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Infrared Observations of the Neptunian System

B. ConraTH, F. M. FLASAR, R. HANEL, V. KUNDE, W. MAGUIRE, J. PEARL,
J. PIRRAGLIA, R. SAMUELSON, P. GIERASCH, A. WEIR, B. BEZARD,
D. GAUTIER, D. CRUIKSHANK, L. HORN, R. SPRINGER, W. SHAFFER

The infrared interferometer spectrometer on Voyager 2 obtained thermal emission
spectra of Neptune with a spectral resolution of 4.3 cm™". Measurements of reflected
solar radiation were also obtained with a broadband radiometer sensitive in the visible
and near infrared. Analysis of the strong C,H, emission feature at 729 cm™! suggests
an acetylene mole fraction in the range between 9 x 107% and 9 x 107", Vertical
temperature profiles were derived between 30 and 1000 millibars at 70° and 42°S and
30°N. Temperature maps of the planet between 80°S and 30°N were obtained for two
atmospheric layers, one in the lower stratosphere between 30 and 120 millibars and
the other in the troposphere between 300 and 1000 millibars. Zonal mean tempera-
tures obtained from these maps and from latitude scans indicate a relatively warm pole
and equator with cooler mid-latitudes. This is qualitatively similar to the behavior
found on Uranus even though the obliquities and internal heat fluxes of the two
planets are markedly different. Comparison of winds derived from images with the
vertical wind shear calculated from the temperature field indicates a general decay of
wind speed with height, a phenomenon also observed on the other three giant planets.
Strong, wavelike longitudinal thermal structure is found, some of which appears to be
associated with the Great Dark Spot. An intense, localized cold region is seen in the
lower stratosphere, which does not appear to be correlated with any visible feature. A
preliminary estimate of the effective temperature of the planet yields a value of
59.3 = 1.0 kelvins. Measurements of Triton provide an estimate of the daytime
surface temperature of 38* kelvins.

URING THE VOYAGER 2 ENCOUN-
ter, the infrared interferometer
spectrometer  (IRIS)  obtained
thermal emission and reflected solar radia-
tion measurements of Neptune and Triton.
The dual instrument consists of a Michelson

interferometer operating in the thermal in-
frared with a spectral resolution of 4.3 cm™"
and a single-channel radiometer sensitive to
reflected sunlight between 0.4 and 1.5 pm.
Both components share a 50-cm Cassegrain
telescope with a common circular field of
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view of 0.25° full cone angle. The interfer-
ometer is calibrated by scaling the spectra of
the observed object to that of deep space
while maintaining the instrument at 200 K.
Occasional measurements of reflected sun-
light from a diffuse reflector carried on the
spacecraft are used to calibrate the radiome-
ter. The instrument and its characteristics
have been described in detail elsewhere (1),
and results obtained for the Jovian, Saturni-
an, and Uranian systems have been present-
ed (2-6). In this report we describe prelimi-
nary results obtained for Neptune and Tri-
ton.

Thermal emission spectra of Neptune. Because
of the very low temperatures encountered
on Neptune, a signal-to-noise ratio greater
than unity is achieved in individual spectra
only in the spectral region between 200 and
320 cm™!. Therefore, for most applications
it is necessary to either use an average of
several spectra or to integrate over broad
intervals within individual spectra, or both.
With this limitation in mind, observational
sequences were designed and implemented
that would provide adequate numbers of
spectra to permit specific objectives to be
met. Averages of several tens of spectra
allow a useful effective signal-to-noise ratio
to be achieved between 200 and 400 cm™',
whereas averages of several hundred spectra
permit analyses of selected spectral regions
at higher wavenumbers to be carried out.

In Fig. 1 the spectrum corresponding to
70°S is an average of 390 individual spectra
and that for 42°S is an average of 108
spectra. The Neptune spectrum over the
wavenumber range shown is dominated by
the $(0) collision-induced absorption line of
H,, which is centered at 354 cm™!. The
dominant factors that determine the behav-
jor of the spectrum are the variation of
atmospheric temperature with height and
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Fig. 1. Measured brightness temperature spectra
of Neptune (solid curves) compared with theoret-
ical spectra (broken curves) calculated from re-
trieved temperature profiles. The spectrum for
70°S is an average of 390 individual measure-
ments with a mean emission angle of 43°. That at
42° is an average of 108 individual spectra with a
mean emission angle of 22°. The difference in the
shapes of the two spectra is a consequence of
differences in the lower stratospheric tempera-
tures at the two locations as well as the differences
in the emission angles of the observations. For
clarity, the 70°S spectrum is displaced upward 2
K, and its scale is shown on the right-hand side of
the figure.

the emission angle at which the measure-
ments were made. The data near 70°S were
taken at a relatively high emission angle of
43°, and the increase in brightness tempera-
ture beyond 300 cm ™! near the line center
results from an increase in atmospheric tem-
perature with height in the lower strato-
sphere (64). A smaller increase in brightness
temperature near the line center is observed
in the 42°S spectrum because the emission
angle in this case was only 22°. Other factors
that can affect the detailed shape of the
spectrum in this region include the atmo-
spheric helium abundance, the H, ortho-
para ratio, the methane abundance, and
clouds and hazes. It is possible in principle
to obtain information on all of these atmo-
spheric parameters through analyses of the
spectra. To achieve unique solutions, how-
ever, it is usually necessary to invoke addi-
tional constraints, either from other mea-
surements or from physical assumptions.
Helium abundance. Determination of the
He abundance in the atmospheres of the
giant planets is a major objective of the
Voyager mission. Previous analyses of Voy-
ager data have yielded He mole fractions of
0.10 = 0.03 for Jupiter, 0.04 = 0.02 for
Saturn, and 0.15 * 0.03 for Uranus (7).
These results suggest that, relative to the
solar abundance of the elements, Uranus
shows no He depletion, Jupiter may be
somewhat depleted, and Saturn is strongly
depleted (8). Before the Voyager 2 encoun-
ter, the He abundance in the atmosphere of
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Neptune was not constrained observational-
ly. Now that the necessary Voyager Nep-
tune data have been acquired, it is possible
to complete the study of He in the four
outer planets.

If cloud opacity is minimal, an analysis of
the shape of the infrared spectrum measured
by Voyager IRIS provides one means of
placing limits on the atmospheric He abun-
dance. This type of analysis has previously
been applied to the IRIS measurements of
Uranus (6). Until it is verified that cloud
opacity does not have a significant effect on
the observed spectrum, however, it is not
legitimate to apply this method to Neptune.

Alternatively, a comparison of IRIS data
with Radio Science Subsystem data provides
a potentially more sensitive method of
achieving the same goal. If the opacity of
clouds and hazes is not negligible, this com-
parison provides the only method. System-
atic modeling implies that if methane ice is
the sole source of cloud opacity, it should be
possible to obtain a He mole fraction for
Neptune comparable in accuracy to those
obtained for the other outer planets. Prelim-
inary analysis suggests a value within a
factor of 1.5 of that for Uranus; until ongo-
ing analysis provides a more accurate figure,
we adopt the Uranus mole fraction of 0.15
in our data interpretation. In addition, we
assume an equilibrium H, ortho-para ratio
and neglect cloud opacity effects. Further
analysis may modify these values.

Acetylene  abundance. Reducing atmos-
pheres that contain methane (CHy) are also
expected to have small amounts of hydrocar-
bons produced by photochemical reactions.
Indeed, acetylene (C,H,) and ethane
(C;Hg) have been identified on Neptune
from ground-based data (9-12). An average
of 2300 individual Voyager infrared spectra
selected from data with near normal viewing
confirms the presence of C,H, on Neptune
(Fig. 2). The strong emission feature at 729
em~ ! is identified as the Q branch of the vs
band of C,H,. The emission peak is eight
times the effective root mean square (RMS)
noise level for the average spectrum. A
determination of the actual C,H, abundance
is more difficult because it also requires a
precise knowledge of stratospheric tempera-
tures between approximately 0.01 and 5
mbar. The temperature range derived from
the collision-induced H, spectrum covers
the region from 30 to 1000 mbar and
cannot be extrapolated reliably to lower
pressures. In the future it may be possible to
improve our knowledge of the temperature
over the desired pressure range by using
radio occultation data. For a preliminary
analysis we used the temperature estimate of
Orton et al. (11) to obtain a value for the
C,H, mole fraction. In the computation of

the theoretical emission spectra we have
assumed several uniform mixing ratios
above a condensation level near 4 mbar,
along with the normal temperature profile
of Orton et al. (11). On the basis of a best fit
to the measured spectrum, as shown in Fig.
2, the mole fraction is estimated to be
2.7+ 0.8 x 1077, The quoted error bar
only accounts for the instrument noise.
Considering the extreme “warm” and “cold”
profiles proposed by Orton et al. (11), which
reflect present uncertainties in the thermal
structure, the probable error is substantially
increased, and we obtain an estimate of the
C,H, mole fraction between 9 x 1078 and
9 x 1077, These limits are consistent with
ground-based analyses (11, 12). In our best-
fit atmospheric model, most of the C,H,
emission originates from the 0.03 to 2.5-
mbar region with the maximum contribu-
tion from the 1.5-mbar level.

The production of C,H, in the atmo-
sphere of Neptune most likely occurs
through photolysis of both C,Hg and ethyl-
ene (CHy), which in turn originate from
CH, photodissociation occurring near the
CH,4 homopause (13, 14) at pressures of one
microbar or less. The C,H, concentration
profile then results from a balance between
photochemical production and losses due to
photolysis and condensation processes. Pho-
tochemical models predict average C,H,
mixing ratios of the order of 6 x 1077 (13)
and 1 x 1077 (14) near 1.5 mbar, in agree-
ment with the present determination.

15 e
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Fig. 2. Comparison of measured (broken curve)
and calculated (solid curve) spectra in the vicinity
of the vs absorption band of C,H,. The measured
spectrum is an average of 2300 individual spectra
selected within the latitude range between 10°
and 50°S. The theoretical spectrum is based on a
line-by-line calculation, assuming a stratospheric
C,H,; mole fraction of 2.7 10~7. The bars indicate
the lo effective noise level for the average.
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Temperatures and zonal winds. Because of
the weak thermal emission from Neptune, it
is necessary to form averages of 100 or more
spectra in order to obtain a sufficient signal-
to-noise ratio to perform a complete tem-
perature profile retrieval. For this purpose,
ensembles of spatially resolved spectra were
obtained at 70° and 42°S, and 30°N. The
averages of these spectra were inverted to
obtain the profiles shown in Fig. 3, by
means of techniques previously described
(15). The spectral region between 200 and
400 cm ™" was used for this purpose, provid-
ing useful information between approxi-
mately 30 and 1000 mbar. At 70°S the
lower stratosphere is found to be significant-
ly warmer than at the other two locations,
while at 30°N the atmosphere is relatively
warm at pressures greater than 200 mbar.
However, preliminary pointing information
has been used in this analysis, and the results
may be subject to some modification when
the emission angles are better known; this is
especially true of the profile at 30°N where
the emission angle exceeds 50° and the
sensitivity to this parameter is strong. In
addition, the contribution of clouds to the
infrared opacity, particularly at the lower
atmospheric levels, has not been fully as-
sessed, and the retrieved temperatures given
here have neglected it.

Even though the retrieval of vertical tem-
perature profiles from individual or small
averages of spectra is precluded, it is still
possible to obtain information on the mean
temperature over broad atmospheric layers
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Fig. 3. Atmospheric profiles obtained by inver-
sion of spectra at selected locations on Neptune.
Measurements between 200 and 400 cm ™! within
the $(0) collision-induced hydrogen lines were
used in the retrievals. The region of maximum
information for this spectral region lies between
30 and 1000 mbar.
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Fig. 4. Temperature
maps of Neptune (at
bottom of figure, cali-
brated in kelvins) at 250
cm™! both in cylindrical
geometry and as viewed
from the south pole. The
temperatures were spa-
tially smoothed by
means of a Gaussian
weighting  with  full
width at half-maximum
equal to the projected in-
strument field of view.

@
°
-
©
=

from individual spectra. Second-order poly-
nomials were fit to the spectra over the
range of 200 to 300 cm ™! and 300 to 450
cm™". The fitted brightness temperatures at
250 and 350 cm™! were then adjusted to
normal viewing for a fixed (equatorial) grav-
itational acceleration by limb functions that
were computed for the 70°S temperature
profile. At normal viewing these brightness
temperatures correspond, respectively, to
the atmospheric temperature in the lower
troposphere averaged between 300 and
1000 mbar, and in the lower stratosphere
averaged between 30 and 120 mbar. In this
manner the brightness temperatures at 250
and 350 cm™! were converted to tempera-
tures on isobars over the globe. This proce-
dure is similar to that described in greater
detail elsewhere (6, 16), and its validity rests
on the assumption that the lapse rate in
temperature varies little with horizontal lo-
cation. The lapse rates do vary with latitude,
particularly in the stratosphere, above the
temperature minimum (Fig. 3). However,
the shift in brightness temperatures from
vertical viewing to viewing at an angle of
70°, which comprises the range of emission
angles in the maps we used, differs by only 1
K at 350 cm™' and 0.7 K at 250 cm™!
among the profiles shown. The actual hori-
zontal thermal contrast in brightness tem-
perature is several times greater.

Maps of normalized brightness tempera-
tures were obtained from a sequence of
observations in which the instrument con-
tinuously scanned Neptune from north to
south along the subspacecraft meridian for a
period of 20 hours. Because the subspace-
craft latitude during this sequence was 23°S,
the maps only cover latitudes from 30°N to

IRIS brightness temperatures at 250 cm—1

80°S. The field of view projected at the
subspacecraft point subtends about 20° in
latitude, but the spacing between footprints
is only one-half of that. The sequence of
observations was such that radiances ob-
served at a given latitude should all have the
same emission angle; hence errors in the
limb correction can cause errors in the in-
ferred meridional temperature contrast but
not in the zonal contrast. Figs. 4 and 5
display the brightness temperatures at 250
and 350 cm™!, respectively. The tempera-
ture variation is approximately twice as large
at 350 cm™! as it is at 250 cm™!. The
dominant features in both maps are the
broad warm band at low latitudes and the
broad cold band at mid-southern latitudes.
However, the zonal variation of temperature
(that is, along latitude circles) is quite
marked, much greater than that observed on
Uranus (6, 16) or on Saturn (4), and it is
most nearly similar to that observed on
Jupiter (3). In both the warm and cold
bands, there is a suggestion of a periodicity
with wavenumber 5 or 6. The observations
were made on the nightside of Neptune, but
attempts have been made to correlate the
distinct thermal features with those ob-
served at visible wavelengths by estimating
their longitudes from the rotation periods
determined by Voyager imaging observa-
tions (17). So far, these attempts have not
yielded any identifiable correlation. For ex-
ample, one of the most distinct features in
the maps is the cold anomaly at 40°S, 75°W
in the 350 cm ™! map. It is not evident in the
250 cm™' map. This is reminiscent of the
Great Red Spot of Jupiter, which was quite
distinct as a cold anomaly in the tropopause
region and lower stratosphere, but was “in-
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visible” in the lower troposphere at 500
mbar (3, 18). An obvious visible-feature
candidate for the cold spot is the “Scooter,”
situated at 42°S. However, at the time of the
mapping it was situated west of the anoma-
ly, at 110°W. The predicted position of the
visible feature “D2,” at latitude 53°S, is
more uncertain, but it lies well away, be-
tween 260° and 330°W. The Great Dark
Spot (GDS) centered at 23°S, is the most
dominant visible feature on Neptune, but at
its location during the north-south map-
ping, approximately 300°W, there is only a
slight depression in temperature at 350
cm !, Perhaps the wave structure at 30°S is
forced by the GDS. The meridional profile
of zonal winds north of the GDS is not yet
well determined, but winds derived from
tracking of distinct cloud features blow
more strongly eastward as one moves from
the GDS toward the south pole (17). The
GDS may perturb the eastward flow just
south of it, generating a train of “lee” waves
to the east of it. The amplitude of such a
wave train might plausibly decay with dis-
tance eastward from the forcing, much as
that indicated by the temperature map at
350 cm™.

Figure 6 displays the meridional distribu-
tion of brightness temperatures at 250 and
350 cm™! adjusted to normal viewing, ob-
tained from several scans at higher spatial
resolution (approximately 5° at the sub-
spacecraft latitude) that together span lati-
tudes from 85°S to 67°N. The lo formal
error attributable to random noise in the
plotted temperatures is 0.3 and 1.5 K, re-
spectively, at 250 and 350 cm™!. From the
figure, the spread in temperatures at any
latitude is much larger than the random
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Fig. 5. Temperature
maps as in Fig. 4 but at
350 cm™.

error, particularly at 250 cm™!, and reflects

real variations with longitude. The meridio-
nal variation in the 250 and 350 cm™!
temperatures are similar, the former being
smaller in magnitude. This suggests that the
effects of large-scale heterogeneity in cloud
opacity at the deeper level is small. Tempera-

tures in the south polar region and the
equator are within 1 K of each other. There
is a broad band of low temperatures cen-
tered at 45°S, as noted in the north-south
maps, and the suggestion of another at mid-
latitudes in the northern hemisphere. The
meridional structure is remarkably reminis-
cent of that observed on Uranus, which also
exhibits mid-latitude temperature minima in
both hemispheres (6, 16), although there the
meridional extent of the minima is smaller.

The visible radiometer data from the scans
were fitted by a Minnaert law of the form
I = Iouéu*~", where p and pg denote, re-
spectively, the cosines of the emission and
solar zenith angles. The best overall fit was
obtained with k = 0.68. The lower panel of
Fig. 7 depicts the variation of I, with lati-
tude from one of the scans. There is a
pronounced minimum in the reflectivity
centered near 55°S, within the latitude range
of the temperature minimum. A similar cor-
relation was observed on Uranus (6), sug-
gesting that the cooler temperatures are not
correlated with enhanced cloud opacity, be-
cause denser cloudy regions should be
brighter at visible wavelengths.

From the thermal wind equation (19), the
meridional gradients in temperature along
isobars in Fig. 6 imply vertical shears in the
prevailing zonal winds. These are depicted
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data obtained at latitudes
30°N to 85°S were centered

approximately at 25°W
(X’s), 70°W (0O), and
120°W (A), while those at
30° to 67°N (H) were at
240°W. (A) Brightness tem-
peratures at 350 cm™!, cor-
rected to normal viewing
and equatorial gravity. (B)
Corrected brightness tem-
peratures at 250 cm ™. The

Temperature (K)

solid curves fitting the tem-

peratures were each generat-
ed from two consecutive
running means with bins
10° wide in latitude. (C) Re-
flectivity at 0.4 to 1.5 pm in
relative units. The reflectiv-
ity has been normalized to
vertical viewing and vertical
illumination by fitting a
Minnaert law with
k = 0.68. The full length of

Reflectivity

the vertical bars represents
the quantization in the radi-
ometer signal.
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in Fig. 7. The shears are for the most part
positive at low latitudes and negative at high
latitudes. On Jupiter, Saturn, and Uranus,
comparison of derived thermal wind shears
with winds determined from tracking of
discrete visible clouds and radio occultation
determination of the planetary figure have
indicated that the vertical shears are anticor-
related with the zonal winds, in the sense
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Fig. 7. Zonal thermal wind shears computed from
the solid temperature curves in Fig. 6 and then
subjected to an additional running mean with bin
width of 10° in latitude.

that the winds decay with altitude in the
upper troposphere and lower stratosphere
(16, 20, 21). Hence, on Neptune, one would
expect the winds to be eastward at high
latitudes and westward at low latitudes, and
this appears to be consistent with winds
determined by the Voyager imaging investi-
gation (17).

As 1s the case with the other outer planets,
the meridional distribution of temperature
on Neptune cannot be solely attributed to
radiative effects. Over the pressure range
between 300 and 1000 mbar, the radiative
relaxation time is comparable to the orbital
period of Neptune about the sun (22), and
the resulting radiatively forced temperature
distribution would be a combination of that
attributable to the annual mean solar heat-
ing and an annual component that lags the
temporal-varying solar heating by nearly
one season. At the current summer season
on Neptune, we would expect both compo-
nents to produce south polar temperatures
that are several degrees cooler than those at
the equator. Instead, the observed polar and
equatorial temperatures are nearly equal,
implying that heat is redistributed dynam-
ically in the troposphere or at deeper levels.
The mid-latitude cool bands, reminiscent of
Uranus, are not simply explained in terms of
radiative forcing, but are more likely attrib-
utable to the adiabatic cooling associated
with upwelling in the troposphere and low-
er stratosphere at these latitudes (16).

The similarity in the meridional structure
of temperature and thermal winds on Nep-
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curve), and 41 K (upper smooth
curve); the latter two are based ona
residual 5% above the minimum
value. (B) The residual from the 38
K fit (solid curve) to the data of
(A). Also shown is the effective
NESR (dotted lines) (the instru-
ment NESR reduced by a factor of
4 to make it compatible with the
average of 16 Triton spectra), and
its reflection about zero; together,
these form an envelope that should
define the statistical variation of the
residual.

tune and Uranus was unexpected. The
obliquity of Uranus (98°) is much larger
than that of Neptune (29°), and its internal
energy flux is small compared to the flux of
sunlight that it absorbs. Evidently, neither
the obliquity nor the relative magnitudes of
internal and solar heating are strong deter-
minants of the meridional character of tem-
peratures and winds on these planets. The
much larger internal heat source on Nep-
tune may account for its more pronounced
zonal structure in temperature. The similar
zonal wind structure of both planets, with
winds subrotating (relative to the approxi-
mately 16-hour planetary rotation period) at
low latitudes and superrotating at high lati-
tudes, may simply be a manifestation of the
tendency of parcels of atmosphere to con-
serve angular momentum; but why Jupiter
and Saturn instead exhibit such strong su-
perrotation at the equator and have such a
large number of alternating zonal currents
remains unanswered.

Effective temperature. The total thermal
emission from a planet is usually expressed
in terms of an effective temperature, which is
the temperature a blackbody would require
in order to emit the same thermal flux. To
determine this quantity directly, it is neces-
sary to integrate the planetary emission over
all directions and over all wavenumbers. A
preliminary estimate of the effective tem-
perature has been made by using an average
of 178 spectra obtained on the inbound
portion of the trajectory and centered at
30°S with the instrument field of view cov-
ering about half of the planetary disk. A
temperature profile obtained by inverting
this spectrum was used along with a radia-
tive transfer model to extrapolate the mea-
surements to lower wavenumbers to obtain
the total thermal emission. In carrying out
this calculation, we assumed that the He/H,
mole fraction ratio was 0.15/0.85. As a
consistency check, an analysis was per-
formed on a similar set of spectra obtained
on the outbound portion of the trajectory.
Sources of error include possible variations
of temperature with latitude not properly
taken into account by this analysis, uncer-
tainty in the He abundance, and the neglect
of possible cloud opacities at low wavenum-
bers. These considerations lead to an esti-
mate of the effective temperature of 59.3 +
1 K. For comparison, the most recent esti-
mate from ground-based observations is
59.1 = 2 K (23). If a Bond albedo of 0.31 *
0.04 is assumed (24), an energy balance
(ratio of the absorbed solar power to the
thermally emitted power) of 2.7 = 0.3 is
obtained. With further analysis of Voyager
data, it should be possible to substantially
improve on the estimates of both the effec-
tive temperature and Bond albedo. The lat-
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ter will be determined from an analysis of
the IRIS radiometer data.

Triton. Triton is an extremely cold object.
Few individual IRIS spectra appear to show
any thermal signature at all. An average of
16 spectra from the dayside hemisphere
(average solar incidence angle, 36°) is shown
in Fig. 8A. The spectrum is dominated by
noise; nonetheless there appears to be a
small signal from Triton at low wavenum-
bers, an impression corroborated by fitting a
Planck function to the spectrum by least
squares. The fit was restricted to the region
between 200 and 350 cm™, beyond which
little or no signal is expected. The spectral
data were weighted inversely as the square
of the instrument noise equivalent spectral
radiance (NESR) to account for the wave-
number dependence of the noise. The best
fit temperature (corresponding to a surface
with unit emissivity) is 38 K. Figure 8B
shows the residual of the fit, plotted within
the noise envelope expected from the
NESR; the behavior of the residual appears
random. Estimated upper and lower
bounds, somewhat arbitrarily defined as the
temperatures that result in an increase of 5%
in the RMS residual of the fits, are 41 and
34 K, respectively. Planck curves for all of
these temperatures are shown in Fig. 8A.
For a surface with an emissivity of 0.5 in the
spectral region of the fit, the temperature
estimate is T = 4173 K. Temperatures in
this range (34 to 41 K) correspond to
surfaces with Bond albedos of A > 0.8,
consistent with the location of the present
observations on Triton’s bright polar re-
gion.

As a result of ground-based measure-
ments, CH4 and N, have been identified on
the surface of Triton (25). Additionally,
both species have been identified in the
atmosphere from Voyager Ultraviolet Spec-
trometer data (26). The 38 K surface tem-
perature derived here lies in the B regions of
solid CH4 and N; (27). From vapor pressure
curves for these phases (28), equilibrium
atmospheres over pure CH, and N, would
have surface pressures of approximately
2 x 107% and 20 X 107 bars, respectively;
the stated temperature limits permit more
than an order of magnitude uncertainty in
each of these pressure estimates. If any
significant amount of solid N, is present,
however, CH, can only be a minor constitu-
ent of the atmosphere. Additional effects,
such as the presence of solid solutions, mass
flow of the atmosphere, and cold trapping,
will tend to alter the actual surface pressure
from these ideal values.
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D sSLER, T. M. DoNAHUE, W. T. FORRESTER, D. T. HaLL, F. HERBERT,
. HoLBERG, D. M. HUNTEN, V. A. KRASNOPOLSKY, S. LINICK,
L UNINE, J. C. McCoNNELL, H. W. Moos, B. R. SANDEL,
M. SCHNEIDER, D. E. SHEMANSKY, G. R. SMITH, D. F. STROBEL,

Results from the occultation of the sun by Neptune imply a temperature of 750 = 150
kelvins in the upper levels of the atmosphere (composed mostly of atomic and
molecular hydrogen) and define the distributions of methane, acetylene, and ethane at
lower levels. The ultraviolet spectrum of the sunlit atmosphere of Neptune resembles
the spectra of the Jupiter, Saturn, and Uranus atmospheres in that it is dominated by
the emissions of H Lyman a (340 + 20 rayleighs) and molecular hydrogen. The
extreme ultraviolet emissions in the range from 800 to 1100 angstroms at the four
planets visited by Voyager scale approximately as the inverse square of their heliocen-
tric distances. Weak auroral emissions have been tentatively identified on the night side
of Neptune. Airglow and occultation observations of Triton’s atmosphere show that it
is composed mainly of molecular nitrogen, with a trace of methane near the surface.
The temperature of Triton’s upper atmosphere is 95 *+ 5 kelvins, and the surface
pressure is roughly 14 microbars.

EFORE THE VOYAGER ENCOUNTER, perature of 150 K at the 1-ubar level had
B neither Neptune nor Triton had been deduced from observations of a stellar
been detected at wavelengths shorter  occultation. A 1o upper limit on H Lyman

than 1700 A. Measurements of the ultravio-  « as low as 180 R (1 R = 10'%4m photons
let (UV) reflection spectrum and the infra-  m™2 s™! sr™!) above the background emis-
red (IR) spectrum of Neptune gave contra-  sion was derived from International Ultravi-
dictory implications about the distribution olet Explorer (IUE) observations. Features
in Triton’s IR reflection spectrum were in-

of methane (CHy), ethane (C,Hs), and acet-
ylene (C;Hy) in the stratosphere. A tem- terpreted as indicating the presence of CH,
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