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ABSTRACT.
This paper reviews the data derived from the plasma, magnetic
field and energetic particle experiments on the Pioneer 10 and 11
spacecraft which encountered Jupiter in December of 1973 and 1974,
respectively. The major features and phenomena ard surveyed with
the goal of leading to a consistent picture or model of this glant
magnetosphere which is so different from that of our own earth.
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1. Introduction,

The Pioneer 10 and 11 encounters with Jupiter have been two
of the most exciting occurrences in the past 18 months. Jupiter
has long held the promise of great excitement - sclentific and
otherwise ~ and this has been especially true for scientists in-
terested in the magnetosphere. For many years it has been clear
that Jupiter ﬁad a substantial magnetic field, and that contalned
in this magnegic field within a few Juplter radii (Rj) of the
surface were large fluxes of energetilc electrons with energies
extending to tens of MeV {1, 2].

The decimetric radio emission from Jupiter was interpreted
as synchrotron emilssion by these electrone spiraling in the strong
magnetic fleld; but the level of the emission was such that we
received no information on the extent of the electron belt beyond
10 Rj‘ Based upon our knowledge of the earth's magnetosphere, we
expected a large magnetosphere preceded by a detached bow shock on
the solar side of Jupiter. In the late 1960's, many estimates of
the location of the bow shock placed it at V100 Rj at the subsolar
point. These estimares were based upon predictions or assumptions
concerniug the solar wind, the Jovian magnetic field and upon
analogy with the earth's magnetosphere. Several of these assump-
tions turned out to be wrong in detail, but Pioneer indeed found a
bow shock at ~100 Rﬁ ri#ar the noon meridian under normal solar
wind conditions 23,.§3p

Predictions of the pusition of the magnetopause were more

variable, most being in the range 50 to 75 Rj; and, indeed, Jupiter
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has shown us multiple locations of the magnetopause"ranging from
46.5 R.j to 97.3 Rj again within 40° of the subsolar point.

The Jovian magnetosphere and many of the dominant mechanisms at
work there turn out to be significantly different from those of
ghe earth. In making that statement I must point out that there
is much we don't know concerning the Jovian magnetosphere and
probably won't know until long-lived Jovian orbiters ure a reality.
The dusk quadrant and tail reglon of the magnetosphere are ¢om-
pletely unexplored.

Nevertheless, it is clear that our predictions about the
Jovian magnetic field, the trapped nuclear particles and the
plasma within the magnetosphere were wrong Iin many regions of the
magnetosphere. We predicted a field larger than found, predicted
smaller fluxes of energetic electrons than found, and no one
predicted the detalled complex plasma conditions found within
the magnetospheres; and the plasma turns out to be a dominant fac~
tor in the topology of the magnetosphere.

It is my purposé in the limited time and space available to
demonstrate the essential features of the Jovian magnetosphere
as learned from the recent encounter of Pioneer 10 and 11 witch

Jupiter,

2. The Pioneer 10 and 11 Missions. L

Figure 1 is a sketch of the Pioneer spacecraft showing its sa-
lient features [5]. Physically, the design isudominated by the
paraboilc dish for the S-band communications system, the long

boom for the helium vector magnetometer and the shorter booms
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holding the radioiaotoge thermonlectric power supplies. Pioneer
1% also had a4 high-field flux gate magnetometer in case of very
large fields close to Jupiter. Four energetic particle experi-
ments were positioned around and in the rear compartment so they
received a scan view with spacecraft spin. These experiments
ineluded cosmic radiation sensors as well as trapped radiation
sengors. A plasma analyzer mounted behind the communications dish
views through it towards the solar direction., This ingtrument
was designed primarily {or solar wind measurements in interplanetary
space, but was especially important in giving some good information
regarding the distribution and role of the plasma within the
magnetosphere.

Tegble 1 lists the concerned science instruments on Piloneer
10 and 11, the principal investigator and his institupiOn- These
instruments comprise an extremely lightweight, low power and
complex set of instruments designed to work in a high radiation
environment. It is not possible to describe them and their
operation in this paper, but such descriptions have already been
published [6, 7, 8, 9, 10, 11, 12]. Many salient featureg of
their operation will be apparent from a discussion of the results.

An understanding of the Pioneer 10 and 11 trajectories
approaching and thirough the Jovian magnetosphere is necessary
for understanding the data.

Figure 2 summarizes these trajectories in a Jupiter frame
of reference [5]. The left picture shows the trajectories pro-

jected on a plane parallel to the ecliptic while that on the right
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shows the view ab seen from earth. Piloneer 10 followed & prograde
trajectory inclined about 14° to the Jovian equator, while Pioneer
11 followed a retrograde trajectory inclined at about 50°. Piloneer
10 spent most of its time within the magnetosphere fairly nea:

the magnetic equator, while Ploneer 11 spent most of its time in
the inner magnetosphere at latitudes greater than 40° with the
exception of "2 hours around periapsis.

Both spacecraft approached Jupiter from the morning quadrant
with Pioneer 10 being only about 30° from the sun line. The exit
trajectories are quite different, however, with Pioneer 10 exiting
at V110° on the dawn side while Pioneer 11 left Juplter at high
latitudes towards the solar direction. #From an azimuthal point-
of-view, Pioneer 10 inbound and Pioneer 1l ocutbound sampled simi-
lar subsolar regions of the magneiq¢wphere, while Pioneer 10 out-
bound traversed the dawn region and Pioneer 1l inbound was inter-
mediate. The Pioneer 1l trajectory gave much better latitude and
longitude coverage, as well as going closer to the piénet - inside
1.6 Rj vs. 2.8 Rj for Pioneer 10. Note that these trajectories really

did not allow observation of the dusk side or the tail region of

the magnetosphere at all.

3. The Jovian Plasma.

The“plasma analyzer allows clear identificatidn of the bow
shock crossings (Figure 3), the magnetosheath region and the
magnetopause [3, 4,“14]. These data are summarized in }igure b,
where the bow shock and magnetopause crossing data are shown

rotated on to a common plane parallel to the ecliptic and viewed
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from the north. Multiple observations of the bow shock and
magnetopause are explained as a result of the motion of these
surfaces 1in response to changing solar wind pressures ([8].

These observations are consistent with the magnetle f£ield and
energetic particle measurements .in describing the outer magneto-
spliere as a highly variable "spongy region" - a reglon easily
and apparently often compressed up to a factor of two.

From Figure 4 we can see that Piloneer 11 remained within
the magnetosphere on its outbound trajectory until 80 Rj at a
location "30° northward from the nose. This is c¢learly evidence
for a fairly thick, blunt magnetosphere in contrast to the model
of a disk-like magnetosphere hased largely on the energetic
particle results from Pioneer 10 [6, 9, 10, 11, 12]. I will
réturn to the tople several times in this review, but it is quite
clear that there are large spatial variations occurring in Jupiter's
magnetosphere; and apparently there are large azimuthal and/er
time variations in the outer portions of the magnetosphere.

The plasma analyzer on Pioneer 10 and 11 was designed for
detailed measurement of the solar wind aud planetary magnetosheath.
Consequently, it lacks the sensitivity and energy range required
for thorough investigations of the hot plasma found within a magueto-
sphere. A speclal instrument was not included in the instrument
complement on Ploneer, apparently because of the severe compe-
tition for the available weight (30 Kg) and power (24 watts).
Nevertheless, the instrument hdad just énough sengitivity at many

times, and even though the Investigators also had special problems
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in removing the substantial background currents due to penetrating
energetic charged particles, the end result is that this investi-
gation has now provided direct cvidence of several remarkable
plasma domains within the Jovian magnetosphere [13].

Figure 5 summarizes many of the measurements. The density .
of protons in the energy range 108 eV to 4.80 KeV is plotted
vs. time and L value in Rj; and the L reglon traversed by the
moons Eurcpa, Io and Amalthea are noted. It is apparent that
inside the orbit of Io, there is a huge plasma sphere which
extended at least to perijove at 2.8 Rj- The protons in this
plasma have characteristic thermal energies of 100 eV.i The
authors note that the flux tubes through which Io passes are
positioned on the plasmapause ?nd that the relationship of To
to this plasmapause is quite 1£ﬁely to be fundamental to the Io-
modulation of decametric radio emissions [13].

The measurements and analysis are not limited to the region
just discussed. Figure 6 gives an overview of the reglon out to
25 Rj' Beyond the plasmapause, a great torus of plasma, or ring
current, is found enclircling Jupiter in the region L ™ 8 Rj ko
V12 Rj‘ Densities are v10-15 protons cm.-3 and typical thermal
energles are V400 eV. The energy density in the plasma is high
enough to significantly distort the magnetic fileld. From the .
measurements during inbound and outbound traversals, it is reported
tha; this plasma to;us or ring current is approximately“axially
symmetric. The moon Europa is completely immersed in the ring

current, but there is no indication of interactive effects as




with Io. At larger distances, this ring current extends into a
thin plasma digk as had already been inferred from the magnetic
field measurements [6]. Finally, and importantly, the authors
conclude that the source of these protons 1s the Jovian ionosphere,
basing the conclusion largely on the lack »f any known sensible
mechanism for transporting solar wind ions from the magneto-

pause to these locations deep in the magnetosphere, and which

could account for the high densities and low energles observed.

4. Jovian Magnetic Field.

The Ploneer 10 encounter provided a good picture of the Jovian
magnetic field [6, 15). The data from the inbound trajectory 1s
summarized in Figures 7 and 8, along with the projected dipole fleld
behavior. From these hourly averages, it is apparent that the far
field 1s inflated and contains a falrly high depree of disorder,
especially as seen ﬁﬁ the direction of the field. After crossing
the magnetopause, the field remains essentially constant to M55 Rj‘
the field strength near the 98 R.j magnetopause crossing was
larger by an order of magnitude thaﬁ the projeécted dipole field.
Inside the magnetopause there is a strong tendency of the field

to point southward until about 80 Rj and then a trend for the

direction to move towards the equator. In this reglon there are

not apparent features in the amplitude and phase of the field which

one would expect from a rotating, offset and tilted dibole.
Inside 40 Rj’ however, the angle & ¢learly shows these associated
variations. It appeared that a magnetic fleld - highly inflated

by plasma -~ was beiﬁg observed, On Day 335, when Pioneer 10 was
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at 50 Rj’ the magnetosphere was compressed te¢ a dimension inside
Pioneer 10; suddenly for several hours, Pioneer 10 was in the
magnetosheath again [3, 14). This 1s further evidence of a 'soft"
outer magnetosphere. Ard finally, in agreement with the plasma
analyzer analysis, the detailed magnetometer measurements clearly
show passage throiugh a current sheet, similar te that found in the
earth's magnetotail. This intense current sheet gives rise to
fields that are much larger than the dipole fleld and lying paral-
lel to the Jovigraphic equatorial plane.

Similar data acquired during thé outbound trajectory of
Pioneer 10 are shown 4 Filguies 9 and 10, and one easlly notes
that the field character is quilte different here near the dawn
meridian. The periodic changes in field direction due to ro-
tation of the offset dipole are visible with the eﬁpected ampli-
tude only to 20 Rj’ however; and by the time 30 Rj has been
reached, the average field is nearly parallel to the Jovigraphic
equator. This behavior persists all the way to the magnetopause.

Inside 20 R,, the field became increasiugly dipolar in

j’
character, and the Ploneer 10 data inside 7 Rj converges well
to a dipole of moment 4.0 Gauss R 3, and a tilt angle of 11°

3
(at a System III longitude of 222°) with respect to Jupiter rota~

tion axis and the dipole is displaced 0,11 Rj from the center of .
Jupiter [6].
Figure 1l summarizes the conclusionsdrawn from all the data.

The large outward extension of the field beyond 40 Rj requires an ;

cutward force whose only realistic origin 1s the centrifugal
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force on a plusma corotating with the field. The current sheet
is parallel to Jupiter's equator in the outer magnetosphere and
does not lie in the magnetic equator except near the planet [6].

T have discussed the trajectory of Pioneer 10 briefly before.
The trajectory was prograde, and near the planet a relatively
limited range of longitudes and latitudes were directly sampled.
The trajectory of Ploneer 1l was retrograde, and when inside 7 Rj
for 11 hours, covered 660° in longltude from AIII = 30° to
AIII = 330°, and latitudes from -30° to +50° while passing within
0.6 R.j of the planet's surface. One expects, therefore, to get
a better sampling and measurement. Measurements of the helilum
vector magnetometer showed 5 percent discrepancy with the Pioneer

10 model - dipole moment of 4.225 G R 3, tilt angle of 10.77° and

N
System IIT longitude of 230.9° [15]. They also have presented
the results of a spherical harmonic analysils consisting of
interior dipole; quadrapole and octapole, and an exterior dipole
and quadrapole. The fit appears to be good, and this represent-
ation has been used to derivé contours of magnetic field strength
at the surface of Jupiter, as seen in Figure 12, The maximum field
strengths at the north and south poles are 14 and 11 gauss, respec-
tively.

Pionéer 11 also included a high-field flux gate magnetometer
[7] which had been included on the chance that the Jovian field
closé to the planet might be so large as to exceed the range of

the helium vector magnetometer. In a spherical harmonic repre~

sentation, this experiment measured a dipole term of 4.02 gauss

PV SR AU = S P
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R 3 at a tilt angle of 9.0° and a System II longitude of 229°.

J
However, the quadrapole and octapole moments are very large,
being 50% and 90%, respectively, of the dipole moment. This
leads to significant and complex deviations from a dipole topo-~
logy inside 4 R3 and 18 in detalled variance with the results of
the helium vector magnetometer measuraments.

For comparison, the deduced Jovian surface field and field
at 2 Rj are shown in Figure 13. While there are similaritdes to
Figure 12, there are substantial differences. The north polar
field is 22 gauss vs. 14 gauss, for instance. The convolutions
in the field are more pronounced. Oneé notes also that the foot
of the field through Io is localized to longitudes of 75° to 215°
«n System III, and its path 1s not what one might 2xpect. The
magnitudes of these higher-order moments is such that considera-
ble L shell splitting is expected [7].

The authors have also caleculated the . values expected from
this 03 model along the Piuneer 11 trajectory for the particular
case of 90° pitch angle particles,; and this is shown in Figure 14.
Also shown are the corresponding data points for the D, model [6]
derived from Pipneer 10 and a dipole model [10] derived from ener-
g?tic particle data, as well as'the L regions covered by Io and
Amalthea, based on the O3 model. Large differences are apparent;
and it should be possible for energetic particle experiments to
add further information, since Io and Amalthea do remove trapped

particles from the radiation balts, and one could see, for

instance, from the inbound Amalthea crossing that substantially

11
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different times of crossing are predicted by the different models.

5. Energetic Particles.

From the particle point of view, the magnetosphere of Ju-
piter is very exciting and also it is still more than just a little
confusing. One also must keep in mind that we have samplied only
a limited region of the magnetosphere; and there we've found
large temporal, latitudinal and azimuthal variations at times.

We have had no glimpse of the afternoon quadrant or the night
hemisphere except quite near the planet. We know nothing

of the magnetotail, a region most important in the case of the
earth's magnetosphere.

It is clear, however, that Jupiter's magnetosphere is quite
different from that of the earth in many respecis {9, 10, 12,

17, 18, 19, 20, 21]. Approaching the bow shock fluxes of protons
with energies to several MeV are commonly seen, while Pioneer 10
and 11 instruments observed energetic electrons from Jupiter

while up to 2 A.U. away. Indeed, we now know that we've been
observing these Jovian electrons at earth orbit - they were
previously referred to as quiet time electron increases {16]. The
magnetopause, however, is a sharp boun&éry for confinement of
energetic particles independent of their radial position; aléhough
its location is variable to a factor of 2 apparently as a result
of changes in solar wind pressure. The outer Jovian magnetosphere
is a reglon extending in to 40 or 50 R 't a region of quasi—
trdpplng and diffusion while the region inside 25 Rj is appar-

ently the really stable trapping region. In the intermediate
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region from V50 Rj to V25 Rj; planetary rofation esfects, particle
acceleration and particle injection become appa)ent. I will now
proceed to demonstrate these and other pheno.ena with data from
the Pioneer particle instruments.

Figure 15 shows an overview of the Ploneer 1l encounter for
low energy protons and high energy electrons [17]. Clearly seen
are the particles leaking from the magnetosphere, the multiple
boundary crossings, the appearance of strong 10-hour periodicities
within 50 Rj

from near the magnetopause to 25 Rj’ and central core region of

» approximately constant peak fluxes at low latitudes

intense particle fluxes.

This is typlcal, showing hard power laﬁnépectra over the entire
region outside 25 Rj' The spectra are actually sqgmewhat harder
in the outermost regions and are quite similar to the spectra of
electrons observed leaking from Jupiter. Proton energy spectra

in the energy region 100 KeV to 20 MeV commonly show a power law
spectrum with exponent varying from -4 in theroutermost regions to
-3 near the planet. On Pioneer }0 thé spectra inside V40 Rj are
not well fitted by power law spectra tZl].

The angular distfibution of the electrons and protons offer
good insight to the processes eccurring. Figure 17 demonstrates
rather typical behavior for electrons and protons in the Jovian
magnetospheres IZl]a The electrons almost always demonstrate a
nearly isotropiec distribution while the protens clearly show a

corotation anisotropy, other anisotropies probably due to acceler-

ation and also the rocking motion of the magnetosphere associated

R R
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with the planetary rotation.

Some of the results of a harmonic analysis of the proton
angular distribution are shown in Figure 18 [21], where the relative
amplitude and phase of the first harmonie of the 1.2 to 2.1 MeV
protons are shown as Ploneer 10 .traverses the reglon from r\-vSORj
inwards. The dashed line on the Al/A0 plot represents the magnitude
of the effect expected from corotation alone for a spectrum going
as E—&, for instance. Examination of Fhe Bl plot shows that there
are larpe systematic fluctuations that steadily decrease and that
at V23 Rj there is a well-defined "hinge joint," the particle
coming from Bl = 90°, as expected from corotation. Inside this
point there would appear to be rigild rotation of the field with
the rotation of the planet.

Gning to the Al/AO plot, agtreement with tlie innermost values
of Al/A0 is pretty good; however, the larger peaks in Alle
batween 2§ and 50 Rj waere not understood at first, The minima are
apparently a clear indication that rigid corotation doen't exist
at that polnt. It was only after correlation with detailed
magnetic“field data [6] that the explanation of the peaks in Al/A0
became obvious. These larpge anisotropies occurred at high latitudes,
at reduced fluxes and their direction is along the field line.

It 1s apparent that we dre seelng particle injection and perhaps
acceleration, and the effect is emphasized in the data at the
higher latitudes because of the lnwef.overall trapped fluxes.

These particular fluxes are traveling along the field line into the

atmosphere and are not assoclated with corotation at all. Since

the field lines are apparently closed on the sunlit side of the
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of the magnetosphere, it may well be that these protons are being
injected and accelerated from the fonosphere et the other end

of the field line, or perhaps they are flowing down the field
lhes in the equatorial current sheet from the inner reglon where
the dominant particle acceleration takes place.

These particles also glve us insight into the deformation
of the magnetosphére. Previous data had demonstrated the strong
10-hour periodicity in particle fluxes associated with the position
of the Jovimagnetic equator as it moves with respect to Pioneer at
the planetary rotation rate. The times of minima are clearest to
note, and Fillius and MeIlwain have plotted the System III
longitude of occurrence of the minima in the >6 MeV electron fluxes
on a polar plot shown in Figure 19 for both inbound and outbound
Pioneer 10 trajectories [12]. The arrow marks the direction of
the tilt of the internal dipole field, where one expects the minima
to line up in the absence of external currents.

Inside 20 Rj’ the minima and therefore the equator was found
wheré it was expected to be. Outbound there are clear Indications
for the minima to lag thelr expected locations in the sense of
tHe "sarden hose' direction - e.g., it appears that the outer
magnetosphere is lagging the rigid corotation of the inner magnet-
osphere. On the sunward side of the magnetosphere the alignment
is good inside 25 R,, but bayond 50 Rj it either l;ads by 90° or
lags by 270°. This is obyiously quite different from the dawn
side and is unexplained really. The problem is complicated by

the fact that while near 50 R.j inbound, the magnetosphere was
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compressed such that Pioneer 10 found itself suddenly in the
magnetosheath for many hours, and this ouvcurrénce may have markedly
disturbed the condition and mechanisms at work.

In order to understand the effects measured in the inner
core region of the magnetosphere, the "wiggle diagrams'" shown in
Figure 20 are most useful [22]. In this inner region of the
magnetosphere, the Ploneer 10 and Pioneer 1]l measurements are
directly comparable only at two points, both near L (magnetic
shell parameter) = 12. From 2000 on 2 December to 0130 on 3
December, Pioneer 1l was on L shells 12 Rj while moving from 13°
to 44° south magnetic latitude. Then, while remaining at essen-
tially constant magnetic latitude, Pioneer 11 traversed L shells
down to L = 3.4 at 0445 when it passed through -40° magnetic
latitude on its way to the equator 1 hour later, and exited Jupiter
moving towards the sun and to high latitudes.

In Figure 21 the count rate corresponding to electrons with
energy greater than 21 MeV [10] are shown plotted vs. L, wherein
the left of the figure L has been calculated based upon the D2
model of Smith et al. [6] from Pioneer 10. It is apparent that

the D, model was insufficient to rectify these and other similar

2
results. The right side of Figure 21 shows similar data plotted

against a field model with a 9.5° tilt which produced coincident
inboimd and outbound data, eerPt for a small loop at the smal-
lest L values. This loop was minimized by allowing the power m
of the pitch angle dependence to be a function of L as noted (10].

The Picneer 11 magnetic field results are much closer to this
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model derived from the partieles. When the data are plotted
against L derived from the ptrticle model, one expects and gets
the iso-counting rate contours shown in Figure 22 [10]. The
correspondence between the data of Pioneer 10 and 1l is good in
this inner region.

Large fluxes of penetrating protons are found only in the
inneﬁ region of the magnetosphere of Jupiter. TFigure 23 shows
proténs fluxes measured in two energy groups on Pioneer 11 [19].
At beginning times on this plot, the 1.2 to 2.1 MeV:prctons were
recovering from a minimum f£lux assoclated with the planet rotation,
but the flux of 14.8 to 21.2 MeV protons had never really been

apprecigble outzide 15 R Up until ~0300, the fluxes behaved

4
in a fashion to be expected from the trajectory presented in
Figure 20. While sampling L shells crossed by the brbit of Io,
decreases of 3.6 in the fluxes of 14.8 to 21.2 MeV protons

were noted, similar to the effects seen on Pioneer 10. A huge
effect 1s seen for the low-energy protons. To is effective in
removing more than 99% of the protons in this energy interval.
This factor of V100 decrease compares with a factor of 60 at

much lower latitudes, and the larger effect there is in agreement
with predictions [23].

Small effects are seen crossing Amalthea's orbit, but a
major feature is noted just after perijove, whe?e a large sharp
peak in the high-~energy protons occurs. The peak shown for the
low-energy protons is false, being the result of saturation of

the low-level anticoincidence rates in this sensor. Even the 14.8

to 21.2 MeV fluxes shown here have had to be corrected, and the

e s
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true peak fluxes inecluding alpha particles could be a factor of 2
or 3 higher than thz estimated peak value of 4 x 106 protons
cnrgsec_l. This feature was unexpected, but explanations are
progressing as we shall ~ee, Outbound, the spacecrafi moved
very raplidly to high latitudes, exiting the intense radiatien
belts abruptly.
The same 1.2 t¢ 2,1 MeV data is shown on an expanded scale

in Figure 24 together with angular distributions measured on the
spacecraft and the projection of the magnetic field vector on the

sector plane [19]. These data, together with the calculations

. (03 model) from the Pioneer il magnetid field data [7], lead to

considecably more insdght into these magnetospheric phenomena,

Outsgide L 10 Rj’ the 03

loss cone was less than 5° and increased rapidly up to "v30° as

model calculations [24] show that the

Ploneer 1l came across the reglon swept by Io, decreasing to small
values again as Pioneer 11 moved in towards the equator. A
somewhat uim;lar effect occur:ed outbound. Ik seems quite clear
that, as the counting rate levels off before reaching Io, we are
observing the progressive loss of protons into the atmosphere due
to the growing loss cone. The effect is even more proncunced

at the count rate minimum inside Io., As Pioneer 1l moved inward
further, the loss cone rapidly shrank, the fluxes rapidly increased
and the anpular distribution moved towards a more isotropilc
distribution.

Figure 25 shows other data inside 10 Rj [17]. I'm partiecu-

larly interested in the fission cell count rates inside 2 Rj

fI—
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outbound and the response of the ECD detector plotted just at
the top of the figure. The fission cell 1s normally responding
to protons (Ep >735 MeV); but in this instance, this count rate
would correspond to a peak proton flux of V1.3 x 108 cnrzsec_l
at L v 1.9 Rj' However, the ECD peak current is consilstent with
an upper limit of 1.4 x 10_7 cm_zsec_l - about a factor of 10
lower flux. The discrepancy in this fission cell rate is attri-
buted to either possible pulse pileup by high energy protons in
the deFectora or to direct energy loss in the cell detectors
by nuclefl with 2 > 1. T have pointed out this data because of
the striking peak {lux and also the possibility of substantial
epnergetdc, high 7 particles in fluxes of the fnner Jovian magneto-
sphere. Our own data from the GSFC experiment on Pioneer has
suggested to me that there are probably considerable flixes of
energétic high Z fluxes in the inner magnetosphere. This will
be interesting to lnvestigate further, of course.

Data from the University of California at San Diego experi-

ment are plotted in Figure 26 [26]. A wide range of fluxes of

electrons are shown as a function of time (or radial distance), as

well as the fluxes of protons with energies greater than 80 MeV.

I wish to point out two expecially interesting phenomena. Just
outside the orbit of To, the data show that the‘flux gf elecﬁroqs
of energy E > 0.46 MeV jumped by more than a factor of 10. This
is inferred to be evidence of particle accelgration near or on
the flux tubes associated with Jo. The authors point out that

from the point of view of decametric radio noilse emission, a
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conservative estimate of the power in the particles near Io is
N1013 watts, and that this could easily supply the 108 watts of
radlo power observed [20].

The second phenomena 1s detalled in the highest energy data
shown to the right of Figure 26. While the fluxes are extremely
large and dangerous to the spacecraft instrumentation, what is
really interesting are the variations in the data. Particles
removal by Amalthea apparently can explain two of the minima, but
lacking unknown solid material orbiting Jupiter inside the orbit of
Amalthea, it would seem that we need a more complicated magnetic

field with high order poles to explain these effects.

6. Conclusions.

In summary, the Picneer 10 and 1l encounters with the Jovian
magnetosphere produced most interesting information, contrasts
and new phenomena compared to our own earth's magnetosphere.
Pioneer }0 had early produced a picture of the Jovian magnetodisk
similar to that shown in Figure 27. The energetle particles “
seemed to be restricted to a ratﬁer thin region in the outer mag-
netosphere, as shown by the shaded areas. The shape of the mag-
netcpause was felt to be not nearly so blunt as the bo; shoek.
The region“to the right side was speculatively drawn in as a mirror
image.

The crude drawing in Figure 28 more accurately reflects our
knowledge after the Pioneer 1l encounter.. The outer magnetosphere
extends to very high latitudes, and in fact, higher fluxes weré

measured on Piloneer 11 in the outer magnetosphere at high latitudes

o it i A g =
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than the peak fluxes in the same reglon near the equator on Ploneer
10. Clearly the simple magnetodisk model has troubles, Explana-
tions may be forthcoming in terms of azimuthal affects and/or
temporal variations.

The magnetic fleld data are consistent for both encountersover
much of the magnetosphere. But in close to the planet the two
magnetic fleld experiments do not agrec in detail; and it 1s
clear that the energetic particle data need a field with high order
poles in order to explain and organize the data. The plasma
analyzer clearly maps the bow shock and magnetopause for us; and
after a difficult correctlon to the data for penetrating radiation
effects, a most interesting picture of the Jovidn plasmosphere,
the ring current and the curvent sheet inferred from the magnetic
field measurements emerges.

We have seen large and sometimes unexplained azimuthal
effects in the Jovian magnetosphere. Even though we have the
Mariner-Jupiter-Saturn spacecraft now being bullt for a 1977
launch, their trajectories by JWpﬂter are not a great deal dif-
ferent from Pioneer 10. So an extensive look at this gilant
magnetosphere must awalt the orbiters planned tentatively for the
early 1980's - eSpeciaily to allow our first investigations of
the dusk side and the tail reglon, detailed investigations of the
role of the plasma, of waves in the magnetosphere, and of particle

acceleration and removal in the vicinity of the moons.

i
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FIGURE CAPTIONS.

Figure 1 - A sketch of the Pioneer 10 Spacecraft [5].

Figure 2 -~ The Piloneer 10 and Pioneer 1l trajectories referenced
to Jupiter and projected into a plane parallel to the
ecliptic plane is shown on the left. On the right the
trajectories are referenced to Jupiter as seen from
earth [5].

Figure 3 - Preliminary half~hour averages of proton bulk speed,
number density, and isotroplc temperature measured on
the Pioneer 11 inbound trajectory [4].

Figure 4 - Pioneer 11 and Pioneer 1lU bow shock (circles) and mag-
netopause crossing (squares} locations {4].

Figure 5 - The proton densities within the energy range 108 eV
to 4.80 KeV of the electrostatic analyzer. The mag-
netic shell paraméter L and the pitch.angle o of the
measurement of directional intensities are given

along the top border [13].

Figure 6 - Summary'of the major plasma features deep within the
Jovian magnetosphere as viewed in a magnetic meri-
dional plane [13].

Figure 7 ~ Magnitudes of the observed and dipole fields inbound for
Ploneer 10 {6}.

Figure 8 -

Latitudes of observed and dipole fields inbound for
Pioneer 10 [6}.
Figure 9 - Magnitudes of the observed and dipole fields outbound

for Piloneer 10 [6].

G

oy




i
.

digure

Figure

Fipure

Figure

Figure

Figure

Figure

Figure

Figure

Flgure

10

11

13
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19

Latitudes of observed and dipole fields outbound for
Pioneer 19 [6].

Jovian current system (not to scale) [6].

Surface magnetiec f£ield contours as u_fUnction of
Jovigraphic latitude and longitude are based on the 23-
coefficient spherical harmonic analysis of the data
from the helium vactor magnetometer [15].
Isointensity contour maps of the Zenovian magnetic
field at the surface (upper panel) and at the aséumed
centrodd of, the decimetric radio emission region,

R = 2Rj (lower panel) [7].

Comparison of three different magnetic field models
in terms of the derived equivalent L shell para-
meter [7].

An overview of the 0.5? to 1.8~MeV proton and 6~ to
30-MeV electron intensity profiles near Jupiter
measured by Pioneer 11 [17].

Electron differential energy spectra on the outbound
pass of Ploneer 10 at three different values of Rﬂ [21].
Polar plots of angular distributions of proton and
electron counting rates. Top of the fipure is toward
tﬁe north ecliptic pole [21].

Magnitude and direction of the first harmonic of the
angular distribution of 1.2~ to 2.15~MeV protons as a
function of time and Jupiter radius [21].

Position of the high-latitude minimums of the rela-

tivistic electron flux'( E > 6 MeV). ‘The arrow marks
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the tilt direction of the internal dipole fleld [12].
Projection of the trajectories of Ploneer 10 and Pio-
neer 11 on a magnetic meridian plane of Jupiter based
upon the D, model [6, 19].

Inbound and outbound counting rates for detector C
(Ee > 21 MeV) of Pioneer 10 as a Function of L for
the D2 model [6] is shown on the left, while the right
panel shows the same data plotted against a different
model and a simple L dependence for M [10].
Iso~counting rate contours for energetic electron
detector C (Ee > 21 MeV) [10].

Flux profiles of 1.2~ to 2.,15-MeV and 14,8~ to 21,2~
McV protons measured by Piloneer 11 [19].

Count rate and angular data for the l.2- to 2.1-MeV
protons are shown for Ploneer 11 plotted aginst the
D, model of Smith et al. [6]. The projection of the
magnetic field vector on the sector plane is shown.
The intensity proviles of >3 MeV electrons, high- “

energy nuclei, and Vi MeV protons measured by Ploneer

Lt

11 as a function of the magnetic shell parameter L [17].

Integral fluxes of protons and electrons of kinetin
enar gles greater than the values indicated {20].

A sketch of the magnetosphere or magnetodisk of

Jupiter which resulted from early analysis of the Ploneer

10 results.
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Figure 28 - A crude sketch répresenting our present ideas of the
Jovian magnetosphere. The field lines in the tail

reyion are pure speculation, of course.
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