AN OBSERVATION OF JUPITER IN THE ULTRAVIOLET
by Theodore P. STECHER

(Goddard Space Flight Center
National Aeronautics and Space Administration,
Greenbelt, Maryland, U. 8. A.)

RESUME. — On a obtenu un spectre ultraviolet de Jupiter (1700-4000 A, résolution 55 A) au moyen d’un dispositif
photoélectrique. Cet unique document est présenté comme une réflectivité géoméirique, laquelle est ensuite supposée
due a la diffusion Rayleigh par Uhydrogéne moléculaire. On en déduit une limite supérieure de la quantité d’hydro-
géne moléculaire présente au-dessus de la couche de nuages d’une atmosphére de 11 km atm.

ABSTRACT. — A single photoelectric spectral scan of Jupiter in the ultraviolet is presented in the form of a geometric
reflectivity. The reflectivity is then assumed to be due to Rayleigh scattering by molecular hydrogen. An upper
limit to the amount of molecular hydrogen above the cloud layer of a 11 km atm. is derived.

Pestome. — Tlonyuen yabrpaduoneroBuit cmexrp IOmurepa (1700-4000 A, paspemenme 55 A) mpm mocpemcrse
(OTOJIEKTPHYECKOT0 YCTpONCTBA. OTOT eAMHCTBEHHbII B CBOEM pOfe AOKYMEHT Npe[CTaBleH KaK reome-
TPpHYECKasA pe(l)JlechBHOCTb, KOTOpasi, 3aTeM, IPEeAIoJIo:KeHa AIBJIAIOLLENCST CJIeiCTBHEM PpeJieeBCKOro pacces-
HUA MOJICKYJIAPHBIM BOJOPOIOM. Us atoro BbIBEI€H BerHHﬁ mpenel KOJHU4YeCTBA MOJIEKYJIAPHOIO BOoopoga
Haxopslleroca Haj cjioeM o6GiaxkoB atmocdepbl B 11 KM arM.

A single spectral scan of Jupiter in the ultra-
violet was obtained from an Aerobee rocket on
July 23, 1963 at 06 h 02 mn U. T. The observa-
tion was made with an objective grating stellar
spectrometer similar to those described by STE-
cHER and MI1LLiGaN (1962). The spectral range
was from A 1700 to A 4000 with 55 Angstrom resolu-
tion. The instrument had been calibrated in the
laboratory prior to flight so that the absolute flux
above the earth’s atmosphere was obtained at
each point in the spectrum. The accuracy of
the flux measurement was primarily determined
by the noise in signal which was worse than one
would like.

The geometrical reflectivity, p, as a function of
wavelength is presented in Figure 1. This was
obtained by using the solar flux values given by
Tousey (1963) and the appropriate Ephemeris
values for the necessary geometry. Jupiter was
nearly at quadrature when the observation was
made.

If we assume Jupiter has a Rayleigh atmosphere
in the ultraviolet above the cloud layer, we may
immediately obtain upper limits for the column
density of any species if the reflectivity is known
in terms of optical depth, v. Using the tables
computed by CouLsoN, Dave and SEKERA (1960),
curves in the p-v plane were constructed by nume-
rical integration. Additional curves were obtai-
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ned for isotropic scattering from the available
X-Y functions given by MAYERS (1962) and by
SoBuTr (1963). These were used to approximate
Rayleigh scattering for = > 1.

The total number of atoms or molecules in a cm?
column perpendicular to the cloud layer is now
obtained from t = moc under the assumption of
only one constituent. Here n is the number of
atoms or molecules and ¢ is the Rayleigh scatte-
ring cross section per atom or molecule. The
Rayleigh scattering cross section for molecular
hydrogen is given by DaLcARNO and WILLIAMS
(1962). In Figure 1 three atmospheres of mole-
cular hydrogen are presented each with the as-
sumption of zero reflectivity for the cloud tops.
The 7 km. atm. is that of SPINRAD and TRAFTON
(1963) obtained from the H, quadrupole bands.
The 4.6 km. atm. is that of ZABRISKIE (1962)
which is also from the H, quadrupole bands. The
10.5 km. atm. is the one that best fits the reflec-
tivity measurements. An all helium atmosphere
which would produce the same reflectivity would
be about 200 km. atm. and can probably be ruled
out by pressure considerations (SPINRAD and
TRAFTON, 1963).

The above analysis is based on coherent scatte-
ring. In the case of most molecular gases inclu-
ding molecular hydrogen this is known not to be
the case. Raman scattering from H, is one-
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Fi1a. 1. — The observed geometrical reflectivity of Jupiter, p, as a function of wavelength,

The best fit is the 10.6 km.atm. of H,. The other curves are those of other investigators.

twentieth of Rayleigh scattering at A 1216 (DaAv-
GARNO and WILLIAMS, 1962). Isotropic scattering
may be used to approximate this effect by setting
the particle albedo equal to 0.95 and comparing
it with the result for a particle albedo of unity.
In the case of an optically thick atmosphere
(Harris, 1961) one concludes that 43 9, of the
incident photons emerge in the Raman lines. The
effect here which depends on the cross section for
Raman scattering in the 2000 to 3000 Angstrom
range would be to decrease the reflectivity and
give the appearance of less atmosphere.

The absorption feature between A 2400 and
A 2700 is of course unidentified. 1f for the sake
of conjecture it is assumed to be the forbidden pho-
todissociation of molecular hydrogen, an empirical
absorption coefficient may be derived. This may
be done by following the path of the photon with
isotropic scattering. A particle albedo of unity
is equated numerically to the Rayleigh scattering
cross section and the particle albedo giving the
observed mean absorption depth is determined.
The ratio then gives the cross section which is
on the order of 10—27 cm? assuming all H,.
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Below A 2000 the solar continuum is so weak
that no reliable determination of the reflectivity
can be made. It appears to be zero which is
reasonable since absorption of ammonia begins
at 2100 A and results in almost continuous absorp-
tion at shorter wavelengths reaching an optical
depth of 10° at A 1216 (KviPEr, 1952) (WATA-
NABE et al., 1953).

One is tempted to make the speculation that
Raman scattering can account for the ultraviolet
decrease in Uranus and Neptune. The reflec-
tivity curves of these planets reported here two
years ago by YOUNKIN and MUNcH (1962) give
the appearance of a conservative Rayleigh atmos-
phere reduced in the near ultraviolet by the redis-
tribution of scattered radiation by Raman scatte-
ring. This assumes that the Raman H, scatte-
ring coefficient is about two percent that of the
Rayleigh scattering coefficients.

A paper on Jupiter which contains a more
complete description and additional observational
material will appear in the Astrophysical Journal.

Manuscrit regu le 1er juin 1968,


https://doi.org/10.1017/S0074180900179616

AN OBSERVATION OF JUPITER IN THE ULTRAVIOLET 191

REFERENCES

CouLsoN K. L., Dave J. V. and SEKERA Z., 1960,
Tables Related to Radiation Emerging from a
Planetary Atmosphere with Rayleigh Scattering
(Berkeley and Los Angeles, University of Cali-
fornia Press).

Darearno A. and Wmriams D. A., 1962,a, Ap. J.,
136, 690.

DarLcarNo A. and Wimnriams D. A., 1962 b, M. N,
124, 313.

Harris D. L., 1961, Planets and Satellites ; The Solar
System, ed. H. Kuiper and B. Middlehurst (Chi-
cago : University of Chicago Press), 8, 272.

Kureer G. P., 1952, The Atmospheres of the Earth and

Planets (University of Chicago Press, Chicago),
2nd ed.

Mavers, D. F., 1962, M. N., 128, 471.

SosuT Y., 1963, Ap. J., Suppl. 7, No. 72.

SpinrAD H. and TrarToN L. M., 1963, Icarus, 2, 19.

StEOHER T. P. and MiLLicAN J. E., 1962, Ap. J., 186, 1.

Tousey R., 1963, Space Sci. Rev., 2, 3.

WaTanABE K., SELIKOFF M. and INN E. C. Y., 1953,
AFCRC. Tech. Rep., No. 53-23, Geophys. Res.
Paper, No. 21.

Youxnkin R. L. and MincH G., 1962, Mem. Soc. Res.
Sci. Liege, 24, 125.

Zasriskik F. R, 1962, Ap. J., 67, 168.

Discussion

C. SaeAN (contribution to the article by T. P. StE-
CHER). — Dr. STECHER’S observations of Jupiter may
have some relevance to Mais. Tn 1959 BoaaEss and
DuNkELMAN published a paper in which from a single
rocket observation, an albedo of 0.24 was quoted for
Mars at 2700 A. The high value is somewhat sur-
prising because Martian albedos at 3500 A are only
a few percent. But on the same rocket flight an albe-
do was obtained at the same wavelength for Jupiter.
This Jovian albedo is now confirmed by STECHER.
I would like to ask Dr. Bogarss how he feels about the
reliability of Martian ultraviolet albedo.

A. BoaagEss. — The reliability of the albedo measure-
ment for Mars is very much lower than for the measu-
rement on Jupiter. The flux measured for Mars was
about a factor of ten less than that for Jupiter, so that
the signal-to-noise ratio was very poor. Moreover,
Mars was observed only once, compared to two obser-
vations of Jupiter. Finally, there is & slight possi-
bility that the Mars observation was contaminated by
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radiation from the Pleiades just a few degrees away’
For these reasons I have never placed much confi-
dence in the Martian altedo measurement,

C. SagaN. — IaNaT, PHANEUF and I have recently
measured the ultraviolet reflection spectrum of simu-
lated Martian surface materials with an integrating
sphere. We studied various limonites, hematites and
gosthites as indicated by DorLrLyus’ polarimetry. In
all cases albedos of only a few percent were found. So
if the high Martian albedo stands we must invoke an
atmosphere scattering layer on Mars, perhaps connec-
ted with the blue haze.

A. Bogagrss. — It would seem very reasonable to
me if the blue haze were essentially opaque at 2700 A.
I am not sure the properties of Martian surface mate-
rials are very significant in determining the ultraviolet
albedo of the planet.

C. 8aGAN. — It would be nice, among all this stellar
photometry, to obtain a few more ultraviolet observa-
tions of planets.
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