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Space: A Push for the Primitives

“Anyone who'’s optimistic about the U.S.
planetary program,” a U.S. space re-
searcher recently quipped bitterly, “works
for the Russians.” Only a single new inter-
planetary mission — the Galileo orbiter
and probe of Jupiter —is now in the works
at the National Aeronautics and Space
Administration, in contrast with the last
decade of discovery, and even Galileo still
gets threatened at various stages in the
annual budget process. In such a climate,
it may seem like blind faith indeed to be
laying out strategy for major new explora-
tions in the future, yet just such a step has
now been taken. Its objectives, in fact, are
what some might characterize as the les-
ser objects in the solar system — comets,
asteroids, meteorites and even space
dust.

The strategists are collectively known
as coMPLEX, the COMmittee on Planetary
and Lunar EXploration of the National Re-
search Council’s Space Science Board. The

‘group is the only independent, non-Nasa
body formally charged with advising the
space agency on the scientific questions
to be addressed by its planetary probes,
and its motivation is more than blind faith.
Years of planning go into deciding what
instruments such probes will carry, but
before those decisions determine the lim-
its of a spacecraft’s capabilities, the U.S.
planetary program’s philosophy has long
been to see first which questions are the
essential ones, while choices can still be
made. Such appraisals, all the more crit-
ical if space probes are to be fewer and
farther between, are COMPLEX’s job.

The group has taken a three-pronged
approach to the solar system. In 1975,
COMPLEX issued a report of recommenda-
tions regarding the outer planets — giant
Jupiter, Saturn, Uranus and Neptune. More
recently, it set forth proposed strategy for
the rocky inner planets (SN: 1/13/79, p. 22),
grouping the “terrestrial triad” of earth,
Mars and Venus ahead of Mercury and
earth’s moon. But the solar system’s major
worlds do not hold all the answers. Over-
looked in such a limited view are numer-
ous other objects which, while smaller and
mostly less spectacular, may hold the keys
to the origin of the whole system — the
cauldron from which the planets came.
These are the system’s “primitive” objects,
the focus of the remaining third of the
CcOMPLEX trilogy and the subjects of its
latest report.

e Comets: Commonly thought to consist
of a mixture of dust and ices or snows,
comet nuclei are believed to contain con-
densates that may represent the earliest
stages of the pre-solar nebula. “Through
412 aeons in deep-freeze at the fringes of
the solar system,” says the report, “comet
nuclei have preserved volatile-rich mate-
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rials and structures that would normally
be transitory in our part of the solar sys-
tem.” The document recommends a num-
ber of specific detailed measurements that
it feels should be made (“abundances of all
atmospheric species with molecular
weights in the range of 1-150 and which are
present at relative concentrations by
number in excess of 0.1 percent of the
total”) of the chosen comets’ nuclei, dust,
atmospheres and solar-wind interactions.
In addition, however, although coMpLEX
maintains that its role is to propose impor-
tant questions rather than specific
missions, the report asserts that answer-
ing the questions will require “rendez-
vous-mode investigations” — meaning a
spacecraft that can match speeds with a
comet and cruise beside it for long periods
of time, rather than just streaking pastona
ballistic trajectory. Before the report was
even written, a rendezvous mission to
comet Halley had failed to win budget ap-
proval, and a Halley flyby that would go on
to rendezvous with a different comet also
fell by the way. If a rendezvous is to take
place, it is likely to be with a “lesser”
comet than Halley, though it is at least
conceivable that one of the various coun-
tries planning Halley flybys could use the
occasion to eject an instrumented probe
toward the nucleus. Nasa had such a plan
in its now-rejected two-comet mission,
but coMPLEX notes that “the science ob-
jectives can be met during the next decade
without undertaking to land on or pene-
trate a comet nucleus.” Thinking of sub-
sequent decades, however, the group sug-
gests precursory studies for bringing a
sample of a comet back to earth.

e Asteroids: These “seem to constitute an
ordered assemblage of primitive planetes-
imals and their fragments in which there is
preserved important information about
the structure of the proto-planetary neb-
ula and the processes that produced the
planetary bodies of the solar system,”
notes the report. Also, “unlike comets,
most asteroids probably condensed and
accreted from the ... nebula somewhere
near their current locations with respect
to the planets.” Some, in fact, may be
better repositories of primitive, low-
temperature materials even than short-
period comets, which repeatedly ap-
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proach the sun. coMPLEX again maintains
that the necessary studies will require
rendezvous missions, and with not just
one, but a sufficient number of asteroid
types to let researchers extrapolate their
data to the wide variety in the general
asteroid population. Research, says the
report, should also be addressed to the
possibilities of landing on selected as-
teroids.

e Meteorites: It has become more rele-
vant than ever that meteorites deliver
themselves to earth without the need for
spacecraft, and state-of-the-art studies for
several years have been contributing to
theories of conditions before the solar sys-
tem even formed. COMPLEX urges support
for a “vigorous” program of laboratory and
theoretical investigations. “To realize the
full promise of meteorite research,” says
the report, “it is necessary to maintain
laboratory capabilities at the highest level
of evolving technology and to encourage
the development of even more sophisti-
cated analytical methods.”

o Interplanetary dust: Possibly represent-
ing all the above sources and more in
micron-sized chunks, spacedust is rec-
ommended by coMPLEx as a “high-prior-
ity” subject for “earth-orbital science.”
That involves the space shuttle, of whose
problems (which could also limit the
launchable weight of deep-space probes)
COMPLEX urges “every effort” at solution.(]

Saturn: Pinning
down the spin

For years, the rotation period of Saturn
was known only approximately, calculated
from earth-based observations of a hand-
ful of features in the planet’s cloud tops
and made more difficult by the fact that
the clouds move at different speeds at dif-
ferent latitudes. Early this year, a true,
“internal” period was determined for the
first time, using non-thermal radio emis-
sions detected from Saturn by the two
Voyager spacecraft. Now the accuracy of
that measurement has been improved by
75 percent, with the calculated period be-
coming slightly shorter in the process.

With only 40 days of data to go on (the
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time since Saturn'’s signals could be sepa-
rated from the more powerful emissions of
Jupiter), Michael L. Kaiser and Michael D.
Desch of the Nasa Goddard Space Flight
Center and colleagues originally reported
a period of 10 hours 39 minutes 54 = 18
seconds. Correcting a computer error,
says Desch, showed the actual uncertainty
of the number to be larger — +36 seconds.
More than six months of data have now
been analyzed, however, and not only has
the precision of the calculation improved,
but it has shifted slightly, to 10"39m24 = 9.
This does not mean that the planet has
speeded up, Desch points out, but merely
that it is difficult to pinpoint Saturn’s rota-
tion “signature” in the noisy radio data. A
comparison of different timespans in the
data shows the period to be stable to
within 1 second per rotation (it is probably
even “tighter”), even though the meas-
urement itself is known only to within 9
seconds per rotation. By a year after Voy-
ager I's Nov. 12 flyby of Saturn, says Desch,
the rotation speed too should be known to
within a second. (The period of Jupiter, by
comparison, established from a quarter-
century of earth-based radio observa-
tions, is now known to within a second in
about three weeks, and pulsars have been
measured as accurately as a second in
about two and a half years.)

Several years ago, radio signals de-
tected by the earth-orbiting IMP-6 satellite
were reported as possibly being from
Saturn, and consistent with a roughly 9.5-
hour period for the planet (SN: 12/14/74, p.
372). They were at a higher frequency than
the ones detected by the Voyagers, and
intense enough (if they were indeed from
Saturn) for the Voyagers to have seen them
too. But the Voyager group reports in the
Sept. 12 SciencE that no such frequencies
have been seen. One possibility is that
Saturn’s emissions are “tightly beamed,”
which could mean that frequencies de-
tected by IMP-6, facing the planet's south-
ern latitudes, do not show in the
northern-hemisphere viewpoint of the
Voyager data. Or the IMP-6 detections may
not have come from Saturn at all. Since
that report, it has been concluded that
when IMP-6 was picking up simultaneous
emissions from two sources, it might indi-
cate a single source whose direction cor-
responded to the intensity-weighted mean
angle between the two actual locations. It
is possible, according to the Voyager
group, that the IMP-6 data may have repre-
sented “a signal coincident with the Saturn
direction which was formed by a combina-
tion of signals from Jupiter and earth (or
perhaps the sun).”

But even if not readily detectable from
earth, Saturn is still a powerful radio bea-
con. If the planet were as close to earth as
the “standard earth-Jupiter opposition
distance” of 606 million kilometers, the
authors report, its emissions at 250 kilo-
hertz would be as intense to a terrestrial
observer as the 8-MHZ peak in Jupiter's
broadcasts. O
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Neutrinos to iron
out cosmic problem

Neutrino oscillations are beginning to
shake up physics. “Neutrino oscillations”
is the term for the apparent ability of one
and the same neutrino to change its
identity back and forth among two or more
of the identities available to neutrinos. For
the moment those identities number
three: electron neutrinos, muon neutrinos
and tau neutrinos, each named for another
particle that the given neutrino accom-
panies in the reactions and interactions
where it plays a part.

It has generally been believed that a
neutrino born with a certain identity kept
that identity throughout its existence.
Now it seems they may be able to oscillate
from one to another. Theorists are begin-
ning to examine the consequences of such
uncertain identity. One cosmological con-
sequence is discussed in the Sept. 15 PHYS-
1caL ReviEw LETTERs by A. De Rujula of
Massachusetts Institute of Technology and
Sheldon L. Glashow of Harvard University.

Since the existence of the neutrino was
first hypothesized, about 1930, physicists
have believed that the neutrino’s mass
(and so the neutrino itself) would vanish if
it ever came to rest. It had zero rest mass.
Not if it can oscillate. Now it must have
some rest mass. (The requirement springs
from the long-recognized dual nature ‘of
every bit of matter: It is at the same time a
particle and a packet of waves. For the
waves of oscillating neutrinos to behave
properly the particles have to have rest
mass.)

If neutrinos have rest mass, they may be
useful cosmologically. As De Rujula and
Glashow point out, the universe and the
galaxies in it need more mass than they
show in observable matter and elec-

tromagnetic radiation. Studies of the ve-
locities and distances of far-off galaxies
lead to the conclusion that the space of the
universe is very nearly flat, but the uni-
verse exhibits only half the mass that is
dynamically necessary to achieve such
flatness. Studies of the rotations of gal-
axies and the motions within them also
lead to the conclusion that the galaxies
generally need more mass than they show
to maintain their stability against disrup-
tion.

Neutrinos with rest mass could very
well solve both aspects of this “missing
mass problem,” De Rujula and Glashow
propose. The original big bang should
have left us with as many neutrinos as it
did photons, the particles of the universal
black body radiation. If some of the neu-
trinos are slightly heavy they could solve
both aspects of the missing mass dilemma
by clustering as haloes around galaxies.

Calculations that combine gravitational
theory with quantum statistics lead to the
conclusion that the heavy variety of neu-
trino postulated here should have a rest
mass of at least 24 electron-volts, huge for
a neutrino, but minuscule compared to
other particles (an electron’s is 511,000
electron-volts). A massive neutrino, if that
can be called massive, should also be sub-
ject to radioactive decay. Yet for these
heavy neutrinos to have survived from the
big bang in large numbers, their average
lifetime must be greater than 10" years,
the age of the universe. Other consid-
erations raise it to 10" years.

In spite of that long life (which is a
statistical average), some of these neu-
trinos are decaying all the time, and when
one does, itsometimes yields a lighter neu-
trino and a photon of ultraviolet light. The
final kicker in this story is that the ul-
traviolet from this source coming from our
galaxy or the Andromeda galaxy might be
on the verge of being detectable. g

Scanning bubbles from the deep

A small probe is attached to a scuba
diver’s chest shortly after the diver sur-
faces. On a screen connected to the probe,
researchers view what appear to be tiny
BBs moving through opening and closing
valves.

Using the recently engineered “two-
dimensional ultrasound phased array sec-
tor scanner,” these researchers are watch-
ing in real-time as gas bubbles move
through the heart of a potential victim of
decompression sickness. According to the
accepted theories of diving medicine, de-
compression sickness, or “the bends,” can
strike a diver who surfaces too rapidly
from a deep dive of long duration (see
p.187). When a diver goes deep, the gas
breathed under pressure is pushed into
the bloodstream in liquid form. The longer
the diver stays at a deep level, the more
gas dissolves into solution. But when the
diver begins to surface, ambient pressure

is lowered, and the gases in the blood start
to come back out. If the unloading process
is hurried along, not allowing the gas
enough time to slowly diffuse out of solu-
tion, the gas forms bubbles. The bubbling
phenomenon is similar to the carbon
dioxide fizzing that occurs when a bottle of
champagne is uncorked. In the diver, the
“fizzing” includes formation of nitrogen
bubbles that can collect at the joints, caus-
ing pressure on the nerves and resulting in
pain. In addition, researchers now say the
interface between the surface of the bub-
ble and the blood may activate clotting
factors and cause capillary leakage. In ex-
treme cases of the bends, paralysis, un-
consciousness and eventual death can re-
sult.

To better understand the lead role gas-
eous bubbles play in decompression sick-
ness, Richard D. Vann, Olaf von Ramm and
colleagues of Duke University Medical
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