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DECI$ETER MEASUREMENTS RELATING TO THE POSSIBLE

DISPLACEMENT OF JUPITER'S MAGNETIC DIPOLE

by

G. L. BERGE and D. MORRIS

During the period 29 October to 4 November, 1963, the planet
Jupiter was observed using the interference polarimeter of the Owens
Valley Radio Observatory at a wavelength of 10.4 cm and an east-west
separation of 800 feet or 2350X. Each of the two 90.-ft paraboloids
of the interferometer was equipped with a rotating feed horn. The

- -observat-io-n-s were- pa-rt o-f -a b-righ-t-ne-ss di-str-ibut-io-h -ptWdy-fiTe
an-d- cnsisted of repetitious measurements made with four successive
horn orientations. The theory of this procedure and the result in
terms of Stokes parameters are discussed by Morris, Radhakrishnan
and Seielstad (1964). In the case of Jupiter, the plane of polariza-
tion is always roughly parallel to Jupiter's equator. For the pur-
poses of this communication only two of the horn orientations are of
interest: both horns parallel with the E-vector parallel to Jupiter's
axis (sensitive only to the non-polarized radiation) and horns crossed,
450 on each side of the equatorial direction (sensitive only to the
polarized radiation). The amount of time devoted to the observations
ranged from four to eight hours each night. A mechanical integrator,
similar to that described by Morris, Clark and Wilson (1963) was used
to determine the fringe amplitudes and relative fringe phases of the
measurements as a function of hour angle. All observations were nor-
maliz-t.d to correspond to a distance for Jupiter of 4.0412 A.U. At

- t-he time there was a 250 tilt of Jupiter's equator with respect to
the resolution direction of the interferometer. This direction was
not a function of hour angle because the declination of Jupiter was
nearly 00.

The off-transit measurements with the parallel horn arrange-
ment Just described showed that the non-thermal, non-polarized
portion of the radiation reached the first null of its visibility
function at an effective baseline of about 1860X. This assumes that
there was a thermal contribution of 1.3 flux units from the planetary
disk, which was unresolved. Hence, at a baseline of 1860Xp only the
thermal component was seen. Meanwhile, similar measurements using
the crossed horn arrangement showed that the plane-polarized portion
was resolved at about 1250X and was well up on a rather shallow
second maximum at 1860X and beyond. Under these conditions, the ap-
parent east-west position of the polarized emission of the planet
with respect to the thermal emission of the planetary disk is pro-.
portional to the difference in phase of the interference fringes of
the crossed horn measurement and the parallel horn measurement.

Figure 1 displays the phase of the polarized radiation (crossed
horns) minus the phase of the thermal radiation (parallel horns)
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plotted as a function of XIII There is also a scale which shows
what this means in units o equatorial radii. All of the points are
within two hours of transit and each has been corrected for baseline
foreshortening by normalizing to the transit baseline. Because the
observations were not made at exactly 1860, the parallel horn
measurements have also been corrected for the non-thermal contribution
(up to 30%) included in them, assuming that it has the same phase as
the polarized radiation.

If the polarized radiation were symmetric with respect to the
planetary disk, we would expect Figure 1 to be a straight line along
1800 because the polarized part is on the second maximum of its visi-
bilty fun-tion and thus has chakged its phase by, 1800. I-nstea-d-j--we
find a variation periodic in X Vllwhich is sUper imp osed oA ia c . ....-
stant shift to the west. In aaition it appears that the periodic
term may not be sinusoidal.

It is natural to suppose that the effect we observe for the
polarized radiation is true for the non-thermal emission in general.
The most direct explanation for the result is that there is a physi-
cal displacement of the emitting region due to a displacement of the
magnetic dipole from the center of the planet. The periodic term
can be explained by a shift away from the rotational axis along the
meridian plane at longitude 1300 or 1400. The constant term can be
explained by a northward shift parallel to the rotational axis. At
the time of the observations, the position angle of the axis was 3350

so that such a shift along the axis would result in a constant compo-
nent to the west in celestial coordinates.

If this is the correct interpretation, then shading by the
planet creates an additional effect which has not been corrected for.
In general the shading will exaggerate the variable term so that it
appears larger than it should. For example, if the polarized emission
originated in two equal east-west strip sources three equatorial
diameters longwith one behind and one in front of Jupiter's disk,
then the displacement would be exaggerated by 20%. The apparent de-
parture from a sinusoid can probably be explained by a more subtle
shading effect. A correction for shading cannot be made without a
detailed picture of the brightness distribution, and this is not yet
available. Fortunately, Figure 1 is based on the polarized emission
which has very large equatorial dimensions, and hence it should not
be seriously affected by shading.

Warwick (1963) has already proposed a large dipole displacement
to account for the main features of the dynamic spectrum of the de-
cameter emission. He supposed that electrons precipitating from a
radiation belt produce Cerenkov emission at nearly the gyrofrequency.
The radiation is sharply beamed along the field lines. It reflects
from the ionosphere or planetary surface by the usual reflection
condition and is still sharply beamed. The magnetic dipole is dis-
placed to provide a slowly varying magnetic field along the strip
where electrons could be dumped from the radiation belt, and this in
turn will account for the slow frequency drifts in the dynamic decame-
ter spectrum. By comparing synthetic spectra for a variety of dis-
placements with the observations, Warwick determined what the dis-
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placement should be according to this theory and found that only the
northern auroral zone was involved.

The coordinate system used by Warwick is as follows: the polar
axis is the z-axis with north positive. Jupiter's center is the origin
and the 'xz-plane is the meridian plane at XT = 2000 with the x-axis
directed away from the center at that longilue. The xz-p.lane was
chosen in this way because the' dipole is tipped with respect to the
polar axis and its direction is parallel to the meridian plane at
roughly 2000 longitude (Morris and Berge 1962). The upper end is'
tipped toward the earth at LCM - 2000. In this system the displace-
merit found by Warwick was (xNYNtz) (+0.15,+0.11,-0.73) in equatorial
radii. The displacement which we iind fromFig-r-e-lafterallov-ing
tor the t-ilt o-f the polar axis away from cel-evstial north- i about
(+0.2,+0.4,+0.5). Notice that both displacements are in the same
azimuthal quadrant, but in different octants.

We have constructed a synthetic dynamic decameter spectrum in
the manner of Warwick (1963) in which we have substituted our position
for the dipole. In this case only the southern auroral zone is in-
volved. As one may expect, the result of these calculations does
not agree with observation. In particular, between XI11 = 1600
and 3600 there is no emission beamed toward the earth according to
the synthetic spectrum. However, we have noticed that if, instead of
reflecting from Jupiter's ionosphere, the radiation originally propa-
gates outwards along field lines (Chang 1963), then a reasonable syn-
thetic spectrum can be obtained. There is an "early", positive drift
source and a "late", negative drift source. This spectrum may corres-
pond to the distinctive' upper frequency boundary which Warwick's ob-
servations seem to indicate. In this case the lower frequency radia-
tion at a given longitude could originate further out on the same
field lines and away from the planet.

We are particularly indebted to J. D. Wyndham for assistance
with the observations, to V. Radhakrishnan for valuable suggestions,
and to G. J. Stanley for unfailing support. This work was supported
by the U. S. Office of Naval Research under contract Nonr 220(19).
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