[image: image5.jpg]Halley (after the 17th-century English astronomer who predicted
its return). But no one knows how many never-before-seen comets
are heading our way. “For those coming in from the far reaches of
the solar system [for the first time], we have virtually no chance of
seeing them until they get close,” says astronomer Clark Chapman
of Science Applications International Corp. in Tucson, Ariz. “We
could discover every asteroid and still 10 percent of the threaten-
ing objects wouldn't be found” until they were literally upon us.
Comet Swift-Tuttle is not among that 10 percent—it’s been
observed at least twice before—but it could still pose a consider-
able threat. Last seen in 1862, it was spotted by a Japanese
amateur astronomer again in late September. On Nov. 7 it passed

distances[14 million miles]on August 5,2126. Thereisnoevidence
for a threat from Swift-Tuttle in 2126 nor from any other known
comet or asteroid in the next 200 years.” But Marsden still thinks
the grandchildren of today’s toddlers might be in for a nasty shock
in their old age. “There are still unanswered questions,” he says.
“That’swhyI'vesaid toastronomers, ‘Get more observations’.”
Swift-Tuttle is only one of thousands of potential doomsday
rocks. It’s not exactly prudent to wait for the sky to fall, so in
January the NASA panel called for the creation of an early-
warning system. Using six two- or three-meter telescopes, astrono-

| mers could spot more than 90 percent of the asteroids bigger than
| about a half mile. It would cost $50 million to build “the Space-

within 110 million miles of Earth—mnot even a close call. (Swift- |

Tuttle causes the Perseid meteor showers every August: asit orbits
the sun, little bits flake off. When Earth crosses this path, the litter
streams through the atmosphere and glows.) Brian Marsden of the
Harvard-Smithsonian Center for Astrophysics hascalculated that

guard Survey” and $10 million a year to run it. That’s a 4-cents-
per-American insurance policy. But there could still be unpleas-
ant surprises. There’s no practical way to get an early warning
about smaller asteroids or many comets.

Once astronomers calculate orbits for the thousands of asteroids

EARTH’S GREATEST HITS

Geologists have discovered 139 craters

left by comets and asteroids. Some were
big enough to have killed much of life
then on the planet.
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Swift-Tuttle will return, after swinging out past Pluto in a 134-
year orbit, on Aug. 14, 2126. On that visit, it will come much closer
to Earth than it did this year. And, Marsden said last month,
because Swift-Tuttle’s jets might nudge it ever so slightly off its
appointed course, it might even hit Earth.
Eversince,thedoomsday faxesand E-mail havebeenflyingatthe
speed oflight. Scientistsdon’t dispute that cometserupt with jets as
the sun warms their surface. Like thrusters on a spaceship, the

eruptions shift the comet’s orbit ever so slightly. But is there rea- |

son to think Swift-Tuttle’s jets will push it onto a collision course?

To see, JPL’s Yeomans used the observations of 1992 and 1862 |

to calculate Swift-Tuttle’s orbit. Using that orbit, he calculated
how close the comet would have come to the sun in its previous visit
in 1737, assuming no mysterious course-altering jets. Bingo: he
nailed the actual orbit to within a day (the 1737 orbit was recorded
by a Jesuit missionary in China). This seemed to establish that so
far, at least, Swift-Tuttle’s orbit has not been shaped by jets of the
kind or strength that might cause a collision in 2126. Yeomans
concludes, “The cometwill passnocloser tothe Earth than 60lunar
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and comets whose paths intersect Earth’s, they will almost cer-
tainly find a few that are on a collision course. The extent of
Earth’s danger depends, of course, on the size of the object likely to
strike it:

B Truck size: Such collisions come at least every decade. But

| anything smaller than 30 feet across or so, though packing the

wallop of 50,000 tons of TNT, usually fragments and burns up in

| the atmosphere. Such an asteroid or comet may produce a “mete-

oric fireball"—a burst of light and heat—but it’s usually too high
in the atmosphere to cause significant damage.

M Building size: A rocky asteroid with a diameter between 30 and
300 feet blows up in a blinding flash when it smacks into the
atmosphere, as did the comet or asteroid that exploded over Tun-
guska, Siberia, one June morning in 1908. Exploding five miles up
with the force of 12 megatons, it annihilated reindeer 30 miles
away, ignited the clothes of a man 60 miles away and leveled more
than 700 square miles of Siberian forest. A sturdier asteroid, one
made of nickel and iron rather than stone, would plunge to the
ground without exploding. If one the size of the Tunguska rock hit
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Comet Swift-Tuttle passed 110 million miles from Earth on Nov. 7, 1992. It will next return
in August 2126. That much is undisputed. But one astronomer says it has a 1 in 10,000
chance of hitting Earth on that visit. Others say the chance
is nil. But they plan to track its orbit anyway.

Jupiter’s orbit

DIXON ROHR—NEWSWEEK

pulsion Laboratoryin Pasadena, Calif. ““Sooner or later, our planet
will be struck by one of them.”

Unless, of course, some other dreadful fate strikesfirst. Economics
may be the dismal science, but now the hard sciences—physics,
astronomy, geology—have skipped past dismal to confront nothing
short of Doom. Will it be by ice—a cataclysmic climatic change
known as the nextice age? Or will it be by fire—the ballooning of the
life-giving sun, consuming us in one fiery blast? And what, if any-
thing, can we do to forestall any of this? Think of it as the ultimate
environmental movement: can sciencesave the planet Earth?

So much for friendly skies. Earth has taken major hits at least
139 times, according to the tally of impact craters constantly
updated by Richard Grieve of the Geological Survey of Canada
(map, page 59). Five or six new craters are discovered every year.
(You can identify animpact crater by the presence of minerals that
form only in the huge pressures of a crashing meteorite, or by tell-
tale patterns of shattered rock. Crater Lake in Oregon comes from
an old volcano, not an asteroid hit.) And these 139 are just the
craters that haven’t been erased by erosion, covered by Earth’s
moving crustal plates or hidden under the sea: the 1978 explosion
in the South Pacific, once suspected of being a nuclear test, is now
thought to have been an asteroid hit.

Such finds have made astronomers scurry to start a census of
just what threats lurk in the
solar system. Led by Eleanor
Helin of the Jet Propulsion
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wipe out all traces of life. Earth’s orhit in 2126.

(It’s not headed our way for
as far into the future as as-
tronomers have calculated.)
There are a half dozen big-
ger than five miles across.

nd those are only
the ones we know
about. A NASA panel estimated in January that there
are between 1,000 and 4,000 asteroids that cross Earth’s
orbit and are bigger than a half mile across (the size that
could send civilization back to the Stone Age); only 150 are known.
Of the 300,000 or so Earth-crossing asteroids at least 300 feet
across, we know hardly any. Maybe we should make their ac-
quaintance. Last month, astronomer David Rabinowitz of the
University of Arizona reported that as many as 50 asteroids, with
diameters between 16 and 160 feet, come closer to Earth than the
moon. Asteroids, chunks of rock or metal, float mostly between the
orbits of Mars and Jupiter. Occasionally, one bumps another
toward Earth. This cosmic billiards ensures a constant supply of
new asteroids with orbits that might intersect Earth’s.

Other threats come from farther out, in a region beyond Pluto
called the Oort Cloud. (It is
named for its discoverer, Dutch
astronomer Jan Oort, who died

Lab, Eugene Shoemaker of the
U.S. Geological Survey and
Tom Gehrels of the University
of Arizona, they scan the skies
whenever they can wrest tele-
scope time from the diggers of
black holes. Thanks to better
telescopes and computerized
searches, the pace of discovery
has picked up. Gehrels’s group
counts asteroids that orbit close
enough to Earth to pose a
threat. In the late 1980s they
were finding 15 asteroids a year
“of the size that could eliminate
human society.” Now they’re
up to 35 a year and gunning for
100 annually by 1994. On just
four summer nights in 1990,
Helin found three. One aster-
oid that crosses Earth’s orbit is
20 miles wide, large enough to

THE ARGOT OF APOCALYPSE

. ASTEROID: An irregularly shaped object, made of stone or

metal, that orbits the sun between Mars and Jupiter. Collisions or
chance tugs from Jupiter can knock it across Earth’s orbit.
Asteroids are thought to be parts of a planet that never gelled.

GOMET: One of the hundreds of “dirty snowhalls”—chunks of
frozen gases and dust—that travel in elongated orbits from
beyond Pluto to near the sun. The sun’s warmth drives off
particles and gases to form the comet’s tail and “jets.”

MIETEDR: The streak of light created when a tiny object, such as
a speck of comet dust, enters the Earth’s atmosphere. Most of
these “falling stars” burn up before reaching the ground.

METEDRITE: Any natural object arriving from space that has
survived the plunge through Earth’s atmosphere and reaches the
ground; it is usually a mass of stone or metal.

ODRT GLOUD: The blizzard of comets beyond Pluto. Only when
one is kicked out by the gravity of a passing cloud of dust and gas
does it leave the Oort Cloud and speed toward the sun and Earth.
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two weeks ago at 92.) The cloud
is filled with chunks of frozen
gas and dirt—comets. Think of
the Oort Cloud as the solar sys-
tem’s bench, the place where
comets not quite ready for the
starting lineup await their big
break. It comes in the form of a
gravitational kick from a pass-
ing cloud of dust and gas. Once
sent into the game, the comet
speeds toward Earth; as the
sun’s heat turns its frozen gases
to vapor, the comet grows a tail
and its surface erupts with
“jets” of gas and dust. About
200 comets revisit Earth’s envi-
rons more often than once ev-
ery two centuries. They include
Swift-Tuttle (named for two
American astronomers who
sawitduring the Civil War) and
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OF DOOM

t comes screaming out of the
sky like the Scud from hell,
bigger than a mountain and
packed with more energy
than the world’s entire nucle-
ar arsenal. It hits the atmos-
phere at 100 times the veloci-
ty of a speeding bullet, and
less than a second later smacks into
the ground with an explosive force of
100 million megatons of TNT. The
shock wave from the crash landing,
traveling 20,000 miles an hour, levels
everything within 150 miles. Simulta-
neously a plume of vaporized stone
shoots up from the impact site, blast-
ing a hole through the atmosphere
and venting hot debris. The vaporized
rock cools, condensing back into hun-
dreds of millions of tiny stones. As

Space is filled
with objects that
threaten Earth.
Researchers are
scrambling to
ensure that
worlds don’t
collide.

that an astronomer last month de-
clared has a 1-in-10,000 chance of hit-
ting Earth on Aug. 14, 2126.

All an astronomer need doisspy the
pockmarked surfaces of planets and
our own moon to realize that it’s a
cosmic shooting gallery out there.
Mercury, Venus, Earth and dozens of
moons have been cratered over the
eons by a blizzard of falling asteroids,
comets and other stuff that can’t man-
age to stay in its own orbital lane. But
it dawned on scientists only recent-
ly—in the 1940s—that this pinball
chaoshasn’t stopped. An estimated 20
tons of particles, most no bigger than
grains of sand, fall on the ground each
day. Of course, sometimes the mis-
siles are bigger than sand grains.
Thousands of meteorites as big as a

they streak to the ground over the
next hour, they heat up, and soon the

BY SHARON BEGLEY

lump of coal fall every year, usually
harmlessly. But one smashed through

very air glows hot pink.
Steam hisses from green
leaves; buildings and
even trees burst into
flame. Nitrogen and oxy-
gen in the atmosphere
combine into nitric acid;
any surviving life, crawl-
ing out of a burrow or
cave, gets pelted with a
rain as caustic as the acid in a car battery.

That’s what astronomer Henry Melosh of the University
of Arizona calculates would happen if something six miles
across fell from space and smacked into Earth. Six miles is
the size of the comet believed to have hit the planet 65 million
years ago, killing off the dinosaurs and two thirds of all life.
Six miles also happens to be the probable size of the Swift-
Tuttle comet. Swift-Tuttle is the peripatetic frozen dirt ball
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agarage roofin I1linois in 1938, and another totaledacarina
New York City suburblast month (noinjuries in either case).
Ironically, the misses are more worrisome than the hits. On

- March 23, 1989, an asteroid a half mile across missed Earth

by just 700,000 miles. No one saw it coming; ifithad arrived a
mere six hours later it might have wiped out civilization.
“Barth runs its course about the sun in a swarm of aster-
oids,” says astronomer Donald Yeomans of NASA’s Jet Pro-

DR.RONALD W. KOHL

. STEELE PERKINS_MAGNUM
A deadly collision could suck out the atmosphere, scorch the Earth and shroud the planet in dust




[image: image3.jpg]the rural United States, calculates John Pike, director of space
policy for the Federation of American Scientists, it could kill
almost 70,000 people and cause $4 billion in property damage. It
could also flatten buildings 12 miles away, according to the NASA
panel. If it hit an urban area, there would be upwards of 300,000
deaths. If it hit in a seismic zone, it could trigger earthquakes
topping 7.5 on the Richter scale.

B Mountain size: Objects larger than 300 feet across hit Earth
once every 5,000 years or so. If an asteroid 600 feet acrossfell in the
mid-Atlantic Ocean, calculates astrophysicist Jack Hills of Los
Alamos National Laboratory, it would produce a massive tidal

wave, 600 feet high, on both the European and North American |

coasts. (Hills speculates that just such a hit wiped out the fabled
Atlantis.) Larger asteroids, half a mile across, hit every 300,000
years. That kind of collision, says Pike, “would surely rank
asthegreatest catastrophein human history.” Thankstothe cloud
of dust thrown up by this mil-
lion-megaton explosion, there
would be no crops anywhere for
a year. In contrast, a comet of
this size, since its ice and frozen
gases fragment easily, would
probably break upin the atmos-
phere and explode like the Tun-

Bomb —5 .
explodes
on

DIVERSIONARY TACTICS

To divert an asteroid heading
toward earth would require a

steer the comet away from Earth (an asteroid doesn't have enough
volatile ingredients to make jets). But jets are not predictable.
They might accelerate the comet toward Earth.

Such sticking points help explain why the motto of the Los
Alamos conference was, as one enthusiast cheered, * Nukes forev-
er!” So far, the only source of energy powerful enough to deflect a
mountain-size rock traveling at 15 miles per second—54,000
miles an hour—is nuclear. The basic idea is to use a massive
explosion to deflect the asteroid or comet from its earthbound
path. The sooner the better: a push of even a few hundred feet, if
applied millions of miles away, could work. Waiting until the
killer rock was closing in would require more energy than any
nuclear weapon ever built.

Wheretodeliver the bomb depends on what the objectis. A comet
isfragile. Ablaston thesurface couldshatteritintohuge piecesthat
together could kill even more earthlings than the original. The
NASA panel therefore en-
dorsed a “stand off” blast (dia-
gram). One or more nuclear-
tipped missiles, launched on an
American Titan 4 or a Russian
Energia rocket, would home in
on the comet optically or by ra-
dar. The missiles would be pro-

guska hit.

M City size: Asteroids or com-
ets larger than three miles
across, like Swift-Tuttle, hit

asteroid

nuclear-tipped rocket. A Titan 4
could home in on the asteroid and
detonate a bomb on its surface.
This could provide enough of a kick

grammed to explode the bombs
beside the comet, kicking it off
its earthbound path either di-
rectly or by inducing orbit-al-

every 10 million to 30 million
years. According to one calcu-
lation, if the dinosaur comet—
thought to have been about six
miles across—hit in the Gulf of
Mexico, it would have created
a wave three miles high. Nine
hundred miles away, the mam-
moth wall of water would still
be 1,500 feet high. Such an
asteroid landing in the Gulf
of Mexico would cause floods
in Kansas City. The impact
would make entire continents
burst into flame, block sun-
light and make agriculture im-
possible. Humans might go the
way of the trilobites.

At a conference this year at Los Alamos, researchers had no
shortage of ideas about how to protect against cosmic catastrophe.
Some of the more ingenious came from weapons scientists. Shoot-
ing down a comet is not so different from shooting down an ICBM
(except that the ICBM is closer, and thus easier to spot, and slower,
S0 easier to hit). And given the promised demise of the Star Wars
program under the Clinton administration, shifting over to anti-
comet defense may not be a bad career move.

Atthe conference, Edward Teller called for the development of a
bomb 10,000 times more powerful than anythingin today’sarsenal.
Oneresearcher thought dropping antimatter onto the threatening
asteroid or comet would do the trick: when antimatter meets
matter, they annihilate each other in a poof of pure energy. (He
didn’t specify how to get antimatter up to the asteroid, since at the
moment rockets are made of matter, not antimatter, and so would
be destroyed as soon as the antimatter cargo was loaded.) Or, a
rocket could drop a “‘solar sail”’ onto an asteroid or comet: the sail
would catch the charged particles constantly streaming out from
thesun and thusalter the object’scourse, carrying the threatsafely
past Pluto. No one has figured out how to deliver the sail, though.
Dropping a heat source of some kind onto a comet looks good on
paper, too: the heat would induce jets that, like thrusters, would
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to nudge the asteroid off its
catastrophic course.

Bombing a comet could fragment
this fragile ball of dust and ice into
millions of chunks that could still hit
earth. But exploding a nuclear
device beside it could melt some of
the frozen gases and turn them into
“jets” which would act like
thrusters on a rocket and divert

the comet from its deadly path.

teringjets.

No one would argue against
deflecting an asteroid or comet
capable of dooming all agricul-
ture for a year, let alone one
able to cause the extinction of
mankind. “But there is deep
disagreement over whether we
should also protect against the
impacts that happen every
decade or so, like Tunguska,”
says Clark Chapman. “Even
these small events can kill peo-
ple, but they are a thousand
times less likely to do so than
are quakes, floods and the oth-
er things that kill people all
the time.” Expense is one factor. Because an early-warning sys-
tem could not detect objects 150 feet across more than a few
weeks ahead of their arrival, to protect against them would
require keeping dozens of nuclear-tipped rockets fueled up,
armed and ready to go 24 hours a day. That would cost several
billion dollars a year. Even then, success against a fast-closing
object would be far from certain, especially. since the rockets
would get only one chance to score a hit. Keeping nuclear-tipped
rockets at the ready would also be dangerous. Accidents happen.
Terrorists happen, too.

During a human lifetime, there’s roughly a 1-in-10,000 chance
that Earth will be hit by something big enough to wipe out crops
worldwide and possibly force survivors to return to the ways of
Stone Age hunter-gatherers. Those are the odds of dying from
anesthesia during surgery, dying in a car crash in any six-month
period ordying of cancer from breathing theautomobile exhauston
the Los Angelesfreewayseveryday. Killerasteroidsand cometsare
outthere. Andsomeday,onewillbe onacollision course with Earth.
Ofall the species that ever crawled, walked, flew or swam on Earth,
an estimated two thirds became extinct because of an impact from
space. Mankind may yet meet that fate, too. But we're the only
species that can even contemplate it and, just maybe, dosomething
topreventit. [ |
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We regret to report that, what with one thing and another,
Earth will not be a fun place a few billion years from now

Swift-Tuttle and its comet cousins, and

also survive the next ice age. The cos-
mos has other ways to crush, incinerate or
annihilate the planet, or merely make life
aswe know it real nasty. Here are just some
of the cosmic cataclysms that await us in a
few billion years or so:

Say we manage to dodge or destroy

Longer Days, Longer Nights. Scientists who
are tracking atom-
ic time say the days
on Earth are get-
ting longer by milli-
seconds all the time
—350 million years
ago, each day last-
ed only 22 hours.
Thisisnot necessar-
ily good news, even
for worn-out, two-
career couples. It’s
due to the fact that
the moon and Earth
exert subtle gravi-
tational effects on
each other. The
moon is gradually
moving away from
us, and its orbit is
slowing, which is
slowing Earth’s ro-
tation in turn. Per-
haps as soon as 10
billion years from
now, the moon and

Earth will be locked in synchronous orbit |

around the sun, says Alan Harris of the Jet
Propulsion Lab in Pasadena, Calif. By
then, days and nights on Earth could each
last 50 of our current days, severely alter-
ing the balance of plants and animals. That
may not be completely fatal, since Earth’s
atmosphere will provide some protection
from the extremes of heat and cold. Harris,
for one, is optimistic that some large mam-
malscould evolve accordingly. “Something
would manage to live,” he predicts, “and
actually enjoy it.”

When Galaxies Collide. Our Milky Way and
its closest neighbor, the Andromeda gal-
axy, are hurtling toward each other at
about 125 kilometers per second. At that
rate, they will close the 2 million light-
years that separate them and collide in 5
billion to 10 billion years. Since Androme-
da is two to three times bigger than the

Milky Way, the collision will be “analogous
to a hostile takeover,” says astronomer
Lars Hernquist at the University of Cali-
fornia, Santa Cruz. “Our galaxy will be

consumed and destroyed.” Even if Earth
managed to survive somehow, given all the
empty space in the galaxy, the collision
could send more comets, asteroids and oth-
er debris pounding into our solar system.
The Rising Sun. By then, Earth may well

In 8 billion years, the sun will be 2,000 times brighter and will stretch halfway to Earth

be cooked by our own evolving star. The
sun, now about 4.5 billion years old, is
gradually getting bigger and more lumi-
nous. It won't undergo any really dramatic
changes for another 5 billion years or so,
says astrophysicist Icko Iben of the Univer-
sity of Illinois, but Earth will start feeling
the effects long before that. In about 2 bil-
lion years, winter temperatures in Massa-
chusetts will hit 90 degrees Fahrenheit. In
7 billion years, the sun will become a Red
Giant and start expanding rapidly. When
the Sun is twice its current diameter, the
Earth’s oceans will boil. In another billion
years, when the sun is 15 times brighter,
Earth’s surface temperatures will reach
600 degrees Kelvin and its crust will melt.
A mere 250 million years after that, the sun
will be 2,000 times more luminous and will
fill up halfthe distance to us. Eventually, it
willignitein a giant helium flash visible for

several billion years until it burns up all its
hydrogen and evolves, pathetically, into a
has-been White Dwarf.

Woody’s Conundrum. Remember little
Alvy Singer (Woody Allen) in the movie
“Annie Hall,” who was too depressed to do
his homework because the universe is ex-
panding? Alvy was right, of course—the
key question is, how fast? Once astrono-
mers determine the rate of expansion (also
known as Hubble’s constant), they may be
able to pinpoint the precise size and age of
theuniverse—andthey’llhaveabetteridea
of how it will end. The answer also depends
on something called “dark matter,” which
makes up most of the universe but is not
observable in the electromagnetic radia-
tion spectrum we know as lightwaves. If
thereisalimited amountofdark matter out
there, the universe
will keep expand-
ing forever into cold
emptiness. If there
is more dark mat-
ter, its gravitation-
alpull will bring the
universe collapsing
back on itself in a
dense fireball—like
the big bang in re-
verse. Fire or ice?
It's the age-old
quandary. Either
way, we'll be toast.

Poof. If the uni-
verse does contract
into itself, anoth-
er expansion might
follow—what some
experts call “the
Big Bounce.” The
whole cycle could
conceivably repeat
itself every 100 bil-
lion years or so. But
that could be short-circuited by still anoth-
er threat—this time from deep within.
Some scientists believe that protons, of
which all matter is made, may someday
disintegrate, turning everything in the
universe into a poof of radioactive energy.
After that, there will be “nothing but radia-
tion filling the universe, getting colder and
colder,” says physicist Steven Weinberg at
the University of Texas. This notion is still
highly theoretical. Todate, noone hasactu-
ally observed a proton decaying, though
huge underground detectors have been
watching for more than a decade. Propo-
nents concede it will take a long time: the
average life of a proton may be 102 years.
How long is that? The universe is about 10
billion, or 10,000,000,000, years old. 1032
has 23 more zeros. But it’s never too soon to
start worrying.
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