Craft powered by antimatter, fusion, and solar-driven

IN ONE interstellar-engine concept,
charged particles streaming out at one-
third the speed of light would provide
thrust for a fusion-powered spacecraft.
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could take us to interstellar space.

| al By Mariette DiChristina .

ROBERT FRISBEE I5 HUFFING cheerily as he
ambles downhill toward a nondescript building
on MASA's Jet Propulsion Laboratory campus
in Pazadena, California. The San Cabriel moun-
tains Form a stunning backdrop, and the sun has
warmee the January air to spring-like tempera-
tures, but Frishee docsn’t scem to notice any of
it. Indeed, his mind is far away. In interstellar
space, to be exact. Frishee is talking about how
wie'll someday visit the stars with spacecraft.

If that sounds far out, it is, by nearly every mea-
sure vou can think of—the tremendouns distances
between stars, mission trip times measured in
decades, and required technological advances so
dramatic that even some researchers refer to them
as “miracles.” Nevertheless, there's no shortage
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“final frontier.” Frisbee and others at
NASA centers, universities, research
institutions, and companies are laying
the groundwork for experiments that
will advance the necessary technolo-
gies. And while depicting trips to
other stars has long been a staple for
science fiction writers, today it is the
stuff of long-range strategic goals for
NASA. The NASA Origins program
plans a series of progressively more
capable telescopes, culminating in
the imaging of Earth-like planets
around the nearest 1,000 stars. Build-
ing on that, NASA Administrator
Dan Goldin has said he wants the
agency to launch interstellar missions
in the next 25 years. To drive the nec-
essary advances, “We have to set goals
so tough they hurt,” Goldin has said.
Even at this embryonic stage, it’s
already more than apparent that the
task 1s as difficult as it could possibly
be and still remain possible—scien-
tists think. Start with the vast scale of

the cosmos. Voyager [, launched Sep-
tember 5, 1977, illustrates the scope
of the problem. After speeding along
for more than 20 years, it is now 6.8

In the Bussard fusion ramjet -
concept, onboard tanks provide
hydrogen fuel for fusion reac-
tions that accelerate the space-
craft out of our solar system on
its way to a target star.

56

billion miles away from Earth traveling
at nearly 51,000 mph. That’s about 10
light-hours away. (A light-hour is the
distance light travels in one hour at
186,000 miles per second.) But the
closest star to Farth is Proxima Cen-
tauri, which is 4.3 light-years, or 25
trillion miles, away. If Voyager were
pointed in the right direction, Frisbee
and JPL colleague Stephanie Leifer
calculate that it would take some
74,000 years to make the trip. But in-
terstellar missions must occur on a
human time scale—preferably within
an individual’s lifetime. That means
a maximum of 40 years for a “slow”
mission, and a far more desirable 10
years for a fast one.

And then there’s Einstein. A
spacecraft that aims to cross vast
distances at high speeds also must
contend with the theory of special
relativity. The theory mandates that
as an object approaches the speed of
light, its mass increases. To get to
Proxima Centauri in, say 10 years, the
craft would have to whiz along at
nearly half light speed. At that veloc-
ity, it would become 11/2 times more
massive than it was origi-

nally. Frisbee, a chemist
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whose job it is to analyze such mis-
sions, puts it another way: “If you
take a 1-ton spacecraft, such as Voy-
ager, and bring it up to one-half the
speed of light, it’ll require one
month’s worth of all the energy pro-
duced today by humans.” Even if it
were possible to build a big enough
fuel tank, conventional chemical rock-
ets don’t have the power, or energy
density, to do the job.

One last thing: It's one kind of
propulsion requirement to get up to
speed and coast for a fly-by mission,
as Voyager did to the outer planets in
oyr solar system. But to stop to orbit
or land at an interstellar target, the
spacecraft has to expend energy to
slow down. “From a propulsion point
of view,” says Frisbee, “we’ve immedi-
ately doubled the requirements.”

So what’s an intersteliar mission
planner to do? “When all is said and
done, you're kind of stuck with fusion
or antimatter [for an onboard en-
gine),” says Frisbee. “Even fission
doesn’t have enough energy.” The
other chief option, he says, is to leave
the engine at home. Solar-powered
lasers parked in orbit around our sun,
for instance, could push craft with

‘The spacecraft coasts
at high speeds.

B Spacecraft enters‘orbit A
" with fuel from tanks.
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imaging and destroying certain
cancer tumors. But then there’s
another issue. Antimatter also
can’t contact matter, so it’s been
difficult to store more than a tiny
amount in magnetic traps, which
keep charged particles from hit-
ting the matter containment
walls and annihilating.

Enter physicist Gerald Smith
and his team at Penn State. Smith
suggests a way to vastly reduce
the antimatter requirements.
“We’ll never have even a ton of anti-
matter, in my view,” he says. “We
think we can ignite with a microgram
of antimatter, which we can foresee
doing with the current technology.”
Ignite what? A fusion reaction.

His team is attacking the problem
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on several fronts. First, successful tests
with a shoebox-size antimatter trap
built at Penn State that could theoret-
ically hold 100 million antiprotons, or
positively charged particles of anti-
matter, have inspired researchers to
build a larger one with the Marshall

orb:tmg laser beam powered by the:

o decelerate; . then the lightsail.
nto orbit around a selected planet

Space Flight Center in Huntsville,
Alabama, to be finished this summer.
Smith estimates it could hold 10,000
times as many antiprotons as the small-
er trap. The trap will enable eventual
tests with a planned antimatter plasma
gun, which will be used to ignite the
fusion reaction.

Nuclear fusion, which happens in
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