Moons of Jupiter: Io Seems to Play an Important Role

Jupiter and its Galilean moons were
observed from the ground long before
the space program began, and few peo-
ple expected startling discoveries from
terrestrial telescopes. But a recent ob-
servation of the innermost Galilean
moon has motivated a theory that seems
to correlate many older observations
from the earth as well as some of the
new discoveries by Pioneer 10. Last year
Bob Brown, at Harvard University,
Cambridge, Massachusetts, discovered
evidence of sodium on the moon Io.
The initial observation was so straight-
forward that it could have been done
50 years ago. Furthermore, the exis-
tence of atomic sodium on a planetesi-
mal seemed so unlikely that few people
believed the initial observation until it
was confirmed by high-resolution stud-
ies at the Smithsonian Astrophysical
Observatory, Mount Hopkins, Arizona,
by Brown and Fred Chaffee. A new
model for sodium emission that was
prepared just before Pioneer 10 reached
Jupiter predicted several of Pioneer’s
discoveries, most notably the existence
of an ionosphere on Io.

The innermost of the four large
Galilean moons of Jupiter, Io has a
42-hour orbit around Jupiter and a
mass comparable to that of the earth’s
moon, and for some time ammonia ice
has been suspected on Io. To explain
the observations of sodium emission,
Michael McElroy, Yuk Ling Yung, and
Bob Brown at Harvard propose that
the surface of Io is covered with a
layer of ammonia ice containing traces
of sodium, and perhaps potassium and
calcium. Even at the low surface tem-
perature of Io, some ammonia would
evaporate. Ultraviolet sunlight would

then dissociate the ammonia to pro-
duce molecular nitrogen, which could
excite sodium atoms to produce the
emissions that have been observed.
(Nitrogen would do this most efficiently
if it were excited to a metastable state,
perhaps by a mechanism similar to the
auroral process on the earth.) The dis-
sociation of . ammonia would also pro-
duce atomic hydrogen, which is so
light it would escape from the gravita-
tional attraction of Io.

McElroy and his associates predict
that there should be an extensive cloud
of hydrogen, nitrogen, and sodium
around Jupiter in the vicinity of Io’s
orbit. Pioneer 10 was not designed to
find nitrogen or sodium, but a torus of
hydrogen with a diameter of about the
diameter of Io’s orbit has been observed
(page 317, this issue). The sodium
emission model also requires hydrogen
in the atmosphere of Io, as possibly
detected by Pioneer 10, and the exis-
tence of an innosphere formed by photo-
ionization of sodium. The discovery of
an ionosphere for Io was, of course,
one of the most definitive early results
from Pioneer (page 323).

Two other phenomena associated
with Io can be incorporated within the
sodium emission model. After Io
emerges from Jupiter’s shadow, it is
unusually bright for about 15 minutes
and then gets dimmer. Several people
have suggested that ammonia from the
atmosphere falls as snow onto Io while
it is on the night side of Jupiter, then
the brilliant snow evaporates as Io
emerges into sunlight.

Another striking observation known
for several years is that the bursts of
radio noise from Jupiter are strongly

correlated with the position of Io in
its orbit. To explain this, Peter Gold-
reich of California Institute of Tech-
nology, Pasadena, and D. Lynden-Bell
University of Cambridge, England,
proposed that if Io had a conducting
ionosphere, it could generate a large
voltage as it cut through the magnetic
field lines of Jupiter. The voltage could
drive a plasma process, perhaps like
the aurora, which would produce the
observed radio noise. The sodium emis-
sion model provides the needed iono-
sphere, of course. In return, the gen-
erator model provides a method of ex-
citing nitrogen and also heating the
atmosphere to high temperatures need-
ed for sodium to escape. No evidence
for a torus of sodium around Jupiter
has been found, but Lawrence Trafton
at the University of Texas, Austin, and
associates have made Earth-based ob-
servations that suggest a cloud of so-
dium emission around Io extending to
about 20 times the diameter of the
moon.

Other possible implications of the
new model, to be published in the
Astrophysical Journal (Letters), are
that the gases from Io could be the
source of trapped radiation belts, and
that high-temperature neutral gases
could move out far beyond Io’s orbit,
become ionized, and perhaps cause the
stretching of the magnetic field that is
observed.

The new observations suggest that
Io affects the environment of Jupiter
in many ways. Jupiter is unique, but
the moons of Jupiter, and perhaps
Saturn and Neptune, may be much
more significant than their sizes alone
suggest.—WILLIAM D. METZ

Superconductivity: Surpassing the Hydrogen Barrier

Progress in making superconducting
metals with higher and higher super-
conducting transition temperatures. (T,)
has been a slow and intermittent pro-
cess, with increases in T, coming in in-
tervals of several years. Thus it was
with a great deal of excitement and
some sense of relief that the community
of researchers in superconductivity re-
ceived the news last September that
John R. Gavaler (1) of the Westing-
house Research Laboratories, Pittsburgh,
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Pennsylvania, had, by means of a new
sputtering process, produced a niobium-
germanium compound (NbyzGe) that
was superconducting up to 22.3°K.
(Gavaler has now produced material
with T.’s up to 22.9°K). Shortly there-
after, Louis R. Testardi, J. H. Wernick,
and W. A. Royer (2) of the Bell Lab-
oratories, Murray Hill, New Jersey,
reproduced Gavaler’s results and made
niobium-germanium with a T, of 23.2°K
(in one sample).

There is a strong motivation to raise
the T of superconducting materials to
at least the boiling point of hydrogen
(20.4°K), but the higher the better.
Until now, the highest T, obtained was
only slightly higher than this (very
nearly 21°K), in an alloy of niobium,
aluminum, and germanium, and that
was achieved in 1967 by B. T. Matthias
of the University of California at San
Diego, La Jolla, in collaboration with
several other scientists at the Bell Labo-
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