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duced by collisions between large bod-
ies. With Dione and Rhea it seems likely
the small craters were made by the de-
bris from bodies that collided within the
Saturnian system. Presumably, there-
fore, certain regions of Dione and Rhea
bear a record of primordial cratering;
other regions were resurfaced by mate-
rial from the interior that buried the old-
est craters. The resurfaced regions were
then pocked by a second bombardment.
We shall refer to the bodies in the sec-
ond bombardment as Population II

A problem remains. The “highlands”
bearing evidence of cratering by Popu-
lation I and the plains bearing evidence
of cratering by Population Il show no
correlation with the global pattern of al-
bedo recorded by Voyager I at a distance
from Dione and Rhea. On Dione, for
example, the leading hemisphere, which
was uniformly bright and bland in the
distant imagery, turns out at high resolu-
tion to have both highlands and plains.
What, then, caused the global albedo
pattern? Some calculations made by Eu-
gene M. Shoemaker of the U.S. Geologi-
cal Survey lead to estimates of the con-
tributions that projectiles make today to
the cratering of the Saturnian moons.
For virtually any source of projectiles
outside the Saturnian system the flux of
impacts turns out to vary dramatically
from the leading hemisphere to the trail-
ing hemisphere of any given moon. For
Dione, Shoemaker calculates a varia-
tion of 10 to one. For Rhea the variation
is six to one. It makes no difference
whether the projectiles are comets or as-
teroids or whether they have periodic
orbits around the sun because the gravi-
tational acceleration imparted to an ar-
riving projectile by Saturn overwhelms
the projectile’s original trajectory.

Shoemaker further calculates that
from the apex of Dione to the side of the
body (with respect to the orbital motion
of Dione around Saturn) the flux of ar-
riving projectiles changes by a factor of

DIONE was photographed by Voyager 1. An
image made on November 11, 1980 (iop),
shows the side of the moon that faces away
from Saturn. The orange background is the
top of Saturn’s clouds, 377,000 kilometers
from the moon. Dione is moving toward the
right; the trailing hemisphere is at the left.
The center of the trailing hemisphere shows
bright wisps on a dark field. According to one
hypothesis, a pattern of wisps once covered
the entire surface of Dione. It was erased by
the continual impact of small meteoroids over
the history of the solar system, except at the
center of the trailing hemisphere, where rel-
atively few such projectiles arrive. An im-
age made on November 12, 1980, at a range
of 162,000 kilometers (bottom) shows what
amounts to the prow of Dione. The apex of
the leading hemisphere is at about the middle
of the terminator along the left of the image.
At the right is the side facing Saturn, The be-
ginnings of several bright wisps in the trailing
hemisphere are at the right limb of the moon.



LARGE IMPACT CRATER on Tethys is notably different from
one on Mimas. The crater on Tethys (/¢ft) is more than 400 kilome-
ters in It was photographed by Voyager 2 at a range of
826,000 kilometers. When the crater was made, it must have been
deep, and its rim and central peak must have been high. Today, how-
ever, the floor of the crater has rebounded to match the contour, of
the moon, and both the rim and the central peak have collapsed. Ap-

di "

parently Tethys once was warm enough to allow such rearrangement.
In this image the apex of the leading hemisphere is near the center of
the disk of the moon. The crater on Mimas (right) is 130 kilometers

in di ter. It was ph phed by Voyager I at a range of 425,000
kilometers. It is the only large crater on Mimas. Its rim and its cen-
tral peak are prominent. Apparently Mimas has long been cold. The
crater’s central peak lies at the apex of the leading hemisphere.

only two. From the side to the trailing
end it changes by a factor of five. As a
result the part of Dione least affected by
the continuing impact of projectiles is
only a small region at the trailing end of
the moon.

With the aid of Shoemaker’s calcu-
lations a history of Dione can be pro-
posed. In this history the early life of
Dione was dominated by the impact of
large bodies most likely left over from
the accretion of the solar system. Then
parts of Dione were resurfaced. Mean-
while collisions near Saturn between the
bodies left over from the accretion of
the solar system yielded smaller bodies.
Some of them took up orbits around
Saturn much like Dione’s. Their impacts
with Dione cratered the newly formed
plains moderately. At about this time
fractures formed in the surface of Dio-
ne. The fractures were filled by bright
extrusions from the interior.

It is likely that the entire surface of
Dione then had the pattern now seen
only at the center of the trailing hemi-
sphere of the body. Over the past four
billion years, however, Dione has ro-
tated synchronously and its surface has
been “gardened” by the impact of small
meteoroids from outside the Saturnian
system. The craters made by these bod-
ies may be too small and too scattered to
be identified in Voyager images. Still,
the craters would rework the surface. In
this way they erased the pattern of the
surface in a region extending from the
apex of the leading hemisphere well into
the trailing hemisphere. This history ac-
counts for the global pattern of albedo.
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The meteoroids arriying ‘well into the
history/make up Population III.

Tethys

Tethys is the'hext moon inward from
Dione; it travels in orbit around Saturn
at a distance of 5 R,. Its diameter is al-
méstidenfical with that jof Bione; but its
density—1,2 grams per cubic centime-
ter—is lower, Mdreovef, its'appearance
is quite different. Voyager 1 viewed Te-
thys only at low resolution. The images
showed diffuse patches of small varia-
tion in albedo on a heavily cratered sur-
face. The pattern did not resemble the
more pronounced global pattern seen
on Rhea and Dione. One of the best im-
ages showed a branching canyon span-
ning the distance between the north and
south polar regions on the side of the
moon facing Saturn. It was estimated
the canyon was at least 1,000 kilometers
long, 100 kilometers wide and several
kilometers deep.

Nine months later Voyager 2 ap-
proached Tethys. The images it trans-
mitted to the earth revealed an enor-
mous impact scar in the leading hemi-
sphere. The rim of the scar has a diame-
ter more than two-fifths the diameter of
Tethys itself. As the spacecraft contin-
ued its approach the scar was photo-
graphed progressively closer to the visi-
ble edge of the moon. Soon an image
showed it in profile. Here it could be
seen that the floor of what must once
have been a crater now matches the
spherical shape of the body. Only a low
rim and a subdued central peak remain.

Evidently the interior of Tethys was suf-
ficiently warm early in the history of the
moon to allow the collapse of the raised
topography. The same could be said of
large craters on the icy Jovian moons
Ganymede and Callisto.

Finally the north pole of Tethys and
the side facing away from Saturn came
into view. From this vantage it was ap-
parent that the canyon found by Voyager
I extends over the north pole and down
to the equator on the outward-facing
hemisphere; thus the canyon traverses
three-fourths of a great circle around
the body. It could also be seen that parts
of Tethys (like parts of Rhea and Dione)
had been resurfaced. Smooth plains had
developed in a small part of the lead-
ing hemisphere, and the resurfacing had
buried some of the large craters already
there.

A tentative explanation for the cur-
rent appearance of Tethys begins with
the surmise that at the time the large
impact scar was made the interior of the
body was much warmer and more mo-
bile than it is today. Perhaps it was liq-
uid. If Tethys had been cold and brittle
when the scar formed, the impact that
formed it might well have fragment-
ed the moon. Moreover, the topography
raised by the impact has clearly col-
lapsed. The rim and the central peak of
the impact scar persist. Hence it seems
likely that much of the crust of Tethys in
place at the time of the impact remains
at the surface today. One can imagine,
then, a simple history in which Tethys
freczes from the crust down. If Tethys
had first been liquid, the freezing would



WHAT MAKES THE %:S. ECONOMY TICK?

The editors of ScienTIFIc AMERICAN have prepared a wall chart displaying for the 1980's the Input/Output Structure of the U.S.
Economy based on the latest interindustry study from the U.S. Department of Commerce.

The ScienTiFic AMERICAN Input/Output wall chart does for economics what the tabie of elements does for chemistry. It answers at
a glance questions about the linkage between the microeconomics of the firm and the macroeconomics of the system; about the
web of technological interdependencies that tie industry to industry; about the industry-by-industry direct and indirect conse-
quences of swings in public and private spending; about the impact of change in technology, and about any other topic you can
think of. You are rewarded by surprise as well as by confirmation of your hunches. For teaching and practical and theoretical

studies, here is a powerful, graphic tool.

In the familiar format of the ScienTiFic AMERICAN Input/Output
wall charts for the 1960's and 1970's, the wall chart for the
1980’s measures 65° X 52* and is printed in eight colors. Each
of the nearly 10,000 cells in the 97-sector interindustry matrix
shows (1) the interindustry commodity flow, (2) the direct input/
output coefficient and (3) the “inverse” coefficient. Where the
direct input/output coefficient exceeds .01, the cell is tinted in
the color code of the industrial bloc from which the input comes.
This device, combined with triangulation of the matrix, brings the
structure of interindustry transactions into graphic visibility.

A supplementary table displays, industry by industry, the capital
stock employed; the employment of managerial, technical-pro-
fessional, white-collar and blue-collar personnel; the energy con-
sumption by major categories of fuel, and environmental stress
measured by tons of pollutants.

The editors of SCIENTIFIC AMERICAN are happy to acknowledge the col-
laboration, in the preparation of this wall chart, of Wassily Leontief, origi-
nator of input/output analysis—for which contribution to the intellectual
apparatus of economics he received the 1973 Nobel prize—and director
of the Institute for Economic Analysis at New York University

Packaged with the chart is an index showing the BEA and SIC code indus-
tries aggregated in each of the 97 sectors.
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YES, send me the new ScientiFic AMerican 1980’s INpuT/Output wall
chart—printed in eight colors on heavy paper measuring 65' = 52°

| understand my chart(s) will be shipped prepaid, uncreased*, flat
rolled and in a sturdy mailing tube. (Allow 4-6 weeks for delivery)
| enclose a check for $ for
me $5 each in handling charges.
Bill me for $

for chart(s) at $40 each.
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Company
Street Address
City, State, Zip Code.

*Charts shipped international require one fold. /82

chart(s) at $35 each, saving I

Make check payable to ScienTiFic AMeriCAN. Please add sales tax for
California, lllinois, Massachusetts, Michigan, Ohio and New York
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PREHISTORIC
SEA CREATURE?

No, it’s very likely alive and well and living in your eyelashes!

It goes by the fancy name of demodex
folliculorum. It lives in the follicle of
the human eyelash — and nobody
knows where it comes from...or even
why it's there!

Fact is, there are scientific mysteries
that surround and confound us every-
day. And every month, there is one
magazine that unveils them in a way
that makes the whole world of science
come alive. Science 82

Today, that means seeing through the
eyes of a satellite the universe that
lies beyond our solar system as much
as probing through a microscope the
myriad worlds that live within us. It's
the discovery of a cancer created to
fight cancer and the revelations of the

4th dimension . . .
computer.

Science 82 You can read it for the
drama of breakthroughs in genetics,
in solar power, in physics and medi-
cine...you can read it for the beauty
of its photography and illustration.
Best of all, you and your family can
enjoy it all—because it's all written to
be understood.

constructed by a

Science 82 Now you can try the next
issue free. Find out why more than
2 million readers every month let
Science 82 open up their lives to the
wonder of it all. Join them today at no
obligation. Use the attached card (or
the coupon) to send for your free
issue.

Send to: SCIENCE 82
1515 Massachusetts Avenue, NW.
Washington, DC 20005

D YES, please send me the next issue of SCIENCE
B82absolutely free and sign me up for a year's sub-
scription (10 issues in all) for just $12

| understand that if after receiving my iree issue,
1 no longer wish to subscribe, | may write “cancel

on your invoice and return it to you, with no further
obligation. HDJ29

NAME
ADORESS

CITY/STATE/ZIP
Canadian residents add $6.00 for postage.
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have increased the volume of the ob-
ject by about 10 percent and the surface
area by about 7 percent. The estimated
extent of the canyon on Tethys sug-
gests that it forms S to 10 percent of the
surface. The canyon may represent the
stretching of Tethys' crust over the ex-
panded, frozen interior.

Mimas and Enceladus

The smallest of the nine moons whose
presence around Saturn was known be-
fore the 20th century are Mimas and
Enceladus. Each of them has only a
thousandth the mass of a Galilean moon
of Jupiter, a thousandth the mass of the
carth’s moon and a hundred-thousandth
the mass of the earth. Their tininess is
significant. Before the Voyager space-
craft began to explore the outer solar
system the main source of heat in a plan-
et or a moon was taken to be the decay
of the radioactive atomic nuclei within
it; hence it seemed that the history of a
planet or a moon would be determined
by the ratio of its volume to its surface
area. The volume governs the quantity
of radioactive nuclei and thus the gener-
ation of heat; the surface area governs
the loss of heat and conversely the reten-
tion of it. The ratio of volume to surface
area is determined by the size of the ob-

NORTH

LATITUDE (DEGREES)

ject: the ratio increases with the radius.
One therefore supposes larger bodies
are more likely to melt than small ones.
Certainly the attribution of internal heat
to radioactivity and the resulting cor-
relation of heating with size explains
the observations that volcanically the
earth’s moon is long dead, Mars is mod-
crately active and the earth is quite ac-
tive. It also suggests, however, that tiny
moons such as Mimas and Enceladus
should not have evolved substantially
since the time they accreted.

The image of Mimas made by Voyag-
er 1 showed a surface that conforms to
this prediction. The surface is uniform
in albedo and is saturated with impact
craters. It is a surface that has not been
reworked by volcanism since the time of
the Population I bombardment. In the
leading hemisphere of Mimas there is an
impact crater 130 kilometers in diame-
ter, about a third the diameter of the
little moon. One suspects other craters
of that size or even larger should have
been made in the course of the bom-
bardment. Why are they not seen? If
a cold, brittle Mimas had been blown
apart by one such impact, the relative
velocities at which the debris would fly

order of e Veloety RauEd for ecape

fromm) Mimas'grayityy) Suchy velocities

SOUTH

57

are small compared with the orbital
speed of Mimas, which is 30 kilome-
ters per second. Hence the debris would
have remained in a narrow band sur-
rounding what had been the orbit of the
moon. Gradually the debris would have
reaccreted. The result would have been
a cold mass of rubble consisting mostly
of ice, but with a few percent of rock.
(The density of Mimas is 1.2 grams per
cubic centimeter.)

The statistics of the craters seen on
Mimas suggest this may have happened.
On Mimas today the largest crater is the
one 130 kilometers in diameter. Then
comes a gap in the sizes. The next-larg-
est craters have diameters of only a few
tens of kilometers. After that the abun-
dance of craters increases exponentially
as the diameter of the craters decreases.
It is as if a large-scale impact had de-
stroyed a parent body and the fragments
had recombined. The present pattern of
craters results, then, from impacts by
the last of the fragments. The single
largest crater represents a collision not
energetic enough to have destroyed the
body again; the other large craters made
by Population I objects disappeared
with the disruption of the parent body.

Voyager I provided only distant views
of Enceladus, yet if the craters on Encel-
adus resembled those on Mimas, the im-

180
WEST

150

MAP OF TETHYS was prepared by the U.S. Geological Survey
from images made by Voyager I and Voyager 2; it is a Mercator pro-
jection, in which all latitudes and longitudes are made rectilinear.
Zero degrees of longitude marks the center of the side of the moon
that faces Saturn, 90 degrees marks the center of the leading hemi-
sphere and 270 degrees marks the center of the trailing hemisph

112
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LONGITUDE (DEGREES)

Two features dominate the topography. One of them is the collapsed
impact crater shown in the photograph at the left on page 110. The
central peak of the crater lies near 120 degrees longitude and 30 de-
grees north latitude. The other feature is a great canyon running
from south to north between 30 and 330 degrees longitude. The can-
ds over the north pole of Tethys and then back toward the



WHAT’S BETTER
THAN SPEED READING?

SPEED LEARNING

(SPEEDPLUS COMPREHENSION)

Speed Learning is replacing speed reading. It's easy to learn...lasts a lifetime...applies to everything
youread...and ‘s the only accredited course with the option of college or continuing education credits.

Do you have too much to read and too
little time to read it? Do you mentally
pronounce each word as you read? Do
you frequently have to go back and re-
read words or whole paragraphs you just
finished reading? Do you have trouble
concentrating? Do you quickly forget
most of what you read?

If you answer “yes” to any of these

uestions — then here at last is the prac-
tical help you’ve been waiting for.
Whether you read for business or plea-
sure, school or college, you will build excep-
tional skills from mis major breakthrough
in effective reading, created by Dr. Russell
Stauffer at the University of Delaware.
Not just “speed reading” — but speed
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The new Speed Learning Program
shows you step-by-proven-step how to
increase your reading skill and speed, so
you understand more, remember more
and use more of everything you read.
The typical remark made by the 75,000
slow readers who completed the Speed
Learning Program was: “Why didn’t
someone teach me this a long time ago?”
They were no longer held back by the
lack of skills and poor reading habits.
They could read almost as fast as they
could think.

What makes Speed Learing so successful?

The new Speed Learning Program does
not offer you a rehash of the usual eye-
exercises, timing devices, costly gadgets
you've probablg' heard about in connec-
tion with speed reading courses or even
tried and found ineffective.

In just a few spare minutes a day of
easy reading and exciting listening, you
discover an entirely new way to read and
think — a radica?dcpanure from any-

COLLEGE CREDITS
You may obtain 2 full semester hour credits for course
completion, wherever you resde. Credits offered
through Whittier College (California). Detasts included
i your program.

CONTINUING EDUCATION UNITS

SR National Management Association, the world's Largest
sssociation of professionsl managers, swards 3.0 CEU's
for course completion. CEU's can be applied toward
the certificate in Management Studies.

PROFESSIONAL SOCIETIES
Speed Learning is offered internationally to members of profes-
sional g . Founds-

tion for Accounting Education, Institute of Electrical and
Electronics Engineers and dozens more. Consult your Education
Director for information.

INDUSTRY, T

Many companies and government agencies offer Speed Learning
a8 8 wholly-psd or tuition reimbursement program. Consult
your Training or Personnel Director for details.

thing you have ever seen or heard about.
Research shows that reading is 95%
thinking and only 5% eye movement. Yet
most of today’s speed reading programs
spend their time teaching g;ou rapid eye
movement (5% of the problem) and ig-
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ages should have shown them. A crater
as large as the one in the leading hemi-
sphere of Mimas should certainly have
been visible. Instead the images showed
a surface that seemed to be smooth.
More important, the surface of Encela-
dus was brighter than that of the neigh-
boring moons Mimas and Tethys. This
suggested that much of the surface of
Enceladus may have been regenerated
and is covered with very fresh ice.

Two chains of reasoning had already
implied that Enceladus was unusual. In
the first place observations made from
the earth had shown that the diffuse ring
of Saturn designated the E ring has its
maximum brightness along the orbit of
Enceladus. This suggested that Encela-
dus might be the source of the ring. In-
deed, it suggested that Enceladus might
continually replenish the ring, because
otherwise the gravitational field of the
moon would tend to clear matter out of
its orbit. (It is proposed that such gravi-
tational shepherding is responsible for
at least some of the banding discovered
by the Voyager spacecraft in the rings of
Saturn.)

In the second place, an argument de-
veloped by Stanton J. Peale of the Uni-
versity of California at Santa Barbara
and his colleagues had led to the conclu-
sion that lo, the innermost major moon
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equator; its end is apparent at the upper right
of the map. The canyon may represent the
stretching of the crust of Tethys over an inte-
rior that expanded as it cooled and solidified
into ice. The terrain on the map is shown as
though it were all illuminated from the west.
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of Jupiter, is heated substantially by tid-
al forces. Then Charles F. Yoder of the
Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology proposed
that a similar mechanism might act on
Enceladus. Specifically, the orbital peri-
od of Enceladus is half that of Dione.

This means that Enceladus and Dione
align themselves with Saturn at fixed
points in their orbits. The gravitational
attraction of Dione for Enceladus acts
repeatedly at these points, so that al-
though the attraction is small, it makes
the orbit of Enceladus stay slightly el-

liptical. In such an orbit Enceladus
is forced to oscillate radially in Saturn’s
gravitational field, much as lo oscillates
radially in Jupiter's. The internal fric-
tion that results from this oscillation
might keep the interior of Enceladus
warm and mobile. Gases and fluids es-
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WIDE RANGE OF HISTORIES among planets and moons in the
solar system is suggested when planets and moons with a visible solid
surface are plotted in a cube whose axes represent their composition
(from rocky bodies at the bottom of the cube to icy bodies at the top),
their thermal evolution (from cold, unevolved bodies at the left to
highly evolved, volcanic bodies at the right) and their size (from small
bodies at the back to large bodies at the front). The black spheres nre
bodies whose position could be plotted before the Voyager sp

between their size and their thermal evolution means they lie near a
plane that passes through the cube diagonally from left to right. The
correlation between size and evolution implies they derive their inter-
nal heat primarily from the decay of radioactive atomic nuclei. The
colored spheres represent bodies that can be placed in the cube as a
result of the study of their solid surface in Voyager images. Such bod-
ies occupy a large part of the volume of the cube. They include lo
and Enceladus, two small but highly evolved bodies that are thought

arrived in the outer solar system. In general these bodies (including
Mercury, the earth, the earth’s moon and Mars) are rocky. More-
over, the Iar;n they are, the more they show signs of evolution and
recent ivity. In the ill the rocky ition of
the bodies means they lie near the bottom of the cube; the correlation
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to derive their heat from internal friction as each one moves in a
slightly elliptical orbit around its parent planet. Io is a rocky moon,
Enceladus is icy. o, Europa, Ganymede and Callisto are the four
major moons of Jupiter discovered by Galileo; Ceres and Vesta are
bodies in the asteroid belt between the orbits of Mars and Jupiter.
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caping from the interior might then keep
the surface bright and remove the trac-
es of craters. Allan F. Cook II of the
Harvard College Observatory and the
Smithsonian Astrophysical Observato-
ry and Richard J. Terrile of the Jet Pro-
pulsion Laboratory have proposed that
if Enceladus is geologically active, gases
escaping from the interior of Enceladus
and ice particles escaping from the sur-
face might be the source of the Ering’s
material.

As Voyager 2 flew close to Enceladus
last August it transmitted back to the
earth images that showed some craters
after all. The craters, however, are spars-
er than the ones on Mimas, and some of
them are in a state of collapse similar to
that of old craters on Jupiter’'s moon
Ganymede. The images of Enceladus
made at the highest resolution show
plains marked by a network of braided
ridges but no craters whatever down to
the limit of resolution. How old could
such a surface be? Shoemaker’s calcula-
tions suggest that the comets currently
traversing the outer solar system should
make craters on the plains that are visi-
ble at the resolution of the Voyager im-
ages in] @) few rhundred (million years.
That amounts to about 10 percent of the
age of the soldr syster! f/6ther-linséen
bodies also hit Enceladus, the plains
must bg even younger.

It se¢msfinlikely that Enceladus has
been geolegically active for 90 percent
of its age/buthas now become/thert;it is
thérefore “Highly likely that Enceladus
is active today. The Ering and the ex-
tremely high albedo of the surface may
result from this activity. It should be
added that-¢stimates of the effectiveness
of tidal heating in Enceladus suggest
that the amount of ‘energy supplied by
tidal forces is too small and too easily
radiated into space for the interior to be
a liquid if it consists of water. Perhaps,
however, the interior includes meth-
ane clathrates or hydrates of ammonia.
Such substances have a melting point
about 100 degrees Celsius below that of
pure water ice.

At least six different types of terrain
can be distinguished on the surface of
Enceladus. The oldest two are cratered
terrains designated CT'| and CT2. They
show a population of craters 10 to 30
kilometers in diameter that almost cer-
tainly date back to a period of Popula-
tion IT bombardment in which Encela-
dus was hit by debris in orbit around
Saturn. On the CT'1 terrains most of the
craters have collapsed: their floors have
rebounded, their rims have sunk and
their central peaks are better described
as gentle domes. On the CT2 terrains the
craters are deep and bowl-shaped. The
difference suggests that these different
parts of Enceladus have had different
thermal histories. The CP1 terrains are
plains that show a relatively sparse dis-
tribution of craters between two and five
kilometers in diameter. The craters lie

on a rectilinear pattern of faults. Shoe-
maker’s calculations suggest a range of
ages. If the flux of recent projectiles has
been minimal, the CP1 terrains may
date back to nearly the time of the Popu-
lation II bombardment more than four
billion years ago. If the flux has been
substantially greater, they may be a bil-
lion or even two billion years younger.
In any event three still more recent ter-
rains (CP2, CP3 and RP) also formed
on Enceladus. They are revealed by the
presence of corridors that cut through
the older terrains sc hat parts of craters
are obliterated.

The RP terrain includes the plains
that show no craters. Its margin is
marked by braided ridges. Two tenta-
tive hypotheses have been offered for
the origin of the ridges. One explanation
is that a system of faults was invaded by
liquid water that froze. The expansion
of the ice is what raised the topography.
The other explanation is that a zone
of solid-state convection slowly makes
matter rise in the center of the plain and
sink elsewhere, producing a roughly
concentric pattern of wrinkles. Clearly
Enceladus joins Io in showing that ra-
dioactivity does not always dominate
the heating of bodies in the solar system.
Enceladus has a hundred-thousandth
the mass of the earth. It may nonetheless
be just as active geologically.

Different Evolutions

The exploration of the Jovian and the
Saturnian systems of moons by the Voy-
ager spacecraft has yielded new insights
into the evolution of the small bodies in
the solar system. Imagine a three-di-
mensional chart whose axes are deter-
mined by measures of a body's size,
composition and thermal evolution. Be-
fore the Voyager missions the only bod-
ies that could have appeared in such
a chart would have been the planets,
moons and asteroids of the inner solar
system. All of them fall into essentially
the same class of objects of rocky com-
position, and their degree of thermal ev-
olution is closely related to their size—a
correlation suggesting that radioactive
heating has dominated their history.
In the wake of the Voyager missions a
large part of the chart gains occupants,
and the simple trend of evolution with
size is destroyed.

Much remains to be discovered about
the evolution of the moons in the solar
system, but already it is apparent that
nonradioactive sources of energy (for
example tidal heating) are important for
some of them. Moreover, it is apparent
that an icy composition can allow vig-
orous geological activity even in very
small moons. Further studies of moons
will surely tell us much about both the
conditions and processes in the incipi-
ent solar system and the ways planets
evolve under a wide variety of circum-
stances.
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The Moons of Saturn

The 17 icy bodies that orbit the planet display a surprising range of

geological evolution. Many of them show craters more than four billion

years old, but one of them has terrain so new that no craters are seen

by Laurence A. Soderblom and Tq@

efore the spacecraft Voyager 1
Bncarcd Jupiter in March, 1979,
only five bodies in the solar system
other than the earth had been observed
in sufficient detail for their history to be
surmised. In essence all of them (Mercu-
ry, the moon and Mars and its moons
Phobos and Deimos) consist of rocky
material. The encounter with Jupiter
and its moons doubled the list. More-
over, it marked the first appearance on
the list of planet-size moons composed
mostly of ices.

The encounters with the Saturn sys-
tem doubled the list again. In Novem-
ber, 1980, Voyager 1 flew past Titan, the
largest moon of Saturn, at a distance
of only 7,000 kilometers. It passed the
smaller moons Mimas, Dione and Rhea
at greater distances but nonetheless
transmitted high-resolution images of
each back to the earth. The trajectory of
Voyager 2 had already been devised to
bring the spacecraft closer than Voyager
1 had come to the moons lapetus, Hype-
rion and Phoebe; in addition it would
come very close to Tethys and Encela-
dus. In the months before the arrival of
Voyager 2 near Saturn last August the
sequence of observations planned for
the spacecraft was altered to provide for
observations of several newly discov-
ered moons, three of which were found
by Voyager 1. In spite of a temporary
jam in the mechanism that points the

cameras on Voyager 2, the mission was
successful. In a few short months, there-
fore, the moons of Saturn have been
transformed. Before November, 1980,
the ones that were known were no
more than dots of light in a telescope.
Now they form an array amounting to
17 new worlds.

General Properties
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place only ‘one of them has any appre-
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ohere. It lS Tnan, whose

about'its g cal evolution. Second,
it can be calculated thatall but the three
outermost moons of Saturfishould cer-
tainly be in synchronous rotation: they
should Zkéep.) the Nsante! | €ace| Cttirned
toward ( an ust e._moon
keeps (heh ja L“rZﬁe AN fj“wsard the
earth. In each such case a planet’s gravi-
tation raises a tidal bulge on a moon.
Then the gravitational attraction be-
tween the bulge and the planet acts as a
torque that slows the moon’s rotation
until the rotation is synchronous. The
Voyager images suggest that all but one
or possibly two of the moons of Saturn
really do rotate synchronously. The def-
inite exception is Phoebe, the outermost

SATURNIAN MOON ENCELADUS was
photographed last August 25 by the space-
craft Voyager 2. It is some 500 kilometers in
diameter and is seen here at a range of 119,000
kilometers in an image that has been proc-
essed by computer so that the surface topog-
raphy stands out. Six different terrains are
distinguished. The heavily cratered terrains
called CT1 and CT2 are the oldest; many of
their craters are thought to represent the bom-
bardment of Enceladus and other Saturnian
moons by debris in orbit around Saturn. The
debris was left over from the accretion of the
planet, its moons and its rings. The cratered
plains CP1, CP2 and CP3 are intermediate
in age. The ridged plain RP is the youngest;
on one hypothesis it lacks visible craters be-
cause it consists of upwelling fresh material.

moon, which is too small and too far
from the planet to lose its spin to tidal
forces. It rotates once every nine hours,
whereas its orbital period is 13,211
hours, or 1.5 years. The possible excep-
tion is Hyperion, the third-outermost
moon. The images made of Hyperion by
Voyager 2 cover only a short arc of the
orbit of the moon and leave it uncertain
whether Hyperion rotates synchronous-
ly or not.

Finally, all but two of the moons of
Saturn form a regular system of satel-
lites. That is, their orbits are nearly cir-
cular and lie in the equatorial plane of
the planet. The two exceptions are lape-
tus, the second-outermost moon, whose
orbit is inclined 14.7 degrees with re-
spect to the equatorial plane, and Phoe-
be, the outermost, whose orbit is in-
clined 150 degrees. (In addition the or-
bital motion of Phoebe around Saturn is
in a direction opposite to that of all the
other moons.) Three regular systems of
satellites are known in the solar system;
they consist of the inner moons of Jupi-
ter, the inner moons of Saturn and the
five known moons of Uranus. It is prob-
ably no coincidence that those planets
all have rings. Rings and a regular sys-
tem of satellites may form naturally as
a by-product of the accretion of a giant
planet. In any case each regular system
of satellites is thought to have formed
from the gas, ice and dust around each
incipient giant planet, much as (on a
larger scale) the planets formed around
the sun.

Observations made with telescopes
before the Voyager spacecraft arrived
showed that among the moons of Saturn
only Titan is as large as the four moons
of Jupiter discovered by Galileo; the
others are smaller than the earth’s
moon. The Voyager images show that
the moons span a range of sizes from the
size of asteroids to that of Mercury. The
masses of Saturn’s moons remain diffi-
cult to specify. An analysis of the mutu-
al gravitational effects the moons have
on one another has yielded values for
some of the masses, and the tracking of
gravitational perturbations in the trajec-
tory of the Voyager spacecraft as they
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passed among the moons yields new val-
ues and refinements of some of the earli-
er ones. It seems clear from the various
measurements that the moons of Saturn
all have densities of less than two grams
per cubic centimeter. In fact, several
have densities of less than 1.5 grams per
cubic centimeter. Such values suggest
that the moons are composed mostly of
ice. For most of Saturn’s moons a com-
position of 30 to 40 percent rock and 60
to 70 percent ice by weight would match
the calculated density. Only Titan is
large enough for its gravitational self-
compression to affect its density appre-
ciably. When this self-compression is
taken into account, the density estimat-
ed for Titan—1.9 grams per cubic centi-
meter—becomes compatible with a mix-
ture of half rock and half ice.

DISTANCE (SATURNIAN RADII)

In one sense the calculated densities
are curious. Among the planets of the
solar system one finds a trend toward
greater density with decreasing distance
from the sun, and among the moons of
Jupiter one finds a trend toward greater
density with decreasing distance from
the planet. Such trends are attributed to
the influence of the heat from the central
body on the temperature of the gas and
dust that surrounded it at the time its
satellites formed. In the case of Jupiter
it appears that ice was unstable in any
large quantities at radial distances from
the planet less than the distance of the
orbit now followed by Ganymede.

In spite of the uncertainties in the
measurements no similar trend of densi-
ty is evident among the moons of Sat-
urn. Instead the current determinations

of the values of the densities are consis-
tent with a composition of rock and ice
that is similar in all Saturn’s moons ex-
cept for more or less random variations
in the exact proportions. On the other
hand, the densities of Saturn’s moons in
general are less than those of Jupiter's.
This suggests a greater proportion of
ice. The relative lack of rocky material
is explained by models of Saturn’s histo-
ry developed by James B. Pollack and
his colleagues at the Ames Research
Center of the National Aeronautics and
Space Administration. The models sug-
gest that rocky material near Saturn was
swept into the incipient planet as it con-
tracted before its moons began to form
some 4.5 billion years ago.

In any event the surfaces of the moons
of Saturn suggest the presence of ice.
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(with one inclined by 150 degrees). Phoebe’s rotation about Saturn is

clockwise; all the other moons go counterclockwise. The top panel
also shows the trajectory followed by Voyager I in November, 1980,
and the one followed by Voyager 2 last August. The middle panel
shows the orbits of the moons on a logarithmic scale; the numbers
on the scale are distances from the center of Saturn. Each of the
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Spectra of the solar radiation reflected
by the moons in the near infrared show
its absorption at wavelengths character-
istic of water frost. Moreover, measure-
ments made by the Voyager spacecraft
show that most of the moons reflect be-
tween 60 and 90 percent of the radiation
that hits them. With an albedo, or reflec-
tance, of nearly 100 percent, Enceladus
is the most reflective body in the so-
lar system. If it were at the same dis-
tance from the sun as the earth’s moon,
it would be about five times as bright.
Water ice is highly reflective

The ubiquity of ice in the outer solar
system was not entirely unexpected. For
one thing, the vapor pressure of water
ice (that is, the tendency of the ice to
sublimate and lose vapor to space) de-
pends strongly on temperature Hence

0 HYPERION

TITAN

moons discovered recently turns out to have a dynamical vagary.
The moon 1980828 lies near the outer edge of the A ring; 1980827
and 1980526 bracket the Fring, and 198051 and 198083 have orbits
that differ by less than the sum of the diameters of the moons (hence
they are “co-orbital”). Finally, 1980813 leads Tethys by 60 degrees,

at distances from the sun less than the
distance of the asteroid belt between the
orbits of Mars and Jupiter an unprotect-
ed mass of ice will evaporate in a time
quite short compared with the age of
the solar tem. At greater distances a
mass of ice will be stable for billions of
years. In addition most models of how
the solar system formed predict that wa-
ter should be a major constituent of a
body that accreted at low temperatures.

Specifically, if a gas whose composi
tion is much like that of the sun is cooled
under the conditions of temperature and
pressure thought to have prevailed in
the early solar system, some of the oxy-
gen in the gas will combine with silicon
to form silicate rock at relatively high
temperatures. When the elemental sili-
con is exhausted, however, a substan-

O

IAPETUS

tial amount of oxygen will remain. As
the temperature continues to decrease
it will combine with hydrogen, the ele-
ment most abundant in the gas. Thus
water will form. It emerges from such
models that a moon condensing at low
temperatures should have much the
same proportions of rock and ice as
those inferred for Jupiter’s moons and
Saturn’s moons from the estimates of
their densities.

One might suppose an icy moon
would be no more interesting geologi-
cally than a cratered ice cube. Ice, how-
ever, has a melting point far lower than
that of rock, so that relatively little is
needed to melt the interior of an icy
moon in the outer solar system. On
this basis it was suspected even before
the Voyager missions that such moons

ORBIT OF PHOEBE

J,

PHOEBE

1980825 trails Tethys by 60 degrees and 198056 leads Dione by 60
degrees. Each of the three occupies a position of stability studied by
Joseph Louis Lagrange in the 18th century and today called a La-
grange point. They are the first known Lagrangian moons. At the
bottom of the illustration all the moons of Saturn are shown to scale.
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might show signs of geological activity.
It was also proposed that the moons of
the outer solar system might incorpo-
rate substances such as ammonia hy-
drates and the compounds of methane
and water known as clathrates. The in-
terior of a moon incorporating such
material would melt even more readily
than a moon consisting of rock and
water ice alone. The results of the Voy-
ager missions surpass the speculations.
Hyperion, Mimas and Enceladus, for
example, are much the same size, but
they display a range of geological evo-
lution far broader than one would have
thought was likely.

The New Satellites

The moons of Saturn discovered in
the past decade have dynamics that are
unusual in one way or another. Consider
1980828, the innermost moon in the set
and also the innermost known moon of
Saturn. It was discovered by Voyager |
just beyond the outer edge of Saturn’s
A ring. 1980528 is an elongated body
whose diameter is about 40 kilometers.
One hypothesis suggests that its gravita-
tional field does much to sculpture the
sharp outer edge of the ring. Somewhat
farther out from Saturn are the pair
of small moons 1980S27 and 1980S26.
They too were discovered by Voyager I,
although it can now be recognized that
at least one of them may have affected
the counts of charged particles made by
the Pioneer 11 spacecraft near Saturn in
September, 1979. Between their orbits
lies the multistrand F ring. The gravi-
tational fields of the moons may well
confine the ring. For that reason they
are called the shepherd moons.

About 10,000 kilometers beyond the
F ring, or roughly halfway between
the Fring and the Gring, are the “co-or-
bital” moons 1980S1 and 1980S3. The
French astronomer Audouin Dollfus
photographed one of them at the Pic du

PHOEBE, the outermost moon of Saturn,
was photographed by Voyager 2 at a range of
2.2 million kilometers. Its curious orbit and
its low reflectivity (about § percent) suggest
that it formed elsewhere in the solar system
and then was captured by Saturn’s gravity.
Phoebe is about 200 kilometers in diameter.
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Midi Observatory in 1966. Today it is
difficult to say which one it was. In 1978
John W. Fountain and Stephen M. Lar-
son of the University of Arizona deter-
mined that there were two moons. Then
in 1979 Pioneer 11 made an image of one
of them. The Voyager spacecraft made
images of both. The mean orbital radii
of 1980S1 and 198083 differ by less than
the sum of their diameters. Hence their
orbital velocities are similar but not
quite identical: the inner moon slowly
overtakes the outer one. As they ap-
proach each other the gravitational at-
traction between them alters their angu-
lar momentum. The inner moon gains
momentum; it moves into a larger orbit,
where its orbital speed is reduced. The
outer moon loses momentum; it moves
into a smaller orbit, where its orbit-
al speed is increased. In short, the two
moons change places; the inner moon
becomes the outer one and begins to fall
behind. About once every four years the
celestial dance is repeated and the two
change places again.

Three other new moons of Saturn
were found by earth-based telescopes in
1979 and 1980, a time when Saturn’s
rings were edge on as they are seen from
the léarth! This ‘orientdtion greatly re-
duces the effect of scattored, light, from

"thé rings when Saturn is viewed in a tele-

scopesand allows the detection of faint
bodig¢s close to the planet. Two of the
three new moons share their orbit with
Tethys{One of them maintains a posi-
tion about 60 degrees ahead of Tethys; it
was discovered by a group led by/Brad-
ford A. Smith of thé University‘of Ari-
zona. The other stays about 60 degrees
behind (Tethys; it was. discoyered with
the aid of a prototype of a planetary
cameta | system | degigned/ for the tele-
scope that the U.S. plans to put in orbit
around the earth. The third moon stays
about 60 degrees ahead of Dione; it was
discovered by two French astronomers:
P. Lacques of the Pic du Midi Observa-

HYPERION,
was photographed by Voyager 2 at a range
of 500,000 kilometers. It is an irregular body
about 400 kilometers long and 220 kilome-
ters wide. It is four to six times brighter than
Phoebe. The concavities along the margin of
this image of Hyperion are probably craters.

the third-outermost moon,

tory and J. Lecacheux of the Paris Ob-
servatory.

Each of the positions occupied by
these moons is a point of dynamical
stability of the kind first studied by
the French mathematician Joseph Louis
Lagrange and today called a Lagrange
point. In 1772 Lagrange noted that in a
system consisting of one body in orbit
around another (say the moon around
the earth) there are five positions at
which a third body can lie undisturbed.
Three of the positions are unstable: a
body at any one of them is readily driv-
en from it by the influence of gravita-
tional forces other than those exerted by
the two bodies that set up the system.
The three positions lie (1) inside the or-
bit of the satellite, (2) outside the orbit
and (3) at the point in the orbit opposite
the satellite itself. The remaining two
positions—the ones on the orbit 60 de-
grees ahead of the satellite and 60 de-
grees behind—are quite stable: a body
that occupies either one of them will
merely drift back and forth along its
orbit under the influence of perturbing
forces. It has long been known that the
groups of asteroids called the Trojans
occupy the two Lagrange points 60 de-
grees from Jupiter along the orbit of the
planet around the sun. The three bodies
at Lagrange points near Saturn are the
first known Lagrangian moons.

In contrast to their dynamical vagar-
ies the newly discovered moons have
much the same appearance. Each is
rather small, and almost all of them are
quite irregular in shape. The irregularity
tells much. It suggests that each moon
arose from the fragmentation of a larger
body. And since a small, cold, icy moon
is strong enough to keep itself from
being pulled into a sphere by its grav-
itational self-attraction, the irregular
shapes suggest that these moons have
not been heated significantly since the
time they took their current form.

Iapetus

Iapetus and Rhea are the second-larg-
est of Saturn’s moons; they have a near-
ly identical diameter of about 1,500 Kil-
ometers. They move in quite different
orbits. The orbit of Iapetus lies about 60
Saturnian radii (R,) from the center of
Saturn, that of Rhea about 9 R,. They
bracket the orbits of two other moons of
Saturn, namely Titan and Hyperion. As
we have noted, the orbit of lapetus is
inclined.

Iapetus has a density of about 1.1.
This means its density is almost as low
as that of pure water ice. Since it keeps
the same face turned toward Saturn,
its trailing hemisphere (the side facing
backward with respect to its orbital mo-
tion) is always the same part of the sur-
face. The trailing hemisphere is bright.
In the visible region of the electromag-
netic spectrum its albedo is almost 50
percent. In contrast the leading hemi-



sphere is extremely dark: its albedo is
only 3 to 5 percent. This difference was
noted in the 17th century by Jean Domi-
nique Cassini, the discoverer of Iapetus,
who found he could see the body on
one side of Saturn but not the other.
Among the few materials whose albedo
is only a few percent are lampblack and
the primitive meteorites called carbona-
ceous chondrites.

The peculiar pattern of darkness and
brightness on lapetus has suggested that
dark material falling from space coats
what amounts to the prow of the moon.
In 1974 it was further suggested by Ste-
ven Soter of Cornell University that the
source of the material is Phoebe. Phoe-
be had long been taken to be a moon
of low albedo; observations made with
earth-based telescopes show that its col-
or is similar to that of many dark aster-
oids. The idea, then, is that dark matter
is kicked off Phoebe by the impact of
micrometeoroids. Then the particles of
the matter come under the influence of
what is called the Poynting-Robertson
effect. Specifically, electromagnetic ra-
diation leaves each particle because the
particle reflects some of the radiation
incident on it and because the particle
absorbs some radiation and reemits it
later. In either case the radiation leaving
the particle in the direction of the parti-
cle’s orbital motion around Saturn un-
dergoes a Doppler shift that gives it a
higher frequency (and thus more energy
and momentum) than that of the radia-
tion leaving in the opposite direction.
The net result is that the particle loses
orbital angular momentum and slowly
spirals inward. As it falls (the argument
concludes) it is swept up by Iapetus.

The images of Phoebe made by Voy-
ager 2 show some detail of Phoebe’s sur-

IAPETUS was photographed by Voyager 1
at a range of 3.2 million kilometers and nine
months later by Voyager 2 at a range of 1.1
million kilometers. The image made by Voy-
ager I (top) shows the side of the moon that
always faces Saturn. (Iapetus and most other
Saturnian moons keep the same face turned
toward Saturn, just as the earth’s moon keeps
the same face turned toward the earth.) lape-
tus is moving toward the left; the leading
h phere of lap (the hemisphere fac-
ing in the direction of the orbital motion of
the moon) is dark. A ring of dark material ex-
tends, however, into the bright trailing hemi-
sphere. The image made by Voyager 2 (bot-
tom) shows the side of the moon that always
faces away from Saturn. The north pole of
the moon coincides roughly with the large
crater astride the border between day and
night on lapetus (the terminator), which
crosses the top of the image. The dark lead-
ing hemisphere is at the right. An equatori-
al band of darkness extends into the trailing
hemisphere. The sharp and complex bound-
ary between bright and dark regions on lape-
tus militates against the proposal that dark
matter fell from space onto the leading part
of the moon. It suggests instead that the dark
matter is an extrusion from within Iapetus.




face. Phoebe emerges as being roughly
spherical and having an albedo of only
about 5 percent. In both of these attrib-
utes (and in its inclined, retrograde or-
bit) it proves to be quite different from
the co-orbitals, the ring shepherds and
the Lagrangian moons of Saturn. Phoe-
be may indeed be a captured dark aster-
oid, unchanged since it accreted early in
the history of the solar system. Perhaps
it is a primordial body that was ejected
from the inner solar system by the gravi-
tational ficld of the growing planet Jupi-
ter and took up an orbit around Saturn.

In themselves the Voyager images of
Phoebe cannot make it plain whether
Phoebe dusted the dark leading hemi-
sphere of Iapetus; the idea is still being
debated. One test of the idea involves
Hyperion, the next moon inward from
Iapetus. The test rests on the assumption
that Hyperion should have been dusted
by material kicked off Phoebe that lape-
tus failed to sweep up. The images made
by Voyager 2 show Hyperion to be a
remarkable little moon. It is nearly the
size of Mimas, a spherical moon with a
radius of about 200 kilometers, and yet
it is markedly elongated: its short axes
are only about three-fifths the length of
its longest axis. Hyperion is one of the
largest bodies in the solar system that
has an irregular shape. (The asteroid
Hector is one of the very few other such

objects.) An analysis of the Voyager im-
ages indicates that Hyperion is some-
what darker than most of the moons of
Saturn: its albedo is 20 to 30 percent.
This finding is consistent with a dusting
by matter from Phoebe. Hyperion ap-
pears, however, to lack a dark leading
hemisphere. The problem with search-
ing for one is that it is not yet estab-
lished whether Hyperion rotates syn-
chronously.

An answer to the question of whether
Phoebe dusted lapetus therefore awaits
in part the determination of the rota-
tion rate of Hyperion from observa-
tions made with ground-based tele-
scopes. Meanwhile the findings of Dale
P. Cruikshank and his associates at the
University of Hawaii at Manoa may
have got the idea into trouble on other
grounds. Cruikshank’s group has found
from telescopic observations that the
color of Phoebe and the color of the
dark leading hemisphere of Iapetus are
different. The dark regions on lapetus
are much redder than Phoebe through-
out the visible and the near-infrared re-
gion of the spectrum. This makes it diffi-
cult to favor a scheme in which material
from Phoebe simply coats the dark part
of Iapetus{without having undergone
some kind of change.

The' images-of 1apetus' made by the
Voyager spacecraft also tend to subvert

RHEA was photographed by Voyager I at a range of 1.7 million kilometers. Here the image of
the moon is shown in false color. The trailing hemisphere (seen here) is marked by bright wisps
that do not seem to follow a pattern laid down by craters. The leading hemisphere is bland.
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the hypothesis that it was dusted by mat-
ter from Phoebe. Voyager I's best image
of lapetus was made at a range of 2.5
million kilometers. The image showed
only those features on lapetus that are
more than 50 kilometers across. Even
s0, a clue to the history of the body
emerged. A ring of dark material about
100 kilometers in diameter was found to
straddle the border between the hemi-
spheres. It strongly resembles the rings
in craters along the margin of large vol-
canic flood plains on the moon and
Mars. Such rings formed there when
dark volcanic melts flowed into impact
craters and filled each one around its
central peak. Perhaps the dark ring on
lapetus formed by a similar process
when fluid extruded from the interior of
the body darkened half of it. Clearly it is
unlikely that a feature with such a pe-
culiar geometry as that of a dark ring
could have been formed by matter fall-
ing from space.

Voyager 2 made a series of images of
lapetus at a resolution three times great-
er than that of the images made by Voy-
ager 1. The single best image is of the
north polar region, mostly in the bright
trailing hemisphere. It shows that the
trailing hemisphere is heavily cratered.
Many of the craters have a dark floor.
Such floors resemble the dark floors of
craters on the highlands of the earth’s
moon, which are thought to have
formed when volcanic material flowed
out over them. Taken together, the dark-
floored craters in the trailing hemi-
sphere and the sharp definition and com-
plexity of the boundary between dark
and bright terrain imply a history of
eruptions from the interior of lapetus.
That is not to say the erupting material
resembles any ordinary lava. One can
speculate that it is a fluidized slurry of
a mixture including ammonia, ice and
something dark. The low albedo of the
material suggests that whatever its ori-
gin, the dark stuff is rich in organic sub-
stances such as are found in primitive
meteorites.

Rhea

The distant views of Rhea transmitted
to the earth by Voyager I as the space-
craft approached the moon showed
a bright, bland leading hemisphere
marked only by what appears to be a
large and relatively recent impact cra-
ter. The trailing hemisphere is different.
It shows a complex pattern of bright
swaths on a background darker than
the leading hemisphere. The swaths are
thought to result from internal activity.
Perhaps the bright material was extrud-
ed along lines of fracture at the surface.
In any event the bright swaths fail to
follow the kind of pattern that crater-
ing would lay down on the surface. The
zone containing the swaths is confined
within a small circle at the center of the
trailing hemisphere. The boundary be-



RHEA'S NORTH POLE was photographed by Voyager I at a
range of 80,000 kilometers. The pole itself is at the middle of the arc
the terminator describes across this mosaic. The terrain to the west of
the pole (toward the right in this image) is marked by large craters; in

tween this zone and the bland leading
hemisphere is diffuse.

The high-resolution views of Rhea
made by Voyager 1 show the equatorial
region of the leading hemisphere some-
what to the east of the putative large,
fresh impact crater. The best views show
the north pole of the body, which Voy-
ager 1 flew over at a distance of only
59,000 kilometers. In each view Rhea is
found to have a densely cratered surface
much like the cratered highlands on the
moon and Mercury. The principal dif-
ference is that the large, fresh craters on
the moon and Mercury are surround-
ed by blankets of ejecta; the craters on
Rhea are not. Presumably Rhea’s weak-
er gravity is responsible. If Copernicus,
a large crater on the earth’s moon, had
formed on Rhea, its ejecta would have
been spread over most of the body’s sur-
face. On the earth’s moon most of the
ejecta lie no farther away than a few
times the radius of the crater.

The nature and the origin of the bod-
ies that cratered Rhea can be surmised
from a mosaic of images showing the
body’s north polar region. At first the
entire region appears to be uniformly
pitted with craters. A closer examina-
tion shows that the western two-thirds
of the polar mosaic is marked by a col-
lection of craters with diameters ranging
from 30 to 100 kilometers and in addi-
tion a dense population of smaller cra-
ters. The smallest ones visible are a few
kilometers across. If other craters are
smaller still, they are below the limit of
resolution. The eastern third of the mo-
saic is also marked by small craters, but
the larger craters are missing. A few
subtle depressions in the surface are vis-
ible. They suggest that the larger craters
in the east were filled or buried.

The difference between the two ter-
rains implies a period of cratering in
which projectiles with a wide range of

energy formed craters with a wide range
of sizes. At some point the remaining
projectiles whose impacts could form
large craters (¢rateéfs gréater thanl 50 kil-
ometers. in, diameter) -were . swept . up.
The bombardment by-the' objects! that
formed the smaller craters continued.
Meanwhile part of Rhea’s surface wads
regeneratgd, ;pefhaps by fluid extrusion
from the interigiior perhaps by-the flow
of a slurgy of material driveh to the ‘sur-
face by the pressureiof gases accumulat-
ing within the moon. The resurfacing in-
cluded the eastern third of the polar ter-
rain. Estimates of the rateat which Rhea
is being ¢fatéred by comiets and aster-
oids today[ihdivate that {fetvyof | thy isi-
ble craters (both large and small) in the
images are recent. Hence most of the
cratering must have come early in the
history of the solar system, and it must
have been intense. The projectiles could
have been remnants of the accretion of
gas and dust in orbit around the sun.
They could have been remnants of the
accretion of gas and dust in orbit around
Saturn. They could also have come in
pulses as the debris from bodies that col-
lided in the early Saturnian system.

Dione

In sum, the appearance of Rhea sug-
gests that at least two populations of
projectiles marked the surface. The ap-
pearance of Dione, the next moon in-
ward from Rhea, allows more detailed
deductions. Dione travels in orbit
around Saturn at a distance from the
planet’s center of 6.2 R,. Its diameter is
1,100 kilometers. With a density of 1.5
grams per cubic centimeter it is the
densest of Saturn’s moons except Titan.
The distant views of Dione made by
Voyager 1 showed a striking asymmetry
between the leading and the trailing
hemispheres. In the trailing hemisphere

the terrain to the east such craters are missing. Presumably the large
craters were made early in the history of the moon; the small cra-
ters both cast and west were made later, after geological activity had
given the terrain to the cast of the pole a fresh, uncratered surface.

a network of intersecting bright streaks
on a dark background was visible. It
looked much like the trailing hemi-
sphere of Rhea. The leading hemisphere
was uniformly bright. Again the region
of complex variations in albedo was
confined within a small circle at the cen-
ter of the trailing hemisphere, and again
the boundary of this region with the
bland leading hemisphere was diffuse.

Closer views of the trailing hemi-
sphere made by Voyager I showed that
craters between 50 and 100 kilometers
in diameter were crossed by the streaks.
Therefore the streaks must have formed
well after the torrential bombardment
the craters imply. All things considered,
the large craters on Dione and on parts
of Rhea (including the western two-
thirds of the polar mosaic) resemble the
highland craters found on the earth’s
moon, Mars and Mercury. We shall re-
fer to the projectiles that made such cra-
ters in the Saturnian system as Popula-
tion I. The most likely hypothesis is that
they resulted from the agglomeration of
matter left in orbit around the sun after
the solar system formed.

The closer views of Dione also
showed plains where the density of cra-
tering is far lower than it is on the “high-
lands.” On the plains, however, the pro-
portion of small craters to large ones is
far higher. The proportion is that of
the eastern third of the polar mosaic of
Rhea. On both the plains of Dione and
the terrain east of the north pole on
Rhea the distribution of sizes among the
craters resembles that of the craters sur-
rounding the principal craters on the
moon. It also resembles that of the cra-
ters surrounding the places on the earth
where nuclear devices have been tested.
In general the prevalence of small cra-
ters suggests the pocking of a landscape
by the ejecta from the impacts of larg-
er projectiles or by the fragments pro-
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departure of Flight 19 on Sept. 15 at the
launch site in French Guiana

3 'ﬁ | Jl‘
I Triumph at Kourou: toasts followed the

Western Europe enjoys a SUccess inthe skies

European space officials are jubi-
lant and understandably relieved
these days. On Sept. 15 Ariane
Flight 19 had a successful lift-off
from the European launch site at
Kourou, French Guiana. That
flight, crowned with champagne
toasts and congratulatory cables, marked
the end of a troubled 16-month period in
which Ariane was grounded because of
problems in its engine design. Further-
more. the success at Kourou gives Ariane-
space, the European-owned corporation
that manufactures the launcher. a solid
two-year lead over U.S. competitors.
Ariane is now virtually the only contrac-
tor available outside the Communist bloc
for launching commercial satellites, and
that burgeoning market is estimated to be
worth at least $1 billion a year.

The Ariane launch was a crucial step
in re-establishing the self-confidence of
the 13-member European Space Agency
as it prepares to set its agenda for the next
twelve years. An ESA ministerial meeting
scheduled to be held in the Hague in early
November will decide whether the agen-
cy should proceed with plans to build a
European space shuttle, Hermes, which
would be capable of carrying a three-man
crew. Hermes will require the develop-
ment of a giant Ariane-5 rocket. similar
to the one used to lift the US shuttles
into orbit. Also to be debated at the Hague

1R

Space

| will be the question of European partici-
pation in the U.S. space station project in
the 4990s

A, final. matter, on the agenda is
whether 10 inérease the-ageney’s funding
to around $2 billion annually for the next
15 years. This would be almost twice the
amount currently provided by the 13
member countries.* France so far has
paid 60% of the cost of developing Ariane,
and West Germany 20%, but Britain has
contributed only the minimum 3% re-
quired for membership and seems disin-
clined to increase its commitment. After
learning this summer that the British gov-
ernment was not prepared to take a larger
role in the space program, West Germa-
ny’s Reimar Lust, the director general
of ESA. said bitterly, “Britain isn’t
needed anymore on its present terms of
membership.”

Besides setting the tone for the forth-
coming meeting, the su ssful Ariane
flight was a vindication of Europe’s deter-
mination to stick to its space objectives
despite competition from the American
space shuttle Ariane, which, unlike the
American shuttle, is based on the concept
of a use-it-once disposable launcher, had

Austria. Belgium, Britain, Denmark. France. West
Germany, Ireland. Italy. the Netherlands, Norway
Spain. Sweden and : witzerland. Finland is an asso
ciate member, while Canada isa ‘cooperating mem
ber state

A Proud Ariane’Again Takes Flight

and makes plans for new programs

captured half the world satellite launch
market before one of its rockets exploded
shortly after lift-off in May 1986. But de-
spite that accident, launch orders have
continued to pour in. At present Ariane-
space is committed to Jaunching at least
44 satellites by 1991. Next year ESA offi-
cials plan to order 50 Ariane-4 heavy
launchers to replace the current Ariane-3
models. The even heavier Ariane-5 will
not be ready until the mid-1990s. But by
1992, even though world demand for sat-
ellite launches is expected (o begin drop-
ping by that ume, Arianespace hopes o
be well enough established to be giving
such U.S. firms as McDonnell Douglas,
General Dynamics and Martin Marietta
some uncomfortable competition

have got Into the satellite-launching

business if NASA in the 1970s had not
begun to resist the idea of launching non-
American satellites that threatened to
compete with what was essentially a US
monopoly. When France proposed devel-
oping the Ariane launcher in 1973, Brit-
ain. still irritated by the high costs of the
Anglo-French € oncorde supersonic air-
craft, at first refused to help in the fi-
nancing. West Germany also balked but
finally agreed to cooperate The need for
such an enterprise 1S noOwW so obvious that
few would question It Says ESA’s List

Ironically. the Europeans might never
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“Without an independent access to
space, Europe would not have been able
to compete in the world satellite
market.”

The hottest space issue, from the Eu-
ropean viewpoint, is the U.S. space sta-
tion project, on which the Europeans are
eager to collaborate. A space station will
be the first step toward gaining entry to
the rest of the solar system, as well as to
potentially profitable new technologies
that may become accessible in space. But
the Europeans have not forgotten the
slights they feel they suffered from the
US. in the past. The US,, for instance,
originally offered to collaborate with ESA
on building a motor for a space vehicle
that would probe Halley's comet as it
flew past earth last year. But when the
U.S. planetary space program was gutted
in the early 1980s in order to provide
more funds for the shuttle, the Europe-
ans were abruptly shunted aside. To the
surprise of the U.S., ESA built its own ve-
hicle, Giotto, and carried out the comet
probe with great success.

On the space station program, the
Europeans are therefore unsure about the
reliability of their American partner.
Some of the uncertainty comes from
whether the U.S. will use the station for
the Star Wars program or purely for sci-
entific research. Europeans also complain |
that American officials are reluctant to |

share space technology with its Western |

allies. Says List: “The basic point is that
the U.S. has not yet realized that Europe
has become a real space power.”

Liist believes good cooperation exists

among U.S. and European space scien- |

tists, but others disagree. Geneviéve De-
bouzy, head of the sciences division at
the Centre National d’Etudes Spatiales
(CNES), the French equivalent of NASA,
feels that even the working relationship
among scientists is breaking down. Says
she: “T have the feeling that Amer
scientists are turning in on_ thems
| "and becoming isolationist.” As 5 for ¢

eration between ESA @and NASA. she adds,
“we tell them what we do, and they tell us
what they do. but there is no real cooper-
ation. There is_no access to American
space vehicles.”

Such doubts are likely to provide a
powerful argument in favor of going
ahead with construction of an indepen-

ARIANE GROWS UP
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A two-year lead over U.S. competitors:
engineers in control room at Kourou
monitor lilh-of! two weeks ago

dent Luropean shuttle as a means nfgdm- |

ing access [0'the American space station,
as well.as'perhaps Soyiet stations. In ad-
dition/ the Europeans are thinking of
building several space /structures! that
| would*be linked to the‘’American station.
The first would be'an"attached présstr-
ized 'module,” "a permanéntly’ manned
laboratory for use in microgravity experi-
ments” fhat (réqaire (contimidus) human
monitoring: Another, an automated lab-
oratory ' forSiX=month” microgravity ex-
periments, would be retrieved by the U.S.
shuttle and serviced on earth. Still anoth-
er, for long-term experiments in areas
such as crystal gromh would be serviced
in orbit by Europe’s own shuttle, Hermes.
At the Hague, members will discuss
which, if any, of these projects will
be pursued.

| lle:_me: is t.l(.dl'l) the key to Eu-
rope’s future role in space. As presently
envisaged, the shuttle would be 49.2 ft.
long and have a wingspan of 32.8 ft. It

satellites,

would carry a payload of about three
tons and have an ejection capsule that
the three-person crew would use in case
of emergency. On a mission to a man-
tended space laboratory, the shuttle
would stay in space for about a month
and would be locked to the free-flying
laboratory for perhaps three weeks. Ac-
cording to ESA estimates, the shuttle
would remain operational for ten to
15 years.

Despite the recent surge in space ac-
tivity, Europeans are well aware that in
most respects they remain far behind the
U.S. and the Soviet Union. On a per «.dpl-
ta basis, Europe spends only one-s
teenth as much as the U.S. on space re-
search. In 1985, before the Challenger
accident, the U.S. launched 21 satellites,
in contrast to Europe’s five (including the
;puumﬂ Giotto). Japan’s two and Chi-
na’s one. The Soviets put up 116. Between
1957 and 1984, the U.S. launched .12 44

while the Soviets sent up_ ": 11
Says List: “We should be under no illu-
sions. The U.S. and the Soviet Union still
have a significant lead, and it seems
unlikely that European governments will
be persuaded to make good the gap in
resources.”

Even so, the Europeans are trying to
move ahead by using their money effec-
tively and avoiding some of the pitfalls
that have plagued the U.S. program. Says
CNES's Daniel Sacotte: “Man in space is
an imperative. The question is, what role
will he play in space? We don’t yet have a
fixed concept or objective. But we have |
chosen the direction in which we want to
develop.” — By William E. Smith.
Reported by William Dowell/Paris, with other
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Space

blasted off for the moon, stands empty

Scene of desolation: Pad 39B at Kennedy
Space Center, where mighty rockets once

I INNATY 0T

Crippled Birds in Search of ngs

Earthbound and demoraltzed, the U.S. looks uneasily to the future

Not since the orbiting satellite

Sputnik 1 first beep-beep-beeped

| its way across the night sky 30
| years ago have the Soviets mount-
| ed a more palpable challenge to
U.S. technological prowess. Presi-

dent John F. Kennedy responded

to the original challenge in 1961 by pro-
claiming that Americans would land on

the moon within the decade, and so they |

did. Today there are no such stirring com-
mitments. The only manned 5[‘&1&.1.(._51__(
-orbiting the (.arlh is lhc Soviel space sta-
llon Mir.
“The United States,”
naut Joe Allen, who flew on shuttle ____
missions in 1982 and 1984, “is flirt-
ing with becoming to the space age
what the Portuguese were to the
sea age.” Says another space insid-
er: “'You know, 30 years ago every-
body’s worst fears were that the
Soviets would win the space race, |
and now the space capital of the |
world really is Moscow. This mess
isn’t something that just came up
after Challenger. For years there
has been no [expletive deleted] pro-
gram.” Rick Hauck, who will com-
mand the first post-Challenger
shuttle flight, is worried by signs of
political paralysis in Washington.
“We must decide what we really
want todo,” he says. “We need to be
| clear about our goals.”
While the U.S. space program
is grounded, these questions are
| under study b\ a high-powered |

40

says ex-Astro- |

klal«.ﬁ gal;ed,,lhn Senidr Taterdgency
Group for Space. Its members, convened
by the White Homse to reassess U.S. space
policy, -include- representatives from’ the
Pentagon, State Department. CIA and
| othef-agenéipsioAlthoughe theo ppit is
scheduled to report {o President Reagan
next monthy sénion Members began meet-
ing only last week. Concludes Florida
Congressman Bill Nelson, chairman of
the House Space Science and Applica-
tions Subcommittee:
no leadership in space.”

unresolved. Among the most pressing:
» Should the U.S. concentrate on the
Strategic Defense Initiative, as President
Reagan and the Pentagon urge. or should
it preserve its traditional commitment o

| the peaceful exploration of space, perhaps

in cooperation with other countries, in-
cluding the Soviet Union?

» Should the U.S. remain committed to
the shuttle program, as NASA wants, or

| should it invest heavily in expendable

“Reagan has shown |

Basic questions about the direction of |

the U.S. space program therefore remain

Technician works on heat tiles of Discovery,
the space shuttle that is scheduled to fly
next

b
maybe

rockets, as the Air Force prefers?

» Should NASA organize commercial uses

of space, as the governments of foreign

nations are doing, or should that be left to
private business, as the White

.| House insists?

Z| » Should U.S. space probes con-

centrate on colonizing the moon?

‘O/r_bk_m()r both? Or other plan-
ets? Are Such probes to be manned
or unmanned?

» Should the purposes of NASA,
| which one expert calls an “agency
| without direction demoral-

ized,” be redefined?
| » In an era of multibillion-doliar |
deficits, what price is the U.S. pre- |
pared to pay to regain its pre-em:
nence in space?
Fletcher has tr
| “PERTETo $9.5 billion in the com- |
| ing fiscal year.

Some answers have been of-
fered. Former NASA Administrator |
Thomas O. Paine, for example,
was assigned by the White House |
to make a major study of the space
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military reasons. Besides,
the national prestige re-
sulting from a visit to

Mars would be immense.

The greatest problem:
the physiological stress of
a mission that could take
up to three years. The So-
viets learned early that
humans are not built for a
low-gravity environment.
On an early long-duration
flight in 1970, which last-
ed 18 days. the cosmo-
nauts did no physical con-
ditioning. After they
landed. it was almost
three weeks before they
could walk. Now it is well
established that space
travelers begin to lose
muscle tone almost imme-
diately and that calcium
starts leaching from bones
in low-gravity environments. Today,
thanks to intensive Soviet research, their
space explorers returning to earth from
200-day-plus missions can walk unaided
in three days and recover completely
within three weeks.

The prescription: constant physical
therapy. Each day, Mir cosmonauts put
in an hour on an exercise bicycle and an-
other on a treadmill. For 16 hours a day,
they are required to wear a suit criss-
crossed with a web of elastic cords so
that any movement in any direction
forces the cosmonauts to strain against
the counterpressure. It is no pleasure.
“They do it because their health depends
on it,” says Deputy Flight Director Bla-
gov. “They cannot miss a single day.
Without the work load, there may be
calcium loss and decrease in leg muscles.
The body takes away what it doesn't
use.” Sagdeyev is convinced that the
health dangers of a Mars mission would

11974 | 1975 | 1976 | 1977 |
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1978 | 1979 | 1980

In earth orbit aboard Mir, Mission
Commander Leonid Kizim goes about his
everyday routine in near-zero gravity

be manageable. “The first year is O.K..”
he says, “so two or three years are proba-
bly also O.K.”

Psychological problems too are likely
on a long flight. To keep motivation
sharp and productivity high, the Soviets
pay plenty of attention to the space sta-
tion's |ivability, The friterioc of Mir, for
example, has been painted in two colors
10 'provide the &rew With! &sehse of floor
and ceiling. On Mir, cosmonauts get two
days off"€ach week and have ‘special ra-
dig hookups so they can talk with ‘their
families and with virtually any sports fig-
ure, scientist, or celebrityithéy/dhodose,

he Soviéts have shared theirKnowl-

edge about long-erm. spacéflight,

mostly through informal contacts
[ ratherthanformalpublication. Says
OnéNASASpécidlist“We Kave a book sum-
mafizingthese gessbn& Welvegot their diets
We try to make our people very aware of

what the Soviets have done.
because our own experience
is all short duration and our
data base is very old."None-
theless, says Nicholas John-
son, author of the book Sovi-
\ et Year in Space, “the
| Soviets still have much to |
learn before they can rea-
"wn‘lhl\ responsibly put to- |
Jgether a Mars mission.
They need, for example, a
reliable propulsion system
for their interplanetary
space capsule; at least two of
the later Salyut systems had
propulsion failures. The So-
viets are also weak, Johnson
says, in communications
technology. “They know
they do not have the best
technology,” he observes.
But they are working on it.
Similar shortcomings
plague the glasnost-proof, supersecret Sovi-
et military space program. At any one
time, say US. intelligence analysts, the |
USS.R. is operating some 150 satellites,
and perhaps as many as 120 are believed to | °
be performing military missions. For hours |
each day, these experts say, Soviet Cosmos
military satellites drift over the U.S., photo-
graphing missile silos and naval deploy-
ments. Other Soviet spacecraft lurk with
sensitive electronic ears that can pick up
telephone conversations in Washington, |
while Meteor weather satellites monitor
conditions over key U.S. targets. Soviet in-
frared satellites watch for the telltale heat
signaling a launch of ICBMs. At the
military launch site in Plgxlak 500 miles
northeast of Moscow, crews stand ready 1o
launch additional intelligence satellites at a
moment’s notice
“They have a very active military
space program in numerical terms,” says
Paul Stares of the Brookings Institution,




the rover,
Ao TI——rT

ing minilander to record
data on the moon’s soil.
One experiment involves a
laser that will emit short
bursts of energy, each va-
porizing a square millime-
ter of surface into a cloud
that can be analyzed by the
probe’s spectrometer.
“You can pick up such ex-
ploded material from
many different places,”
says Sagdeyev. “In the end
you have a chemical map
of the surface of Phobos—
if you are lucky.”
But there is more than
luck involved, as Western
experts make clear. “The
Phobos mission,” Cor- |
nell Planetary Scientist |
Carl Sagan, not just

The Mir space station, with its winglike
sola-energy panels extended has been

d for

‘world ¢lass. It is novel, di-
verse and appropriate. The
| whole idea is very clever.’
[ Neukum, of the German Aerospace Re-
search Establishment:

struments. They did it with Venus. Now
they have focused on Mars, and it is (0 be
expected that they will be equally success-
ful.” In fact, each of the probes will carry
25 instruments—an enormous number,
considering that the US.s complex,
much delayed Galileo probe to Jupiter
has only 16.

Sagdeyev has even higher expecta-
tions for the Mars Sample Return mis-
sion, now being planned ror the late
1990s. The idea is Tor the spacecraft (0
make a soft landing on the planet and
>uld arover 10 g.uhv,r 3011

“Then
about Z Ibs. ik be .re-
turned to earth for detailed analysis. In
Sagdeyev's plan, the _would supply

plus advanced electronics to

Notes Gerhard |

“The Mars mis- |
| sion is fantastic. It carries a huge set of in- |

| 1957 | 1958 | 1959 1960 | 1961 | 1962 A 1963 | 1964

‘be done by TOBOIs

guide it from an orbiting mother ship.
Sagdeyev's enthusiasm for robot
probes, however, brings with it an inev-
itable tension: in the US.S.R., just as in
the US. the unmanned and manned
programs compete for budget dollars,
and so farithesmanned missions have
been the big winners. But, says Sagdeyev,
“99¢k of‘what Iman can do/inspatel dan
Prediciably, the
statement iFitates his comrades at Soviet
mission.contzel. This ¢réw has done 100
repair Jobs,”_scoffs Victor Blagov, the
deputy flight director./arghing fhat
humans are needed to deal with unan-
ticipated. situations. Snaps Stepan :Bo-
godyazh of Glavkosmos;: the: Soviet
equivalent of NASA: “You need people
there totest the instruimentsoThecosmo-

naut is_a  researcher and this is a
laboratory\”
As with their unmanned missions,

the Soviets have made a virtue of slow,

steady progress in the
manned program. While
the US. jumped quickly

from orbital flights to
moon missions to the now
defunct Skylab to the

shuttle, cosmonauts have
steadily plied earth orbits
for nearly three decades
The Soviets perfected
their launch techniques by
using substantially the
same rocket that sent Ga-
garin into orbit in 1961
And while they lost the
race to the moon for want
of a large booster, they
remedied the situation last
May when the 170 mil-
lion-hp Energia rocket
blasted off its pad at the
Baikonur Cosmodrome,
near Tyuratam in Soviet
Central Asia.

The new rocket will make possible
the deployment of larger, more sophisti-
cated Soviet space stations. Says Bogo-
dyazh: “There will be a Mir 2." Explains
Alexander Dunayev, head of Glavkos-
mos: “Space stations weigh up to several
dozen tons. What's needed are stations
that weigh several hundred tons. We
should soon learn to build big structures
out there, not tens of meters but kilome-
ters across, multifunctional platforms.
Cosmonauts may well live there perma-
nently. And from these structures, there
may be flights to other planets.” If so,
then first on the agenda, undoubtedly,

e lureis strong. Mars is the only
other known planet that may be habit-
able—and thus the only realistic location
for a space colony. That makes it a logi-
cal target for the the Soviets, who are
committed to establishing a permanent
presence in space for both scientific and

1965 | 1966 | 1967 | 1968 | 1969 1970 | 1971 | 1972 |
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ence program years before Gorbachev.”
Sagdeyev's era might have been short-
lived except for one thing: it produced re-
sults. Among the first breakthroughs were
Venera 9 and 10, projects started by Sag-
deyev's predecessor, Georgi Petrov. In
1975 the two probes transmitted the first
photographs of Venus' hellish surface.
Imagers on the next two probes failed, but
Nos. 13 and 14 sent back color photos plus
a wealth of information on atmospheric,
surface and subsurface chemistry. Then
in 1983 came a pair of missions that
stunned Western space scientists. Venera
15 and 16, in Venus orbit, transmitted
high-resolution radar maps of the planet’s
surface. The maps, says Beggs, “indicated
a level of radar technology that we had
not given the Soviets credit for.” Declares
Masursky: “They did first-class work.”

agdeyev was already embarked on
another project, one that could
have ended his career. Called
Vega, the mission was designed to
approach and study Halley's comet. Sag-
deyev chose to build Vega around the
proven, off-the-shelf technology of the
Venera probes. But he wanted the scien-
tific instruments to be custom designed,
even though the expertise was not avail-
able within the USS.R. So he recruited
scientists from nine countries, including
the U.S., to join the project. That was un,
heard of in security-conscious Soviet
space circles, Recalls Sagdeyev: “Some-
times my opponents, in order to take over,
were almost ready to say that I was too
much for foreign cooperation. But if you
have a belief that what you are doing is
right, you can survive difficult times.”
The gamble paid off spectacularly. On
March 4. 1986, having swung by Venus to
drop off scientific probes. Vega I trained its
camera on the comet, then less than 9 mil-
lion miles away, and relayed high-quality
pictures to earth. Two days later, it came
within 5,500 miles of the comet’s heart. Al-
though pelted by dust. Vega | revealed for

The Wizard of IKI

w earing a stylish pinstripe, double-breasted suit. Roald Sagdeyev, the direc-
tor of the Soviet Space Researc| j bcm the group
of Cornell utM. - tour with a folksy story about a
Russian woodsman. Then, in a voice strained from singing When the Saints Go
Marching In 1o Soviets and Americans gathered at the Chautauqua Institution,
he discussed the dangers of nuclear weapons and the U.S. Strategic Defense Ini-
tiative (SDI1), or Star Wars. Finally, the trim, 5-ft. 8-in. physicist, who rarely
drinks and never smokes, concluded with his vision for a joint US.-US.S.R.
mission to Mars. The performance was vintage Sagdéyev: a m "
Wanl observation.

Ranid b

being an acc scientist and administrator, Sagdeyev is the
Soviet Union’s chief space diplomat. He spent more than two weeks in August
flying from the U.S.S.R. to Hawaii, New York and Washington to recruit scien-
tists for Soviet missions and to publicize Moscow’s space program. His dizzying
schedule of speeches, meetings and interviews has forced him to all but abandon
his dacha outside Moscow and even his burning passion, chess. In recognition of
his achievements at the Soviet Space Institute (IKI), he was chosen to head the
Soviets' new Supercomputing Institute and was appointed as Soviet Leader Mik-
hail Gorbachev's special adviser on the U.S. Star Wars program.

Born in Moscow, Sagdeyev, 54, once planned to become a mathematician,
like both of his parents. But as a student at Moscow University in the mid-1950s,
he switched majors to study
physics. “A physicist can still en-
joy the beauty of mathematics
and have a more intimate inter-
action with nature.” he says. Sag-

d 1 k English,
WHIEH WS i3 14 “Bisdabcessity

1 el U e
to his_son and daughter. both
co scientists:"and to/hi

| grandchildren. R

TIROAON

I While working on_nuclear-
f{? ﬁssi%nml a;.zlie\é;ﬁhﬁwﬂti-
& tute 'ofgAtomic Energy in 1958;

d/

the you??g!cicm\is‘x_ was stun
by his first meeting, in Genevd, Sagdeyev: wit, charm and trenchant observation
with scientists from outsidé the “EE—_—_—_—-

[ Soyiel Wnion. @‘Y}”@ fatgythe experience with wonder: “For the first time 1
met foreign scientists, Americans, doing the same job and reporting their results.
¥ 1w flike mideringeRird @rrestrials—extraterrestrials working with the same
laws of physics. It was exemplary proof that science has no borders.”

Sagdeyev increasingly found traditional Soviet science, influenced heavily by

the first time the dir ions and dy:
of the ten-mile-long nucleus.
The Vega mission put the world on
notice that the Soviet Union would not
take a back seat to anyone in space sci-
ence. Admits NASA’s Briggs: “They closed
a big gap.” But Sagdeyev has made it clear
that catching up was only the beginning.
He has now directed his considerable in-
tellect, political capital and diplomatic
charm to another high-risk international
mission. If all goes according to plan, the
Phobos probes will take off next summer
for Mars. When they reach the Red Plan-
et some 200 days and 118 million miles
later, they will orbit for a time, taking
data on solar physics. The first Phobos
will match orbits with the moon for which
it is named, a chunk of rock about 14
miles across believed by many astrono-
mers 1o be an asteroid captured by Mars’
gravity. The other will be a backup.
Phobos will glide between 98 and 260
feet above the moon’s surface—"some-
thing similar to a cruise missile,” quips
Sagdeyev—and drop an instrument-bear-

Cc ist Party politics, stifling. In 1961 he helped found Akademgorodok
(Science City), an informal think tank located in the Siberian countryside, away
from the intensely political atmosphere of Moscow. Sagdeyev was at first con-
cerned about neglecting his research when he was asked to assume control of the
struggling space-science program at IKI in 1973. The position offered a measure
of independence (though hardly on a level enjoyed by top NASA scientists), but it
was still part of the rigid Soviet scientific bureaucracy. Recalls Sagdeyev: “It
meant a big change in my life-style. There was a desire (o do my own research
and yet the obligation to run a large institution with many projects. But I didn’t
expect such a long imprisonment.”

Not surprisingly, he is an avid computer buff. It is a passion that is not shared
by his wife. When she heard he had spent a small fee from the University of Cali-
fornia on computer equipment for the Soviets’ Young Cosmonaut Club, an orga-
nization for youngsters interested in space, she sighed with a smile and said,
“There goes my fur coat.”

Sagdeyev continues to speak out against Soviet practices that restrict re-
search. Besides publicly criticizing the dismal state of Soviet astrophysics, he has
overridden official Soviet rel e 1o provide s and electronic copiers
1o scientists. Sagdeyev recently told members of the Soviet Academy of Sciences
that progress cannot be made “until we stop treating copying machines like class
enemies.” Indeed. he is all oo familiar with the damage done when researchers
filter science through political ideals. The principle, he notes with a sly twinkle,
also extends to scientists in the U.S.—especially to those who support
*“your SDI." By Dick Thompson/Moscow
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Flight controllers in Kaliningrad

monitor linkup of Kvant module with Mir;
Energia poised for lift-off last May

| ed their reputation for gathering impressive
scientific data from space
The Soviets' launch capability took a
quantum leap earlier this year when they
successfully fired off Energia, a booster as
powerful as the mighty Saturn V. which
the US. developed for the Apollo pro-
gram and then scrapped in favor of the
shuttle. Wuh Energia, the Soviets can loft
vs. @ maximum for the
s. That is enough to
| garr) ‘their sh hich is under devel-
opment, or to orbit parts for a space sta-
tion far lurgcr lhun Mir, which could be a

Says Dale My¢rs,
NASA: “Energiais a prcuy :mprv~
chine. I would sure like to have it.”

For all these accomplishments, Soviet
microelectronics and computers are ten
years behind those of the U.S. Military
satellites sometimes break down in a mat-
ter of weeks. Photoreconnaissance satel-
lites literally drop their film to earth for
processing. The ultraconservative Soviet
military is just now beginning to experi-
ment with the techniques nf ele mvnu
imaging developed by |
years ago Still. admits

TAT Lo be cﬂhmu g
The Soviet drive into space is taking
place while American space efforts are all
but moribund. The U.S. space program
has been virtually closed down since the
space shuttle Challenger exploded in mid-
air 73 seconds after lift-off in January
1986, killing all seven astronauts aboard,
ihcluding Teacher Christa McAuliffe.
The tragedy was more than a setback for
NASA. It exposed the ncy as an un-
wieldy, indecisive hun,.luu

218

acy unsure of

Space

its directiomand-increasingly béset by the
demands of the military and the RLag"m
White House fsee fv/lvumy Story)

NASA gould Bandle awesomely com-
ple\ missions' likesthe Apollo landi 8 on,

the moon in 1969 asilong as if-had Iplenty

of money“and comol. But it has never es-
tablished a long-range' vision:of the U.S.

role in'space. After-its budget was cut-in~|

the early 1970s, the agency promised far
more thdn jtcould fimally detivéewitham
shuttle program. Even if laupches resume
on schedulé; tHe 0iBiten Diséakdzy Willdot
fly until June 1988,

eanwhile the Soviets are moving
ahead. Next Jub the ambitious |
twin Phobos should be

3 o C
Jules Verne. Harold Masursky, an astro-
geologist who worked on the US. Viking
missions to Mars, says the concept is “so
damn complicated, it’s just hair-raising.”
The Soviets plan to follow up Phobos in
1992 by lofting another spacecraft, which
mnulyc Martian soil. Later in the de-
cade, they War mmanned probe
to bring pieces of the planet back o earth,
and have boldly suggested that the mission
be jointly undertaken with the US.

But complex scientific missions are
only part of the Soviet push to dominate
space. They are aggressively marketing
their workhorse Proton boosters as a low-
cost alternative to the European Space
Agency’s Ariane, China’s Long March
and, eventually, private U.S. rockets for
launching commercial satellites. The So-
viets are offering to sell high-resolution
satellite photos of earth that could be used
for mapping and ssment of agricultur-
al and mineral resources.

<

lo_continue occupying Mir. which has
been in orbit since February 1986. The
N space station has already been outfitted
+ With an astronomical observatory module
named Kvant. Additional modules are
planned for materials processing, earth
1 observation and biomedical research

The Soviet space program had several
notable early successes, including Sputnik
1, the first pictures from the dark side of
the moon in 1959 and the first man in
space. Yuri Gagarin in 1961. But its plane-
tary-sciénce program did not really take off
until shortly after the appointment in 1973
{ of a 40-year-old scientist named Roald /
Sagdeyev as head of 1KI. From the outset,
Sagdeyevstaried to shake things up. He
took physicists out of their labs and put
them on production lines to watch their ex-

4 periments being built. Says Georgi Mana-

[}

\nd they plan

gadze, chief of IKI's active space experi-

s lab: “Sagdeyev follows every stage of

acturing and testing.”
The new director took some unprece-
{dented and risky steps. He brought talent-
“ed Jewish scientists into the instituté. He
began buildinza corps of young scientists
( and selecting projects based on their sci-

entific value rather than the political
{ standing of scientists. He fought for access
to computers. Most important, and politi-
cally riskiest, he introduced a potent mea-
sure of democracy into the Soviet pro-
gram. “Before gdeyev.” says Louis
Friedman, executive director of the U.S
Planetary Society. “the Soviet space pro-
gram was closed. Now they talk about
their plans. They even argue in public. He
has materially changed the way they do
major projects.” Declares Thomas Dona-
hue, chairman of the National Academy
of Sciences’ space science board: “He
introduced glasnost into the space sci-
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Such self-assurance on the part of the
Soviet space establishment will be in am-
ple evidence this w as IKI and its char-
ismatic director, Roald eye
a three-day cx\r‘-m%ﬂ
speeches celebrating the 30th anniver:
of the launch of Sputnik 1 in
Space Future Forum, it will focus on the
topic of international
space. Some 500 sci luminaries
from around the world plan to attend.

The Soviet conference is evidence that
in their space program openness is not
just political fashion. Says Geneviéeve De-
bouzy, of the French space agency: “The
seminars that ten years ago would have
been given at the Goddard Space Flight
Center are now given in Mo
surprise of Americans, the Soviets’ well-
deserved reputation for a plodding, low-

tech, assembly-line approach to space ex-

TIME. OCTOBER 5. 1987

ploration has paid off. Says James Beggs,
former NASA administrator: “There’s
been a habit in this country of thinking of
the Soviets as stupid and that they steal all
their technolog 's]

Indeed, sp:
Europe are now conceding publicly what
they would have found laughable a dec-
ade ago: although the Soviets lag far be-
hind in electronic gadgetry, they ha
surged past the U.S. in almost all ar
space exploration. If unchallenged,
cow is likely to become the world’s domi-
nant power in space by the 21st century.
Says Heinz Hermann Koelle, a West Ger-
man space-technology professor and for-
mer director of future projects at NASA’s
Marshall Space Flight Center: *American
pre-eminence in space simply no longer
exists.”” Warns James Oberg, an expert on
the Soviet space program: “If the Soviets

comet in 1986, Soviet scien

An SL-4 booster rocket, the workhorse
for Soyuz manned missions, on railway to
the launch pad at Baikonur Cosmodrome

can aggressively exploit this operational
advantage, they can make us cat space

| dust for a long time to come.™

In sheer numbers of launches per year,

the Soviets inched past the US. in 1967, 66
to 58,and have stayed in frontsince. In 1982
they sent up 101 space shots, in contrast to
18 by the U.S. More impressive, Soviet cos-
monauts have logged some 14 man-years in
space, against less than five for U.S. astro-
nauts. The knowledge of Soviet doctors and
researchers about the medical and psycho-
logical consequences of long-term space
abitation far outstrips that of their Ameri-
an counterparts. And with the twin Vega
space probes, which photographed Halley's
consolidat-

27




COVIER STORILS

™ Dominating one wall of the control
room was an enormous display
een showing a map of the world
Superimposed on the map, a Ime
traced the orbit of the
ation, with rings along it repre-
*gﬁ ound stations, Mir's po.
tion was marked by a blue-green light,
which was moving slowly across the circle
centered on Moscow. The flyby would take
only eight minutes, after which the window
of communication would close. The audio
feed came through with startling clarity, as
if Cosmonaut Yuri Romanenko were
standing in the next room. “The work here
is very interesting, " he said in response to a
question that had been posed in writing by
TIME Correspondent Dick Thompson
brings us a lot of satisfaction.”
How does Mir compare with earlier
viet space stations? “There is much more

| nary,

released

space,” said Romanenko. “There is even
room that can be used for living room. At-
mospheric conditions are better, and all the
instruments provide for good fresh air. It's
much better than Salyut.”” Before another
question could b he light left the
Moscow circle; the window had closed.
Though all too brief, it was an extraordi-
exclusive exchange between a U.S.
Jjournalist and an orbiting Soviet
cosinonaut.

Just a few years ago that encounte
the Soviet Fli
| ningrad. a suburb 15 miles northez
| Moscow, would have been unthinkable. In
| the closed world of the
gram. the most impre:

ive launches were
rarely announced in advance for fear of
ailure. Even then. the barest details were
d afterward—and only if the mis-

sion went just as planned. These days that
‘hamun. stic secrecy seems 1o hav

| stered h,\ lhc dawning international re

nition that Soviet achievements in space
are fast outstripping those of the U

The new dynamism is drawn from a
spirit of glasnost, or openness, that pre-
ceded the revolution Soviet Leader Mik-
hail Gorbacheyv is striving to bring to So-

viet society. Moscow's venerable Inslllul‘
u

ings and goings of an increasingly youth-
ful. independent-minded cadre of Soviet

alists. And along with them
are growing numbers of foreign col-
leagues. many of whom have been invited
to add their experiments to Soviet space
missions. Visiting scientists need only a

pass to wander the halls freely
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d the allure, the dream faces formidable barriers

Pros and Cons of a Flight to Mars

TIONNYI IIYHIIN

tists have agreed that Mars is a tanta-
lizing target for exploration. Fragmentary
data suggest that the planet may once
have possessed a denser atmosphere, a
warmer climate and even bodies of water.
Many questions about life on Mars re-
main unanswered. So when Mikhail Gor-
bachev again declared only days before
the Moscow summit that the U.S. and So-
viet Union should “cooperate on a flight
to Mars,” ears perked up in labs and of-
| fices from Los Angeles to Moscow. Even
| the Reagan Administration, which has
| balked at similar Soviet overtures, was at
| pains not to dismiss out of hand Gorba-
| chev’s conciliatory-sounding proposal.

[ Despite the obvious allure of Gorba-
| chev’s space suggestion, which will be for-
| mally presented to President Reagan this
| week in Moscow, U.S. experts in and out

of Government are ambivalent about the

| feasibility of an actual joint expedition to
| Mars. At best, they point out, the success
| of any joint mission would rest on the
fragile foundation of the Soviet leader’s
revival of détente with the West. Could
good relations between the superpowers,
they ask, last long enough to complete,
say, a ten-year project? “There are poten-
tial benefits to us from such a mission,”
says U.S. Space Watcher Nicholas John-
son. “But there is great uncertainty about
the political environment.”

While the General Secretary left the
details vague, Soviet and American space
scientists have long discussed the broad
outlines of a joint mission. The most prob-
able venture, an unmanned mission in
1998 to bring Martian soil back to earth,
would blend the strengths of the two na-
tions’ space programs. “The Soviets have

A modest Gorbachev proposal gets'an' ambivalent U.S\reception

or years, U.S. and Soviet space scien- | the ability to put massive amounts,of ma- |

terial anto:space,” says John McLucas, a
NASA  advisemand a former. Secretary of |
the Air Force. “But they rely/on other |
countries tosupply a good fraction of their
instrumentation. We do'things in-a more
refined way and get better daw

As now envisioned, the mission to col-
lect samples would require sepatate U.S.
and Sovietlaunches; With-theirheavy- lift
launcher Energia, which can boost pay-
loads at least three times as great as those
on the U.S. shuttle, the Soviets would pro-
vide an extra capability to ensure suffi-
cient backup fuel supplies. They believe
they can deploy a space shield or para-
chute to slow their spacecraft enough to
enable it to enter orbit around Mars with-
out the use of retrorockets that draw on
precious fuel supplies. Soviet scientists
concede that this “aerobreaking” tech-
nique is still experimental.

The major U.S. contribution would be

Mw«dﬂys' tMApollo-Soyuz m

Missions vulnerable to shifting politics.

an “intelligent” ground vehicle. The robot
rambler, which resembles the “moon bug-
gy” used in the Apollo moon landings,
would be used to gather and analyze soil
samples. It must be able to find its way
around the Martian surface, guided by an
advanced artificial-intelligence “brain.”
It would then deposit the soil samples in a

special canister that would be blasted |
aloft to the Soviet orbiter for the trip |
1976 US. Viking Lander |

home. The
probes, by contrast, could only radio data
from soil samples back from Mars. This
time, the samples would be returned to
earth aboard the Soviet craft after a peri-
od of quarantine, possibly aboard an
earth-orbiting space station. Says a NASA
official: “It’s a scheme that has a lot of at-
tractive aspects.” Estimated cost to the
US.: a cool $2.5 billion and six years of
prelaunch labor. The round-trip mission
itself would take two years.

The scenario, however, has its detrac-
tors. For starters, Reagan Administration
officials are concerned about giving away
valuable high-tech secrets. And though
work on the robot rover is under way at
the Jet Propulsion Laboratory in Pasade-
na, Calif,, the machine is several years
away from being ready for such a mission.
Besides, notes McLucas, “there are lan-
guage problems, cultural problems. Man-
agement is much more difficult with more
parties getting into the act.” Nonetheless,
M.LT. Planetary Physicist Gordon Pet-
tengill believes such a mission should be
technically feasible “before 1998.”

ven so, there are other, more formida- |

o

x

ble barriers. Past cooperative space |

ventures have been closely tied to politics.
The 1975 Apollo-Soyuz mission, for exam-

ple, sprang from an earlier era of détente. |

The costly linkup between the orbiting
U.S. and Soviet capsules (price tag: $300
million) was promoted to test compatible

docking systems but had little scientific |

value: the flight was the last for the Apollo
program. Prospects for more joint missions
disappeared in December 1979, when the
Soviets invaded Afghanistan. “These mis-
sions start for policy reasons and stop for
political reasons,” says Nancy Lubin, a
Government expert in US.-Soviet space
cooperation. States NASA Administrator
James Fletcher flatly: “Any major expen-
diture of money is not likely. We couldn’t
do much more than study the thing.”
Although the case for a joint mission
may be compelling to some, both scien-
tists and Government officials are keenly
aware that any cooperative exploration of
Mars—and the advances in space science
it would make possible—would be vulner-
able to the shifting political winds in
Washington and Moscow. As the sum-
miteers convened in the Soviet capital,
U.S. scientists hoped that the President
and the General Secretary would do
more than give the idea diplomatic lip
service. — By Dick Thompson/Washington




A Big Stink on the Pigeqnﬁ,

Industrial wastes spark a war between two states

rom its source on North Carolina’s

Black Mountain to the town of Can-
ton, 22 miles away, the Pigeon River is a
clean and lovely stream, lively with trout
and tourists. By the time it leaves Canton
(pop. 5,000), flowing toward and finally
into Cocke County, Tenn., 50 miles away,
the Pigeon has been transmogri-
fied into a sludgy mess that looks
like oily coffee and smells as bad
as rotten eggs. The cause of this
revolting change: industrial
wastes that Champion Interna-
tional Corp. has been dumping
into the Pigeon since the compa-
ny opened a paper mill in Canton
80 years ago.

Since then, across the state
line, the pollution has provoked
indignation that sometimes
seems as rank as the river itself.
On the Tennessee side, people
complain that the river’s repug-
nant color and stench contribute
to Cocke County’s prolonged
economic doldrums by discour-

Champion’s offending paper mill

North Carolina the people of Canton
have traditionally defended Champion
Corp., pollution and all, for the simplest of
economic motives: the company has em-
ployed generations of workers and now
supports some 2,200 families. It is not sur-
prising that North Carolina, officially and

L
LORD HELP

aging tourists and development.
With an unemployment rate cur-
rently averaging 15%, Cocke Countians
openly envy the relative prosperity in
Haywood County, home of the paper mill
(present unemployment average: 6%).
Says Cocke County Chamber of Com-
merce Executive Director Robert Seay,
co-founder of the Dead Pigeon River
Council, which wants to clean up the
stink: “It's completely unfair for one
county to use the river and have a [low]
unemployment rate, and 50 miles down-
stream here we are with one of the highest
unemployment rates in the state.” In

A source of jobs'and sTitge!

LN

otherwise, has long ig-
nored protesisrom Ten~ - g
nessee, choosingdn. 1985 to approve a five-
year exténsion’ of Champion’s Lwaste-
water dischargé®permit, even though
residents of ‘Cocke County ‘communities
begged to have a say in the matter.'”

Nor s it_syrprising that, at last the
Tennesséans Went'to court. Theiraim Was
to force the fedéral Enyiropmentak Pro-
tection Agency to set standards requiring
Champion to lighten the color of the
mill’s effluents. But North Carolina and

EP.A.WON'Y
m— band and wife, who died

Champion continued to resist in court and
out. The company bused thousands of em-
ployees to public hearings on both sides of
the border, at which Vice President Oliver
Blackwell warned that the cleanup job
would be so expensive that Champion
would shut down the mill instead, costing
thousands of jobs.

A compromise took shape earlier this
year, thanks to the EPA’s influence. Under
a plan agreed to by all parties, Champion
would spend $200 million over the next
three years on a bleaching pro-
cess for its wastes. Its goal would
be to change the Pigeon’s color to
the shade of weak iced tea.

The compromise did not
. take into account a new, more
solemn controversy. Last year a
local physician noticed an un-
usually high number of cancer-
related deaths in the tiny river-
side hamlet of Hartford (pop.
300), whose people have always
been accustomed to eating fish
from the Pigeon River. In May,
. after EPA tests detected
£ tiny traces of cancer-
“ causing dioxin in fish
from the Pigeon, the
survivors of one hus-

A3104 M1E

FEy

of cancer within a
month of each other,
filed a $6 million wrong-
ful-death suit against Champion. The
dioxin controversy may tempt Cocke
County to take a second look at the
compromise plan to improve the Pi-
geon’s color. For the moment the Ten-
nesseans are awaiting further EPA tests,
due this summer, that might provide
some answer (o an urgent question:
Does the Pigeon not only stink but actu-
ally kill? — By Frank Trippett.
Reported by Joseph J. Kane/Hartford

Grapevine

Clubbing an issue to death. Democratic Chairman Paul Kirk
got it wrong when he called George Bush an “élitist Republi-
can country clubber.” The Vice President no longer belongs to
any country clubs, though during his days in Texas he was a
member of three exclusive Houston clubs that reportedly did
not admit blacks. Bush is, however, on the rolls of one of the
most selective clubs of all: the all-male Bohemian Club, a se-
cretive California fraternity known for its odd rites, including
skinny-dipping and bawdy skits. Among his fellow Bohemi-
ans: Ronald Reagan, Henry Kissinger and Walter Cronkite.

the former Marine in the White House. Still, a poll of North’s
popularity in Orange County should merit a raised eyebrow.
“North got a 73% approval rating from voters here,” gushed a
Cox spokesman. “That’s higher than the President’s.”

More failure, more fruits. Talk may be cheap, but Robert Bork
isn’t. The rejected Supreme Court nominee is reportedly raking
in $12,000 a speech, and may earn $600,000 this year on the
lecture circuit. Had he not been bearded in the Senate confirma-
tion process, Bork would be making $104,100 on the high court.

The fruits of failure. Ollie-
mania is alive in Southern
California. Iran-Contra De-
fendant Oliver North will be
the star attraction this week
at $1,000-a-plate fund raisers
for Dana Rohrabacker and
Christopher Cox, ultraconser-
vative Republican congressio-
nal hopefuls who served with
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What do Manuel Noriega
and Bernhard Goetz have

Quote of the week. From
White House Astrologer Joan
Quigley: “To my certain
knowledge, the President, the
Secretary of State and the
State Department together
agreed with the Russians
when the summit would be
held. I had absolutely nothing
to do with it.”

.Mllwyu'
Barry
Slotnick




From the Kennedy Space Center and
the Soviet Union's Baikonur Cosmodrome,
[)Dhl’lﬁl/ shuttles and unmanned rockets
lift off week after week, bearing construc-
tion modules and fuel supplies to a giant
space station in earth orbit. There, skilled
workers have been assembling the ship that |
will take the first human: Mars. After
more than a year of construction, the mil-
lion-pound, ungainly 166} spacecraft is
ready. With a crgw of wyhl it separates
Jfrom the space station and heads for Mars,
following the Hohmann ellipse, a space tra-
jectory that may one day be as familiar as

| a great-circle route over the North Atlantic.

Twenty days later, the blue-white earth
has shrunk to a bright dot of light against
the background of stars in the eternal night
of outer space. Looking back, the crew
members are filled with a sense of isolation,
a feeling that will never quite leave them
tlurmg7 the 280-day outbound leg of their

A busy schedule provides
distraction. The space travelers perform
scientific experiments, practice taking shel-
ter against solar-flare radiation, tend vege-

| rables in their hydroponic greenhouses, ex-
ercise vigorously for several hours each day

| and tap into digital libraries for music,

[ light reading matter and courses in Mar-
tian meteorology and geology.

At first they are able to communicate
easily with controllers on earth. But as they
head farther into space, the time required
for their radio signals to reach earth
lengthens to minutes, and the ever widening

| gap between questions and answers makes |
conversation difficult. Now, with the earth
more than 100 million miles away, Mars is |
looming in the spacecraft portholes, and the
crew begins preparing for a yearlong ad-
venture on another world.

manned trip to Mars, long
the stuff of science fiction, now
appears to be just a matter of |
time. The mystic planet, glowing" |
red and‘éver brighter in the night skies, is
heading toward its closest approach to the
earth in 17 years this September, Tantaliz-
ingly near and beckoning. After a hiatus
| of a dozen years, during which neither the
U.S. nor the Soviet Union mounted mis-
sions to Mars, a spagegraﬂ is once dgam

Lifting off from Baikonur, the unmanned
Phobos probe begins its seven-month journey




on its way, opening a new era in the ex-
ploration of the earth’s closest planetary
neighbor. During the next decade or so,
the Soviets will launch a of increas-
ingly sophisticated unn ned Mars
_probes that they hope Will
Joint US.-Soviet manned mission to the
Red Planet by the year 701
Last week that trip movéd a step clos-
er to reality. From its launching pad at the
Baikonur space complex, near Tyuratam
in the Soviet republic of Kazakhstan, a
Proton rocket carrying an unmanned
spacecraft rose on an orange and blue col-
umn of fire that illuminated the night sky:
Turning lazily eastward, the rocket sent
the craft off on an ambitious mission:_to
out Mars and probe Phobos, one of ifs’
two tiny m ( the sprawl-
ing complex, technicians swarmed over a
sister ship that is scheduled to be
launched this week on a similar mission.
Exulted Roald Sagdeyev, director of the
Soviet Space Research Institute: “Now we
can go and drink champagne
Even as the celebration went on, the
thoughts of space experts turned to future

| Mars odysseys. Scientists and engineers in
| both the U.S. and the Soviet Union are in-

Ny

volved in the design of complex un-
manned craft that will travel to the plan-
et. Some American scientists are even
conducting tests on a model of the robotic
vehicle that may one day rove the Mar-
tian surface. Others are considering the

| ships that will carry human crews to

Mars, the orbiting space station needed to
launch them, the size and safety of the

crews and the most practical
through space. Though some formidable
problems remain, many Soviet and U.S.
experts see no insurmountable obstacles
to landing humans on Mars early in the

| 21st century.

hile the American space pro-
gram has been Lrlppled since

| have been gaining invaluable experience

| uled only one

aboard the orbiting S.ilyul dnd Mir >pd\.(.
stations. And though
Sghedulgd to return to

Iaumhlng pad last \\cek
trator James
Soviets are now
manned fligh
own way, he predicts, the Soviets could
land humans on Mars at least five years
before the U.S. could.

Stifled by budget cuts and foundering
without clear-cut goals, NASA has sche
the Mars Ob-
server, which v ‘bit around the
planet in 1993 to collect data on climate
and geology. And while President Reagan
agreed at the recent M summit to a

utious joint communic r

ahead of us in

Hovering over the Martian moonlet, the

craft will zap the surface with a laser beam

MICHAEL CARROLL

routes |

letcher concedes that the |

ay |
' If each nation goes its

Physici

best Tukewarm to the conceptof |

exploring Mars, jointly or otherwise.

, | ety’s
| cates a U.

the idea of a manned Mars mission is
gaining momentum, despite the estimated
$100 billion price tag for the undertaking.
The venture has been endorsed by a dozen
major publications, ranging from the New
York Times to the New Republic. In a re-
cent full-page advertisement in the Wash-
ington Post, the 125,000-member Plane-
tary Society urged support for a manned
mission. The ad listed the names of a glit-
tering array of such prominent Ameri-
cans as Walter Cronkite, Jimmy Carter,
Utah Senator Jake Garn, Nobel Laureate

Hans Bethe and Notre Dame’s
former president, the Rev. Theodore Hes-
hurgh All of them have signed the Soci-
“Mars Declaration,” which advo-
. “space program that would
lead to the human exploration of Mars.

In Congress, too, support is growing,

pite strong opposition from those who
fear that a manned Mars trip would soak
up funds needed for social programs, un-
manned scientific space probes and mili-
tary projects, among other things. Demo-
cratic Senator Spark Matsunaga of Hawaii
has even written a book, The Mars Project,
that strongly advocates the space journey.

While the US. space program lan-
guishes, scientists from twelve European




' SCENARIO FOR A MARS TRIP
MOON : '\ @

LOW EARTH ORBIT

1.Earth

450-day construction period
Payloads of construction materials
and fuel are delivered by rocket toa
space station in a low-earth orbit. On
a nearby platform, the cargo vehicle
and a crew-transport ship are
assembled and fueled.
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TIME Diagram by Joe Lertola

nations, the European Space Agency and
the US. are participating in the Phobos
mission, contributing technical expertise,
instrumentation and onboard experi-
ments to the Mars-bound ships. The US.
is lending a hand with its superior Deep
| Spa acking Network, which will aid
eeping tabs
on their craft. Another U.S. contribution,
aboard one of the Phobos probes: a plaque
[ Astronomer Asaph Hall of the
U.S. Naval Observatory, who in 1877 dis-
covered Phobos and the other little Mar-
tian moon, Deimos (both named after the
sons of the Greek god of war, and mean-
ing fear and terror)
U.S. space watchers are impressed by

the Soviets in navigating and

| the orbit of Phobx

ASSEMBLY PLATFORM

the boldness, originality and scope of the
Phobos operation. The twin Sov.
will arrive at Mars in January

| ing into orbit about 4,000 miles abov

planet’s surface, or 140 miles higher t
For four months th
two probes will ci Mars in various or-
bits, peering down at possible future land-
ing sites and using remot nsing devices
to investigate the landscape and weather.
Their scrutiny of Mars completed,
first one probe and then the other will be
sent by controllers to ren yith po-
tato-shaped Phobos, whi Deimos,
is believed to be an errant asteroid that
was captured by Martian gravity. Each
craft, in turn, will d

>nd as low as 100 ft.

REUSABLE PROPELLANT
STAGES

165-day return trip

When the craft nears the earth, a
crew capsule carrying the astronauts
and their Martian samples separates
from it. The capsule is slowed down
by the earth's atmosphere and
meets with an orbital maneuvering
vehicle. Together they return to the
space station.

s their television cameras
ace featur
All the while, the versatile craft will be
analyzing the composition of Phobos with
two Buck Rogers-like devices. One, a laser
beam only a millimeter in diameter, will |
vaporize first one spot and then another on
the tiny moon, which is only 17 miles at its
widest point, while an ont d instrument
determines the chemical makeup of the va-
por spewing up from each spot. Another
| beam consisting of krypton ions will bom-
bard the moonlet d an onboard mass |

spectrometer will identify the ions given off
by the blasted surface materials.



2. Cargo vehicle
280-day trip to Mars

The cargo vehicle leaves first,
carrying everything needed for the
Mars orbit and on the surface: the
Mars landing-and-ascent vehicle;
surface rover and launcher vehicles;
and fuel for the return trip. It reaches
its Mars orbit in about 280 days.

QO&
FUEL—- @
CREW QUARTERS— /
3.Crew ship

220-day trip to Mars

recycles solids, liquids and gases.

Eventually each of the probes will re-
lease a lander that will rocket down onto
1 the moonlet and shoot an attached “pene-
trator” into the surface an .unhol
sential because of the w
thousandth of the earth
pull). The solar-powered landers will then
radio directly back to earth data on
changes in the moon’s gravitational field,
thermal expansion and se
if that were not enough,
probes will each drop a
domed “ho; onto Phobos.
amining su:
for magnetic fields at their la
the hoppers will draw up spri
metal-alloy legs and, like giant frog

the In,mln.
two-legged,

ding sites,
loaded,
, leap

CARGO

The crew ship, with astronauts and the Mars
surface habitation modules and laboratories, is
launched 5% months after the cargo transport.
Its trip to Mars takes approximately 220 days.
During the voyage, the crew members must
exercise daily to help keep their bones and
muscles from weakening. They will conduct
expenments and tap into digital libraries for
music and reading matter. On board are modules
for growing plants, a food-processing unit, anda
waste-management system that captures and

After ex- |
e material and searching |

FUEL STORAGE

/—AERO BRAKE
//

about 20 yards to a new location, where
the observations will be repeated.
hopper is expected to make about ten
leaps, reporting back each time by radio,
until its battery runs out
“These missions are novel and trail-
blazin ys Cornell University Astron-
| omer, an, president of the Plane-
tary and the m.m who _first
nimanned mission (O M.us’
of science, we 1l all find outa Tot
about Phobos.” Furthermore, he
the long run, Phobos could act a
platform for human missions to
could also be a place where humans could
live and work while th umunl robotic
explorers on th surface of Mars.

A
Society

Each |

Ever since they first peered into the
night s humans have been awed and
intrigued by Mars’ baleful red g
cient civilizations bestowed on the planet
the name of their god of war. It was
named Ares by the Greeks, Mars by the
Romans. When the first telescopes re-
vealed that the planets were neither
specks of light nor gods but worlds, per-
haps like earth, the notion w that
Mars might harbor life. Noting variations
between the bright and dark areas of the |
planet, British Astronomer Sir William
Herschel in 1784 attributed them to
“clouds and vapors” and concluded that

had an atmosphere and that “its
mhnlllmx probably enjoy a situation



in many respects similar to our own.”

German Mathematician Karl Gauss
assumed that those inhabitants were in-
telligent. In 1820 he proposed growing a
huge wheat field in Siberia in the form of
a right triangle, surrounded by pine trees,
that could be seen from afar. That would
demonstrate to the Martians, Gauss fig-
ured, that earthlings not only existed but
understood mathematics.

But was- there any real evidence that
Martians existed? After peering through
his telescope in 1877, Italian Astronomer
Giovanni Schiaparelli (an uncle of the cele-
brated Paris couturiere) reported that he
had charted several dozen canali linking
dark areas on the surface of Mars. These
canali, the astronomer wrote, “present an
indescribable simplicity and symmetry that
cannot possibly be the work of chance.”

No one was more excited by this reve-
lation than a wealthy American math-
ematician, diplomat and astronomer, Per-
cival Lowell of Boston, who established

lein’s novel Stranger in a Strange Land,
and the popular Buck Rogers comic strip
all involved encounters with Martians of
various sizes, shapes and consistencies.
Finally, in 1965, the triumphant
mission of the U.S. spacecraft Mariner 4
brought some reality to musings about
Mars. The craft flew past the planet at
a distance of only 6,100 miles, transmit-
ting 22 television pictures of a bleak,
moonlike landscape, pockmarked by
craters and showing no signs of life.
Even so, hope persisted. To demonstrate
that a Mariner flyby at a distance of
thousands of miles might completely
overlook a thriving civilization, a young
and still unknown Carl Sagan that same
year sifted through a thousand pictures
of earth shot by a weather satellite or-
biting only 300 miles up. In a paper en-
titled “Is There Life on Earth?” he re-
ported that only one photograph, of a
snow-covered superhighway cutting a
straight line through a forest, showed any

Wish you were here: Viking 1 photo of mechanical arm for soil sampling and Marscape

an observatory in Arizona and dedicated
it to the study of Mars. By 1908, influ-
enced in part by optical illusions and
wishful thinking, Lowell had counted and
named hundreds of canals, which he be-
lieved were part of a large network con-
veying water from the polar ice caps to
the parched cities of an arid and dying
planet. Lowell’s observations and mus-
ings, in turn, inspired British novelist
H.G. Wells to write The War of the
Worlds, a dramatic account of an inva-
sion of the earth by octopus-like Mar-
tians. In 1938 a radio adaptation of that
novel by another man named Welles—
Orson, that is—panicked many Ameri-
cans who believed that a real Martian in-
vasion was under way.

Even after the mighty 200-in. Mount
Palomar telescope revealed no evidence at
all of networks of straight lines or other
manifestations of intelligent life on Mars,
the fascination continued. Fredric Brown’s
novel Martians, Go Home, Ray Bradbury's
The Martian Chronicles, Robert Hein-

evidence of man’s presence on this planet.

When Mariner 9 was successfully in-
serted into low orbit around Mars in 1971,
a planet-wide dust storm obscured its vi-
sion for six weeks. After the dust settled,
Mariner’s cameras revealed a fascinating
landscape: towering volcanoes, great can-
yons, lava flows and a multitude of craters
in the red-hued plains. What excited sci-
entists and Mars buffs the most, however,
was the unmistakable traces of dry river-
beds and deltas etched into the rock, evi-
dence that water had once flowed freely
on the Martian surface. Had life evolved
on Mars while water was stillample? And
might living organisms still exist there,
perhaps in microscopic form?

It was in part to answer such ques-
tions that the U.S. Viking 1 and 2 space-
craft, each consisting of an orbiter and a
lander, were dispatched to Mars. When
they arrived, 45 days apart, in 1976, cam-
eras aboard the orbiters snapped away
and remote-sensing devices searched for
water vapor in the thin atmosphere and
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sought out frozen water in the polar ige.
caps. On the surface, the landers began
providing the most accurate measure-
ments yet of Martian surface tempera-
tures, atmospheric density and wind ve-
locity, while the cameras shot more than
4,500 spectacular close-up pictures of the
surrounding, rock-strewn landscape.
Each lander was also equipped with an
_arm that scooped up soil samples and fed
thein to a little onboard biological labora-
tory, where they were analyzed for any
signs of metabolic activity, which would
signify life.

The first soil sample briefly breathed
new life into the Mars mystique. After be-
ing moistened inside the lab, it suddenly
released an unexpectedly high burst of
oxygen, setting off a flurry of speculation
among scientists on earth. Did the oxygen
come from some tiny form of Martian life
in the soil? After further tests failed to
confirm those first results, scientists reluc-
tantly concluded that the large amount of
oxygen had probably been produced by a
simple chemical reaction between water
vapor and some unidentified oxygen-rich
compound in the soil sample.

s hope of finding life or its remnants

deeper in the Martian soil. There
life forms might have access to water and
be protected from the fierce solar ultravio-
let radiation that rains down on the sur-
face, virtually unobstructed by the Martian
atmosphere. Sedimentary rocks in the an-
cient riverbeds would &r an ideal place to
hunt for fossils of organisms that may have
lived when Mars was more benign, with a
thicker atmosphere, warmer climate and
running water on its surface.

For these reasons alone, Mars enthu-
siasts say, further exploration of the Red
Planet, both unmanned and manned, is
scientifically justified. “There is a growing
sense of purpose being attached to a
manned flight to Mars, both in the Soviet
Union and the U.S.,” says Vyacheslav Ba-

ome scientists, Soviet and Ameri-
can alike, have still not abandoned

_lebanoy, a deputy director of the Space

“Research Institute of the Soviet Academy
of Sciences. Like most of his counterparts
in the U.S., he would prefer a measured,
logical, step-by-step program to a more
hazardous, hastily mounted manned mis-
sion. “We must start to explore Mars in
detail before such a flight is possible,” he
says.

That is just what the Soviets plan to
do. In 1992, when America’s Mars Ob-
server is scheduled to fly, they hope to
send a third Phobos spacecraft into Mars
orbit carrying advanced remote-sensing
devices, including a radar mapper that
will seek out the best landing sites for fu-
ture missions. Two years 1ater; the Soviets
intend to launch a pair of highly sophisti-
cated landers to Mars. Each will carry a
small computer-controlled surface rover,
a six-wheeled vehicle capable of traveling
as far as 60 miles from the lander, It will
be equippéd with TV cameras, scoops and
drills to sample materials and a minilab to
analyze them. With information gained
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from this mission, the Soviets hope to
launch as early as 1998 a larger Mars
lander-rover that could return soi sam-
ples toearth.

~ While the US. lacks a strong com-
mitment to sending humans to Mars, the
Administration’s space policy, an-
nounced by President Reagan in Febru-
ary, does envision eventual “human ex-
ploration of the solar system.” Toward
that end, NASA has launched Project
Pathfinder, a program to develop 18 new
space technologies. They include com-
pact nuclear reactors for powering lunar
or Martian bases, in-space construction
and assembly of spacecraft, and orbiting
fuel depots for moon and Mars ships.
“You can talk about going to Mars,” says
Pathfinder Leader Robert Rosen, “but
you can’'t do it without these technol-
ogies.” Congress appropriated $40 mil-
lion for the project’s first year.

Space

Congress. “The station would be needed
to serve as an assembly point,” says
NASA’s Brian Pritchard, who has studied
the feasibility of such a plan. “We don’t
have the power to lift from 1 million to 3
million Ibs. [the weight of the Mars ship]
into orbit from the earth.”

Why so huge a craft? In addition to |

carrying a million or more pounds of fuel,
the ship must accommodate and sustain
human beings for as long as three years.
Just to exist in space for one day, for ex-
ample, each crew member will require
several pounds of oxygen, 4 lbs. of water
and 3 lbs. of food. Consequently, for a
crew of eight on a 900-day mﬁpn. a
Mars spacecraft would have to carry as
much as 40 tons of provisions alone. Any

| added weight would require using—and
| carrying—even more fuel, both for pull-

ing away from the earth and launching
from Mars for the return trip.

ing to develop what they call a “self-con-
tained bioregenerative support system.” It
will include a chamber for growing plants;
a food-processing module for extracting
the maximum edible content from all
plant parts; and waste management mod-

ules for capturing and recycling the solids, |

liquids and gases necessary to support life
on a space journey.

In most of the manned Mars scenarios
envisioned by NASA planners, the space-
craft would be constructed and fueled at a
space station orbiting the earth at 17,500
m.p.h. Compared with blasting off from
earth, considerably less fuel is needed to
launch the craft from this speeding plat-
form and boost it toward Mars at a veloci-
ty perhaps as great as 50,000 m.p.h. At

that velocity, says Space Consultant and |

Author James Oberg, the “earth’s gravity
pulls on you a little, but it’s like brushing

your way through cobwebs.” Following

A Profile of Mars
Diameter. 4,200 miles, in
contrast to 7,926 miles for earth.
Gravity. 38% as strong as earth’s.
Atmosphere. About 1% as dense
as earth’s; largely carbon
dioxide with small amounts of
nitrogen and argon.

Climate. Temperatures from
—225Ft063E

Topology. Craters, extinct
volcanoes, enormous rift valleys
and basaltic lava flows.

Distance from earth. At the

closest, 35 million miles.

Tourist attractions. Olympus
Mons, a volcano nearly 16 miles
high, and Valles Marineris,

;l canyon systent 2,500 miles
ong.

Pathfinder did not start from scratch.

| NASA and the aerospace industry have

long planned a variety of Mars missions
that could lead to a manned ﬂighl At
NASA’s Jet Propulsnon Laboratory in  Pas-

unmanned rover with_six wheels, each
“Miore (han 3 {1, in diameter; {0 accommo-
date the rocky Martian terrain. In a still
unapproved mission, the rover, imbued
with artificial intelligence and television

_eyes, would seek out appropnale rock

s‘a’mplu and stow them in a craft designed
“{o return them to earth for analysis. At
NASA’s Marshall Space Flight Center
in Huntsville, Ala., experts are designing
living quarters for the space station that
the U.S. hopes to begin assembling in
earth orbit in the mid-1990s. Plans call for
private sleeping cubicles, each equipped
with a TV, sound systems and a computer.
Mars enthusiasts point out that approval
of a manned Mars mission as a goal would
finally provide a compelling rationale for
the projected $30 billion space station that
NASA has had trouble selling to a reluctant

There is an alternative to a fully
stocked larder: recycling, the recovery of
water and oxygen from waste products.
NASA has developed prototypes for re-
claiming pure water from urine and wash
water, and oxygen from the carbon diox-
ide exhaled by astronauts. For their part,
the Soviets have been retrieving some of
their water for years, condensing it from
the exhaled, humid air in the spacecraft.
But Arkadi Ushakov, of the Soviet Acad-
emy of Sciences, concedes that the recov-
ery systems in use today cannot meet the
demands of two- or three-year missions.
He believes a Mars ship will have to con-
tain its own biosphere of renewable plant
and water resources.

Toward that goal, Soviet researchers
are investigating natural recovery sys-
tems: plants that will not only serve as food
but also, in the process of metabolizing, ab-
sorb carbon dioxide and produce oxygen.
The best performers so far, Ushakov says,
are traditional food plants like carrots,
sugar beets and salad greens. At the Ken-
nedy Space Center, NASA scientistsare try-

the path of the Hohmann ellipse.* the
craft would coast in a leisurely course
halfway around the sun, then begin to ac-
celerate as it came under the gravitational
sway of Mars.

To save fuel that would otherwise be
used by firing retrorockets to ease the ship
into orbit around Mars, the craft will be
equipped with an aerobrake. This saucer-
shaped structure, as large as 80 ft. in di-
ameter, will slow the craft as it encounters
the thin Martian atmosphere. A short
burst from the rockets will then boost the
craft just above the atmosphere and into
orbit. From the orbiting craft, part of the
crew will descend to the surface in a land-
er. After piling sand on the vehicle to
shield it from the radiation that bombards
the Martian surface, they will use the
lander as a base for exploration.

How long the voyagers stay on Mars
will depend in part on the homeward-

*The Hohmann ellipse is an ideal trajectory requir-

ing a minimum of energy for a journey between any |

two planets, named after the German engineer who |

calculated it in 1925,




bound route. To await the proper align-
ment of Mars and the earth for an eco-
nomical Hohmann-ellipse return, the
crew would have to remain on Mars for
more than a year—increasing the mission
length to what now seems an unbearably
long 1,100 days. But with the expenditure
of more fuel, the explorers could blast off
earlier, head toward Venus and loop
around it, using the planet’s gravity to
whip their craft toward earth at a higher
speed. That would cut the mission time to
600 to 700 days.

But the Venus route would also cause
the craft to re-enter the earth’s atmo-
sphere at 80,000 m.p.h., in contrast to the
returning Apollo’s 25,000 m.p.h. “We're
not sure we know how to build the appro-
priate heat shields,” says Oberg. Also, at
that speed, the astronauts would have a
much smaller “window” for re-entering
the atmosphere. “Come in too low, and
you burn up,” says Oberg. “Come in too
high, and you overshoot. You miss the

earth, and you'll never see it again.” Other
plans call for an unmanned cargo ship to
precede the manned craft to Mars and for
even higher velocities that would cut mis-
sion times down to a year.

et the problems of sending a

spacecraft to Mars and bringing it

back to earth pale when com-

pared with the challenge of keep-
ing its human cargo safe and in peak
physical and mental condition. The medi-
cal consequences of long periods of
weightlessness are still not fully under-
stood. And radiation, says NASA’s Michael
Bungo, “is going to be a showstopper.”
Once beyond the earth’s atmosphere and
magnetic field, which protects terrestrial
life from most lethal radiation, crew
members would be vulnerable to cosmic
rays. These highly energetic particles
travel through space at close to the speed
of light and can produce hazardous sec-
ondary radiation when they strike atoms

in the aluminum walls of a spacecraft.
During a single Mars mission, says Frank
Sulzman, chief of NASA’s space-medicine
and biology branch, unprotected astro-
nauts could receive an unacceptably high
dose of radiation—more than is now al-
lowed workers in a lifetime on jobs that
expose them to radioactivity.

Even more dangerous are solar flares,
which usually blossom on the sun around
the peak of the eleven-year solar cycle.
During these massive explosions, which
astronomers can spot in the form of extra-
bright splotches suddenly appearing on
the sun, bursts of X rays and charged par-
ticles are hurled outward at high veloci-
ties. Because protons from a large flare
can easily penetrate the walls of a space-
craft and fatally riddle the body of an as-
tronaut in half an hour, planners envision
an onboard shelter into which the crew
could repair as soon as a solar-flare warn-
ing was sounded. One idea is to build the
shelter with the heavy-walled oxygen and

The Perils of Zero Gravity
Space’flight'

N
(9

A s imposing as the problems of extended
seem, most experts are confident

vive the journey to Mars. But in what
when they get there? Says NASA Physicist Wende
“It doesn’t do you much good to deliver a human

Despite the experience gained

ing simple

/ ‘space travelers. might be unable to carry out assignments.
tian surface if that human is inert for a time af S )

there isa danger that every microorganism present in the ship
can cause infection.”

s J}\g Soviets have also detected changes in metabolic
ratés, Which they say accelerate arteriosclerosis. Then there
i ¢of neuromuscular control. Cosmonauts re-
ﬂr’ﬁﬁp"gzﬁ after long flights have had trouble perform-
ks like throwing a ball. Arriving on Mars,

The solution, many scientists believe, is to impart artifi-
o cial gravity—in the form of cen-

from Apollo moon shots and the
longer Skylab missions, U.S. doc-
tors have some doubts about the
ability of humans to withstand the
effects not only of prolonged
weightlessness but also of the
transitions from gravity on earth
(one G) to zero G in space to 0.38
G on Mars. “We're nowhere near
ready to send a human to Mars,”
says Dr. Michael Bungo, director
of NASA’s Space Biomedical Re-
search Institute at the Johnson
Space Center. “We've got years
more of basic research to do.”
Soviet space doctors seem
more sanguine. While no Ameri-

can has stayed in space for more i
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L2 trifugal force—to the spacecraft.
This might be accomplished by
spinning a very large craft around
its own axis. Other schemes envi-
sion three ships hooked together
in a cartwheel-like arrangement
that makes three revolutions per
minute, or two vehicles attached
by a half-mile-long tether rotating
through space as the entire system
speeds toward Mars. Still another
idea is to schedule a daily workout
for each crew member inside an
on-board centrifuge, where resist-
ing the centrifugal force would
simulate working in gravity.
Apollo 11 Astronaut Michael
Collins foresees some technical
difficulties in such simulation.

than three months, the Soviets
have rep dly staged d
flights of longer duration, capped
by the 326-day stay of Cosmonaut Yuri Romanenko last
year aboard the orbiting space station Mir. “The experience
of that flight,” says Dr. Arkadi Ushakov of the Soviet Acade-
my of Sciences, “testifies that we should be optimistic about
long-duration space flight. Our knowledge in the field of
weightlessness is growing, and we are learning what counter-
measures need to be taken to ensure health and safety.”
Ushakov believes that two effects of prolonged weight-
lessness, calcium loss in bones and muscle atrophy, can be
largely prevented by exercise. A strict regimen on a treadmill
helped keep R« { le tone and reduced the calci-

ko’s
um loss toa degree that Ushakov calls insignificant. But other
effects attributed to weightlessness are still cause for concern.
“There is a general weakening of the immune system in a
long-duration flight,” Ushakov says. “When this happens,

Zero gravity check-up: visiting the doc aboard Skylab

““Spinning wouldn’t take that
much power,” he says. “But it still
complicates things immeasurably from an engineering point
of view.” He notes that imparting spin to a Mars-bound craft
could make both navigation and communication more
difficult.

Space Scientist Carol Stoker, at NASA’s Ames Research
Center in California, points out that there would be benefits
of artificial gravity beyond the physiological ones. “Toilets
would flush properly, things wouldn’t float in the air, and just
think of surgery in zero gravity,” she muses. Malcolm Cohen,
chief of the neuroscience branch at Ames, worries about the
possible physiological effects of rotation. “Weightlessness is
the devil we know,” he says, “and we have some idea how to
overcome its effects. But artificial gravity in space is a devil
we don’t know well.” Still, he concludes, “it’s certainly an
option we can't reject.”
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water tanks that must be brought along
anyway. Soviet scientists are experiment-
ing with generating strong electrically
charged fields around the spacecraft.
These would have an effect similar to that
of the earth’s magnetic field, deflecting
the speeding particles around the ship.

Another possible hazard on a long
space journey has its source on planet
earth: human nature. Soviet flights have
demonstrated that performance levels be-
gin to decrease as the days stretch into
months. Cosmonaut Yuri Roman-
enko, whose 326 days aboard the
space station Mir set a space en-
durance record last year, was down
to only two hours of productive
work a day toward the end of his
eleven-month flight and had be-
come decidedly peevish. “Leave
me alone,” he once snapped to
mission control. “I have a lot of
work to do.”

Both American and Soviet be-
havioral scientists have begun to
investigate small-group dynamics,
which are likely to assume consid-
erable significance during extend-
ed spaceflight. “There are always
minor irritations involved in work-
ing with other people,” says Psy-
chologist Clay Foushee, of NASA’s
Ames Research Center. “Normal-
ly, these are not a problem because
you can get up and move away.
The trouble occurs when you can’t
leave a situation.” That trouble
can become catastrophic. Long
Antarctic expeditions, which in-
volve small groups isolated for
months, have been marred by
fights and occasional violence.

Other questions about group
dynamics abound. Among the fore-
most: Should women be included
on a -Mars expedition? If so, what
about sex? No one likes to talk pub-
licly about that, admits NASA Flight
Surgeon Patricia Santy. “There’s
no reason, even in a highly motivat-

tion and other programs that draw funds

away from space science. “Any serious
talk of a manned Mars mission at this
time is grossly inappropriate,” he says, ar-
guing that the top priority of the US.
should be to develop and build expend-
able rockets to launch satellites and space
probes. “To talk about manned missions
to Mars when we can’t even launch a 500-
1b. satellite is totally off the wall.”

Van Allen believes a manned Mars
mission would be “monstrously” expen-

mam:uummummmmmh

ing’ effect it would have on our space pro-
gram and on our future.” Her conclusion:
“A complex, expensive, 25-year-long
joint research program is like a marriage.
It should be entered into soberly, advised-
ly, for better or for worse—and only after
a very long engagement during which
trust is built and loyalty tested.”

Even proponents believe the US.
should approach a joint effort with the So-
viets in gradual ste; perhaps startin,
with an fnmanne'd'fr%sslombnng EE\I%
sETsamp]é‘s ‘from Mars in 1998.

any, like Sagan “are convinced
that the advanlages of a coopera-
tive missjon would override the
possible risks. Besides sharply re-
ducing the enormous costs of going
to Mars alone, such a venture, says
Sagan, “would revitalize a dispirit-
ed and unraveling NASA™ and pro-
vide a “coherent focus for the U.S.
space program.”
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ven more important, in his

view, a joint mission might

help draw the U.S. and the

Soviet Union closer togeth-
er. He dismisses fears that such a
mission would risk giving away
U.S. technology to the Soviets,
pointing out that the Sovnets are a
decade ahead of the U.S. in several
“areas of spa’ceﬁ'jhl hnaogy
“transfer,” ~Sagan concludes, “is
likely to flow both ways."

The rising sentiment in the
U.S. to return to space and eventu-
ally send men to Mars has not es-
caped the attention of politicians,
including presidential candidates.
Says Democratic Contender Mi-
chael Dukakis: “We should ex-
plore with the Soviet Union and
other nations the feasibility and
practicality of joint space-engi-
neering activities that might pave
the way to a joint manned mission
to Mars.” In a Huntsville, Ala.,
speech, Vice President George

ed professional crew, that the same
kind of sexual tensions that develop
here in offices aren’t going to develop in
space.” Santy believes women should be
included in the crew. If they are, she says,
there should be at least two—both for mu-
tual support and toavoid disruptive sexual
entanglements aloft. Former Astronaut
Michael Collins has suggested an even
simpler remedy: send up a crew of four
married couples. “But eight is a bad num-
ber,” he concedes, “because you want an
odd number; in arguments, you don’t want
to risk a 4-to-4 tie vote.”

For all the enthusiastic talk about a
manned mission to Mars, many influen-
tial voices have been raised against it.

None is more formidable than that of

University of Iowa Physicist James Van
Allen, the discoverer in 1958 of the earth-
girdling radiation belts that today bear his
name. With other scientists, he has long
been critical of the shuttle, the space sta-

Will the U.S. program ever lead to a manned flight to Mars?

sive, further draining money from more
economical unmanned scie scientific _prol

“The Mars mission does Have a certain ap-
peal, he concedes, because “it’s a matter
of high adventure. But ifyou want to put it
on any practical basis, it’s totally uncom-

titive with unmanned spm:ecmny a
ACtOL 0L s rintivd CRO}

The idea of a joint U.S.-Soviet Mars
mission is galling to other Americans
who, glasnost notwithstanding, simply do
not trust the Soviets. Their view was sum-
marized in a recent op-ed piece in the Los
Angeles Times by Space Writer Alcestis
Oberg, the wife of James Oberg. “A joint
mission,” she wrote, “‘completely and ut-
terly ignores reality.” Among the con-
cerns raised by the proposed mission, she
wrote, are the “potential for spying, for
technology transfer, for interference in
our political system, for the ‘hostage hold-

Bush urged a “long-term commit-
ment to manned and unmanned
exploration of the solar system. There is
much to be done—further exploration of
the moon, a mission to Mars . .. "

If the U.S. is to mount or even play a
meaningful role in a manned Mars mis-
sion early in the 2lIst century, the next
President will have to make a commit-
ment to a coherent national space policy
sooner rather than later. Enormous prob-
lems remain to be solved, and two decades
is precious little time for developing a pro-
gram that would land humans on another
planet. The clock is running, and to NASA
Ames Scientist Carol Stoker, the message
from the Soviets is coming across loud and
clear: “We're going to Mars, and the bus is
leaving.” And like her, more and more
Americans are asking: Will the U.S. be
aboard? — By Leon Jaroff. Reported by
Glenn Grvll(/wﬂﬂv J. Madeleine Nash/
Pasadena and Richard Woodbury/Houston
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Revolution
In Euro-TV

A smorgasbord of programs—and worries

hat wonders are flickering on
the small screens of Western
Europe? What exotic images

are radiating into living rooms
from Stockholm to Salerno? Let’s see . ..
On a summer evening in Madrid, on
Channel TVE-1 the American cops of Hill
Street Blues trade quips in Spanish. In Par-
is U.S. Rocker Cyndi Lauper squeaks out a
hit on the M6 channel. In Olso’s Storting,
the parliament building, news headlines
flash on from Atlanta via Cable News
Network (CNN), while in Italy Telemonte-
carlo offers viewers a romantic Brazilian
mini-series called Gabriela. On West Ber-
lin cable outlets, Britain’s Spitting Image
puppets deliver political gibes, while Brit-
ish BBC-1 viewers are riveted to the hilari-
ous antics of teenagers and their parents in
Neighbours, an Australian soap opera.

Five years ago, most West European
viewers could not have imagined the in-
ternational smorgasbord of programs that
would soon materialize in their homes.
For decades, they had subsisted on a diet
of nationally produced news, arts and en-
tertainment shows, spiced with a bit of
Dallas or Dynasty and served up by what
amounted to government-run monopo-
lies. No longer—and on a number of
counts. Advances in technology, trends in
consumer demand and the unstoppable
energies of a handful of international me-
dia moguls have burst the barriers of gov-
ernment control and revolutionized Eu-
rope’s TV marketplace.

Three satellites beam the offerings of
33 channels, at least half of them financed
by advertising, into Western Europe. An-
other six sky birds are scheduled to go
into orbit by 1990. The installation of ca-
ble TV systems is moving forward on a
broad front, while regular broadcast
channels are increasing in number. View-
ers cannot seem to get enough TV.

In its rapid and sometimes confusing
growth, the privatization of West Europe-
an television has created political, eco-
nomic and cultural resonances. Propo-
nents of private TV envision a web of
multinational programs that will unite Eu-
rope in new—not to mention lucrative—

ways. “The future of television,” says Silvio
Berlusconi, the Milanese video visionary
who has TV and film interests in France,
Italy, Spain and West Germany, “is that
anyone will be able to watch anything.”

Critics of teJevision deregulation, on
the other hand,'féar precisély’ that: wall-
to-walh Dallas- They foresee a; waye .of
mindless game shows, violent car chases
and mind-pumbing commercials—many
of them imports from the U.S.—that will
create @ yideo wasteland, subsuming na-
i Shpreoccapations, eyen lan-
ongithe crifics is France's re-
cently reappointéd Minister of Culture,
Jack Lang, who has emérged as.one’ of
Europe’s’ most prominent spokésmen
warning against U.S. “cultural imperial-
ism.“"Tn_ch:r(x?r?oﬁr(liirig‘ l?ios‘!ér:n similar
concerns, [many: countries ang \beginning
to fine-tune the very notion and content of
European television.

Britain is a prime illustration of Euro-
television’s profound changes. Considered
the model of public service broadcasting,
and eventually copied elsewhere in West-
ern Europe, the British Broadcasting Corp.
was formed in 1927 to regulate radio con-

| tent. It is a public corporation, answerable

ultimately to Parliament. The BBC held the
television monopoly in Britain until 1954,
when a Conservative government counte-
nanced the Independent Television Net-
work, a strictly regulated form of private
television funded by advertising rather
than TV license fees. The ITV channel pro-
vides diverse programming for audiences
in 14 regions of Britain.

In 1982 Britain added commercial
Channel 4 to serve ethnic and upper-mid-
dlebrow cultural interests. By the end of
this year, the Conservative government of
Prime Minister Margaret Thatcher is ex-
pected to authorize a fifth channel, fund-
ed either by advertising or subscription.
As it is, Britain’s noncable viewers are
among Europe’s best served, with home-
made choices ranging from thrillers like
Edge of Darkness to Gardeners' World, a
video school for 3.5 million British green
thumbers.

Since 1985 France has doubled its

2otoavy

SET: Teuto Press; Rex Features; N

Star/Dossier

number of channels, from three to six;

four are privately owned. That leaves |
three West European countries without |

access to private TV: Greece, Portugal
and Spain. All will probably be along.
Last April the Spanish parliament ap-
proved the creation of three private chan-
nels to compete with three state-run ser-
vices. Portugal is considering the issue,
while pressure for privatization is mount-
ing in Greece.

One of the major forces behind the
television explosion has been the prolifera-
tion of cable TV. Some 12.8 million of the
130 million homes in Western Europe sub-
scribe to cable. According to London-
based CIT Research, a media analysis
firm, that number should double by the
year 2000. Holland and Belgium, with
their concentrated populations, are al-
ready 90% cabled. Viewers there and in
West Germany can switch on major soccer
matches, business and financial shows,
films from East bloc countries and local
political interview shows. About 256,000
British households taking cable can re-
ceive up to 30 channels. One of the benefi-
ciaries of the trend is British-based Sky
Channel, controlled since 1983 by Media
Baron Rupert Murdoch. It beams a lineup
laden with such worn US. reruns as The




| SPACE STATION: the U.S. needs platforms in orbit, but the proposed Freedom, shown ahove, is too grandiose and lacks a clear purpose

The Next Giant Leap for Mankind

NASA

Two decades after its ﬁ) st moon landing, it is time for the U.S. to head for Mars

BY MICHAEL D. LEMONICK

hree-quarters of a billion people
peered at the murky images on
their television screens on July 20,
1969, as Neil Armstrong became the first
human to stand on another world. To

was well worth the cost and effort. The
quest to reach the moon had revitalized
U.S. science and technology and yielded
countless benefits to industry and the
military. Most amazing of all, the Eagle
landed only eight years after John E
Kennedy proclaimed the moonshot a na-
tional priority.

But after Apollo, something went
wrong with the nation’s space program.
Despite successes—such as the Skylab
space station and the series of unmanned
missions that will reach its climax next
month when Voyager 2 arrives at Nep-
tune—the program seemed to founder.
The space shuttle, for example, was over-
sold as the one answer to U.S. space-

put astronauts in space efficiently, too
small to launch the largest payloads and
too unreliable to live up to the 60-flight-

Americans, the spirit-lifting achievement |

per-year schedule once promised. The re-
sult, even before the Challenger accident:
a backlog of unlaunched missions.

Now NASA is poised to make a similar
mistake with its next major project, the
$32 billion Freedom space station, sched-
uled to go into full operation in the late
1990s. Like the shuttle, it is being present-
ed as a widely versatile project that will
provide for the needs of scientists, engi-
neers and space explorers. But without a
focused, long-range program, those needs
are not clear.

The crux of the problem is that the
leadership Presidents Kennedy and Lyn-
don Johnson gave the Apollo program
was not continued by their successors.
That leadership gap may soon end,
though. As early as this week, President
George Bush is expected to announce his

| vision for the U.S. space program. No one |

| bers

transportation needs. But it is too big to |

knows what Bush will say, but some mem-
of his National

Space Council, |

chaired by Vice President Dan Quayle, |
reportedly favor a return to the moon, fol- |

lowed by a manned trip to Mars.

That would be ambitious and expen-
sive—up to $150 billion. But the payback
would be great. Such a specific, long-term

P

goal would invigorate NASA. It would re-
vive public interest in science, providing
new pep for a sector of the educational
system that has become disturbingly
weak. It would stimulate innovation in
everything from materials science to com-
puters to communications. It would create |
jobs. And, least tangible but perhaps most
important, it would add enormously to the |
nation’s prestige.

Moreover, points out Eugene Cernan,
who walked on the moon in 1972, with
such a long-range goal “we can then work
backward and take the steps to get us
there.” That would eliminate the let’s-
build-it-and-see-what-it’s-good-for ap- |
proach. Far from withering, other space
initiatives would be lifted by the rising
tide of national interest and funding. Un-
manned probes to the planets would con-
tinue, and NASA would still be able to
launch the Mission to Planet Earth, a se-
ries of satellites designed to study the
planet’s environment and give scientists
the information they need to head off eco-
logical disaster.

The most reasonable date for a Mars
mission is 2020. That allows plenty of
time for a measured dppn)dLh dnd |




NASA

server, is scheduled for a 1992

~testing ground for technol-

_sojourn. In particular, astro-

spreads the expenditure over
a sensible period. It also gives
NASA ample opportunity to
choose the next goal after
Mars—exploration of the as-
teroid belt, for example, or a
manned trip to the outer plan-
ets. Robot probes would have
to study the Red Planet in
depth first. One, the Mars Ob-
launch, and others would
have to follow.

Another logical stepping-
stone is a lunar base, which
could be built by 2000, as 2,

ogies necessary for a Martian

naufs would experiment with
living quarters in which air
and water are recycled. In-
habitants of a lunar base
would also begin learning how
to mine the moon for raw ma-
terials, including trapped
gases and minerals, that would permit
the base to become almost entirely self-
sufficient and thus permanent.

Before such a moon base can be built,
NASA will have to get some kind of space
station: the massive components needed
for a lunar habitat are too heavy to lift
from earth and will have to be assembled
in space. The station will also be needed
for assembling a bulky Mars vehicle and
studying the effects of long-term Space
flight. But a single station may not be the
best option. Several experts have suggest-
ed breaking it down into smaller units.
One such station, the Industrial Space Fa-
cility, has already been designed by a
Houston firm, Space Industries Inc. At
$900 million, it could be launched by 1994
and take over most of the Freedom sta-
tion’s proposed experiments in space
manufacturing. Another mini-station
could handle biomedical studies, and oth-

MARTIAN OUTPOST: astronauts on the

|

Red Planet will probably
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ers could be used as assembly and takeoff
points for t t mis-
sions. Just 5;1 m tmgzon ‘fs?c{j these
stations would operate indefinitely] Being
smaller and less complicated than Free-
dom, the
be launc

cost.
NAsA“and

have dy <

launchers to make space-station ¢ nst

fense/ Dépdritient
work on two new /

tion . feasible.-One is a heavy-lift un-
manned i e
other is tﬁ?ﬁtg{mg@c%mfﬁr
“Orient Express/| Snialler/Alan theshut-
tle, it would take off like an airplane from
a runway, soar into space to deliver its hu-
man cargo, then return and land. And
NASA has plans to convert the present
shuttle into a cargo-only model, with a
larger payload than the manned version.
Together, these launchers would give

Blass b ___n.

have 10 find water and air in itc cnil and sael

mi ions could-presurnably
uilt at’a‘lower overall,

NASA much needed flexibility.
2 The cost of such a multi-
step project would be large—at
least $5 billion a year and may-
be considerably more. But un-
like the $35 billion spent on the
shuttle program, the expendi-
ture would produce a return
not just in prestige and techno-
logical leadership but also in
the establishment of bases and
stations that can be used for fu-
ture space projects. In order to
ease the costs, the U.S. should
encourage as much participa-
tion as possible by foreign gov-
ernments. The Soviets, Euro-
peans and Japanese all have
active space programs, and du-
plication of efforts will increas-
ingly be seen as an unneces-
sary waste. Many countries are
interested in participating in
the Freedom project or Mis-
sion to Planet Earth or both,
and the Soviets have accepted
international help on their Mars probes.

NASA’s budget will have to be raised to
pay for such an ambitious program, per-
haps even doubled from its current $11 bil-
lion a year. That will be hard in an era of
budget deficits. But there is support for a
Mars mission in both the House and the
Senate. If the President comes out strongly
for the mission, Congress should be able to
find a way to fund it. One option: to siphon
the money from Star Wars and other ques-
tionable defense programs.

The US. cannot remain a leading
force in technology, industry and sci-
ence unless it is in the forefront of space
exploration. Throughout its history,
America has been a nation of discover-
ers and achievers. If it fails to take the
next major step in space, it will have
given up an essential part of its national
character. —Reported by Glenn Garelik/

Washington and Richard Woodbury/Houston
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rays. A popular theory held that the Great Annihila-
tor was actually a gigantic black hole, a million stars
collapsed into a single object so dense that its gravi-
ty wouldn’t let even light escape. New information
gathered by the Very Large Array radio telescope in
New Mexico and published in Nature has found that
this theory was slightly off the mark. The Great An-
nihilator does indeed seem to be a black hole, but
it's only as massive as a single star, and it’s merely
close to, not right at, the center of the Milky Way.
An important part of the theory, however, still
seems valid. It holds that as additional gas falls into
the black hole, it is compressed and heated. This
process creates positrons, one form of the strange
stuff known as antimatter; as the positrons are
flung out into space, they eventually collide with in-
terstellar clouds. Result: enormous explosions.
Every subatomic particle has a corresponding
antiparticle, identical in mass but differing in one
crucial characteristic, like electric charge. Matter
and antimatter destroy each other whenever they
meet, and because interstellar clouds are full of
electrons, these particular collisions have been fin-
gered as the power behind the Great Annihilator.
Black holes are thought to be rather common in
the galaxy, so why has only one Great Annihilator
been found? The answer may be that the galactic

EYES ON THE SKIES:

lots of matter for the antimatter to run into. Other The Great Annihilator’s

parts of the galaxy are just too em pty for black holes  telltale emissions were

to create much of a bang. B detected by scientists
using the Very Large
Array radio telescope

................................................................................ KiNew Modlcs
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RISK-FREE OYSTERS? Raw oysters often carry the

hepatitis A virus, which causes a truly unpleasant

(though not' necessarily fatal) liver disease. Now

comes @) yaccination of| sonts,»and one that many "\'

people will find easier to swallow than the oysters. ‘\’ X

Aceording to a report in‘the journal Epidemiology, ’,’.‘ %

chasing oysters with a glass-of wine or a cocktail \

can reduce the risk a whopping 90%, no matter how \

mary oysters are/downed: \It's the first time anyone
has shown alcohol can prevent.viral illness.

ROUSING NEWS An answer to'impotence? Writing in
Science, Johns-Hopkins researchers say they have
found-what may be 'the esséntial signal that triggers
erection: a\tiny/seeretionof nitric oxide by penile
nerves. An ointment that promotes the production
of nitric oxide might alleviate impotence; one that
inhibits production could relieve priapism, pro-
longed erections unrelated to desire. Also, if nitric
oxide turns out to rouse the clitoris, medicated

core is unusually full of gas clouds; these provide | cream could help women reach orgasm.

¢-.‘_.~\

s v =y
MILESTONES

r

AILING. Olivia Newton-John, 43, pert Australian pop singer
whose hits include Have You Never Been Mellow and Physi-
cal; with breast cancer; in Malibu, California.

RECOVERING. Pope John Paul Il, 72, after.a four-hour opera-
tion to remove his gallbladder and a benign tumor the size of
an orange from his colon; in Rome. Biopsies taken before and
during surgery showed the growth was not malignant. Doc-
tors said the Pope’s current distress had no connection to in-
juries he sustained in 1981 when MehmetAli Agca shot him
in the abdomen during an assassination attempt.

DIED. Hamid Reza Pahlavi, fiftyish, half-brother of the late
Shah of Iranand reportedly the last imperial-family member
in Jrani; of a heart attack; in Tehran. Pahlavi had served 13

p. ~Years of a life sentence on drug charges in Tehran.

DIED. Albert Pierrepoint, 87, Britain’s best-known pang'm/a‘n.
who dispatched 433 men and 17 women in a.25-year career;
in Southport, England. Pierrepg)jn(, whose father and uncle
were executioners, hanged. World War II traitor William
Joyce and Ruth Ellis, the last woman executed in Britaih. He
defended thé noose as humane and quick (11 sec. when done

. properly). But after retiring in 1956, he became a vigorous

“opponent of capital punishment: “The death penalty never
onceacted as a deterrent.”

DIED. Deng Yingchao, 88, widow of Chinese Premier Zhou
Enlai, adoptive mother ofpresent Premier Li Peng and one of
the country’s most prominént.women; in Beijing. A Long
March veteran known for her support.of women'’s liberation,
Deng was a member of the Politburo an g
Chinese People’s Political Consultative Conferentes.,

Chairwoman of the

T
- Iﬁ.‘h
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ISY NEWS

July-August 1992

INTERNATIONAL SPACE Y EAR-:1992

D.C. STUDENTS
HOST NASA
ADMINISTRATOR
ON “ISY DAY”

Washington, D.C.—Rockets soared, robots
clanked, and astronauts mingled with school-
children when Dunbar High School celebrated
its own International Space Year Day on June 3.

NASA Administrator Daniel S. Goldin and
six astronauts were among those on hand to
commemorate ISY and help dedicate the school’s
Enterprise Mission — an ongoing program de-
signed to help students improve math, science,
and technology skills by applying them to space-
oriented problem-solving situations.

“ISY Day” began with the launching of
student-built model rockets, to the delight of
elementary schoolers and community leaders on
hand to watch the festivities. Welcoming the
audience to the launch were NASA astronauts
recently returned from the ATLAS-1 shuttle
flieht which was dedicated 1o ISY s Mission to

ISY DEFORESTATION CONFERENCE
STUDIES GLOBAL SYSTEM

SaoJosé dos Campos, Brazil— Nearly 200
leading scientists and government  officials
discussed for the first time ways to,launch a
permanent satellite monitoring system for, the
Earth’s endangered forests at an ISY conferénce
here May 27-29.

The ISY World Forest Watch Conference
on Global Forest Monitoring culminated a three-
year model international research effort initiated
by the Space Agency Forum on ISY (SAFISY).

With 29 space agency members and 10 inter-
national ‘affiliates, SAFISY is coordinating
global research activities for ISY 1992.

The Brazil conference reviewed the results
of ISY deforestation research projects, and it
also examined ways to maximize efficiency
and improve scientific return through greater
coordination of independent national spacecraft
and the data they generate.

“For our goal of a global forest monitoring

program, this conference was indeed unique,”
said Jean-Paul Malingreau of the Joint Research
Centre (JRC) in Ispra, Italy, operated by the 12-
nation European Community. JRC was a co-
organizer of the conference along with the host
Brazilian National Space Research Institute
(INPE), under SAFISYs auspices.

Malingreau said that preliminary recom-
mendations of the meeting will be presented at
the International Society of Photogrammetry
and Remote Sensing conference and the World
Space Congress, both being held in Washing-
ton, D.C., in August and early September.

Subsequently, said Malingreau, the recom-
mendations will be refined at the Asia—Pacific
ISY Conference in Tokyo in November, with a
view toward developing a global forest survey-
ing system using satellites.

Among the countries represented at the
Brazilian conference were Argentina, Austria,
Bolivia, Brazil, Cameroon, Canada, Chile, China,
Colombiz p 3 o <




Planet Earth. Crew members presented the school
with a commemorative plaque and conducted
question-and-answer sessions with students.
Demonstrations, exhibits, and tours of Enter-
prise Mission facilities continued throughout the
day. There were physics experiments, computer
activities, videos, a student-built planetary rover,
and an “Earth as Art” display. A luncheon pro-
vided the opportunity for high school students
to talk with visiting aerospace professionals.
ISY Day culminated a year-long Enterprise
Mission program that has become a model of its
kind. NASA, the National Association of Partners
in Education (NAPE), and Science Applications
International Corporation serve as its primary
sponsors. Additional organizations and volun-
teers contribute everything from cash tocomputer
equipment, internships, and professional services.
“The Enterprise Mission represents a collab-

(continued on page two)

ISY astronauts land on Mars.

For additional details, see page seven.
(photo by Glen Martin | Denver Post)
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Marcio Barbosa, head of INPE (with mustache), addresses World Forest Watch opening session.

NEW MARS ERA OPENS

Washington, D.C. — A series of planning
meetings initiated by NASA and the European
Space Agency (ESA) during ISY 1992 heralds a

“Second Era of Mars Exploration™ highlighted

planning tracks, Dr. Huntress noted.

The near term includes the launch in Sep-
tember of NASA’s Mars Observer, followed by
Russianmissions in 1994 and 1996, a "96 mission

by international cooperation, duordng(p\ahg Tiby f@ﬂ@@ and a NASA 96 mission if funds are
Director of NASA’s Solar S),\ﬂ mf,xplqrr\uf)q 2 r,iﬂ,)rf)\ed“ - ‘?U with international consultation

Division.
The first era reflected the bnpo m-
" the
n-
Sistee of
U_.S.andU.S.S. 4
missions, notably

of the 1960’s and
1970’s.

“This time,
many more na-
tions are involved,
and we’'ll all be
working togeth-
er,” said Divi-
sion Director Wes
Huntress. o
" The promis-
ing new coopera-
tive era is unfold-
ing along near-
and medium-term

and vary ngdcgneesof international participation.
#The subsequent medium-term goal, devel-
‘oped during 4 series of meetings in Europe and
“the 38 { thisyear, is “an international network™
“of robouc stations on the Martian surface, Dr.
Humress . as recommended last October at
the 2nd Pacmc ISY Conference, where Huntress

NASAsaMariner) C colehairedia Solar System Exploration working
and Viking series -+ group;yyith senior space officials from Europe,

Japan, and Russia. (See ISY News, January "92.)

The core of the medium-term planning
effort is NASA’s Mars Environmental Survey
(MESUR) program for 16 robotic landers and
ESA’s Mars Network (MARSNET) program of
three landers, both for the period from 1999
through 2006. At

Russia and Japan have also participated in
ESA/NASA meetings on turn-of-the-century
Mars projects, said Dr. Carl Pilcher, head of the
Solar System Exploration Division’s Advanced
Studies Branch.

“The program is being designed so that we

(continued on page six)

Guiana, Germany, Indonesia, Italy, Jamaica,
Japan, Kenya, Mexico, Panama, Peru, Surinam,
Sweden, Switzerland, the United Kingdom, the
United States, Venezuela, and Zaire.

Representatives of these nations sketched
various approaches to satellite surveying of the
world’s assets of tropical and temperate forest.

A primary focus of the conference was the
continual deforestation of tropical rain forests,
home for a rich diversity of animal and plant
species and a vital resource that helps determine
the world’s climate.

Scientists at the meeting agreed that by im-
plementing a global, systematic application of
spaceborne sensors and methodologies, a more
accurate assessment of deforestation is attainable.

Toassisttheirdeliberations, conferees heard
reports on forest-monitoring capabilities of a
panoply of Earth observation satellites, ranging
from longstanding facilities such as the high-
resolution U.S. Landsat and French SPOT to the
European Space Agency’s new ERS-1 and
Japan’s JERS-1, which are delivering cloud-
piercing radar imagery.

(continued on page ten)
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Italian Museum-to-Be (Maybe)

" By Ken Shulman

first factories oonslmcwd dunng lhe Ilahan indus-

trial Asan | it is pro-
tected by the y. The
LORENCE — After seven extremely dmgged on through the lall roviding fodder for
successful | years as f '3 of dp The muse-
the Pecci N of C porary Art ums o d their

in nearby Prato, the Israeli critic and
curator Amnon Barzel left Prato this past Septem-
ber to devote his energies to the yet-to-be-built
Florence Museum of Contemporary Art, of which
he had been named director. At the time, every-
thing looked rosy: three of Florence's leading
architects had completed plans
for the center; a site — the aban-
doned 12,000-square-meter
(120,000-square-foot) Officine
Galileo factory in the city’s Ri-
fredi zone — had been found;
and nearly half of the estimated
$42 million needed to construct
the center had been raised.

It seemed — and was — too
good to be true, especially in a
city that has made a tradition of
resisting “contemporary” art
since the 18th century.

“It’s a mountain of obstacles,”
says the 56-year-old Barzel, doing
his best not to be bitter. “You
can’t believe how many commis-
sions and committecs and super-
intendencies have to agree on this
proposal before the museum
moves forward. This seems to be
the destiny of any public project
in lraly.”

Although Barzel's nomination stems back to the
fall of 1991 —a ne that was ay d by
all the city's ¢ i , an litical
parties from the Christian Democrats to the Com-
munists — he still has not received a contract. Nor
has he been paid for the work he has done in
Florence since last January.

“Last fall, one of the regional ¢ raised

Director in waiting Barzel.

also

Work resumed in November, but with only a
token labor force, and only after the Italian Fund
for Investment and Employment threatened to
withdraw the $18 million it had allotted for the
project in 1990. Based on what city officials have
told Barzel, work should resume soon. And Barzel
would like to believe them.

This is not the first difficult
situation Barzel has confronted
since coming to Italy in the
19803 The realization of a muse-

International Herald Tribune

weeks, * Byunce one of
the season’s most surpris-
ing shows for the novelty
of much of its art, is on at the
Louvre, Even to scholars, ‘many of
lhe 400 sculptures, paintings and

jects associated with Byzantium
wn | be known only through repro-
ductions in art books.

Drawn from French public col-
lections, many are preserved in out-
of-the-way provincial museums
and churci treasuries. Few people
could boast of having seen the
beautiful 11th-century ivory cut

SOUREN MELIKIAN

%d{e chullenge
in 1985 While similar, the two
situations” Have one major dis-
n, and a distinction that
may in the end make the differ-

choy 8 P, M o B

nanced by a private foundation;
the Florence project is public.
‘It-is always dangerous to rely

out from a plague, “Saint John the
Baptist,” belonging to the Musée
des Beaux Arts at Lons-le-Saunier
or the outstanding Syrian interpre
tation of an Iranian textile lent by
the Musée uet at Meaux.
Even the works from Paris insti
tutions include many that are rare
ly seen. Some are tucked away ir
little-known museums, such as the
(,nblnel dcs Médailles at the Bib-

clusively on public funding in
Y Dasiak s, mt,)k-'il-w-
t;:ﬁ.m; st ((30 unstable.

A deceptively energetic man
beneath a carefully cultivated fa-
cade of distracted sloth, Barzel does not regret

having left a secure position in Prato for the
uncertainties of Florence, But he is not waiting at
and

le. Others, such
as manuscnpls and textiles, arc
shrouded in obscurity for protec:
tion.

No wonder that the exhibitior
gives the visitor the impression o.
entering a continent of unknowr
cullum the moresonslhe concep
ine art” is in urgent neo

home while the myriad of
sions debates whether to agree to agree. Last
month, Barzel traveled to Turﬁu. Finland's former
capmll where he plans to realize a park of 30

the issue as to why a museum that did not yet exist
needed a director,” Barzel explains. “They didn't
understand that a museum director must work for at
least three years before the museum opens, raisin
funds. making plans for exhibits and, most of nlE
collaborating on a daily basis with the architects.”

Barzel’s contract is not the only stalled chapter
in the drawn-out saga of the Florence Contem)
rary Museum. A few months after construction
begs m last May, work was halted when the Flor-
ence Super y of Archi and Monu-
ments learned of architect Marco Mattei's plan to
demolish two of the factory's original walls.

Built in 1836, the Officine Galileo was one of the

under the ausplces of Uqcsco for 1994

of "B

of being redefined. Too man
terly different arts — from
tianized Greece, from Italy, frm
the Scmmc Middle East and, mor
bsurdly still, from Armenia ar

He is also in contact wnha d
for the reali of

art in an ahandoncd fez factory on that calyi
Golden Horn.

“When 1 arrived in Prato,” he recalls, both
fondly and with regret, “all there was was an empty
field. Not even an architect’s model. But the muse-
um was created. We must do the impossible in life.
And I am doing it. If this city wants a

Georgia — are amalgamated und
that all-purpose banner. Considc
able uncertainty surrounds the ¢
tual geographical origin of ma
items 'II(I)S their dating, with endl¢
arguments going on among sche

ars.
Most ironically, the hailali

then I will make it. But I am not waiting around.”

Ken Shulman is an American writer based in
laly.

ds to the art attributed to
capital of Byzantine Greece its«
Constantinople, now the Turk
city of Istanbul. This is even true
early sculpture, at the beginning
the show.
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Where No Artist Has Gone B

With his energy sculptures in space, Israeli artist Ezra Orion is either brilliant or cr

SIISAI JOSEPHS

STAFF WRITER

e ow
n the vastness of the Milky Way, “Super-
Cathedral I,” now two light years from
earth, cruises the intergalactic infinity. And
its creator, Israeli sculptor Ezra Orion, re-
mains far from satisfied.
“Super-Cathedral I” is made up of a host of

energy beams launched simultaneously from

points around the world — what Orion calls a

“supershaft” of beams, 620 million miles tall

traveling through space at the speed of light.

Artist Ezra Orion, creator of Super Cathedral
|, beamed down at The UN last week.

Conceived by Orion and launched in 1992
by the European Wegener Satellite Ranging
Stations in Europe, Israel and Egypt, “Super-
Cathedral I” marks only the beginning of Ori-
on’s foray into what he calls intergalactic
sculpture.

It is a fusion of art, philosophy, geomor-
iphology and astrophysics, “a spaceward break-
rough, reaching extreme abstraction,
immense physical dimensions, light velocities
nearly eternal duration,” he says. “It’s about
to extend the dimensions of human sculp-
to the outer ranges of the solar system.”
In a slide presentation sponsored by the De-
nt of Cultural Affairs of the Israeli Con-
in New York at the United Nations last
eek, Orion worked to gain support for future

raeli audience. “Ezra is not following any
known, conventional school. I think he is do-
ing a wonderful job and I want to thank him
for his daring.”

Orion, an intense man of few words and
thunderous tone, seems like an incarnation
of an Ayn Rand hero like Howard Rourke or
Henry Reardon.

On this planet, Orion, a resident of Kibbutz
Sde Boker in the Negev, has developed a rep-
utation for constructing massive staircases,
towers and other monumental works of con-
crete and steel, often in the desert wilderness.
A fascination with mountain summits led him
to create a staircase of stone in the Annapurna
Sanctuary Basin in the Himalayas, \1,3;?.(33 feet

above sea level.

But the Himhiays whirhately did Add sfove ' -

high enough for Orign.In our essence.is a y:

strong yeaming for reaching beyond the given,”
Orion told The Jewish Week. So “afier | lhe Hl
malayas — the Solar system.” .

Orion met with astrophysicists in Israel and

contacted NASA to discuss whethec his ideas
of intergalactic sculpture could actually bé frr-
plemented. “I gsked Whether wecan/extend
the term scu]p(un. 10 mean the shapm; of én-
ergies with wchnoldgy andGdeas alony the akis"
of space and time,” recalls Orion. “They just
smiled at me and said ‘why not?’

But after realizing that Orion meant busi-
ness, scientists, engineers and technicians
around the globe participated in the launching
of “Super-Cathedral 1.” As Phillip Leider, a
professor of art history at the University of Cal-
ifornia at Irvine and The Bezalel School of Art
in Jerusalem observed: “The needs of the tech-
nical community and the needs of the artist
meet in this work.”

But Leider adds, “Orion has his own agenda
to fulfill ... driven not by history of space ex-
ploration, but by the history of art.”

Leider surmises that Orion’s intergalactic
sculpture realizes the vision of modern art pi-
oneers like Malevich, Kandinsky and Mon-
drian, who all “speculated on an ultimate work
of art that would free the artist once and for all
from his dependence on matter,” he said in a
speech at Israel’s Bar-Giora Observatory in
1992, during the launching of “Super-Cathe-
dral .” Orion’s work “is consistent ... with the
greatest aspirations of modern art from the ear-

wmm:wmmmwmmm:

Egypt.

the launching of “Super-Cathedral Il by laser
ranging stations on Earth, Moon and Mars in
2019, and the launching of “Super-Cathedral
IV” the following year; when Mars is on the
same axis as the sun.

From Orion’s earliest moments — he was
born in 1934 on Kibbutz Beit Alfa— it seems
that a “universalism, a Jewish Marxism, the
pioneering spirit of the kibbutznik and a belief
that history is moving towards an egalitarian
society” governed his life. By the age of 5,
Orion had discovered he could draw — pic-
tures of lions, bulls and Bar Kochba fighting
the Romans. As he got older, “rocks taller than
me,” desert landscapes and mountain peaks
would be strong, consistent sources of inspi-
ration. “From the start I had the freedom to he

the work that ma
a Jerusalem neig
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lo Artist Has Gone Before

es in space, Israeli artist Ezra Orion is either brilliant or crazy —or both.

raeli audience. “Ezra is not following any
known, conventional school. I think he is do-
ing a wonderful job and I want to thank him
for his daring.”

Orion, an intense man of few words and
thunderous tone, seems like an incarnation
of an Ayn Rand hero like Howard Rourke or
Henry Reardon.

On this planet, Orion, a resident of Kibbutz
Sde Boker in the Negev, has developed a rep-
utation for constructing massive staircases,
towers and other monumental works of con-
crete and steel, often in the desert wilderness.
A fascination with mountain summits led him
to create a staircase of stone in the Annapurna
Sanctuary Basin in the Himalayas, 13,200 feet
above sea level.

But the Himalayas ultimately did not prove
high enough for Orion. “In our essence is a
strong yearning for reaching beyond the given,”
Orion told The Jewish Week. So “after the Hi-
malayas — the solar system.”

Orion met with astrophysicists in Israel and
contacted NASA to discuss whether his ideas
of intergalactic sculpture could actually be im-
plemented. “I asked whether we can extend
the term *sculpture’ to mean the shaping of en-
ergies with technology and ideas along the axis
of space and time,” recalls Orion. “They just
smiled at me and said ‘why not?’ ”

But after realizing that Orion meant busi-
ness, scientists, engineers and technicians
around the globe participated in the launching
of “Super-Cathedral I.” As Phillip Leider, a
professor of art history at the University of Cal-
ifornia at Irvine and The Bezalel School of Art
in Jerusalem observed: “The needs of the tech-
nical community and the needs of the artist
meet in this work.”

But Leider adds, “Orion has his own agenda
to fulfill ... driven not by history of space ex-
ploration, but by the history of art.”

Leider surmises that Orion’s intergalactic
sculpture realizes the vision of modern art pi-
oneers like Malevich, Kandinsky and Mon-
drian, who all “speculated on an ultimate work
of art that would free the artist once and for all
from his dependence on matter,” he said in a
speech at Israel’s Bar-Giora Observatory in
1992, during the launching of “Super-Cathe-
dral .” Orion’s work “is consistent ... with the
greatest aspirations of modern art from the ear-
liest moments of conception.”

And he doesn’t plan to stop with his first
foray into space. He has a list of projects he
wants to complete by the year 2020: the launch-
ing of “Super-Cathedral II” on April 16 in the
year 2000; the execution of robotic sculpture
on Mars by the future Mars-Rover spacecraft;

Egypt.

the launching of “Super-Cathedral Il by laser
ranging stations on Earth, Moon and Mars in
2019, and the launching of “Super-Cathedral
IV the following year; when Mars is on the
same axis as the sun.

From Orion’s earliest moments — he was
born in 1934 on Kibbutz Beit Alfa— it seems
that a “universalism, a Jewish Marxism, the
pioneering spirit of the kibbutznik and a belief
that history is moving towards an egalitarian
society” governed his life. By the age of 5,
Orion had discovered he could draw — pic-
tures of lions, bulls and Bar Kochba fighting
the Romans. As he got older, “rocks taller than
me,” desert landscapes and mountain peaks
would be strong, consistent sources of inspi-
ration. “From the start, I had the freedom to be
creative,” he said. “There was never any doc-
trines for me to follow, never any black and
white rules.”

Orion attended the Bezalel School of Art
in Jerusalem and gave his first one-man show
in 1963, which featured 30 rocks welded to-
gether. In 1980, Orion completed “Staircase,”

Wmm'swmmwmmmmm.baum

the work that made him famous. On display in
aJerusalem neighborhood, “Staircase,” a 60-
foot structure of reinforced concrete, rises to-
wards the heavens and evokes the biblical
Tower of Babel.

In fact, the same might be said for the mon-
umental towers that Orion constructed after
“Staircase.” The Tower of Babel “is a very
deep and authentic myth,” says Orion. But “the
story’s message is a failure. It says never try to
get beyond your final existence, just be a good
boy, be obedient. What for? For what judge?”

The notion of God has no place in Orion’s
understanding of the universe. “God was pro-
duced in the studios of man, therefore God be-
longs to the human history of ideas,” he says.
“It’s about time that we free ourselves for the
third millennium, to be an open, humanistic,
truly global society.”

Into that third millennium, Orion will con-
tinue to construct his towers whatever form or
non-form they may take, taking Descartes’ un-
derstanding of the human being one step further:
“I break through, therefore I am,” he says. []
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Fourth rock from the sun:
Home planet of ALH84001

UNITED STATES GEOLOGICAL SURVEY - NASA




T SOCIETL. & THE ART

A meteorite from Antarctica bears traces
of primitive life that may have existed on
Mars billions of years ago. Perhaps we

are not alone. BY ADAM ROGERS

in,Mars

INCE HUMAN FIRST
looked into the face of the uni-
verse and saw only infinite night,
we, have wondered who avas out
there. Not what —that was clear
enough. ! Stars, maybe focks like
the one under our feet. But did anything

laugh and cry, have children, build monu- |
ments? Was anything looking back won* |

dering the samensthings about-us? Those

questions remain ‘unanswered, bat last |

week a team of scientists announced that
after two years of staring into a 1.9-kilo-
gram meteorite from our neighbor planet
Mars, they had found indications of life.
The microscopic organisms they say they
found never experienced life the way
we do. But if they're right, then more than
3 billion years ago they lived—fed, repro-
duced, died. And the simple fact of their
existence radically improves the odds that
we are not alone in the universe.

A High-Tech Hunt for Life

Sparked by a lucky meteorite find, scien-
tists used lasers, electron microscopes and
detective work to tease out signs of
Martian life from 3.6 billion years ago.

o The courier: The fist-size rock, one of

the 12 Martian meteorites, is riddled with
cracks where water flowed and microbes
may have thrived.
O Slice of life: Complex molecules turned
up in carbonate globs, gold in this electron-
microscope image. Crystals in the dark
rims resemble earthly bacterial residue.
o E.T.2 Tubular forms, only 1/1000 the
width of a hair, resemble ancient earth
s, only smaller. Scientists are trying
slice one open to look for cell structure.

Ll




Voyages to the Red Planet

Until the 1960s, the human conception of Mars was limited to what scientists could see
through telescopes and what novelists could imagine. Then the space race began. Mars
became the best target for interplanetary travel. Highlights from 34 years of missions:

NASA

Mars from the approaching Viking 1

Mars 1U.S.S.R,, flyby, launched: 1962.
The first Mars probe to success-
fully leave Earth’s orbit failed
when communications with the
craft were lost en route.

Mariner 3 U.S.A., flyby, launched:
1964. The craft was lost when so-
lar panels failed to open. &

Mariner 4 U.S.A., flyby,
launched: 1964. The first successful Mart-
ian flyby passed within 9,920 km of the
planet and returned 22 close-up photos
showing a
cratered, desert
surface.

Mariner 6 U.S.A.,
flyby, launched:
1969. Passed
vithin 3,400 km
Successful Mariner 4 :{l M:anrs and e
turned video of the equatorial regions. Al-
so sent back surface-temperature and at-
mospheric pressure measurements.

Mariner 7 U.S.A., flyby, launched: 1969.
Passed over the southern hemisphere, re-
turning about 200 photos.

Mars 2 U.S.S.R., orbiter/lander,
launched: 1971. The lander crashed during
a dust storm, creating the first hu-

man artifact on Mars. |

Mars 3 U.S.S.R., orbiter/lander,
launched: 1971. The first successful
landing on Mars, it transmitted 20
seconds of data until contact was
lost in a dust storm.

Mariner 9 U.S.A., orbiter,
launched: 1971. The first U.S.
craft to orbit another planet, it
mapped 85 percent of the sur-
face. It also returned the first
high-resolution images of Mart-
ian moons Phobos and Deimos.

JPL
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Mars Observer

Mars 4 U.S.S.R., orbiter, launched: 1973.
The craft failed to go into orbit due toa
braking-rocket malfunction. It returned
only a few images as it passed the planet.

Mars 6 U.S.S.R., orbiter/lander, launched:
1973. Contact with the lander was lost 148
seconds after the parachute opened, just
before touchdown.

Mars 7 U.S.S.R., orbiter/lander, launched:
1973. The landing mission was lost when a
braking- rocket failed, causing the space-
craft to miss Mars by 1,300 km.

Viking 1 U.S.A., orbiter/ lander, launched:
1975. The first U.S. soft
landing on another planet, it
returned 26,000 images and
discovered the presence of
Nvater idé in] thelpolar caps.
['Viking 2'V)S A oriiter/lun-
der, launched: 1975. Im-

Mariner 9 on its Wayssamense return of data.and

images fromboth the lander and orbiter.
The craftalsodetected the presence of ar-
gon and nitrogen in the atmosphere ' Tests
for Martian life from both Viking missions
wereinconclusive. \.*

Constructmg the V!kmgl landmgcraﬂ

Phobos 1 U.S.S.R., orbiter/lander, launched:
1988. Sent to investigate the moon Phobos.
Lost when a bad command
caused the craft to point its solar
panels away from the sun.

Mars Observer U.S.A., orbiter,
launched: 1992. The most recent
craft to visit Mars was to conduct
high- and low-resolution imaging
of the planet, surface analysis and
weather monitoring. But commu-
nication was lost on August 21,
1993, just before it was to be in-
serted into orbit.

SOURCE: NASA HISTORY OFFICE, AD ASTRA
MAGAZINE. RESEARCH BY BRAD STONE

The scientists working on the meteorite
rushed to acknowledge the circumstantial
nature of their evidence: a few complex
molecules, crystals that look like those pro-
duced by bacteria here on Earth and tiny
tubes that look like terrestrial fossil bacte-
ria. Any single finding could be refuted, but
taken together they were enough for the
National Aeronautics and Space Adminis-
tration to call a press conference last
Wednesday, and for N. istrator
Daniel Goldin to brief the president and
members of Congress on the possibility of
life in outer space. “We're not here to estab-
lish as in a courtroom beyond a shadow of a
doubt that life existed on Mars,” said
Goldin. “We're here to open the door, to
provide exciting scientific findings, to tell a
fascinating detective story and to lay out
compelling clues that lead us in the direc-
tion that we think life miigl have existed at
some point on Mars. t only added to
the hoopla caused by a draft copy of the sci-
entists’ research leaked to the press well in
advance of its publication in this week’s is-
sue of the journal Science John Pike, the di-
rector of space policy for the Federation of
American Scientists, gave his own modest
assessment: “This is the biggest thing that

has ever happened.”

RECOVERY TEAM FOUND THE
softball-size m;[ggrisle‘_ismlﬁ't
while on an annual National Sci-
ence Foundation mission to
tarctica, in the icy wasteland
of the Allan Hills. Its designa-
tion, ALH84001, reflects that origin. But
the meteorite’s journey began 4 billion
years earlier, when it was part of the crust
of Mars. (Scientists know this because
when the rock is heated, it still gives off a
mix of gases unique to the Martian atmos-
phere.) The planet was a very different
place then—the air was about as thick as
_Earth’s, the temperature was about the
“same and liquid water flowed on or near
the surface.
About 3.6 billion years ago, blobs of min-
erals called carbonates were forming inside

| tiny cracks in the rock, spreading like hard-

water deposits in pipes. Over time, Mars
lost its atmosphere and liquid water van-
ished. Perhaps 15 million years ago, an as-
teroid or comet slammed into Mars and
kicked up the clump of crust that would
eventually become ALH84001. It orbited
the sun until 13,000 years ago, when it
plunged into the Antarctic—where it re-
mained until it was found 12 years ago.
From this unprepossessing chunk of
rock, scientists have teased out a remark-
able chain of evidence leading toward an
astonishing conclusion. Team member
Richard Zare, a chemist at Stanford, used
lasers and an extremely sensitive detector
called a mass spectrometer to spot mole-
1996
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cules called polycyclic aromatic
hydrocarbons. PAHs result
from combustion; they are
found in diesel exhaust and
soot, even in many other mete-
orites. But they also come from
the decomposition and fos-
silization of !ivin% o;;ga.nisms.
The residue in AL 1, says
Zare, “very much resembles
what you have when simple or-
ganic matter decays.” The
PAHs are deep inside the fis-
sures in the rock, and their con-
centrations are much higher
than in Antarctic ice. Both of
these facts strongly suggest that
the PAHs came from Mars, not
from outer space or Earth.

The team also needed to
know whether the PAHs came
from living things. The concen-
tration of PAHs was highest
near the carbonate globules, so
the researchers put them under
another high-tech sensor, an ul-
trahigh-resolution transmission
electron microscope. They
found that the thin black-and-
white bands at the edges of the
carbonates were made of min- :
eral crystals 10 to 100 nanome-
ters across (the period at the
end of this sentence is about
500,000 nm wide). Like PAHs,
these minerals—mainly iron
compounds called magnetite
and pyrrhotite —can come from
inorganic sources. But the crys-
tals in the meteorite were
shaped  like cubes and

The little meteorite that could: Wesley Fruntress,

Goldin and McKay at the press confe

rence

‘We're heré ... to tell afascinating detective story
and to layiout ¢lues thattead us in the direction
that we thinklifé inight have existed on Mars.’

teardrops, just like those pro-
duced by bacteria on Earth. In other words,
they look Tike bacteria droppings.

The finding that transfixed researchers |
all over the world, though, was also the |
most vivid. Using a scanning electron mi- |
croscope, which can resolve nanometer- |
scale details in three dimensions, David ‘
McKay and Everett Gibson of the Johnson [
Space Center focused on grains at the edges ’
of the carbonate globules. “Some of these
don’t look like either magnetite or iron sul- |
fide,” McKay says. At the press conference, |
McKay showed a slide not included in the
Science article. It's of a cluster of elongated, |
tubular shapes with rounded ends. The
smallest is about 20 nm long; the largest, ‘
around 200 nm. “Are these strange crys-
tals? Are they dried-up mud?” McKay asks. ‘

“We interpret that these are indeed micro- |
JQ@ETMMars." As the carbonate de-
posits formed, they seem to have trapped

|
these presumed microorganisms like bugs
in amber. Comparisons with terrestrial fos- \
sils are equivocal. Pictures of 3i- billion- |
year-old bacteria from our planet look simi- |

NEWSWEEK AUGUST
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lar to those of the Martian variety, but they |
| are as much as 100 times larger.

The scientists, and NASA, are doing all
they can to avoid another cold-fusion deba-
cle, announcing a “breakthrough” at a press

conference only to have it debunked. “We |

have these lines of evidence,” McKay says.
“None of them in itself is definitive, but tak-
en together the simplest explanation is ear-
ly Martian life.” At their press conference,
McKay’s team pressed the need for further
confirmation of their results. Other scien-
tists agreed. “It is provocative evidence,”

said astronomer and author Carl Sagan. “It
is not yet at the level where we can Sehnh
tively say that microfossils have been found
on Mars ... but I think some guarded opti-
mism is quite realistic.”

ome scientists in the field express more

optimism than others. William Schopf, a |

paleobiologist from the University of Cali-
fornia, Los Angeles, who has studied an-
cient life on Earth for three decades, called

the news of life on Mars “an extraordinary |
claim.” He warned that “the mere presence |

of organic matter by itself does not say it's
part of life, because we know on this planet
prior to the origin of life, organic matter
| was synthesized nonbiologically.” Ralph
| Harvey, a geologist at Case Western Re-
serve University, and Harry McSween Jr.,
a geologist at the University of Tennessee,
have also studied ALH84001. In a paper in
| the journal Nature last month, they said
| that the carbonate globules formed at tem-
peratures greater than 650 degrees Celsius,

| much too hot for any life we know of to ex-
ist. “None of us have really convinced each
other how these carbonates formed in this
\_Jrock, and that should be a warning sign,”
says Harvey. He ought to know—his office

‘ was next door to Gibson’s this summer.

Every scientist familiar with this field
of research, including McKay’s team,
knows that alternative explanations exist
for all the team’s data, each more mundane
than Martian bacteria. “The question is

l whether each of the processes that might
have made the magnetites and the organic
molecules might have happened no matter

AR
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what,” says Allan Treiman, a planetary ge-
ologist at the Lunar and Planetary Institute
in Houston, “and whether all of them hap-

sand and turned out to be wrong. As a re-
sult, scientists believe that “sample return”
missions, where probes go to Mars and re-

pnings more or less likely than having mi- | “turn with Martian soil, will be decisive.

crobes in there.”

Space scientists have been expecting

years they've found seven planets in other
star systems. And one of the emerging dis-
coveries of terrestrial biology is the tenacity

| oflife on Earth. Just about anywhere thereis

water, microbial life can thrive. Indeed, bi-

Fortunately, most of the questions about \ E.T.s to show up fora while. In the past two | ologists keep finding colonies of bacteria in

ALH84001 can be an-
swered. If the microfos-
sils are in fact long-dead
microbes, the remains
should include cell walls
and cellular machinery.
So far, no one has cracked
one open to take a look, no
easy task when your tar-
get is a mere 20 nanome-
ters across. McKay says
the next step is to make ul-
trathin slices of the micro-
fossils and try to find cell
membranes or—even bet-
ter—amino acids, the
building blocks of DNA.
Still, most researchers
agree that to really test
these results we have to
go back to the red planet.
Meteorites haven’t pro-
vided enough samples of
the Martian surface—of
approximately 15,000 me-
teorites recovered from Antarc-
tica, only 12 come from Mars.
The latest find has renewed
calls by space advocates for a
manned mission to Mars,
~which was originally advocated”
by the National Commission on
Space in the mid-"80s and then
embraced as a long-range goal
of the Bush administration. But
some scientists believe sending
Earthlings to Mars would be a
calamitous mistake. “The last
thing you would want is to have
men there, copiously contami-
nating Mars and ruining it
forever,” says Cornell as-
tronomer Thomas Gold.
Instead, NASA is planning
10 robot missions to Mars over
: 0 —“an armada
of spacecraft,” says Goldin.
The Pathfinder, set to launch’
in December, is scheduled to
land an eu,lggﬁ}gd_‘rmon
the surface on July 4, 1997. It's
a tricky process, though. The
most recent try, the Mars Ob-
server, disappeared just before
making orbit in 1993, and the
latest Russian probes have al-
so failed. Mars experts have
been burned by robot probes
of the surface, too. In 1976 ear-
ly results from the Viking Tand-
ers seemed to show life in the

*
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It Isn’f ]ust Mars
That Will Never
ook the Same

Earthlings will have to.chan%e the
way they think about their planet

By OLIVER MORTON
HE FIRST GREAT GIFT OF
the space age was not a
breakthrough technolo-
gy, or a scientific discov-
ery, or a geopolitical victory. It
was an image. Traveling to the
dead dust of the moon, the
Apollo astronauts sent back a
picture of Earth. It has now
been worn into cliché by end-
less use, but it retains an
amazing power to move. They
showed us all our homes and
histories, all that we care for
wrapped up in a single bright
swirl of white and green and
brown and blue. It was beauti-
ful, and it was ours, and it was
alone. The rest of the universe

was an infinity of empty velvet
blackness setting off the moth-
er of all pearls.

Last week that changed.
Now we have news of other
pearls, tiny carbonate globules
that seem to have been thrown
to us from another world. Lit-
tle Mars, arid, frozen and all
but airless, bleached by ultra-
violet light and pummeled by
asteroids, will never look the
same again. Life’s span there
may well have been short, it
may never have amounted to
much by comparison with the
richness of life on Earth, and
it has almost certainly been
over for billions of years. But
if there was once life on Mars,

irth from space

it.changes the way we think
about that planet forever.
And the way we think about
this one, too.

The science of life else-
where —exobiology—was up
until now entirely theoretical.
It has suddenly become empir-
ical. There will now be amad
rush for the sister meteorites
from the same source that
have fallen to Earth. If their
study does not move the state
of the evidence for Martian
life from compelling to conclu-
sive, then space probes may.

Mars will not be the only
place examined afresh. This
week NASA will reveal new
pictures of Jupiter’s moon Eu-
ropa. Beneath its icy surface
there may be a sunless ocean
warmed by hydrothermal
springs. If there is, then who is
to say that the Europan abyss
is a worse bet for life than the
early muds of Mars and
Earth? And in the past year we
have seen the first proof of
planets around other sunlike
stars. Hugely ambitious arrays
of telescopes might be able to
find chemicals that seem to in-
dicate life in their atmospheres
before today’s newborn chil-



the most inhospitable places on Earth, such
as inrocks 1,500 meters beneath the Colum-
bia River in Washington, or around under-
sea volcanic vents at 315 degrees Celsius.
The threshold questionin SETT—the search
for extraterrestrial intelligence —is whether
the evolution of life on Earth was a one-time
event or the inevitable outcome of condi-
tions that could exist on other planets. Any
evidence of life on another planet, even as
humble as microbes, dramatically improves
the numbers in the Drake Equation, which
estimates the number of intelligent civiliza-

tions in our galaxy. “The Mars discovery
confirms the origin of life is easy, and will
occur on planets where conditions are suit-
able,” says Frank Drake, creator of the equa-
tion and president of the SETI Institute.

So why the fuss over life that is 3.6 billion
years old? Even if they turn out to be Mar-
tian microbes, they are long dead. The uni-
verse seems quiet again. But two kilometers
under the Martian surface, say some scien-
tists, is liquid water at a temperature capa-
ble of sustaining life. And if there were mi-
crobes under Mars billions of years ago, sky

|

watchers like Drake wonder, what exists
now? “If life once thrived in the Martian
subsurface, I would be surprised if it
weren't there today,” says Jim Fredrickson,

| head of the subsurface-microbiology pro-

gram at the Department of Energy’s Han-
ford site in eastern Washington. This search
for answers, whether through religion, sci-
ence or philosophy, is ultimately the search
for our context, for our place in the universe.
Inthe end, we don’t want to stand alone.

WitH MARY HAGER IN WasHINGTON, D.C.,
AND PETER BURKHOLDER IN NEw YORK

dren get their college degrees.
If we choose to explore, our
exobiologists will discover the
extent of life in the universe,
and we will change the way we
see our world. At various
times and in various cultures
humanity has filled the heav-
ens with divine life. In this
century, in which we have for
the first time seen the heavens
as they actually are, and start-
ed our travels across them, we

on Earth, it might have been
splashed onto the face of Mars,
and the fossils may be home-
comers. At the same time,
there is no reason why it
| should not have been on Mars,
| or even some other place, that
| the life we know first began. It
may be some time before we
| know whether we have found
in the fossils long-lost relatives |
| or close neighbors. Bu&
whichever turns out to'be the

\|(

| now reaches beyond the sky.

To know that there is life else-
where is to feel a new, liberat-
ing, limitlessness.
And there is only one
way to know for sure. That is
to go there. Not because hu-
mans would be much better at
spotting and analyzing Mar-
tian fossils than machines
(though they would be). But
inspiring though
he lm of_Eanh alone in

been tinged with a sense of
loneliness.

Every three years enthusi-
asts gather in Boulder, Col-
orado, to discuss the explo-
ration and colonization of
Mars, and to wonder how to
convince the world it would be
worthwhile. After this year’s
Case for Mars conference fin-
ished a few weeks ago, I
climbed up into the hills, away
from photographs of airless

desert and into a world of

case, our living environhment) ) A] ‘Space)may be, it hag always

have found the universe ma-

jestic but empty. We have seen

woods and streams and drag-

our blue and green world as all |
there is, populating the sur-
rounding darkness only with
fantasies of the other, alien
dreams and nightmares. | 8

In some ways, ithasbeena |
salutary belief. The sight of the |
isolated Earth; the conversa- |
tions that can span the globe; |
discovery of the genetic code
that binds all life together; the
real risk, if not proven fact, of
man-made global changes: all
these have, in their way,
helped some of us toward a
new consciousness of what a
planet is. In caring about the
world's environment, people
have expanded their notion of
who we are to include all that
lives with us on the third rock
from the sun.

Now we have the chance to
expand that idea yet further.
The Earth is an island —but if
the galaxy is rich in life then
we who live on it are, in John
Donne’s words, part of the
main. The atoms of our bodies
were forged in distant suns. It
is even possible that Earth’s
life itself began elsewhere.
Meteorites provide a slow, in-
frequent transit system be-
tween planets, as this week’s

find makes clear, If life began |

B £t (e

| Sldmmlng the surface: A view of Mars from Viking 1

,'/

' The rest of the universe was
an infinity of empty velvet

' blackness ... Last week that
all changed.

onflies. I walked over rocks
that had once been sea floors,
breathing air that was
breathed by dinosaurs, in light
that takes a million years to
bubble up from the core of the
sun. I sat in a cooling breeze
and wondered: does it really
matter? Would this twilight
meadow really feel different,
better, for the simple knowl-
edge of life beyond this won-
derful world, life tied to us by
common descent or common
feeling or common destiny?

The thin crescent moon rose
above the sandstone crags. It
was dawn in the Sea of Tran-
quillity, where 27 years ago
that day Neil Armstrong had
looked down on all the life that
anyone knew of, save three
brave men. Yes, I thought. To
feel as much part of that
grander universe as I feel part
of the living planet of my birth
would be magnificent. This
week I found that I was right.
To look at the sky and know of
its life feels good. To know that
other minds, human or other-
wise, were looking back with
the same feelings —that would
be transcendent.

MoRTON is editor of Wired UK.
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Sacred Realms: God’s
Expanding Universe

The Mars discovery excites religious thinkers

By KENNETH WOODWARD
OPERNICUS, GAL-

ileo, Darwin: the his- |

tory of science is

studded with discov-
eries that have made theolo-
gians rethink what the Scrip-
tures say about the creation of
the universe. The evidence in-
troduced last week that mi-
crobes may well have existed
on Mars, more than 4 million
years ago, hardly disturbed
the universe of faith. But it did
excite the imagination, espe-
cially of scientists who are al-
so religious believers.

At the papal summer resi-
dence, where John Paul IT
was vacationing with a group
of philosophers, astronomers
from the Vatican Observatory
were elated by the prospect of
life outside planet Earth.
“Finding life on other planets
is a vindication that God is
not limited by our imagina-
tion,” said Jesuit Guy Consul-
magno, a specialist on mete-
orites. “As our understanding
of creation grows, our under-
standing of God gets bigger.”
At the Harvard-Smithsonian
Center for Astrophysics, as-
tronomer Owen Gingerich, a
conservative Protestant, put
the Martian find in Biblical
perspective. “In Genesis
there’s a kind of sacred story
being told that focuses on us.
But within that focus there is
nothing that precludes intelli-
gent life elsewhere in the uni-
verse. It would be extremely
arrogant to limit God’s cre-
ativity to human beings as the
only contemplative creatures
in the universe.”

To be sure, it is a long way
from a handful of molecules
to intelligent beings with a
will and conscience. There is,
in fact, still no evidence to

AR

" Copernicus: Making theologians rethink Scripture

‘Finding life on other planets is
avindication that God is not
limited by our imagination,’
says a Vatican astronomer

suggest that humankind is not
alone among billions of galax-
ies. But to an astronomer like

| David Slavsky, dean of sci-

ence and mathematics at Loy-
ola University in Chicago,
and a religious Jew, the mes-
sage from Mars offers pro-
found intellectual reassur-

ance. “It tells us that the laws |
of physics and chemistry are
not limited to Earth alone,”

l he says. “I find it intellectu-

i ally and spiritually uplifting

|

to have evidence that these
| laws apply throughout the

universe. It would be plain
| pre-Copernican to believe

that life cannot occur any-
where else.”

If the laws of life are uni-
form throughout the universe,
what about the laws of God?

| For Hindus and Buddhists,

there is no problem: their cos-
mologies already teem with al-
ternate universes inhabited by

| celestial and other beings. But

the religions of the Bible clear-
ly have theological questions
to consider. Does the revela-
tion of God on Mount Sinai

| apply to beings from another

planet? If Christ died for the
sins of a fallen humankind,
would his death redeem be-
ings from a distant galaxy?
And must Muslims wage holy
war with aliens to extend the

| | community of Allah?

For the world’s largest reli-

gion— Christianity —Scripture
| may provide a clue. The New
| Testament proclaims that all
| creation was sanctified and

redeemed through Jesus

| Christ. The Gospel of John, in

particular, presents Jesus as
the Word of God who existed
at the beginning of time —and,
therefore, presumably of
space as well. “It may be that
God became incarnate in oth-
er forms elsewhere in the uni-
verse,” suggests Jesuit Con-
sulmagno. “If we were to
make contact with other intel-
ligent life, we'd have to tell
our own sacred story, listen to
them tell theirs and learn. But
who would be the teachers,
and who the learners—that
we'd have to find out.”

To astronomer Slavsky, the
mere possibility of intelligent
life elsewhere in the universe
opens up a new sense of com-
munity —and an expanded no-
tion of sacred drama. “We al-
ready have a different sense
of community than that which
existed 5,000 years ago,” he
says. “Today it means every-
one on this Earth. Someday I
hope we can extend that sense

| to a community of the uni-

verse.” And what about God?
Perhaps the Lord’s reproving
words to Job, his protesting
faithful servant, will still in-

| spire awe. “Where were you
| when I laid the foundations?
| Tell me, if you understand.”

NEWSWEEK

AUGUST 19, 1996
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AND MUSIC

—— Images of the ISY —

SPACE ART FESTIVAL
PLANNED FOR CANNES

The European Association for the Inter-
national Space Year (EURISY) has announced
plans for an international festival celebrating the
arts and space early next year in Cannes on the
French Riviera.

The Ist Interna-
tional Festival of “The
Arts and Space” will
feature exhibits of
paintings and sculp-
ture, books and pe-
riodicals, films and
photographs, as well as
colloquia with artists
and scientists.

“This festival is
the first of its kind and
will add an enriching
dimension to a year of
important scientific
activity,” said Jac-
queline Gomérieux,
Secretary-General of
EURISY, which is
based in Paris and
includes Europe-wide
membership.

“We want to

Young viewer examines space art by Don Maitz,
Brvn Barnard and Frank Kellv

of the annual Cannes Film Festival.

Its main components includeafestivalof 12
feature-length films, a program of more than
100 original film documentaries produced by
space agencies and
aerospace fifrms, an
animated cartoon fes-
tival,.a photo exhibi-
tion, an exhibition/
contest ‘of ' ¢hitdren's
drawings, a!painting
and sculpture exhibit,
a literary exhibition,
and a philatelic ex-
hibition.

Mrs. Gomérieux
added that the con-
ference will feature
panel discussions and
other public events
involving artists and
scientists that “will
stimulate interaction
among representatives
of these equally creat-
ive perspectives.”

The festival will

{photo by conclhude with a tele-

“Art of the Cosmos”
exhibit includes these
images by Jean Michel
Joly (right and left)
and Wolfgang Gersch
(center) (photo by
Brian Sullivan, Hay-
den Planetarium)

ART OF THE COSMOS

Wheén most people think of space
dxploration, renditions of space art probably
pop into their heads — ultra-realistic scenes of
spaceships hovering over barren moons, distant
galaxies lighted by flaming suns.

A collection of such stellar images is on
display in a traveling ISY exhibit called “Art of
the Cosmos,” which opens in September at the
Discovery Museum in Bridgeport, Connecticut.
It premiered last November at the Hayden
Planetarium of the American Museum of Natural
History in New York, where it was the largest art
show the planetarium had ever displayed.

With more than 70 paintings by 39
astronomical artists,
“Art of the Cosmos”
offers a broad cross-
section of personal

vicione of the unitverce

onboth scientific knowledge and the imagination.

The collection was organized by the
International Association for Astronomical Arts
(IAAA), which represents more than 150 artists
in 14 countries.

The ISY is a perfect showcase for the work
of the group, said Beth Avary, IAAA Director of
Exhibitions. “The artists of ‘Art of the Cosmos’
have found inspiration in concepts and sights
that go beyond our tiny speck of a planet to
include the incomprehensible immensity of the
universe and our participation in it,” she said.
“Because of this, the work is an important tool
for our understanding.”




show how science and
art have inspired one
another in the imaginative arena of space,”
Mrs. Gomérieux said.

The three-day festival will be held in
February at the Cannes Conference Centre, site

SCULPTING THE HEAVENS l

On April 27, eight powerful streams of
laser energy burst from the surface of Earth into
the galaxy to form an “intergalactic sculpture”
dedicated to ISY 1992. This cosmic work of art,
composed of parallel beams of light each one
billion kilometers tall, will theoretically travel at
the speed of light through the Milky Way and on
into the universe indefinitely.

Proposed for the ISY by Israeli sculptor
Ezra Orion, the computer-controlled laser-beam

Artist’s rendition of Ezra Orion’s ISY space
sculpture, showing laser beams leaving Earth

Brian Sullivan, Hayden Planetarium)

vised show at Cannes’
Festival Centre am-
phitheatre dedicated to space research and
exploration, with films, ballet, music, and
personal appearances by prominent figures in
government, science, and the arts.

sculpture was organized by the Israel Space
Agency. Laser ranging stations that simul-
taneously fired green and red beams for 55
minutes and 33 seconds were located in Austria,
Germany, Egypt, Russia, and Spain, as well as
the Israeli station west of Jerusalem that is
operated in cooperation with NASA’s Goddard
Space Flight Center. }

The energy beams are a sculptural message
meant to fuse two ways of looking at the universe:
the Eastern, mystical view of expansion into the
cosmos, and the Western concept ofth¢individual
and the importance of technology.
The sculpture was designed to be a
cognitive experience, highlighting
infinity, as well as a recognition of
the human ability to perform tech-
nological marvels.

Orion describes the beams as
a “‘super cathedral,” drawn toward
the skies in a continuation of the
medieval cathedral.

“Today sculpture is ready fora
spaceward breakthrough — reach-
ing extreme abstraction, immense
physical dimensions, light-speed
velocities, and eternal duration,”
said the artist. “Now is the time for
sculpture to extend in two dynamic
environments — the solar system
and the intergalactic vastness.”

from the perspective of
the 21stcentury. Itisa
mix of surrealism and
realism, showing what
is current and what
may be in the future of
space exploration.
The exhibition
attempts to take a
comprehensive look
at how astronomy and
space exploration have
inspired painters.
Space artis an unusual
genre in that it relies

“Art of the Cosmos” visitors enjoy “The Ultimate Sandbox” by artist
Michael Whelan. (photo by Brian Sullivan, Hayden Planetarium)

THE COSMIC SPIRIT

From time immemorial, the immensity of
the universe has inspired awe. In different
cultures, that appreciation takes varied forms.

Below: “Galactiscape,” by space artist Beth Avary

Sometimes, the best way to express recognition
of the profound is through a simple message.

Such was the case in January, when the
Buddhist Daigoji Temple in Nara,
Japan, held a modest ceremony in
honor of the ISY. The Association
of Space Explorers, an international
organization of astronauts and cos-
monauts, participated in the event.

The temple’s “Message to
Outer Space” read, in part:

“We are very ordinary people
and we live confined in the space
of time. Albeit temporarily, by
venturing beyond the boundaries
of time... we bring ourselves clos-
er to the environment that sur-
rounds us...

“In this International Space
Year, we pray with all our hearts to
the immense outer space that knows
of no boundaries.”

Page five — July-August 1992
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