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Abstract. We report the discovery with the Ulysses unified radio and plasma wave 
(URAP) instrument of features in the Jovian hectometer (HOM) wavelength radio 
emission spectrum which recur with a period about 2-4% longer than the Jovian System 
III rotation period. We conclude that the auroral HOM emissions are periodically blocked 
from "view" by regions in the torus of higher than average density and that these regions 
rotate more slowly than System III and persist for considerable intervals of time. We have 
reexamined the Voyager planetary radio astronomy (PRA) data taken during the flybys in 
1979 and have found similar features in the HOM spectrum. Contemporaneous 
observations by Brown (1994) show an [SII] emission line enhancement in the Io plasma 
torus that rotates more slowly than System III by the same amount as the HOM feature. 

Introduction 

Jupiter is a prolific source of nonthermal radio emissions. 
These emissions emanate from several distinct locations in the 

magnetosphere [see Kaiser, 1993, and references therein]. 
Most of these radio components are intensity modulated by the 
planetary 10-hour rotation period, and most of them also show 
a -26-day modulation imposed by the solar wind. One com- 
ponent, however, the narrowband kilometer wavelength 
(nKOM) emission, shows a modulation in its occurrence at 
some 3-8% slower than the planetary rotation period. This 
rate is consistent with the observed lack of corotarion of the Io 

torus plasma in the vicinity of the nKOM source region, 8-10 
Rj near the centrifugal equator [Reiner et al., 1993a]. Sandel 
and Dessler [1988] cited earlier nKOM observations as one of 
several Io torus features that recur at a period of System III q- 
3%, which they called System IV. We now present evidence of 
a similar modulation in another unrelated Jovian radio com- 

ponent, the hectometer wavelength (HOM) component. Since 
the HOM component is known to originate at high latitudes, 
this modulation at the System IV rotation period suggests a 
causal relationship between the auroral region and the Io 
torus. 

Observations taken by the Unified Radio and Plasma Wave 
Experiment (URAP) aboard the Ulysses spacecraft during its 
approach to Jupiter in January and February 1992 are the 
primary data source used in this work. Supporting observa- 
tions, described here for the first time, come from the data 
taken by the Voyager planetary radio astronomy (PRA) instru- 
ments during their encounters with Jupiter in 1979. All of the 
observations reported here were made from near Jupiter's 
equator. 

The Ulysses URAP instrument consists of several receivers 
covering the band from DC to 1 MHz (see full description by 
Stone et al. [1992a]). Of particular interest here is the high- 
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frequency portion of the radio astronomy receiver (RAR) 
which sweeps through 12 logarithmically spaced channels from 
52 to 940 kHz every 144 s. The RAR is driven by a 72-m dipole 
and a 6-m monopole. Ulysses is a spinning spacecraft with the 
long dipole in the spin plane and the monopole on the spin 
axis. Electrically combining the two antennas permits URAP 
to measure all four Stokes' parameters [Kraus, 1986] and the 
direction of arrival of the observed signals. 

Each of the two Voyager instruments, fully described by 
Warwick et al. [1977], consists of two swept-frequency receiv- 
ers. The lower band of these pairs of receivers is of interest 
here. During the era when the Voyagers were in the vicinity of 
Jupiter, the PRA low-band receivers swept the frequency 
range from 1.2 to 1326.0 kHz in 70 linearly spaced steps every 
6 s and measured the left- and right-hand circularly polarized 
power. The PRA receivers are driven by two 10-m monopoles. 
Primarily owing to the longer antenna system, the URAP RAR 
is about a factor of 10 more sensitive near 1 MHz than the 

PRA. The Voyager spacecraft are three-axis stabilized. 

Observations 

The HOM component was originally discovered by Earth- 
orbiting spacecraft [Desch and Carr, 1974; Brown, 1974]. It 
consists of relatively smoothly varying emission of both left and 
right circular polarization in the band from about 300 kHz to 
perhaps 2 MHz, with a spectral peak near 1 MHz. The HOM 
is only observed by spacecraft that are within several degrees of 
the Jovian equator and is not generally observed at high lati- 
tudes [Stone et al., 1992b]. The rotation profile consists of two 
regions of emission symmetrically situated approximately 
around the longitude of the north magnetic dipole, 210 ø Sys- 
tem III, as seen in Figure 1. Prior to the 1992 Ulysses flyby of 
Jupiter, it was believed that the source of HOM was at very 
high Jovian latitudes both north and south, with emission being 
generated via the electron cyclotron instability [Wu and Lee, 
1979] at very large angles to the magnetic field [Ladreiter and 
Leblanc, 1991]. The Ulysses flyby provided the first direct de- 
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Figure 1. The average intensity of Jovian hectometer 
(HOM) wavelength radio emissions observed by the unified 
radio and plasma wave instrument (URAP) at 740 kHz during 
the 100-rotation interval preceding the Ulysses flyby of Jupiter 
on February 8, 1992. The intensity is shown as a function of 
Ulysses' central meridian longitude. 

terminations of the HOM source locations [Reiner et al., 1993b; 
Ladreiter et al., 1994]. URAP confirmed that HOM consists of 
two sources, north and south, but the latitudes of the sources 
were somewhat lower and the beaming angles somewhat less 
than expected. 

Although the two peaks in the rotation profile shown in 
Figure 1 are approximately equal in intensity when averaged 
over a significant interval (about 100 Jovian rotations in the 
case of Figure 1), there is considerable variation from one 
rotation to the next. Plate 1 shows five consecutive 10-hour 

rotations from the URAP RAR in dynamic spectral format, 
where increasing relative intensity is color coded according to 
the bar at the bottom. The HOM can be seen in each panel 
above about 300 kHz and in the central meridian longitude 
(CML) ranges of 50ø-150 ø and 2500-350 ø. The emission at 
lower frequencies near 200 ø is broadband kilometer wave- 
length emission (bKOM) and is not of interest here. It can be 
seen that during this 5-rotation interval, the portion of HOM 
centered on the higher-longitude range is considerably more 
intense than that at lower longitudes. Furthermore, both parts 
of HOM exhibit considerable variation from one rotation to 
the next. 

In order to examine these variations more carefully, we 
displayed a much longer interval of time, as shown in Plate 2. 
In this plate, data from the three highest-frequency channels of 
URAP (540, 740, and 940 kHz) are averaged and displayed as 
relative color-coded intensity in a format of System III longi- 
tude versus arbitrary rotation number. Data for approximately 
70 Jovian rotations during the month of January 1992, preced- 
ing the February 8, 1992, closest approach of Ulysses to Jupiter 

are shown. In order to correct for the intensity variation due to 
changing proximity to Jupiter, the levels have been adjusted to 
what an observer 0.1 AU from the HOM source would ob- 

serve. The variations between the two parts of HOM are evi- 
dent; rarely are the lower- and higher-longitude portions of 
equal intensity. Rather, one part is dominant for several rota- 
tions followed by the other part. 

The most striking and totally unexpected feature in Plate 2 
is the tendency for intensity patterns to drift in longitude. The 
drifts are always toward higher longitudes with increasing ro- 
tation number. These drifts are particularly evident in the 
higher-longitude portion of HOM between January 1 and 15 
but can also be seen at many other places in the plate. The drift 
rate differs from the planetary rotation rate by about 3%, 
consistent with System IV, as shown. In retrospect, some sugges- 
tion of this drifting phenomenon can be seen in Plate 1, again in 
the higher longitude part of HOM, where the peak intensity 
tends to appear at successively higher longitudes in each panel. 

Power spectral analysis of the entire 100-rotation (January 1 
through February 8, 1992) data set for all 12 URAP RAR 
channels is shown in Figure 2, where relative spectral power is 
indicated by increasing darkness. The dominant periodicity is, 
quite naturally, at the System III rotation period of 9.925 
hours. This periodicity is seen above --•300 kHz in the HOM 
component and below -200 kHz in the bKOM component. 
The nKOM component can also be seen in the 100- to 200-kHz 
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Figure 2. Relative spectral power for all 12 channels of the 
URAP high-frequency receiver during the 100-rotation inter- 
val preceding the Februa• 8, 1992, Ulysses flyby of Jupiter. 
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Plate 1. Data from the URAP high-frequency receiver for five consecutive Jovian rotations. Increasing 
intensity above the receiver background level is represented by the color bar shown at the bottom. 

range with its characteristic System IV period. The region 
labeled "new feature" corresponds to the drifting emission 
shown in Plates I and 2. This feature is offset from the System 
III period by nearly the same amount as nKOM. There is also 
a suggestion from this figure that the feature does not extend 
above --•1 MHz, although the upper frequency of the URAP 
RAR (940 kHz) does not allow us to be certain. 

Thus far, all data presented in Figure 1, Plates 1 and 2, and 
Figure 2 are from the URAP instrument taken during 1992. 
We have also reexamined the Voyager 1 and 2 PRA data from 
1979 and find quite similar results. Figures 3a and 3b are the 
power spectral analysis schematics from the •--100-rotation in- 
tervals preceding the March 5, 1979, Voyager I flyby and the 
July 9, 1979, Voyager 2 flyby respectively, of Jupiter. The new 
feature is quite prominent in both figures, again appearing at 
the System IV period. The suggestion noted above, that this 
new feature does not extend above 1 MHz, is clearer in the 

Voyager data. We have examined the PRA data at frequencies 

above those shown in Figure 3 (the PRA receivers extend to 
1.3 MHz) and find no evidence of the new feature. 

It is not immediately obvious from Plates I and 2 and Fig- 
ures 2 and 3 just what the exact nature of the new feature is. It 
could be an enhancement of one of the existing HOM "com- 
ponents" every 10.2 hours, or it could equally well be a periodic 
decrease of one of the components. Figure 4 lends some cre- 
dence to the latter interpretation. Here the HOM intensity is 
plotted during a period of time when one of the HOM com- 
ponents starts to dominate in intensity over the other. During 
days 24-27, there is an HOM intensity peak every --•5 hours 
with both of the HOM components, low longitude and high 
longitude, of roughly equal intensity. However, a transition 
takes place so that during days 29-36 the 5-hour periodicity is 
replaced with a 10-hour periodicity. It appears that one of the 
two peaks making up the 5-hour periodicity of days 24-27 has 
diminished considerably in intensity, whereas the other peak 
has remained approximately the same. 
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Plate 2. Relative intensities from the three highest-frequency channels of URAP during the month of 
January 1992, shown as a function of central meridian longitude and rotation number (arbitrary). The relative 
intensity is indicated by the color bar at the bottom. The diagonal lines serve two purposes. First, they show 
how System IV, in general, drifts relative to System III. Second, they show the actual position of the [SII] 
bright feature as a function of time. 

Discussion and Summary 
There have been reports over the past decade of optical 

features in the torus that rotated around Jupiter at approxi- 
mately the System IV period. These reports include [SIII] 
observations of Roesler et al. [ 1984] and Woodward [ 1992], and 
Sandel and Dessler [1988] in a rcexamination of the Voyager 
UVS observations at 685 •. 

During the 6-month interval roughly centered on the time of 
the Ulysses encounter with Jupiter, Brown [1994] made 
ground-based spectroscopic observations of the Io torus at 
6716 and 6731 • [SII] and found a persistent bright feature 
that extended over a large radial range and rotated around 
Jupiter with a period equal to the System IV period. His 
analysis indicates that this feature is a density enhancement 
rather than a temperature variation and that the enhancement 
is about 50%. 

Brown [1994] gives an equation for the System III longitude 
of the bright spot, 

Am = 24.6At + 120 ø 

where At is the time in days since 0 hour on January 1, 1992. 
Returning to Plate 2, the actual location of the diagonal lines 
labeled "System IV" corresponds to the equation, thus indi- 
cating the location of the bright spot as a function of time. It 
must be remembered that the radio data in all figures are 
plotted as a function of the System III longitude of the ob- 
server, which is rarely the same as the longitude of the source 
region. The line representing the [SII] bright spot, however, is 
the longitude of the spot itself. Nevertheless, it can be seen that 
usually when the bright spot is near the central meridian, the 
HOM intensity seems to be diminished. Since the magnetic 
field lines passing through the bright spot at that instant do not 
generally also pass through the HOM source regions, we must 
conclude that the primary effect is on propagation of the HOM 
emission. We believe that the high-density spot must periodi- 
cally refract HOM emission away from the observer's line of 
sight. 

We have shown that there exists a long-lived feature in the 
Jovian HOM spectrum that rotates with the System IV. The 
feature manifests itself as a diminution in intensity. Optical 
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Figure 3. (a) Relative spectral power for the Voyager 1 PRA low-band receiver for the 100-rotation interval 
preceding the March 5, 1979, Jupiter encounter. (b) Similar to Figure 3a but for the Voyager 2 flyby on July 9, 1979. 
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Figure 4. Top panel shows the relative intensity of Jovian HOM at 740 kHz observed by URAP during the 
100-rotation interval preceding the February 8, 1992, Ulysses flyby of Jupiter. Bottom panel is an expanded 
view of days 23-34 of the top panel. 
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spectroscopic observations by Brown [1994] during the same 
interval of time as a portion of the HOM observations show 
that there is a long-lived high-density region in the Io plasma 
torus that also rotates at the System IV period. The HOM 
feature and the torus high-density spot seem to be correlated 
such that, usually, when the spot is on or near the observer's 
central meridian, the HOM emission is partially or totally 
blocked. 

These two new sets of observations, the HOM features and 
Brown's [1994] high-density region in the torus, add consider- 
able weight to the contention by Sandel and Dessler [1988] and 
Yang et al. [1991] that Jupiter's magnetosphere has two inde- 
pendent repetition periods associated with it. It is not clear, 
however, which, if any, of the several mechanisms suggested by 
Sandel and Dessler to produce this dual periodicity is favored 
by the new observations. 

Perhaps the most intriguing aspect of this story is the per- 
sistence of the feature. The feature is evident in both radio and 

ultraviolet observations from the Voyagers in 1979, in ground- 
based spectroscopic observations during the mid-1980s and 
early 1990s, and in the Ulysses radio data. This suggests that 
there is a permanent, high-density region in the Io plasma 
torus which rotates at the System IV period. 
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