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Jupiter’s field is strongly dipolar but with relatively large high order moments compared to the Earth’s. In situ
magnetic field data allow us to interpret most of the Earth-based microwave observations of Jupiter, with the exception
of Branson’s hot spot. Decametric emissions have a complex rotational pattern which has been stable since 1950; their
agreement with the spacecraft magnetic fields is much less satisfactory than that of the microwaves. We conclude that
the extrapolation of magnetic fields from the spacecraft to the surface of Jupiter is in error by 40% in the Southern
Hemisphere.

Saturn’s radio emissions show complexities similar to Jupiter’s. They are strongly asymmetric about the rotational
axis, although Saturn’s Field is nearly axisymmetric. Their strong asymmetry suggests strong longitudinal variations in
the magnetic field a few thousand kilometers from the cloud tops, in conflict with the field measured aboard Pioneer 11.

The magnetic fields within a few thousand kilometers of either Jupiter’s or Saturn’s cloud tops are probably unknown.
It is discouraging that more is not known about the fields after a total of 7 encounters. Perhaps the Galileo probe can
test usefully models of the Jupiter field, even if its measurements refer to just one trajectory through the clouds. An
arguable case can be made that the giantplanets exhibit complexity of magnetic structure similar to the Sun.

1. Introduction can help us to define propertiesof Jupiter’smag-
netic field over some 30 y. The dataat low fre-

Radioemissionfrom Jupiterwasdiscoveredin quenciesrepresentrelativelyhighly structuredfield
1955, but first recorded in 1950, in a curious componentsclose to Jupiter; at high frequencies,
sequenceof eventsdocumentedby Franklin(1964). theyrepresentthedipolecomponentof the field at
This was not thermal emissionin the decametric and beyond several tenths of a Jupiter radius
rangeof frequencies.Non-thermalemissionat dec- abovethe surfaceof the planet.
imetric, and shorter, wavelengthswas discovered
shortly afterwards,and almostimmediatelyinter-
preted in terms of synchrotron emission from 2. Radio dataand their implicationsfor planetary
Jupiter’s magnetosphere. In addition, almost magneticfields
simultaneously,the decametricemissionwas re-
cognizedas aproductof theinteractionof low-en- The first propertyof Jupiter’sfield that canbe
ergyelectronswith theupperionosphereof Jupiter. recognizedin thesedatais its rotation.Bothat low
Thereforethereare 2 databasesin existencethat and high radio frequencies,the emissionis varia-
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ble in intensity,with the sameperiod, 9h 55 mm takeplaceoverintervalsas short as I or 2 decades
29.71 s. This is the rotation period of the field’s and overless thanhalf the Earth’ssurface(Chap-
sourceswhich lie deepin the interior of the planet. manand Bartels,1940).Theseare regionalrather
Earlier reportsof variability in the periodor dif- than planetary scalevariations and resemblein
ferencesbetween the values in the 2 frequency linearsize and time scalethe variationsoccurring
rangesare now consideredto be producedlargely presumablyon Jupiter.Their magnitudeis of the
by other featuresof the emission,for example,the orderof 0.1%, however,andtheir precisesimilarity
subtleeffect of the small tilt of Jupiter’s rotation toeventualJupiteranomaliesmight well beargued.
axis with respectto the planeof its orbit on the At decametricwavelengths,corresponding to
statisticsof the low frequencyemissions.Theerror frequenciesin the rangefrom a few megahertzto
bars on this period are of the order of a few an upperlimit a few tenthsof a megahertz <40
hundredthsof onesecond.Substantialchangeson MHz, the emissiondependsupon the details of
a time scaleof tens of thousandsof years might magneticfield strengthand orientationvery close
thereforeexist presentlywithout our knowledge. to the surfaceof Jupiter.Its complicateddistribu-
The Earth’spoloidalfield hasoften reversedin the tion in frequencyas a function of radiolongitude
last 10 Ma; it is scarcelymorestablethanJupiter’s remainedvirtually unchangedfor 2 decadesof
field, observation,including the epochduring which the

At high frequenciesthe emissionis from MeV Bransonhot spotwasobservedto wanderthrough
electrons spiraling in Jupiter’s magnetospheric 60°. This Jupiter emission dependsupon the
magneticfield. This emissionvariesstronglywith detailedorientationof the satellite lo as well as the
field strength, the orientationof the field with orientationof the planetarymagneticfield. Jo, at
respect to the line of sight, and electron energy. 5.9 Jupiter radii from the center of the planet,
The field strength and the particle energy both moves in a virtually circular orbit in Jupiter’s
increaserapidly towardsthe planet’ssurface.The equatorialplane.
synchrotronemissioncomesmainly from close-in One of us (Warwick, 1981) emphasizedthe
portionsof the magnetosphere,within less than 1 importanceof the observedlatitudinal andlongi-
planetradiusabovethe surface.SmithandGulkis tudinal asymmetriesin decametricemission,espe-
(1979) havecombinedin situ field measuresand cially sincethey are knownto beunderthecontrol
details of the energeticelectron distribution to of Jo, a virtually symmetric orbiter. This fact sets
infer whatmapsof thesynchrotronemissionshould verystrongconstraintson possibleemissionmech-
look like. They could understandseveral previ- anisms. The presenceof a sharp upperbound of
ouslypuzzlingaspectsof thetotal emission,partic- decarnetric frequency, — 39.5 MHz, within the
ularly its polarizationangleasa functionof central longitude range of the early source, leadsto the
meridian longitude. De Pater (1980, 1981a, b) inferencethat the emissionoccursin the Northern
discussedthe detailedbrightnessdistribution of Hemisphere.Extrapolationof the multipole fields,
the synchrotronemissionobservedwith the West- determinedby the Pioneermagnetometerexperi-
erbork array in 1973, 1977, and 1978. She corn- ments,suggestsa surface field of 14.4 Os at the
paredher resultswith the dataof Branson(1968) pole. The northern and southernpoles are very
who had demonstratedthe existenceof a “hot closeto the correspondingtraceof the footprint of
spot” at radio longitude 200°in 1967. This hot the lo flux tube (Acuna and Ness, 1976). The
spot moved — 60°westwardon Jupiter’s surface extrapolationsuggestsa field of — 10.4 Gs near
sometimebetween1967 and 1973, but appears the southernfootprint in the vicinity of the South
not to havemoved sincethen.DePaterstatedthat pole. If right-hand emissionassociateswith the
the hot spot can be explainedonly partly by the North poleand left-handemissionwith the South
known [our modifier] multipole termsof the rnag- pole,we shouldexpectto seeright-handemission
netic field. Its movementsignalsa possiblechange whenthe North polepresentsitself to our receiver
in themagneticfield in thoseyears.For the Earth, andleft-handemissionwhenthe South pole does.
localized changesin field intensity and direction Their maximumfrequenciesshouldbe — 40 MHz
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and 29 MHz, respectively.The agreementof the tions of the current sheet and,as well, of a clus-
observed decametricfrequencyobserved in the tering of magnetopausecrossingsnearthe “active
rangefrom 100 to 200°centralmeridianlongitude sector”.Theseworkersdo not, in this recentstudy,
with the extrapolatedPioneerobservations(multi- attempt to explain the asymmetriesof decametric
plied by the conversionfactor 2.80 MHz Gs’) is emissionin termsof the activesector. It is clearly
impressive in the Northern Hemisphere. The also far from thebright regionidentifiedon micro-
polarizationof the emissionis consistentalso with wave maps by Branson (1968) and by de Pater
the assignmentof this emissionto the North pole (1980,1981a,b).
in the vicinity of the Jo footprint. But thereis no We wish to distinguish the “well-established”
left-handedemisionanywhereabove20 MHz (with structureof Jupiter’smagneticfield, definedessen-
the exceptionof polarizationdiversity events(see tially only by magnetometersaboardthe 4 fly-by
Gordon and Warwick, 1967)); central meridian spacecraft, from the hypothetical close-in field
longitudesnear 20°,directly oppositethe North structuresrequired to explain decametricemis-
pole,contain no emissionabove20 MHz that can sions,or perhapseventhedecimetrichot spot.The
be identified as Southpole emission.Below — 16 close-in structuresare constrainedby the fly-by
MHz, left-hand polarizedemissionappearsmore data, which define both an upperbound to the
frequentlyin a broadlongitude rangearoundthis magneticflux that can be assignedto suchhypo-
longitude. Thesefacts argue that the widely-held theticalstructuresanda lower boundto their total
view that decametricemissionuniquely occurson numberover the planet’s surface.The radio data
the Joflux tube(GoldreichandLynden-Bell, 1969) give every indication that the close-in structure
is probablyoversimplified, necessaryfor their proper interpretationis not

A similar conclusion was reachedrecently by evensuggestivelypresentin the known, that is, the
Riddle (1983). He noted that decametricarcs, “well-established”structure.Althoughonly a very
which dominatethe emissionassociatedwith Jo, schematicdescription of some of thesedata was
last for many (that is, tens of) minutes, even presentedabove,many othersimilar detailscould
thoughJo crossesa givenflux tube in <1 mm. If, be added.Despitethe wideunderstandingamong
as many interpretershave insisted, a given arc the spacephysicscommunitythat Jupiter’ssurface
representsemission from a single flux tube, this field as defined by the fly-by spacecraftis very
flux tubecontainslo for only 10% or less of the complicated,the actual field is, we believe, even
time during which the flux tubecreatesthe radio morecomplicatedthan that.
emissionthat characterizesthe arc. Riddle identi- The 3 spacecraftto haveencounteredSaturn,
fied, by certain well-defined spectral features, returneddata that bear on this interpretationof
emissionoccurringon the flux tubewhich at that the Jupiterdataalmost as strongly as they relate
momentthreadsthroughJo. Nevertheless,the vast specifically to Saturn itself. All thesespacecraft
bulk of the emission,which is known to be closely carriedmagnetometers,andone,Pioneer11, flew
associatedwith Jo in particularrangesof earlyor within 1 planetaryradius of the planet’s surface.
main sourceemission, doesnot originate on the But the 2 voyagersalso carried radio receivers
instantaneousJo flux tubeat all, that discoveredstrong kilometric radiation from

We are aware that many workers understand Saturn’s poles (see Kaiser et al., 1980). It was
that Jupiter’s magneticfield is complicated,espe- immediately obvious that Saturn’s radiation oc-
cially so at the planet’s surface.For example,we curred in a strongly-modulatedpattern that de-
note that vasyliunasand Dessler(1981) spokeof fines a rotation period of lOh 39.4 mm, as accu-
the “well-established”extensiveregion of unusu- rately as the period one would determine for
ally weak magneticfield centered— 30°west of Jupiter’srotation basedsimilarly on a few months
the northerntip of the dipole,andin the Northern of decametricdata.But thiswaspuzzling,sincethe
Hemisphere.In their view, this structure,which magnetometersaboard Pioneer 11 (Acuna and
extends over — 120°,may account for incon- Ness,1980;Smithet al., 1980)hadestablishedjust
sistenciesbetweenPioneerand voyagerobserva- as definitively that Saturn’s field was virtually
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perfectlysymmetrical,in the rotationalsense(and latter case,first the kilometric radiation and then
as well in the N—S sense). In fact, the former the spokephenomenologyhaveshown,by the fact
authorsstated,only a few days before the initial of their strongnon-symmetriccharacter,thedanger
Voyagerradioastronomyobservationsof the rota- in the extrapolation.In the former case,because
tion of Saturn, “that.. .(stronglongitudinal con- the field was, as extrapolated,already very non-
trol. ..of...radio bursts)...will not be the casefor symmetric,workers haveoften, even in the great
Saturn... Determining Saturn’s rotation period majority of cases,beencontent to assumethat all
with an accuracycomparableto that of Jupiter the structurethey need to understandJupiter’s
maybe extremelydifficult.” complicatedparticles,fields, and wave radiations

The Voyagerradio dataon Saturn’skilometric has been revealed by the magnetometers,even
radiationsuggeststronglya N—S asymmetryin the though they never flew within 50000 km of

occurrenceof SKR (Warwick et al., 1982). It may Jupiter’s surface.Our objecthasbeento show that
be arguedthat this radiation,fixed underthe noon the following caseis strong: whatever is known
meridian of Saturn, respondsto N—S asymmetry about the surfacefields of Jupiter and of Saturn
of the magnetosphereof Saturn, whoseNorthern (wheretherehasneverbeena seriouscasemadeto
or Southernhemisphereswill be favoredat differ- the contrary)is known in detail only on the basis
ent positionsof Saturnin its orbit aroundthe Sun. of low-frequency radio data. To a much lesser
The Voyager 1 encounter,which showed these extent, Jupiter’s decimetric and centimetric syn-
asymmetriesas strongly as did Voyager 2, oc- chrotronemissionswithin a few tenthsof aplane-
curred when Saturn’s ring system, and its pre- tary radius of the surfacealso contributeto the
sumedrotationalequator,defineda planevirtually solution.
containing the Sun. No magnetometerdatasug-
gest a field sufficiently asymmetricin the N—S
senseto allow us to interpret theradio emissions. Acknowedgments
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