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A photograph of Io (Fig. 1) taken by 
Voyager 1 revealed the first evidence of 
currently active volcanism on any solar 
system object other than Earth. This im- 
age was taken at 13:28 Greenwich mean 
time on 8 March 1979 from a range of 
4.5 x 10" km. Io was photographed at 
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this time as part of the Voyager optical 
navigation effort, a program to determine 
both the ephemerides of the five inner 
Jovian satellites and the trajectory of the 
spacecraft through the acquisition and 
analysis of satellite and star images. 

Although not shown in Fig. 1, the orig- 
inal image includes two stars (AGK3- 
10021 and AGK3-20006). It was the digi- 
tal processing used to display these faint 
stars that first revealed a dim cloud (< 10 
percent of Io's brightness), which is ap- 
parent in the image as a thin crescent 
above the satellite's eastern limb. It ap- 
peared that this crescent might be a sec- 
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ond solid body located beyond Io. How- 
ever, this possibility was ruled out on 
two bases. First, the diameter of such an 
object would be sufficient-1000 km or 
greater-that it should have been pre- 
viously detected, and second, the space- 
craft was about 3? above the orbital plane 
of the Galilean satellites, so that none of 
these large bodies could have appeared 
in line with Io. 

A more plausible interpretation of the 
image is that sunlight is being forward- 
scattered by a large, well-defined cloud 
of gas or dust located at least 270 km 
above the surface of Io. Considering the 
landforms observed on Io during the 
closest approach, this cloud is probably 
of volcanic origin. The cloud is located 
above, or nearly above, a heart-shaped 
feature on Io that has been independent- 
ly identified as a volcanic landform. This 
feature, at 250? longitude, -30? latitude, 
can be located on figures 14 and 16 of 
(/), which contains additional examples 
and a discussion of Io volcanism. Sub- 
sequent analysis of this image has re- 
vealed that the bright spot at 305?, 10? 
(just beyond Io's terminator) is a second 
volcanic plume [see figure 19 in (/)] pro- 
jecting above the dark surface into the 
sunlight. 

L. A. MORABITO 
S. P. SYNNOTT 

P. N. KUPFERMAN 
STEWART A. COLLINS 

Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena 91103 

References and Notes 

1. B. A. Smith et al., Science 204, 951 (1979). 
2. This report presents the results of one phase of 

research carried out at the Jet Propulsion Labo- 
ratory under NASA contract NAS 7-100. 

25 April 1979 

ond solid body located beyond Io. How- 
ever, this possibility was ruled out on 
two bases. First, the diameter of such an 
object would be sufficient-1000 km or 
greater-that it should have been pre- 
viously detected, and second, the space- 
craft was about 3? above the orbital plane 
of the Galilean satellites, so that none of 
these large bodies could have appeared 
in line with Io. 

A more plausible interpretation of the 
image is that sunlight is being forward- 
scattered by a large, well-defined cloud 
of gas or dust located at least 270 km 
above the surface of Io. Considering the 
landforms observed on Io during the 
closest approach, this cloud is probably 
of volcanic origin. The cloud is located 
above, or nearly above, a heart-shaped 
feature on Io that has been independent- 
ly identified as a volcanic landform. This 
feature, at 250? longitude, -30? latitude, 
can be located on figures 14 and 16 of 
(/), which contains additional examples 
and a discussion of Io volcanism. Sub- 
sequent analysis of this image has re- 
vealed that the bright spot at 305?, 10? 
(just beyond Io's terminator) is a second 
volcanic plume [see figure 19 in (/)] pro- 
jecting above the dark surface into the 
sunlight. 

L. A. MORABITO 
S. P. SYNNOTT 

P. N. KUPFERMAN 
STEWART A. COLLINS 

Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena 91103 

References and Notes 

1. B. A. Smith et al., Science 204, 951 (1979). 
2. This report presents the results of one phase of 

research carried out at the Jet Propulsion Labo- 
ratory under NASA contract NAS 7-100. 

25 April 1979 

ond solid body located beyond Io. How- 
ever, this possibility was ruled out on 
two bases. First, the diameter of such an 
object would be sufficient-1000 km or 
greater-that it should have been pre- 
viously detected, and second, the space- 
craft was about 3? above the orbital plane 
of the Galilean satellites, so that none of 
these large bodies could have appeared 
in line with Io. 

A more plausible interpretation of the 
image is that sunlight is being forward- 
scattered by a large, well-defined cloud 
of gas or dust located at least 270 km 
above the surface of Io. Considering the 
landforms observed on Io during the 
closest approach, this cloud is probably 
of volcanic origin. The cloud is located 
above, or nearly above, a heart-shaped 
feature on Io that has been independent- 
ly identified as a volcanic landform. This 
feature, at 250? longitude, -30? latitude, 
can be located on figures 14 and 16 of 
(/), which contains additional examples 
and a discussion of Io volcanism. Sub- 
sequent analysis of this image has re- 
vealed that the bright spot at 305?, 10? 
(just beyond Io's terminator) is a second 
volcanic plume [see figure 19 in (/)] pro- 
jecting above the dark surface into the 
sunlight. 

L. A. MORABITO 
S. P. SYNNOTT 

P. N. KUPFERMAN 
STEWART A. COLLINS 

Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena 91103 

References and Notes 

1. B. A. Smith et al., Science 204, 951 (1979). 
2. This report presents the results of one phase of 

research carried out at the Jet Propulsion Labo- 
ratory under NASA contract NAS 7-100. 

25 April 1979 

Fig. 1. Narrow-angle image of Io. This 0.96- 
second exposure was taken through a clear 
filter by Voyager 1, 3 days after the space- 
craft's closest approach to Jupiter. The phase 
angle is 124?. The image has been digitally en- 
hanced, in contrast and size, to more clearly 
show the faint cloud above Io's limb. Io's lit 
crescent is shown as well as its dark hemi- 
sphere, which is faintly illuminated by sun- 
light reflected by Jupiter. Two examples of 
volcanic plumes are found in this image. 
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Infrared Observations of the Jovian System from Voyager 1 

Abstract. The infrared spectroscopy and radiometry investigation has obtained 
spectra of Jupiter and its satellites between approximately 180 and 2500 cm-1 with a 
spectral resolution of 4.3 cm-l. The Jupiter spectra show clear evidence of H2, CH4, 
C2H2, C2H,, CH ND, NH3, PH3, H20, and GeH4. A helium concentration of 
0.11 ? 0.03 by volume is obtained. Meridional temperature cross sections show con- 
siderable structure. At high latitudes, the stratosphere is warmer in the north than in 
the south. The upper troposphere and lower stratosphere are locally cold over the 
Great Red Spot. Amalthea is warmer than expected. Considerable thermal structure 
is observed on lo, including a relatively hot region in the vicinity of a volcanic fea- 
tutre. 
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The Voyager infrared spectroscopy 
and radiometry investigation uses a 
Michelson interferometer operating in 
the infrared and a single-channel radiom- 
eter sensitive to visible radiation, both of 
which share a 50-cm Cassegrain tele- 
scope. This instrument, designated by 
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the acronym IRIS (1), performed well 
during the Jupiter encounter, with more 
than 50,000 spectra recorded. Because of 
a small misalignment that developed dur- 
ing cruise between Earth and Jupiter, 
satisfactory responsivity of the inter- 
ferometer is limited to the region be- 

SCIENCE, VOL. 204, 1 JUNE 1979 

the acronym IRIS (1), performed well 
during the Jupiter encounter, with more 
than 50,000 spectra recorded. Because of 
a small misalignment that developed dur- 
ing cruise between Earth and Jupiter, 
satisfactory responsivity of the inter- 
ferometer is limited to the region be- 

SCIENCE, VOL. 204, 1 JUNE 1979 

the acronym IRIS (1), performed well 
during the Jupiter encounter, with more 
than 50,000 spectra recorded. Because of 
a small misalignment that developed dur- 
ing cruise between Earth and Jupiter, 
satisfactory responsivity of the inter- 
ferometer is limited to the region be- 

SCIENCE, VOL. 204, 1 JUNE 1979 972 972 972 



tween approximately 180 and 2500 cm-' 
(4 and 55 /tm). The average noise equiva- 
lent radiance for an individual spectrum 
falls steeply from 3 x 10-8 at 180 cm-1 to 
a minimum of 4 x 10-' at 400 cm-'; 
thereafter, it rises nearly linearly to 
1.2 x 10-8 W-cm-2-ster-V/cm-1 at 2000 
cm-'. 

Calibration of the absolute radiance 
level in the spectrometer was established 
by scaling the planetary and satellite 
spectra to deep space spectra, making 
use of a precise knowledge of the tem- 
perature of the instrument. The radiom- 
eter was calibrated by viewing solar radi- 
ation diffusely reflected from an on- 
board plate and specularly reflected from 
a small mirror mounted on the telescope. 
The resulting calibrated spectral and ra- 
diometer data are of good quality and al- 
low many scientific objectives to be pur- 
sued, a few examples of which are dis- 
cussed in this report. 

Atmospheric composition. A large 
number of spectra of the Jovian atmo- 
sphere were acquired. The narrow field 
of view (0.25? full cone angle) permitted 
recording of full-disk spectra 3 to 4 
weeks before closest approach with spa- 
tial resolution increasing to a maximum 
of almost 1/100 of the apparent disk di- 
ameter at closest approach. 

The characteristics of the spectral re- 
gion 180 to 1400 cm-' are illustrated in 
Fig. 1 and those of the region 1700 to 
2300 cm-1 in Fig. 2. For the low-wave- 
number region examples are given for 
the North Equatorial Belt (NEB) under 
near-vertical viewing (emission angle 
- 9?) and limb viewing (- 67?) condi- 

tions, and for the south polar region 
(- 55?). For the high-wavenumber re- 
gion, only spectra from the NEB are 
shown. A synthesized spectrum employ- 
ing a representative belt temperature 
profile and composition information 
available from ground-based data (2) is 
also shown in Fig. 1. 

The overall qualitative characteristics 
of the measured spectra compare favor- 
ably with the model, although noticeable 
quantitative differences exist. Evident 
spectral features include the high J rota- 
tion lines of NH. near 200 cm-', the 
broad pressure-induced translation-rota- 
tion S(0) and S(i) transitions of H2 be- 
tween 300 and 700 cm-', the v, C2H2 ro- 
tation-vibration band centered at 729 
cm-', the v2 NH3 rotation-vibration band 
between 800 and 1200 cm-1, and the v4 
CH4 rotation-vibration band between 
1200 and 1400 cm-'. The v, band of C2H3 
is easily identified in the high air mass 
spectra. The C2H2, C2H,, and central 
portions of the CH4 band appear in emis- 
sion, indicating their formation in the 
1 JUNE 1979 
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averages of approximately 60 spectra. Fig. 4 (right). Zonally averaged meridional tempera- 
ture cross section of Jupiter. Data from two global maps taken respectively 2 days before and 2 
days after encounter were combined to obtain this result. 
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stratosphere. The strength of the C2H2 
and C2H, features is found to change dif- 
ferentially with latitude, indicating corre- 
sponding differences in concentration or 
vertical distribution. 

Small spectral features with temper- 
atures - 0.3 K warmer than the sur- 

rounding continuum are observed at 
354.4 and 587.1 cm-1, the frequencies of 
the S(0) and S(1) lines of the free H2 
molecule. These features may be due to 
some combination of the quadrupole 
component of absorption (3) and inter- 
collisional interference effects similar to 
those observed in the S lines in the fun- 
damental vibration-rotation band (4). 
Significant PH, absorption between 1100 
and 1200 cm-' is seen, with the strongest 
spectral features not masked by NH:3 
being the 1122 cm-1 Q branch and an R 
branch line at 1184 cm-1. 

The 2000 cm-' region is transparent to 
the dominant Jovian gaseous absorbers 
H2, CH4, NH3, and PH3 and, in the ab- 
sence of dense clouds, allows infrared 
radiation from the deeper atmosphere to 
emerge. Ground-based measurements in 
this spectral window show brightness 
temperatures that vary between 195 and 
260 K, with strong radiation associated 
with localized hot spots where the in- 
tensity of the radiation increases with in- 
creasing spatial resolution (5). At a reso- 
lution of 1/20 of the disk, a temperature 
of 250 K was first seen from the space- 
craft; at higher spatial resolution temper- 
atures never exceeded 260 K, indicating 
a distinct lower boundary. The nature of 
this boundary is not clear; however, it 
could be either a cloud deck or a molecu- 
lar absorption continuum. 

The data shown in Fig. 2 were record- 
ed at +12? latitude at 1/20 disk resolu- 
tion. The region 1700 to 1900 cm-1 is 
dominated by the v4 NH3 band with the 
continuum from this band apparently ex- 
tending to 2000 cm-'. Most of the strong 
absorption lines between 1900 and 2100 
cm-' are due to H20. The Q branch of 
GeH4 at 2111 cm-' and CH3D absorption 
between 2100 and 2210 cm-' are visible, 
in agreement with ground-based mea- 
surements (6). 

Although preliminary, an attempt has 
been made to place limits on the He 
abundance. The He concentration was 
derived by using the method of Gautier 
and Grossman (7). This method takes ad- 
vantage of the fact that the coefficients of 
H2-H2 and H2-He collision-induced ab- 
sorption vary differentially with wave- 
number in the low-frequency portion of 
the spectrum. The H2 and He opacities 
used were based on recent experimental 
and theoretical work (8). A systematic 
error in the He determination can occur 
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FRAME COUNT 

Fig. 6. Brightness temperature at 1350 cm-' in 
the vicinity of a large hot spot on Io; the ap- 
parent 150 K background represents the in- 
strument noise level at this wavenumber. In 
this representation, the width of the IRIS field 
of view corresponds to roughly seven frame 
counts. Frames 35 through 44 include por- 
tions of the central features in Fig. 7. The 
missing frame (number 35) was rejected dur- 
ing preliminary processing because of data er- 
rors, but is recoverable. 

if an additional unknown absorber is 
present at wavenumbers used for in- 
verting the radiative transfer equation. 
To minimize the possibility of such a per- 
turbation by clouds or haze or by the far 
wings of NH3 lines, spectra were se- 
lected from belts, since these regions ap- 
pear to be more highly transparent in the 
infrared than other locations on the plan- 
et. A total of 58 spectra were chosen for 
which the average brightness temper- 
atures between 2000 and 2050 cm-' ex- 
ceeded 240 K and the brightness temper- 
atures at 280 cm-' and in the NH:, contin- 
uum at 226 cm-' exceeded 140 and 149 
K, respectively. The wavenumbers cho- 
sen for the inversion in the H2-He ab- 
sorption range were 280, 310, 340, and 
602 cm-'. The volume fraction of He in 
the Jovian atmosphere is found to be 
0.11, with a formal error of + 0.03, 
which can be compared to the previous 
estimate of 0.12 ? 0.06 by Orton and In- 
gersoll (9). 

Thermal structure and dynamics. Ver- 
tical temperature profiles have been ob- 
tained by inversion of the radiative trans- 
fer equation, using measurements at se- 
lected frequencies within the S(0) and 
S(1) hydrogen lines and in the 1306 cm-' 
methane band. Unresolved problems ex- 
ist with the simultaneous fitting of all 
parts of the hydrogen lines; therefore, 
the retrievals presented here must be re- 
garded as preliminary. However, certain 
gross features of the atmospheric ther- 
mal structure are worth noting at this 
time. Strong spatial variability is illus- 
trated by the three profiles in Fig. 3. In 
all cases the lapse rate appears to be ap- 
proximately adiabatic in the region be- 
low about 300 mbar, but substantial vari- 
ations exist in the upper troposphere, at 

the tropopause, and in the stratosphere. 
The results appear to be generally con- 
sistent with those obtained from the Pio- 
neer infrared data (9). 

By combining selected sets of individ- 
ual profiles, it is possible to investigate 
spatial gradients on both global and local 
scales. As a first effort to examine the 
global scale atmospheric thermal struc- 
ture, zonally averaged meridional cross 
sections have been constructed from 
data acquired during two sequences in 
which the entire planet was mapped over 
10-hour periods, using successive north- 
south scans. The two sets of data were 
combined to produce the cross section 
shown in Fig. 4. The troposphere is 
found to have relatively flat isotherms 
except at high latitudes; however, these 
deviations may be artifacts, since point- 
ing uncertainties make the high-latitude 
footprint locations uncertain. The clouds 
associated with the zones appear to pro- 
duce only small effects on the temper- 
ature profiles. For example, close in- 
spection of the data indicates a depres- 
sion of only - 2 K in inferred tempera- 
ture at the 500-mbar level over the North 
Tropical Zone compared to the adjacent 
NEB. Spectra for this zone show bright- 
ness temperatures above 140 K in the 
continuum between the far-infrared 
rotation lines of NH,, indicating that 
any cloud deck that is opaque in this 
spectral region must lie below - 600 
mbar. However, semitransparent clouds 
and hazes at higher levels cannot be 
ruled out. The tropopause is found to be 
warmest and lowest at approximately 
- 15? latitude, becoming cooler and high- 
er at high latitudes. Direct deposition of 
solar energy into a stable lower strato- 
sphere over a well-mixed troposphere 
without horizontal gradients would be 
expected to result in an equator-to-pole 
temperature decrease and tropopause 
height increase; however, the reason for 
the displacement of the maximum to the 
south is not apparent. The upper strato- 
sphere is, on the average, cooler at high 
southern latitudes than at high northern 
latitudes, in agreement with previous 
ground-based observations (10). Such 
structure suggests a pole-to-pole merid- 
ional circulation of the upper strato- 
sphere similar to the behavior of the ter- 
restrial mesosphere. The strong latitudi- 
nal structure in the stratosphere was 
unanticipated, but appears to be a real 
phenomenon, substantially above the 
noise level of the measurements. 

The only local dynamic phenomenon 
thus far examined is the Great Red Spot. 
Data have been analyzed from a se- 
quence taken in the form of a cross cen- 
tered on the spot, and temperature pro- 
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file retrievals have been combined to 
produce vertical cross sections through 
both the east-west and north-south axes 
of the spot, as shown in Fig. 5. The up- 
per troposphere and lower stratosphere 
above the red spot are substantially cold- 
er than in the surrounding regions, with a 
maximum horizontal temperature dif- 
ference at the tropopause of 5 to 7 K. Al- 
though the lower parts of the temper- 
ature profiles may be affected by clouds, 
brightness temperatures above 140 K are 
observed, again indicating that any 
opaque cloud deck lies below 600 mbar. 
Thermal winds have been estimated 
from the observed horizontal temper- 
ature gradients. With the assumption of a 
motionless state at 20 mbar, maximum 
wind velocities at 600 mbar are found to 
be approximately 75 m/sec in the east- 
west direction and 40 to 50 m/sec in the 
north-south direction, in rough agree- 
ment with the rotation period of approxi- 
mately six Earth days observed by the 
imaging investigation. The observed an- 
ticyclonic motion of the spot implies a lo- 
cal pressure high, which, in the absence 
of a solid surface, requires a warm core. 
If such a warm region exists, it evidently 
lies below the levels accessible to the in- 
frared measurements. The observed cold 
core is presumably associated with 
forced upward motion and vertically 
decaying tangential velocities of the 
spot. The penetration of the effects of the 
red spot into the stratosphere may possi- 
bly be understood within the framework 
of the vertical propagation of quasi- 
geostrophic disturbances (11). The 
stratosphere acts as a low-pass filter, 
permitting only long-wave components 
to propagate, while the shorter-wave 
components decay exponentially with a 
penetration depth offL/N, wheref is the 
Coriolis parameter (- 10-4 sec-1); N is 
the Brunt-Vaisalla frequency, estimated 
from the stratospheric lapse rate to be 
- 10-2 sec-~; and L is the half-width of 
the spot (- 5000 km). The resulting pen- 
etration depth of ~ 50 km or two scale 
heights is in rough agreement with the 
penetration distance above the tropo- 
pause seen in Fig. 5. The larger-scale 
structure observed above 30 mbar may 
be longer-wave components that can 
propagate vertically. 

Satellites. Satellites observed in the 
infrared include JI through JV. The few 
disk spectra of Amalthea indicate that 
the satellite is somewhat warmer than it 
would be if totally absorbing and heated 
only by Jupiter and the sun. This con- 
flicts with the conclusion of Rieke (12). 
Possible sources of the additional energy 
are the Jovian radiation belt (13) and 
joule heating (14). 
1 JUNE 1979 

The thermal spectra of Europa, Gany- 
mede, and Callisto are rather subdued, 
showing contrast differences on the or- 
der of 1 percent or less. Io, on the other 
hand, shows several features with con- 
trast often exceeding 5 percent. This 
high contrast could result either from 
dust above the surface or from exposed 
bulk (nonpulverized) material. The spec- 
tral features have not yet been identified. 
Sulfur (S8); such salts as sulfates, ni- 
trates, and carbonates (15, 16); and vari- 
ous terrestrial volcanic products are 
among materials being investigated as 
possible sources of the spectral features 
on Io. In the reflected solar infrared 
(2000 to 3000 cm-l), Io was marginally 
observed; the only feature evident above 
the noise is an absorption just below 
2500 cm-1, in agreement with observa- 
tions made from Earth (16). 

On Io, a large "hot spot" has been 
found in the IRIS data. The variation in 
brightness temperature at 1350 cm-' as 
the instrument field of view crossed this 
region is shown in Fig. 6. Simultaneously 
obtained images show this to be associat- 

ed with a clearly volcanic feature (Fig. 7) 
at approximately latitude X = + 5?, west 
longitude b = 305?, near which a plume 
originates (17). A thermal model in 
which some fraction b of the IRIS field of 
view is filled with hot (dark) material at a 
temperature T,, and the remainder of the 
field is filled with a (light) background at 
a lower temperature T2, seems consistent 
with the images. The thermal spectrum 
with such a model will be the sum of two 
blackbody functions whose relative 
weights are determined by the fraction b. 
Applying this model to the set of hot- 
spot spectra (Fig. 6) yields b = 
0.09 + 0.05, T, = 290 + 20 K, and 
T2 = 127 + 2 K. This at once rules out 
the possibility that all of the dark regions 
in Fig. 7 correspond to molten surfaces 
of any obvious candidate extrusive mate- 
rials, such as silicates or even sulfur. 

However, the inadequacy of the two- 
temperature model is also evident for the 
following reasons: the background tem- 
perature T2 is somewhat below the ex- 
pected surface solar equilibrium temper- 
ature of- 135 K; the fits leave rather 

Fig. 7. Narrow-angle imaging frame (FDSC 16 389:38) showing region of the hot spot on lo; 
material is being ejected from the nearly linear feature above the center of the picture. The 
diameter of the dark central region is about 200 km. The IRIS observations progressed generally 
from the lower left to the upper right. Estimates (see text) show that major portions of the dark 
regions near the center of the frame are significantly warmer than they would be if they were in 
equilibrium with solar radiation. 
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large residuals; and the variations in b 
and T1 vary more from spectrum to spec- 
trum than one might expect when look- 
ing at the displacements in the corre- 
sponding images. A more sophisticated 
model with several areas of different 
temperatures might be preferred; with 
such a model it may be possible to deter- 
mine whether any areas with temper- 
atures as high as the melting point of sul- 
fur (- 385 K) are present. Such refine- 
ments will also benefit both from better 
pointing information than is yet available 
and from recovery of the rejected IRIS 
frame indicated in Fig. 6. On a larger 
scale, the degree of correlation between 
volcanic landforms and hot areas re- 
mains to be determined. 

The region just discussed represents 
the warmest area observed by the in- 
frared experiment. Another type of ther- 
mal anomaly, in which temperature dif- 
ferentials on the order of 50 K exist over 
the instrument footprint, is very com- 
mon, however. Arbitrarily considering 
these differentials to represent 50 K en- 
hanced warm spots, such spots would of- 
ten cover as much as 5 percent of the 
field. These areas might represent nu- 
merous local sources for expulsion of 
material, cooling extrusive material, or 
regions of subsurface activity. This type 
of anomaly is common over the portion 
of the planet on which the data are con- 
centrated; based on preliminary pointing 
information, this is the region -40? < X 
< 300, 240? < ) < 360?. Very limited 
sampling in other regions, however, in- 
dicates that this is not planetwide; be- 
tween latitudes -20? and -50?, near lon- 
gitudes 110? and 200?, such anomalies 
seem to be absent. It is apparent, how- 
ever, that the IRIS observations on Io 
are consistent with observational (18) 
and theoretical (19) evidence for a ther- 
mally unusual and geologically active 
planet. 
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The planned radio science investiga- 
tions with Voyager, the radio equipment 
parameters, and the mission character- 
istics of importance in these experiments 
have been described (1, 2); we now pre- 
sent preliminary results on features of the 
atmosphere and ionosphere of Jupiter 
based on the occultation of Voyager 1 by 
the planet. During occultation, the radio 
rays from the spacecraft to Earth tra- 
verse these regions and the radio signal 
characteristics are affected in measur- 
able ways. Because questions have been 
raised about the accuracy of such experi- 
ments, we also briefly describe several 
relevant aspects of the Voyager investi- 
gation. 

Pioneer 10 and 11 were used in the first 
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relevant aspects of the Voyager investi- 
gation. 
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radio occultation experiments at Jupiter. 
The errors in early published atmospher- 
ic profiles based on these measurements 
(3) have resulted in concern that the oc- 
cultation technique might never be use- 
ful for studying the neutral atmospheres 
of the giant planets. Although several 
key error sources were subsequently 
identified, and modified atmospheric 
profiles were published (4, 5), appre- 
ciable uncertainties in these newer re- 
sults still remain, and the doubts have 
not been wholly resolved. 

The Voyager occultation experiment 
has several features that are expected to 
improve the accuracy and reliability of 
its final results. These include the use of 
(i) two coherent radio frequencies [wave- 
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Radio Science with Voyager 1 at Jupiter: 

Preliminary Profiles of the Atmosphere and Ionosphere 

Abstract. A preliminary profile of the atmosphere of Jupiter in the South Equa- 
torial Belt shows (i) the tropopaulse occurring at a pressure level of 100 millibars and 
temperature of about 113 K, (ii) a higher warm inversion layer at about the 35-milli- 
bar level, and (iii) a lower-altitude constant lapse rate matching the adiabatic value 
of about 2 K per kilometer, with the temperature reaching 150 K at the 600-millibar 
level. Preliminary afternoon and predawn ionospheric profiles at 12? south latitude 
and near the equator, respectively, have topside plasma scale heights of 590 kilome- 
ters changing to 960 kilometers above an altitude of 3500 kilometers for the dayside, 
and about 960 kilometers at all measured heights above the peak for the nightside. 
The higher value of scale height corresponds to a plasma temperature of 1100 K 
under the assumption of a plasma of protons and electrons in ambipolar diffusive 
equilibrium. The peak electron concentration in the upper ionosphere is approxi- 
mately 2 x 105 per cubic centimeter for the dayside and about a factor of 10 less for 
the nightside. These peaks occur at altitudes of 1600 and 2300 kilometers, respective- 
ly. Continuing analyses are expected to extend and refine these results, and to be 
used to investigate other regions and phenomena. 
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