » equal solid angle

buckets. 9

F§gure 10. An example of Voyager 2 IMF statisbics:in the form of =

sdistributions of B, A, & (hour averages) over 20 days at » 5.2 AU, i.e.,
Jjust prior to tge first vOyager 2 BS encounter, for comparisonJor the IMF
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histograms of Figure 9,
&
Figure 11, Daily plots of the N-components of the plasma velocity V and
magnetic fiela B in the outbound MS for Voyager 1 (2 days) and Voyager 2
(4 days)., The heavy curves are By and the cross hatched regions denote
the magnetosphere, o

Figure 12. An example of Voyager 1 magnetic fiela data (46-s averages) around
the time of inbound multiple bS crossings which compares MS data near the

MP to that closer to the BS,

Figure 13, Neriaian plane sketches of (a) a sharp-nosed obstacle (i.e.,
flattened approximately along the rotation axis) to solar wind flow whose
front-side radius of curvature (r ) is small comparea to the solar wind
stagnatton distance (RSP), representing a posngility for Jupiter's
magnefosphere and (b) a blunt-nosed obstacle whose r. is comparable to
‘ SP’ resemblinig the eartnh's case. In both cases the aubgslar magnefn-
sheath thickness AR = (RBS-RSP) is approximately eéqual to 0.3 r. the
sketches are scaled such that RSP is equal for both cases for comparison
purposes. Since AR/RSP is expected to be much smaller for the sharp
obstacle than for the blunt obstaclé) where other considerations are
assumed similar (e.g., the obstacle shape in the ecliptic plane view),
then an estimate of AR/RSP provides a semi—quan%itat1Ve measure of the
degree of front-side bluntness. (Figure prayided by A. Dessler, private
communication, 1960). ' |

Figure 14, A diagram (left) showing the motion of ﬁ, the unit normal to the
assumed rigidly corotating inner magnetosphere cu%rent disc, as a
function of ¢ and B, which are theAxE-’iE (rotation plane) and IE-ZE
("rocking plane") phase angles of N, respectively. The angle ¢ is
defined in terms of the system 111 angles, A's, on the right. The
subscript E on the coordinates refers to the Jupiter Equatorial System.

Figure 15. A sketch representing the draping”of‘magnetic field lines in
Jupiterfs M5 and ‘a possible mechanism for producing the 5 and 10 hour
{

field structures.




Figure 16, An example of primarily MS magnetic field data (1.02 min.

averages) along the orbit of 1MP-§ in geocentric solar eéﬁipcio (GSE)
coordinates. B is the field magnitude, ¢ is the longitude where ¢ = o°
toward the sun, 6 is the latitude, and B, is the field component normal
to the ecliptic plane, Note particularly the large north/south
1ﬁclinabinna of the field becoming more pronouncea as time progresses
from bS to MP.

Figure 17. A model of the dynamical magnetopause of Jupitef} Tt is assumed

that near the vicinity of the nose of Jupiter's magnetosphere the
intersection of the magnetopause sy:face with a plane perpendicular to
the Jupiter-Sun line is an @qllipse owing to an internal magnetospheric
disc~like current sheet. The ratio of the semi-major and semi-minor
axes 1s chosen such that it is equal to that given by Engle and Beard (1980)
for the ellipse in the plane which contains the rotation axis, It is
assumed that on the tailward side, far from the planet (R x 250 R,),

the tail cross-section is a circle. As the planet rotates, an ellipse
near the nose oscillates about the Jupiter-Sun Iline. Information

about the orientatien of thi%bellipse propagates tailward at a speed‘
whiéh equals the sum of the Alfvén speed and the bulk speed in the
magnetosheath near the magnetopause (see text). The dashed line is

the model magnetopause derived from magnetopause crossings as discussed
by Lepping et al;'(1980). Thus, the curve marked o = 0°is the Locus

of the points on the semimajor-axes of a family of ellipses which
ostillate about the Jupiter-Sun line. Similarly for the higher 1§titude
a'sy that is, o = 90° {s the semiminor-axis locus of such poiuts; The
magnetopause surface is shown here as it would be seen by an observer
30° away from the Jupiter-Sun line in the equatorial plane and 30° above
that plane. ‘ i
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