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ABSTRACT

Spectroscopic data obtained by the Infrared Interferometer Spectrometer (IRIS) aboard Voyager 1
and 2 have been re-visited. Using the spectroscopic data and footprints of the IRIS aperture on the
planet, we constructed images of the stratosphere of Jupiter at the emission bands of hydrocarbons
including CHy4, CoHg, CoHy, CsHy, CgHg, and CoHy. Thermal emission from the hydrocarbons on
Jupiter originates from a broad region of the stratosphere extending from 1 to 10 millibars. We averaged
the data using a bin of 20 degrees of longitude and latitudes in order to increase signal-to-noise ratios.
The resultant images show interesting wave structure in Jupiter’s stratosphere. Fourier transform
analyses of these images yield wavenumbers 5 - 7 at mid-Northern and mid-Southern latitudes, and
these results are different from those resulted from previous ground-based observations and recent
Cassini CIRS, suggesting temporal variations on the stratospheric infrared pattern. The comparisons of
the Voyager 1 and 2 spectra also show evidence of temporal intensity variations not only on the infrared
hydrocarbon polar brightenings of hydrocarbon emissions but also on the stratospheric infrared structure
in the temperate regions of Jupiter over the 4 month period between the two Voyager encounters. Short

running title: Stratospheric Images of Jupiter derived from Voyager IRIS Spectra.
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I. INTRODUCTION

The IRIS on Voyager 1 and 2 (Hanel et al. 1979a, b)
harvested a wealth of information on the atmospheres
of the outer planets. The IRIS infrared spectra have
been used to study the thermal structures (e.g., Con-
rath and Gautier, 1980), gas mixing ratios (e.g., Kunde
et al. 1982), ammonia cloud layers (e.g., Marten et
al. 1981), and dynamics (e.g., Gierasch et al. 1986)
of Jupiter. These studies used primarily Voyager 1
data because Voyager 2 data are noisier in the shorter
wavelength range compared with Voyager 1 data. An-
alyzing the Voyager IRIS spectra, detections of tro-
pospheric waves were reported by Deming et al. (1989)
and Magalhées et al. (1989); and stratospheric features
were observed at NASA/IRTF (Infrared Telescope Fa-
cility) by Orton et al. (1991). However, stratospheric
features made from the Voyager IRIS data have not
been reported thus far. The NIMS (Near Infrared Map-
ping Spectrometer) on Galileo covered the 0.7 ~ 5.2
pm range, and could not observe the thermal infrared
range (7.14 - 50 pm) that the IRIS on Voyager 1 and 2
covered.

In this paper, we constructed stratospheric images
using selected spectral regions of the Voyager IRIS
data. We averaged the Voyager data using a bin of
20 degrees of longitude and latitudes in order to in-
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crease signal-to-noise ratios. Global stratospheric im-
ages of Jupiter were constructed at the central emission
bands of major hydrocarbons, such as, CH4, C2Hg, and
CoHs. The constructed images revealed patterns of
wave-like stratospheric structure. Although Voyager 1
data were primarily utilized, we also analyzed Voyager
2 data, which have not been fully evaluated to study
the stratosphere.

Recently, the Cassini Composite Infrared Spectrom-
eter (CIRS) obtained thermal infrared spectra of Jupiter
with a spectral resolution of 0.003 pm and spatial res-
olutions of approximately 3° covering the entire globe
(e.g., Flasar et al. 2001; Achterberg et al. 2001). Us-
ing the CIRS spectra, Achterberg et al. (2001) con-
structed global images for the stratosphere and the tro-
posphere, and found that the images are dominated by
zonal wavenumber 2 along with other wavenumbers at
various latitudes. Harrington et al. (2001) observed
Jupiter ‘at the NASA/IRTF with the MIRLIN cam-
era, and reported the stratospheric waves with zonal
wavenumber 1 and 13 at 18° south.

We discuss the patterns of the stratospheric waves
shown on our IRIS images, and compare the features
with other wave-like features reported previously by
other authors. We also made one-dimensional longi-
tudinal images of the polar regions for these hydro-
carbons, and minor species, such as C3Hy, CgHg, and
CoHy4, which appear only in the auroral IRIS spectra
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(Kim et al. 1985). We compare Voyager 1 and 2 po-
lar spectra in order to investigate temporal variations
of infrared auroral emissions and stratospheric infrared
structure between the two Voyager Jupiter encounters.

II. DATA REDUCTION

The IRIS aboard Voyager 1 and 2 acquired infrared
spectra of Jupiter covering nearly all Jupiter’s surface
from 7.14 pm to 50pm (Figs. 1la and 1b). Obser-
vational sequences known as North/South maps were
performed as each spacecraft approached and receded
from Jupiter. These maps have 360° of longitude cov-
erage of Jupiter. We selected data obtained from a
time span of 6 days before and after the closest en-
counters, which correspond to FDSC (Flight Data Sys-
tem Count) 16209.24 - 16569.24 for Voyager 1, and
FDSC 20479.30 - 20839.30 for Voyager 2. We carefully
selected and averaged these data in order to increase
signal-to-noise (S/N) ratios.

We first calculated realistic IRIS aperture shapes
projected onto the Jupiter’s surface. If the aperture
shape is too elongated, ie., if the radius is greater than
15° from the centers of the apertures, then this area
is discarded. We averaged overlapping regions of two
or more of apertures. Figures la and 1b show the re-
sultant footprints of the Voyager 1 and 2 IRIS aper-
tures, respectively, on the surface of Jupiter for the
CoHs emissions. As shown in these figures, there are
some missing regions, colored by black. As noted im-
mediately, these images in Figures la and 1b are too
noisy to discern any stratospheric structure of the CoHy
emissions except the bright north polar auroral region.
Therefore, we decided to bin the images with larger lon-
gitude and latitude intervals compared with the sizes of
the apertures in order to increase S/N ratios, as follows:

We have developed procedures to average the data
in bins whose widths are 20° of longitude and latitude.
As seen in Figures 1a and 1b, most of the aperture sizes
are smaller than the 20° x 20° bin. The radiances of
Jupiter at frequencies corresponding to emission bands
of hydrocarbons or to the pressure-induced absorptions
(PIA) of molecular hydrogen were extracted from the
IRIS spectra. The spectral radiances within the bin
were then averaged together to improve S/N ratios. A
point is plotted every 4° longitude and every 5° lati-
tude except high latitudinal regions. The pixel size in
the resultant images are, therefore, 4° longitude and 5°
latitude for the region between -45° and +45° latitude.
For the polar regions, we used wider latitudinal bins:
50° - 90°, and 50° 90°S latitudes considering the spar-
sity of the polar data. In the high latitudinal regions,
the number of spectra are scarce as seen in Figures 1a
and 1b, except a north polar region near 60° N and
180° System III longitude. Bins with only 1 or 2 spec-
tra have the largest error bars while bins with best S/N
ratios have 75 or more spectra.

The +1o error bar for a radiance corresponding a
bin has been calculated using the following equation:

NESR
VN

where NESR is the noise equivalent spectra radi-
ance taken from Hanel et al. (1980), and N is the
number of spectra in a bin.

The averaged and binned data of the FDSC 16209.24
- 16569.24 for Voyager 1, and FDSC 20479.30 - 20839.30
for Voyager 2 are presented in Figures 2 through 7.
However, these data cover a time span of more than
10 days, and there might be temporal variations of the
stratospheric infrared emissions during this period es-
pecially due to stratospheric winds (e.g., Conrath et
al. 1990). In order to see any variations of the infrared
emissions during this period, we selected a data set out
of the IRIS data which were taken on 2 - 3 days before
(FDSC 16308.40 - 16326.39) the closest encounter with
Jupiter. These Voyager 1 data cover the entire globe
and the S/N ratio for each data point is sufficient to
make global maps, which are presented in Figure 8.

In order to study molecular emissions from the
stratosphere of Jupiter, one must carefully subtract
the underlying tropospheric continuum. Stratospheric
emission lines of most hydrocarbon molecules are formed
approximately at the 1 - 10 mbar pressure levels, while
the PIA of molecular hydrogen at the same frequencies
originate from the 400 - 500 mbar levels. Although one
could subtract the continuum from a particular emis-
sion at nearby frequency, this may introduce significant
noise when the underlying continuum has a low S/N ra-
tio. Instead we chose a different frequency where unit
optical depth of the PIA of molecular hydrogen occurs
at the same pressure level but where the S/N is much
higher. For example, CoHy emission at 13.66 pm is
riding on a 124 K molecular hydrogen continuum. The
absorption coeflicient of the PTA of molecular hydrogen
is the same at 31.25 pm and 13.66 um, but the radiance
from a 124 K black body is 10 times higher at 31.25 pm
than at 13.66 pum. Thus, one can use the molecular hy-
drogen continuum at frequencies where both Voyager 1
and 2 have good S/N, to remove tropospheric tempera-
ture effects approximately. As seen in Figure 2 through
Figure 5, which show longitudinal variation of the hy-
drocarbon emissions, the resultant S/N ratios derived
from the above procedures are meaningful to study the
infrared images of the polar regions of Jupiter.

1 ¢ S/N ratio =

(1)

III. INFRARED POLAR EMISSIONS

Although the high latitudinal regions have been
scarcely observed by Voyagers, a north polar region
(near 60° N and 180° System III longitude) was in-
tensely observed by observational sequences, which
were programmed by the Voyager team in advance in
order to determine the gas composition at the polar re-
gions. This is serendipitous because this particular lon-
gitude was not known to have enhanced infrared emis-
sion at the times of the Voyager encounters. The north
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Fig. 1.— Voyager 1 (Fig. 1a) and 2 (Fig. 1b) IRIS field of views projected onto the Jupiter’s
surface for CoHy emissions during a time span between 6 days before and after the closest encounters,
which correspond to FDSC (Flight Data System Count) 16209.24 - 16569.24 for Voyager 1, and FDSC
20479.30 - 20839.30 for Voyager 2. Missing regions are colored by black. The images are too noisy
to discern any stratospheric structure of the CoHy emissions except the north polar auroral region.
We, therefore, binned the images with larger longitude and latitude intervals than the aperture size
in order to increase signal-to-noise ratios, and presented the resultant images in Figs. 6, 7, and 8.

polar hot spot was first detected with ground telescopes
in the early 1980s by Caldwell et al. (1980 and 1983).
Subsequent careful examinations of the north polar
spectra of Voyager 1 IRIS revealed enhanced emissions
of several hydrocarbons, such as CoHy, C3Hy, CgHg,
and possibly CH; (Kim et al. 1985). Recently, the
Infrared Space Observatory (ISO) observed CsHy and
C4H: on Saturn; C¢Hg on Jupiter and Saturn; and CHjy
on Saturn and Neptune (e.g., Bezard et al., 1999).

Shown in Figure 2 are comparisons of binned inten-
sities between Voyager 1 and 2 data for CHy4, CoHg, and
CoH; band emissions from the north polar stratosphere.
The 6 figure panels show average radiances (i.e., bright-
ness temperatures) and +1o error bars at the selected
frequencies corresponding to the band centers of CHy,
CoHg, and CoH,. Figure 2 clearly shows similar en-
hanced emissions of CH; and CoHs above the noise
levels between 160° and 200° longitude for the both
Voyager data, except the Voyager 2 CoHg emission,
which is prominent compared with that in the Voy-
ager 1 data. This demonstrates the variability of the
C,Hg emission within a 4 month scale, and the causes
are not known at this time.

Figure panels in Figure 3 exhibits detailed longitudi-
nal variations for the band emissions of minor species,
CoHy, C3Hy, and CgHg from the north polar regions
observed by Voyager 1 and 2. As seen from the up-
per most figure panel in Figure 3, Voyager 1 data show
an enhancement of CoHy emission between 160° - 210°
longitude, and probably the feature is wider in longi-
tude than that of the CH4 emission of Voyager 1 in
Figure 2. Voyager 2 north polar data (the 2nd figure
panel in Fig. 3) are very noisy showing no visible en-
hancement of CoHy emission around 180°, where we
see definite but similar patterns of CHy, CoHg, and
C2H, emission enhancements in Voyager 1 data (Fig.
2). Voyager 1 C3H,4 emission (the 3rd panel of Fig.

3) is weak but perhaps wider (i.e., 1400 - 240° longi-
tude) than Voyager 2 C3Hy (4th panel) and Voyager 1,
2 CgHg (5th, 6th panels) emissions, which are approxi-
mately confined between 160° and 200° longitude. The
4th and 6th panels (Voyager 2 data) show similar emis-
sion shapes for CgHg and CsHy, but the noise is higher
than Voyager 1 CgHg (5th panel).

Figures 4 and 5 show Voyager 1 and 2 south polar
data. The 3rd and 5th figure panels in Figure 4 (Voy-
ager 1 data) show CoHg and CyHjy emission enhance-
ments between 50° and 110°, and the emission enhance-
ments probably also occur for Voyager 1 C3H, emission
(3rd panel, Fig. 5) in the same longitude range. But no
similar enhancement can be seen for other Voyager 1
hydrocarbon emissions. The Voyager 2 CH, emissions
(2nd panel, Fig. 4) are very noisy and do not show any
significant longitudinal information.

Voyager 2 south polar data show CoHy emission en-
hancement approximately between 190° and 270° lon-
gitude {6th panel, Fig. 4) and probably CoHg (4th
panel, Fig. 4) and C3H, emissions(4th panel, Fig. 5).
For the same longitudinal range of the Voyager 2 south
polar data, however, we cannot see any visible enhance-
ments for CHy (2nd panel, Fig. 4), CoHy (2nd panel,
Fig. 5), C¢Hg (6th panel, Fig. 5) emissions, which are
very noisy.

Using ground-based observational data over a 10
year period, Caldwell et al. (1988) found that the 8 ym
CH, emission remains around 180° longitude on 60° N
latitude, whereas during the same period the southern
CH4 emission moves around in longitude near 60o S
latitude. Our CH,4 emission results in this work are
consistent with those of Caldwell et al. The Voyager
2 CoH, emissions (2nd panel, Fig. 5) and Voyager 2
CgHg emissions (6th panel, Fig. 5) are very noisy and
do not contain meaningful longitudinal information.
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Fig. 2.— Comparisons between north polar Voy-
ager 1 and 2 data for CH4, CoHg, and CoHy emissions.
Enhanced emissions in the CHy4, and C;Hs bands are
clearly seen in both Voyager data between 160° and
200° longitude. 1o error bars are presented in Figs.
2 through 5. The negative values in Fig. 2 through 5
result from the subtractions of the adjacent continua.

IV. STRATOSPHERIC WAVE FEATURES

Magalhaes et al. (1989) discovered tropospheric
large scale features, which move slowly, using Voyager
IRIS data at 45 pm. Deming et al. {1989) also detected
similar tropospheric thermal wave structures in 8 - 13
pm images obtained at the NASA Infrared Telescope
Facility (IRTF). They found a zonal wavenumber of
~11 at 20° north, which were unchanged over two Jov-
ian rotations. On the other hand, stratospheric wave-
like structures were seen in infrared images obtained
at the IRTF with a wide band filter centered on the
strong CH, band at 7.8 um (Orton et al. 1991). Orton
et al. suggested that the stratospheric waves originate
as instabilities in the troposphere and propagate verti-
cally upward, increasing their amplitude along the way
as the background atmospheric density decreases with
altitude.

During the Cassini swing-by of Jupiter in December
2000, the CIRS obtained infrared spectra of Jupiter in
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Fig. 3.— Comparisons between north polar Voyager
1 and 2 data for CoHy, CsHy, and CgHg band emis-
sions. Detailed longitudinal variations for the band
emissions of these hydrocarbons are exhibited. In Figs.
2, 3, 4, and 5, in addition to the auroral emissions, we
can see apparent longitudinal stratospheric structures,
which are discussed in Section 4.

the 7.14 ~ 16.67 pm range with a spectral resolution
of 0.003 pum and spatial resolutions of approximately
3° covering the entire globe (e.g., Flasar et al. 2001;
Achterberg et al. 2001). Using these spectra, they
were able to construct tropospheric and stratospheric
images, which reveal wave-like features. Achterberg et
al. (2001) found that the images are dominated by
zonal wavenumber 2 with wavenumbers 1 through 4
at various pressure ranges and several latitudes. They
found that significant waves are seen at wavenumber 10
near the equator at 10 mbar, and with wavenumber 14
around 15° N and 214 mbar. Harrington et al. (2001)
observed Jupiter at the NASA /IRTTF with the MIRLIN
camera, and reported stratospheric waves with zonal
wavenumber 1 and 13 at 18° S.

In Figures 6 and 7, we present our Jupiter images
(or brightness temperature maps) of Voyager 1 and 2,
respectively, for the CHy, CoHs, and CoHg band emis-
sions, which were binned with a 20° x 20° box, as de-
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Fig. 4.— Comparisons between south polar Voyager 1
and 2 data for CHy, C2Hg, and CoHy emissions.

scribed in Section 2. We did not present similar images
for minor hydrocarbons because the S/N ratios of these
images are too low to be presented. The stratospheric
patterns in IRIS 7.8 pym CH, images could not be seen
previously because the IRIS images without using a
large bin are too noisy for discerning the infrared fea-
tures.

In Figure 8, we present binned images for stratospheric
CoH, and CoHg emissions for 2 - 3 days before the
closest Voyager 1 encounter with Jupiter. The tro-
pospheric image at the top of Figure 8 was taken at
31.25 pm, where the tropospheric PIA of Hy is domi-
nant. The Great Red Spot (GRS) can be clearly seen
around 70° longitude in the southern hemisphere, and
other smaller features can also be seen in this tro-
pospheric image. However, the GRS is not apparent
in other stratospheric images in Figures 6, 7, and 8.
In these images, apparent wave-like features, which are
definitely above the noise levels, are seen in addition
to the prominent north polar brightenings. Comparing
the stratospheric features in Figure 8 (for 2 - 3 days
before the closest Voyager 1 encounter with Jupiter),
and those in Figure 6 (which are averaged images for

Brightness Temperature (K)

South Polar Regicon

Voyoger 1 CZHA 949 ~ (930,965)cm™’

15 T T T T T T T T T T T

T3t ggrnnnnnst? i:rf

SEv .,;?JI"ip"HV 1IIAAII‘577I‘!!!‘!TIQi"!II‘IILILTII.afIAglllv‘E

-5 L : ¢ L L : ' L L ‘ : L L L
0 90 180 270 360

)

Voyoger 2 C,H, 949 — (930,965)cm”

=l ﬁ}ﬂﬁmi e ﬁﬁﬁ“

_sE-
-1 L L L j ' \[

T =
o] 30 180

S o

-

Voyeger 1 CyH, 633cm™ ~ 7 adjacent continua

T T T T T T T T T T T T T

-
3 Py S T s 1133
E;ﬁﬁ;i-‘}hty 1" Inilh:_;ﬁ;; sea®t IETESTITEY ::HEEIQ;..uJ
LE
,zE IV S IR Ly 8
0 90 180 270 360

'

Voyager 2 CjH, 633em”

T T T T T T T T T T T T T T T T

- 7 adjacent continua

i
zz;;..;......l}iiir

i

Hely

PMPT -ImnmuL“"'vv A lﬂ.... *IHTmHEE’f

0 90 180 270 360

'

Voyager 1 CgHg 674cm™ — 7 odjocent continua

T T T T T T T T T T T T T T T

,...ﬂizh{ ey

L s T -,.ﬂ;nﬂ,;EIHHEEHE-,.niziiﬁi;lnn,.n;

L L L L ' 1 L L L L

ol 20 180 270 360

1

Voyager 2 CgHs 674cm™ — 7 adjacent continua

g lﬂqﬂ T I T T — S
f: ‘I M H.:I Y{ - J:IT H E‘D:pi'luii', JRTSITYNS :
ol ‘*TI EI e LT 1T seee . o
A i i s NN
0 90 150 270 360

Longitude (System III)

Fig. 5.— Comparisons between south polar Voyager 1
and 2 data for CoHy, C3Hy, and CgHg emissions.

the 12 days of the Voyager 1 encounter), we found that
the some of major stratospheric features are not sig-
nificantly changes, but other features are changed in
brightness and/or location, indicating the degree of sta-
bility of the stratospheric features during the 12 days
of the encounter. A preliminary result was previously
reported by Kim et al. (1996).

Fourier transform analyses applied to these images
yield wavenumbers 5 - 7 between 10° and 45° N and 10°
and 40° S latitudes for the CoHy image in Figure 6; and
wavenumber ~6 between 10° and 45° N latitudes and
wavenumber ~7 between 10° and 40° S latitudes for
the CyH, image in Figure 8. Between 10° S and 10° N
latitudes (the equatorial region) there seem to no domi-
nant wavenumbers in the power spectra of these images.
Fourier transform analyses of CHy and CoHg images,
although they are noisier than C;Hs images, yield sim-
ilar wavenumbers, i.e., 5 - 7. In the tropospheric image
in Figure 8, we found wavenumbers of 5 - 7 for the
same latitudinal regions, and these wavenumbers are
different from those found by Magalhaes et al. (1989)
and Deming et al. (1989). Our stratospheric wavenum-
bers are also different from the recent values resulted
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Fig. 6.— Jupiter images, the maps of brightness tem-
peratures, of the CHy, C2Hy, and C3Hg emissions ob-
tained from Voyager 1 IRIS spectral data.

from the CIRS and ground-based observations by var-
ious authors {e.g., Flasar et al. 2001; Achterberg et al.
2001; Harrington et al. 2001).

V. DISCUSSION

In principle, stratospheric temperatures can be re-
trieved from the 7.8 yum CHy line-by-line intensities,
and then abundances of other hydrocarbons should
be derived utilizing the derived stratospheric tempera-
tures and the hydrocarbon emission intensities. Ideally,
therefore, the CH, intensity map can be transformed
into a stratospheric temperature map, and in turn the
hydrocarbon intensity maps can be transformed into
abundance maps of the hydrocarbons. There are, how-
ever, two obstacles to carry out this task: (1) too noisy
intensity maps (especially for CoHy, C3Hy, and CgHg
bands) for this purpose; and (2) the difficulty in sepa-
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Fig. 7.— Jupiter images of the CHy, CoHg, and CyHg
emissions obtained from Voyager 2 IRIS data.

rating temperature increases from hydrocarbon abun-
dance enhancements in the auroral regions — A study
on thermal profiles in the auroral regions of Jupiter
(Drossart et al. 1993), and another studies on high
temperatures in the thermosphere of Jupiter (Kim et al.
1990; Maillard et al. 1990) indicate that the observed
excess hydrocarbon emission bands can be explained by
high temperatures in the low thermosphere (or in the
upper stratosphere) without increasing hydrocarbon
abundances compared with those in the other regions
of Jupiter. In other word, the enhanced hydrocarbon
emission simply cannot be translated into abundance
increase. It is also difficult to constrain temperatures in
the upper stratosphere (or in the lower thermosphere)
using only the Voyager CH4 emission. Therefore, in
this paper, we do not present the stratospheric tem-
perature maps and hydrocarbon abundance maps.

Recent Cassini CIRS (e.g., Flasar et al. 2001;
Achterberg et al. 2001) and NASA/IRTF (Harrington
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Fig. 8.— Tropospheric image (top) of Jupiter at 31.25
pm, stratospheric image (middle) of CoHj, stratospheric
image (bottom) of CsHg taken by Voyager 1 IRIS during
2 - 3 days before the closest encounter with Jupiter.

et al. 2001) results yield various wavenumbers from
1 to 13 for the stratospheric waves. These wavenum-
bers are different from our values derived from the Voy-
ager IRIS images, and are also different from those de-
rived from tropospheric features by Magalhées et al.
(1989) and Deming et al. (1989). The differences
in the wavenumber among these observations suggest
that the stratospheric circulation {e.g., Conrath et al.
1990) and tropospheric dynamics significantly influence
the pattern of the wave-like features as a function of
time. Thus far, the inconsistency among the derived
wavenumbers has not been explained. However, as
we have shown a time-variability in the IRIS spectra
within the 4 month period between the two Voyager
encounters, one strong possibility is that the wavenum-
ber is time-variable. Other possibility is that the ob-
servational data may not be enough to establish the
Jovian wavenumber. Further observations from space
and ground, and further theoretical considerations are

needed to establish the nature of time variability of the
wave-like features.

VI. CONCLUSIONS

The Voyager 1 and 2 IRIS data for the north polar
region of Jupiter show enhanced emissions in CHy4 and
CoHs bands between 160° and 200° N longitude. En-
hanced CoHg emission in the northern hot spot is not
obvious in the Voyager 1 data, but it is quite promi-
nent in the Voyager 2 data indicating significant inten-
sity variation within the 4 month period between the
two Voyager encounters. Voyager 1 data show definite
enhancement of CoHy emission between 160° - 200°
N longitude. Voyager 1 north polar Co;H, and C3Hy
emissions may be wider (il.e., 140° - 240° longitude)
than Voyager 2 C3Hy and Voyager 1, 2 CgHg emis-
sions, which are approximately confined between 160°
and 200° longitude. Voyager 1 south polar data show
CoHg and CoHs, emission enhancements between 50°
and 110°, but no similar enhancement for other Voy-
ager 1 hydrocarbon emissions. Voyager 2 south polar
data between 190° and 270° longitude show an emission
enhancement for the CoHy band.

The Voyager IRIS stratospheric images also reveal
patterns of stratospheric waves, which are similar to
those seen from previous ground-based and space-borne
observations, but differ in wavenumbers. Fourier trans-
form analyses of these images yield wavenumbers 5 - 7
at mid-Northern and mid-Southern latitudes, which are
different from those resulted from recent Cassini CIRS
and previous ground-based observations. The differ-
ent wavenumbers obtained at the different observations
suggest a time variability of the wave-like features.
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