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Third World Submarines
Daniel J. Revelle and Lora Lumpe

Shipyards in the U.S., Germany and Russia are churning out diesel submarines for
purchase by regional powers such as Iran. Such governments also snap up “second-
hand” diesel submarines from shrinking navies in Great Britain and elsewhere. Sub-
marine proliferation complicates the challenge that the navies of the industrial
democracies would face should political tensions flare into war.

Extreme Ultraviolet Astronomy
Stuart Bowyer

For many years, no one looked through this window on the universe, assuming that
interstellar dust and gas would absorb such radiation. But some probing proved oth-
erwise. Today the Extreme Ultraviolet Explorer pours back billions of bits of data that
deepen understanding of galaxies, pulsars, quasars, black holes and other astrophys-
ical objects. The extreme ultraviolet data also illuminate cosmological mysteries.

SCIENCE IN PICTURES

Confocal Microscopy
Jeff W. Lichtman

In his youth, Marvin Minsky had a brilliant idea for designing a microscope that
could focus at different depths in an organic specimen. Versions of the device now
routinely produce beautifully complex images in two and three dimensions.

SQUIDs
John Clarke

Short for superconducting quantum interference devices, SQUIDs constitute the
first practical application of high-temperature ceramic superconductors. The probes
detect quantum changes in magnetic fields and therefore have become indispens-
able in basic research, where among other uses, they provide a sensitive test of rel-
ativity. They are now poised for wide use in medicine and in manufacturing.

How Cells Present Antigens
Victor H. Engelhard

If cells of the immune system could not present molecules from foreign organisms,
the body would not be able to mount a reaction against viruses, bacteria, parasites
and other invaders. Proteins are broken down and then displayed as antigens on
the surface of cells so that antibodies can be produced and other defensive mea-
sures taken. That process is now explained in exquisite detail.
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Red Tides
Donald M. Anderson

These blooms of algae can release potent toxins into the oceans, killing pods of
whales and schools of fish. They have also induced serious illness in humans who
have eaten contaminated seafood. The frequency of such incidents has been in-
creasing because pollution provides rich nutrients for the organisms.

The Eloquent Bones of Abu Hureyra
Theya Molleson

When agriculture replaced hunting and gathering, the daily grind changed dramat-
ically. The effects can be read in Neolithic bones from what is now northern Syria.
Among them were arthritis and lower back injury in those who ground wheat, and
broken teeth and gum disease in those who ate the breads made from it.

TRENDS IN WOMEN’S HEALTH

A Global View
Marguerite Holloway, staff writer

When women demanded that medicine treat them as whole individuals, they began
a revolution around the world. The new perspective reveals gaps in knowledge about
how the female body functions and how it responds to medication. Researchers
have also focused attention on such issues as domestic violence, the health effects
of unsafe abortions, sexually transmitted diseases and female genital mutilation.
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Windows NT™ the latest operating
system from Microsoft?® is launching a
new era in high-end personal com-
puting. It’s an era of openness, in
which users have greater freedom of
hardware choice.

To run DOS or Windows 3.1 appli-
cations under the old order, you had
to depend on Intel®s x86 micropro-
cessors and clones which have an
architecture called CISC (Complex
Instruction Set Computing). Windows
NT expands your choices because it
runs DOS and Windows applications
not only on CISC, but also on micro-
processors with a speed-oriented
architecture called RISC (Reduced
Instruction Set Computing).

NEC’s RISC microprocessor is faster
than Pentium”

NEC has developed a RISC micro-
processor that offers more speed than
its CISC competitor. Our VR4400™is a
200MHz, 64-bit processor (based on
MIPS® RISC architecture) which runs
Windows NT faster than the Pentium
CISC processor. NEC has also devel-
oped a low-power, low-cost RISC
processor called the VR4200™ which
brings Windows NT performance to
notebooks.

From supercomputers to games.

RISC chips are destined to
dominate in high-end information
processing. NEC has the industry’s
broadest line of 32-bit and 64-bit RISC
processors. They will be the engines
powering a new generation of high-
speed products, ranging from PCs to
supercomputers, from office automa-
tion to multimedia and games.

© 1994, NEC Corporation.
Allzpadwnarks are property of their respective holders.
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Breakthrough Here’s a trick question: does the PC
with the fastest microprocessor
or bottleneck? deliver the speediest performance?

Not necessarily. Because the micro-
processor-to-memory access is what
the difference. really determines system perform-
ance. If memories lag behind, even
the most sophisticated microprocessor will bog down in
“wait states.” And the fact is that processor speeds are
soaring while memories remain relatively stagnant.

To break the bottleneck, NEC has introduced a new
species of ultra-fast dynamic random access memories
(DRAMs). Our 16-Megabit DRAMs eliminate wait states by
operating synchronously with
100MHz microprocessors.

Four times faster than
the speediest conventional
DRAMs, our new synchronous
memories provide a quantum
leap in PC system speed. They
also offer significant savings for
workstations by replacing the
fast but costly cache SRAMs
(static random access memories)
now used to close the micro-
processor-to-memory speed gap.

Memories make

Setting the standard for color notebook displays.

EEESTS T Color notebooks are one
' [ T8 of the fastest growing
segments of the computer
market. The brilliant,
colorful liquid crystal dis-
plays (LCDs) on high-end
models are a powerful
source of consumer appeal.
NEC helped launch the
trend by developing the
24cm (9.4-inch) LCD for
the world’s first color notebook. The screen offers high resolu-
tion and brilliant color, created by an “active matrix” of 921,600
dots for the display of red, green or blue. Each dot is switched on
or off by its own transistor. The 24cm screen pioneered by NEC
has become the de facto standard for color notebooks.
NEC is a technology leader in color LCDs. We concentrate on
thin-film-transistor (TFT) active-matrix displays because they offer
vivid, natural color and fast response to moving pictures.
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With four out of five Accords
being made in America, the
future has never looked better.
The new Accord Sedan from
Honda is more aerodynamically
beautiful than ever.

However,acloserexamination
reveals that this Accord
is unlike any you've ever
seen before. Everything
about it has changed,
with all-new technology.

"lesting showed how
changes in the body’s
internal structure could
reduce road noise. Sowe
added high-tech baffling
materials. Its very quiet.

"o make the Accord
stronger, we reinforced
the outer body panels
with thicker steel and we
added steel beams and
pads inside the doors.

It is easy to see why the
new Accord meets the
federal side-impact standards for
1997, three years early.

While we'e on the subject of
safety, you'll find that driver’s and
front passenger’s airbags SRS are
standard. T'he Accord EX, here,
even includes a refined anti-lock
braking system (ABS). Which, of
course, 1s also available on the
[.X and DX models.

"The compact 2.2 liter, 16-valve

©1994 American Honda Motor Co., Inc.

engine in the new Accord will be
a topic of engineering lectures

for years to come. The version in
DX and X models produces 130
horsepower, while the EX model
develops 145 horsepower, the

most ever in an Accord. Both are

fuel-injected and feature Honda’s
innovatve second-order balance
system that cancels vibrations
that cause other engines to twist
and shake. Both are very smooth.

You'll find a new version of our
Variable Valve Timing and Lift
Electronic Control system (that’s
VTEC for short) increases both
power output and fuel efficiency
in the Accord EX engine.

After computer analysis of
how our automatic transmission
shifted, our engineers designed a
new transmission so smooth and
quiet that you will hardly notice
when it changes gears.

A computer inside the new

Accord’s transmission uses an
advanced Grade L.ogic Control
System that can detect special
driving situations, such as hills or
stop-and-go traffic. Automatically,
it then changes the transmission
shift points for the best possible
performance. For example, it
knows when the Accord is going
uphill and shifts to third gear for
more pulling power.



e is history;

Grade Logic 1s smart enough
to know the difference between
up and down, too. When going
downbhill, it downshifts to help
control your speed. Which adds
a higher level of refinement and
further driving enjoyment.

On the inside, you'll find the
look is warm and inviting, with
pleasing textures and soft, plush
fabrics. A rich, leather-trimmed
interior is available on the Accord
EX model, naturally.

Seats have been reshaped to
better fit your shape. They are
wider and more supportive in

the hip, back and shoulder areas.

The front seatbacks are new as

well. Their concave design frees
up more knee room for those
passengers riding in the back. Up
front, a padded center armrest
with storage is ideally positioned
for driver and passenger comfort
in the new Accord.

"T'he new instrument panel is
a model of intelligent design and

layout. It gracefully wraps around

the interior and is darker on top
to reduce irritating glare. Gauges
are large and easy to read. And
switches are right where they
should be. The center console is
slanted to improve your access
to heater and ventilation controls
and audio components.

Honda engineers wrote the
book on ride and handling. The
Accord adds yet another chapter.
Its four-wheel double wishbone
suspension system expertly
soaks up bumps, dips and rough
pavement without sacrificing
responsiveness or agility.
You'll find that it tracks
steadily and accurately
through tight curves and
corners, responding
immediately to steering
inputs from the driver.
Athighway speeds, you'll
feel more comfortable
and in complete control.

But since you need
to feel the road, we have
designed a new power
steering system to do
the same. It works like
this. As you turn the
steering wheel, it senses
resistance from the tires
and provides a precise
amount of power assist. It never
feels unnecessarily heavy, numb
or over-assisted.

"T'he Accord has always had a
history of sending everybody
else back to the drawing board.
With the new Accord, history 1s
bound to repeat itself.

ACarAhead
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THE COVER painting evokes a daily task
that left strong marks on the bones of Ne-
olithic women. The task was grinding grain
on a stone quern, shaped like a saddle so it
could contain the grain and flour. Working
for hours on her knees, a woman would
push the rubbing stone forward to the far
end of the quern and pull it back. In doing
S0, she put constant strain on the bones and
joints of her back, arms, thighs, knees and
toes. The work caused structural damage
and arthritis (see “The Eloquent Bones of
Abu Hureyra,” by Theya Molleson, page 70).
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LETTERS TO THE EDITORS

Stale Bread Mystery

Thank you for the delightful and in-
formative article “Chemistry and Phys-
ics in the Kitchen,” by Nicholas Kurti
and Hervé This-Benckhard [SCIENTIFIC
AMERICAN, April]. It’s just the thing to
amuse and console a lot of us physi-
cists who are looking at other fields as
we see our own evaporating (or in culi-
nary terms, “reducing”).

Perhaps the authors can help with a
problem that has troubled me for years.
The science of bread making has made
progress in understanding how the glu-
ten protein in flour is converted to give
chewable bread with a tender crumb.
We know that the sugars on the exterior
caramelize to produce a golden-brown
crust. We know that gluten gives the
dough body and holds it together until
baked. We know that the heat of baking
alters the molecular bonds so the fin-
ished bread remains moist but no long-
er tough and elastic like the raw dough.

But what happens when slightly stale
bread is freshened in a microwave oven?
A conventional oven somehow partially
restores the moist, tender constitution
of fresh bread. A microwave oven, on
the other hand, restores the moistness
but also revives the undesirable tough-
ness and elasticity of the gluten in the
raw dough.

GERALD T. DAVIDSON
Menlo Park, Calif.

Kurti and This-Benckhavd reply:

We inquired at the INRA Center in
Nantes, where the laboratory of cereal
technology is headed by Bernard Go-
don. Unfortunately, this effect has not
yet been studied.

It is clear that in stale bread, water
bound to the carbohydrates in a gel is
slowly lost to either the air or the glu-
ten network. When heated, the water
bound to the gluten is taken up again
by the carbohydrates, which partially
gel. Heat enters the bread differently in
the two types of ovens, however. The
traditional oven creates a strong tem-
perature gradient because the bread is
a poor conductor of heat. The micro-
wave oven heats the bread uniformly
because the bread absorbs the energy
directly. The microwaves can be ab-
sorbed by both the water and gluten
molecules. Yet the behavior of the wa-
ter can depend on whether it is bound

to the carbohydrates or the gluten.
These variables could affect the fresh-
ening of stale bread.

Prostate Cancer Screening

The impact of Marc B. Garnick’s “The
Dilemmas of Prostate Cancer” [SCIEN-
TIFIC AMERICAN, April] went miles be-
yond the scope of most magazine arti-
cles. This one is literally a lifesaver. A
friend sent the story to me from Cali-
fornia. I was galvanized into being test-
ed and discovered a cancer-causing pol-
yp. I passed the article on to two friends,
who had tests showing that both had
prostatic malignancies. Because of your
powerful story, we became some of the
lucky ones: we can now do something
about our problems.

Let’s hope your article will impel re-
searchers to get busy with serious study
of this unglamorous disease.

SAMUEL A. HOUSTON
Houston, Tex.

Implicit in Garnick’s endorsement of
the screening recommendations of the
American Cancer Society is a radical de-
parture from the traditional medical
ethic “first do no harm.” Translated into
a basic principle for the mass screening
of asymptomatic individuals, that ethic
means: do not recommend screening
unless there is an effective proven treat-
ment whose benefit outweighs the harm.
As Garnick points out, the benefit/
harm ratio of prostate-specific antigen
(PSA) screening cannot be calculated at
this time, because there is no proven
benefit. We physicians must inform pa-
tients of that fact before asking them
to consent to PSA testing.

DAVID L. HAHN
Madison, Wis.

All the scientific studies cited in the
article recommended less aggressive
treatment of mild disease. Yet Garnick
favors aggressive treatment. Where are
the data to substantiate his contention
that the average patient in the U.S. ben-
efits from early surgery for cancers de-
tected by the PSA assay? Physicians in
Europe use the PSA test less aggres-
sively than those in the U.S.

Do you think the Food and Drug Ad-
ministration would approve a new drug

that rendered 70 to 80 percent of pa-
tients impotent, as early surgery does,
based on the currently available data
regarding its effectiveness?

MICHAEL D. SWEET
San Diego, Calif.

Garnick replies:

It may take years before the true val-
ue of screening becomes known. We are
now witnessing, however, more men be-
ing diagnosed at a much less advanced
stage of disease when their cancer is
detected through PSA screening. It will
probably require years of follow-up be-
fore the benefit of improved survival is
realized through treating these patients
at an earlier stage. Early diagnoses of
breast and colon cancers have raised
survival rates, but those benefits also
sometimes did not appear until years
later. On the basis of what is known
today, some patients will decide early
treatment is worthwhile; others will not.
Many diseases that are vigorously treat-
ed in the U.S. do not receive the same
attention in other countries.

Data suggest that prostate cancer,
when detected and treated early, can be
cured. If suffering and premature death
can be avoided through early diagnosis
and treatment, a physician will have
behaved honorably. As recently stated
in a national meeting on prostate can-
cer, the 70-year-old man dying of meta-
static disease was probably at age 50 a
man with a curable prostate cancer.

Letters selected for publication may
be edited for length and clarity. Unso-
licited manuscripts and correspondence
will not be returned or acknowledged
unless accompanied by a stamped, self-
addressed envelope.

AMPLIFICATION

The biography box for “The Molecular
Architects of Body Design” [February]
neglected to mention that William McGin-
nis and Michael Levine collaborated on
the homeobox discovery with Walter J.
Gehring in his laboratory in Basel. The
text should also have mentioned that the
first “redesign” of the Drosophila body
plan with an inducible promoter direct-
ing ectopic expression of Antennapedia
was done by Gehring, Stephan Schneuw-
ly and Roman Klemenz in 1987.
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50 AND 100 YEARS AGO

AUGUST 1944

“Engineers for years have sought a
practical method of gasoline injection
for supplying fuel to the cylinders of
gasoline engines. Such a method has
now been perfected and is in produc-
tion, according to Donald P. Hess, Pres-
ident of American Bosch Corporation.
‘The gasoline, by this system, is deliv-
ered uniformly to every cylinder of the
engine. The result is that all cylinders
pull together in harmony, producing a
smoother flow of power and quieter en-
gine operation than has ever been pos-
sible with any other method,” Mr. Hess
states.”

“Cereals disguised as candy bars are
the latest idea of the food industry, de-
termined to make us eat cereals wheth-
er we want to or not.”

“Sorting of mail electronically could
be accomplished if a row or rows of
black and white squares were used to
designate the first main geographical
subdivision in addresses. A second row
would identify the postal substation
and a third row the city postal carrier
district. Envelopes could then be run
through a scanning machine. As the let-
ter whisked in front of the electric-eye,
the machine would do the equivalent
of reading the address in the coded
squares and then automatically route

the letter to the correct mail bag or con-
tainer. This would be repeated for the
second row and again for the third row
when the letter arrived in the final post-
al sub-district. Thus it would have to be
looked at only by the carrier.”

“Magnesium threatens to take the
place of celluloid as the most feared
flammable material used in industry.
The National Board of Fire Underwrit-
ers is preparing special data to show
factories how to control this hazard.
Absent from this will be the weird tales
of factories which forbade their women
operators to wear silk panties (if they
could get any) lest sparks from friction
set off the magnesium chips in their
lathes.”

AUGUST 1894

“June 30, 1894, was a gala day in Lon-
don, the occasion being the opening of
a new bridge over the Thames River lo-
cated near the Tower. It is a heavy piece
of work, occupying much more valu-
able space than was necessary. But it
was considered by those who had the
say that such a work, located, as it was,
near the historical Tower of London,
ought to be massive, and present a me-

Ogden’s marine velocipede, or bicycle boat
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diaeval architectural look. So they sank
a pair of great piers in the narrow river,
erected strong steel frames thereon to
carry the cables and other parts, and
then clothed the steel work with a shell
of stone, the work, as a whole, being
thus made to represent a structure of
massive masonry.”

“In writing of the last Royal Society
conversazione, the Lancet mentioned
an invention by Mr. C. T. Snedekor for
heating by electricity a quilt or cushion.
This quilt, which he named the thermo-
gen, the Lancet has since had an oppor-
tunity of putting to practical trial, and
has no hesitation in reporting upon it
thoroughly favorably as an appliance
that might be of great value in all hos-
pitals or, for that matter, in all private
houses where an electric main is handy.”

“The citizens of Buffalo, N.Y., were
treated to a remarkable mirage between
10 and 11 o’clock on the morning of
August 16. It was the city of Toronto,
with its harbor and small island to the
south of the city. Toronto is fifty-six
miles from Buffalo, but the church
spires could be counted with the great-
est ease. This mirage is what is known
as a mirage of the third order. That is,
the object looms up far above the real
level and not inverted, as is the case
with mirages of the first and second
class, but appearing like a perfect land-
scape far away in the sky.”

“As plainly shown in the illustration,
a boat invented by Mr. H. B. Ogden, No.
204 Carroll Street, Brooklyn, N.Y., is
propelled through the water in the
same manner as one propels a bicycle
on land. The boat is a long, easy run-
ning one, with the propelling machine
dropped through its bottom into a very
small brass boat or fin keel, large
enough for the pedals. As shown in the
sectional view at the top, the pedal
cranks turn a gear which meshes into a
worm of long pitch on the screw shaft;
steering is effected by a rudder con-
nected with the forward handle. These
boats are designed to furnish a delight-
ful means of recreation and healthful
exercise, as well as serve useful pur-
poses. Especial advantages are claimed
for these boats for gunning service, as
they are quiet, may be run fast, and the
hands may be freed to use the gun at
any time.”
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Innovation is da little crazy.

In 1973, we built the world’s largest power source.
20 years later, we built the smallest.

o Time was when power was big.

In fact, it didn’t get any bigger
than the geothermal power plant turbine
we built two decades ago.

Toshiba's geothermal steam turbine

But time and power don't stand still. ~ #adie argest capaciy inthe woria

with an output of 110MW.

Today we live in a world of portable phones, fax machines and computers.
And to that end, we present the Toshiba Portégé™ T3400 Series.

It packs your entire office into a computer that's less than half the

size of your briefcase, and that weighs 4/ pounds.

Our new Portégé is the first sub-notebook computer to use the ultra-

bright color TFT/LCD active matrix display. The first with a rechargeable
Lithium-lon battery that lasts for up to six hours. It has the innovative
AccuPoint™ integrated pointing device, and the power of an
Intel486™ SX microprocessor.

With an optional modem, it can do almost anything

your desktop computer does. On a plane. On a boat.

The Portége T3400CTis |j
Toshiba's smallest, lightest
color notebook computer. l

In a cabin on a mountain.

It's quite possibly the biggest thing we've built yet.

In Touch with Tomorrow
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SCIENCE AND THE CITIZEN

Star Gobbler

A black hole is identified
in the core of the galaxy M87

sters, but many astronomers be-

lieve—in the metaphoric sense—
that ravenous beasts truly exist at the
centers of some galaxies. These cosmic
creatures are giant black holes, col-
lapsed. objects having millions or even
billions of times the mass of the sun
packed into a space no larger than our
solar system. The gravitational field of
such objects is so powerful that matter
and even light that fall in cannot return
to the outside universe.

For three decades, astronomers have
eagerly sought signs that monster black
holes were more than a figment of their
imaginative theorizing. Now the Hubble
Space Telescope has provided the strong-
est sign yet that these objects are in-
deed real. A team of astronomers led by
Holland Ford of the Space Telescope
Science Institute in Baltimore and Rich-
ard Harms of the Applied Research Cor-
poration in Landover, Md., carried out
the observations.

The scientists used Hubble to study
the inner regions of M87, a huge ellipti-
cal galaxy located in the Virgo Cluster,
some 50 million light-years from the
earth. There they happened on a pre-
viously unknown disk of gas that, 60
light-years from its center, is whirling
at a speed of 750 kilometers per second,
some 25 times the velocity at which the
earth orbits the sun.

From that exceedingly rapid motion,
Harms and his colleagues estimate that
the gas is orbiting a central mass pos-
sessing between two billion and three
billion solar masses. The disk is orient-
ed roughly perpendicular to the gas jets
that shoot from the center of M87, ex-
actly as astrophysical theory predicts.
“All the evidence just fits together—it's
kind of amazing!” Harms marvels.

“Many of us have believed in black
holes for circumstantial evidence—this
strengthens the evidence,” says Martin
Rees of the University of Cambridge,
who traditionally takes a cautious view
toward findings about black holes. Tod
R. Lauer of the National Optical Astron-
omy Observatories, who has used Hub-
ble before to probe the inner regions of
M87, assumes a more definite stance.

S cientists may not believe in mon-
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ROTATING DISK at the heart of the galaxy M87 was discovered using the Hubble
Space Telescope. The hot gas probably orbits an unseen black hole at the center.

“I'd bet a good bottle of scotch, a good
dinner and a trip to Hawaii” that the
black hole is real, he says.

The new observations come 30 years
after Edwin E. Salpeter, now at Cornell
University, and the late Soviet astro-
physicist Yakov B. Zel'dovich proposed
that matter falling into black holes could
power quasars and radio galaxies. As
astronomers came to suspect that qua-
sars merely represent an extremely ac-
tive period in the early development of
many galaxies, they realized that dor-
mant black holes must remain in the
cores of most large galaxies.

The long, radio-emitting jet of gas em-
anating from the center of M87 pegged
the galaxy as a particularly likely place
to find a massive black hole. In 1978
Peter Young of the California Institute
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of Technology conducted studies of stel-
lar motion in the core of M87 that hint-
ed at stars crowding around such an ob-
ject. Images made by Lauer using Hubble
before its recent optical fix strength-
ened the case. But the gas disk found
by Ford and Harms and their co-work-
ers presents a much more convincing
argument. Rather than having to mea-
sure the motions of stars near the hole—
a messy and inconclusive process—they
could make a much simpler measure-
ment of the rotation of what seems to
be a single rotating disk. “Nature has giv-
en us a nice clean system here,” Harms
comments.

Alas, the search for black holes still
fundamentally relies on indirect clues.
Even the repaired Hubble cannot re-
solve the black hole itself; the hole



should measure about five billion kilo-
meters in radius, 1/100,000th the size
of the part of the disk seen by Hubble.
But the small size and rapid motion of
the disk effectively rule out just about
any object except for a black hole. For
instance, some devil’s advocates have
proposed that the concentrations of
mass at the centers of some galaxies
could be tightly bound clusters of faint,
dense neutron stars or white dwarf
stars; given the new observations of
M87, “I don’t think that'’s plausible any-
more,” Harms says.

Harms and his colleagues plan a fol-
low-up Hubble session to determine ve-
locities deeper in the disk, which should
yield a nearly airtight case for the black
hole. Astronomers can then ponder
whether the seemingly exotic monster
black holes are really a rather ordinary
result of the way galaxies form. Rees,
for instance, argues that massive black
holes probably developed routinely dur-
ing the process in which vast gas clouds
gathered together into galaxies in the
early universe, billions of years ago.
“This has been fun, but I wouldn’t mind
seeing a second black hole,” Harms
laughs. “It’s pretty hard to generalize
from just a sample of one.”

So will the black hole hunt never end?
“The public doesn’t understand what
a human enterprise science is,” Lauer
muses. “It’s like following Columbo on
the chase. That's where the real excite-
ment is.” Black holes, well-camouflaged
monsters that they are, will be keeping
astronomers entertained for quite some
time to come. —Corey S. Powell

Darling Clementine?

NASA-DOD tension may orphan
the little probe that could

lementine is a lightweight, low-

cost, high-tech spacecraft that

has produced the first compre-
hensive look at the moon since the ter-
mination of the Apollo missions more
than 20 years ago. It is also a living (if
limping) embodiment of the “better,
faster, cheaper” mantra espoused by Na-
tional Aeronautics and Space Adminis-
tration head Daniel S. Goldin. So how is
it possible that Clementine may be both
the first and last of its breed?

Part of the answer lies in the craft's
parentage. Clementine was built not by
NASA but by the BMDO (Ballistic Mis-
sile Defense Organization—son of Star
Wars) as a test bed for such antimissile
technology as target acquisition and
tracking equipment. At the same time,

NAVAL RESEARCH LABORATORY/DOD/NASA

however, it was designed to produce
scientific results useful to the civilian
community.

Researchers involved with Clemen-
tine sound uniformly thrilled by the ex-
perience of working with the Depart-
ment of Defense. Paul Spudis of the Lu-
nar and Planetary Institute in Houston
relates that planners at the BMDO “have
bent over backward to accommodate
every scientific request.” Eugene Shoe-
maker of the U.S. Geologic Survey, who
led the Clementine scientific team, also
praises the efficient manner in which
the spacecraft was built and managed.
BMDO claims that it completed Clemen-
tine in two years at a cost of $75 mil-
lion; both figures are a small fraction
of those typical for NASA probes.

The outpouring of affection becomes
even more apparent when Clementine
scientists describe the mission’s results.
“The data from the moon are fantasti-
cally great,” Spudis exults. Clementine’s
most significant product is a digital map
of the moon made at 11 separate wave-
lengths. Planetary scientists will be able
to correlate the colors of the lunar sur-
face seen on that map with studies of
lunar samples returned by the Apollo
missions. The product will be a vastly
improved understanding of the distri-
bution of rock types and, by extension,
the geologic evolution of the moon.

Clementine also conducted detailed
studies of the moon’s topography and
gravitational field. David E. Smith of the
NASA Goddard Space Flight Center re-
ports that the range of elevations on
the moon is much greater than scien-
tists had realized. In particular, Clemen-
tine has revealed the surprising extent
of the Aitken Basin near the south pole
on the lunar farside. This basin, which
averages 14 kilometers deep across a
quarter of the moon’s circumference, is

one of the largest formations of its type
in the solar system.

Cost and weight considerations lead
to scientific trade-offs. For example,
Clementine lacks a gamma-ray spectrom-
eter, which could have searched for ice
lining the shadowed craters at the
moon’s south pole. And the scientific
part of the mission received a blow on
May 7, when a software glitch sent Clem-
entine into a spin. That accident scuttled
the most exciting item on the space-
craft’s agenda: a close encounter with
the asteroid Geographos, one of the
small rocky bodies whose orbits carry
them perilously near the earth.

Stewart Nozette of the BMDO, who is
the Clementine mission manager, claims
that workers have identified the bug
in the software and that fixes are in
the works. Such mishaps are endemic
among complicated robotic probes (re-
call the recent loss of the Mars Observ-
er and the stuck antenna on Galileo).
But Clementine has cost less than one
tenth as much as those missions.

Will the Clementine concept over-
come its political hurdles? NASA seems
uncomfortable about embracing a proj-
ect whose technology and can-do spirit
come from the dark side. At the same
time, the BMDO has distanced itself
from the mission, leaving Clementine a
bit of an orphan.

But a funding crunch looming in 1995
intensifies the long-simmering sense that
NASA must radically change course if
space science is to survive. Shoemaker
judges Clementine to be “the wave of
the future.” Nozette acknowledges the
“age-old rivalry between NASA and DOD”
but sees an even deeper historical
bond. “This is like old-style, 19th-cen-
tury research,” he reflects. “It's like
Captain Cook taking the astronomers
with him.” —Corey S. Powell

PERMANENTLY SHADOWED CRATERS at the lunar south pole, seen in this mosaic
view from Clementine, may contain hidden deposits of ice.
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Radon’s Risks

Is the EPA exaggerating the
dangers of this ubiquitous gas?

his very moment you are breath-

ing radon, a naturally occurring

gas generated by the decay of
trace amounts of wuranium found
throughout the earth’s crust. Should
you be concerned? The Environmental
Protection Agency thinks so. The agen-
cy has declared that five million or so
of the nation’s 80 million homes may
have indoor radon levels that pose an
unacceptably high risk of lung cancer
to occupants.

The EPA has recommended that all
homes be tested for radon and that
they be structurally altered to reduce
exposure should levels exceed a certain
threshold established by the agency.
Some scientists have challenged the
EPA’s recommendations, which could
cost homeowners and landlords more
than $50 billion if carried out. Critics
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LAURIE GRACE

AVERAGE INDOOR RADON levels of U.S. counties are estimated in this EPA map.
Although the map’s calculations are tentative, a bill before Congress requires EPA-
approved radon-reduction measures in all new buildings in high-radon (brown) zones.

claim that scientific data gathered to
date do not support the EPA’s estimates
of the health risks from radon.

This issue can be traced to studies
done decades ago showing that radon
might be responsible for unusually high
rates of cancer suffered by miners—
particularly uranium miners. Whereas
outdoor radon levels generally measure
less than 0.5 picocurie per liter (pCi/L)
of air, miners were often exposed to
levels hundreds or even thousands of
times higher. (A picocurie is a trillionth
of a curie, which is the amount of radio-
activity emitted by a gram of radium.)

Seme 15 years ago tests revealed that
radon seeping into homes and other
buildings through fissures in founda-
tions often accumulates to levels con-
siderably higher than those measured
outdoors. Only after the discovery in
the mid-1980s of homes with levels as
high:as 1,000 pCi/L did the EPA take ac-
tion. It based its policy on the contro-
versial assumption that any amount of
radiation exposure poses some risk and
that the risk-exposure ratio is linear.
That is, if long-term exposure to 100
pCi/L of radon in a mine increases the
risk of lung cancer by 50 percent, then
exposure to 10 pCi/L in a home increas-
es the cancer risk by 5 percent, all oth-
er factors being equal.

The EPA now estimates that indoor ra-
don causes between 7,000 and 30,000
of the 130,000 deaths from lung cancer
a year in the U.S., making it second only
to smoking as the leading cause of lung
cancer. The agency contends that some
15 percent of these deaths could be
avoided by reducing radon levels in the
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five million homes thought to have lev-
els above 4 pCi/L.

Congress takes these claims seriously.
A bill in the House of Representatives
would require contractors in designat-
ed high-radon areas, which encompass
roughly one third of the nation’s coun-
ties [see map above], to follow new EPA
guidelines for reducing radon. Such mea-
sures include installing pipes in the
foundations of houses to route the gas
outdoors. In addition, sellers of homes
throughout the U.S. would have to pro-
vide buyers with EPA literature on radon
and with the results of any previous
radon tests. Every contract of sale would
also warn buyers: “The U.S. Surgeon
General has determined that prolonged
exposure to radon can be a serious
health hazard.”

The EPA’s position was bolstered this
past January by a paper published in
the New England Journal of Medicine.
A team of Swedish workers compared
1,360 Swedish men and women who
had cancer with a group of controls. The
workers concluded that “residential ex-
posure to radon is an important cause
of lung cancer in the general population.
The risks appear consistent with earlier
estimates based on data in miners.”

But other recent studies, while involv-
ing fewer subjects, have failed to cor-
roborate this conclusion. A group led by
Ernest G. Létourneau of the Radiation
Protection Bureau of Health Canada
measured radon levels in the homes of
738 lung cancer victims and an equal
number of control subjects in Winnipeg,
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Manitoba. The average radon exposure
of the cancer victims was slightly less
than the exposure that the controls
experienced.

An examination by a group from the
University of Kansas School of Medicine
of women living in 20 counties in lowa
corroborated previous evidence that
radon may hasten the onset of lung
cancer in smokers but does not pose a
threat to nonsmokers. In Health Phys-
ics, the Kansas investigators reported a
correlation between radon and risk of
lung cancer in counties with high smok-
ing rates. Counties with low rates of
smoking showed an inverse relation be-
tween radon and cancer.

Finally, a study headed by Jay H. Lubin
of the National Cancer Institute, pub-
lished this year in Cancer Causes and
Control, compared 966 women with lung
cancer in Sweden, China and New Jer-
sey with 1,158 controls. The workers
found a slight but statistically insignifi-
cant correlation between radon and
cancer. Asked if the studies done so far
justify the ePA’s 4 pCi/L threshold, Lu-
bin declines to offer his personal opin-
ion. But he says virtually all researchers
would agree that levels above 20 pCi/L
represent a genuine threat. That is the
maximum amount of exposure to radi-
ation now allowed by U.S. regulations.

Margo T. Oge, director of the EPA’s Of-
fice of Radiation and Indoor Air, notes
that over a dozen more radon studies
are under way, and the EPA has asked
the National Academy of Sciences to do
a meta-analysis of available data. “We



