CREDIT: ASTRONOMER WILLIAM ALSCHULER TEACHES AT CAL ARTS; HE GROUND HIS FIRST TELESCOPE LENS IN gTH GRADE
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IN 1733, MATHEMATICIAN CHESTER
HALL PROVED NEWTON WRONG.

"

ALL RIGHT,
DON'T RUB

HALL'S IDEA: ABUT TWO LENSES OF
DIFFERENT REFRACTIVE INDICES.
ONE WOULD UNBEND THE (HRO-
MATIC ABERRATION OF THE OTHER.

TO MASK HIS PLAN, HE HIRED TWO
OPTICIANS, ONE FOR EACH LENS..
BUT THEY BOTH USED THE SAME
SUBLONTRACTOR, GEORGE BASS,
AND BASS BLABBED.

I'M HERE FOR
MY LENS!

HALL MOVED ON AND LEFT MAS-
TER GRINDER JOHUN DOLLOND TO
PERFECT AND PATENT COMPOUND
LENSES THAT ALL BUT ELIMINATED
BOTH CHROMATIC AND SPHERICAL
ABERRATION.

DOLLOND ALWAYS DID

HAVE MORE FOLUS....
; 0| -

MIRROR SHAPING IMPROVED TOO. IN
THE 17705 AND '80%, WILLIAM HER-
SCHEL MADE BIG REFLECTORS, EACH
WITH A PARABOLIC MIRROR VIEWED
FROM THE LIP OF THE TELESCOPE.

| MIRROR
MOUNTED \

DESPITE SOME FINE REFRACTORS,
THE FUTURE CLEARLY LAY WITH Bi6
REFLECTORS, THOUGH MAYBE NOT
LORD RO%5E'S 1847 LEVIATHAN,
STUPIDLY SITED IN MISTY IRELAND.

1917: THE GREAT 254-CM MT. WIL-
SON REFLECTOR OPENED ITS EYE—
UPON WHICH, ITS OBSESSIVE
DESIGNER GEORGE HALE CHECKED
INTO AN ASYLUM WITH AN IMAGI-
NARY GREEN FRIEND...

' WHOOP!
NOT ME!
LET'S BUILD
ANOTHER

AND FINALLY MT. PALOMAR'S MON-
STER, WITH ITS 5-METER, 12-TON
MIRROR.

AND THEN WHAT? THESE GIANTS
HAD LIMITS: THEIR NARROW FIELD
OF VIEW HAMPERED SKY MAPPING...
AND THEY HAD TO PEER THROUGH
A FUzzy, FLUID BLANKET OF AIR
LIKE EVERYONE ELSE.

IN THE 1920%, BERNHARD SCHMIDT
SOLVED THE WIDE-ANGLE PROBLEM
WITH VAST CALCULATIONS, ALL BY
HAND (NOT %0 EASY, SINCE HE
HAD BLOWN OFF HI$ HAND IN A
YOUTHFUL EXPERIMENT)...

TALK ABOUT
A GRIND...

A SCHMIDT TELESCOPE USES A
SPHERICAL MIRROR CORRECTED BY
A WACKY LENS THAT DELIVERS
NEAR-PERFECT GEOMETRY.

.
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b WACKY LENS

FOCAL
SURFACE

NOW ZIP AHEAD TO (OMPUTERS
AND ROCKETS.. THE HUBBLE HUR-
PLES THE ATMOSPHERE... CLEAR
IMAGES AT LAST (ONCE THE ORIGI-

NAL FAULTY OPTILS WERE FIXED)!

N

Bl6 TERRESTRIAL REFLECTORS NOW
USE MULTIPLE MIRROR SEGMENTS:
THIN, NEARLY FLOPPY THINGS SUP-
PORTED BY COMPUTER-CONTROLLED
LIFTERS THAT MAINTAIN PERFECT
CURVATURE.

COMPUTERS CAN EVEN TWEAK SEC-
ONDARY MIRRORS TO “PETWINKLE"
THE EFFECT OF AIR TURBULENCE
IN REAL TIME, FOR IMAGES NEARLY
A% (RISP AS THE HUBBLE'S.

OF COURSE, NO GROUND-BASED
TELESCOPE (AN COMPETE WITH
THE NUMEROUS ORBITING EYES
POINTING DOWN.

a

WHAT AM I . LOOK ELSEWHERE

SUPPOSED TO FOR WORK...

LOOK AT THAT POCKET
CALENDAR! QUARTERLY
TAXES ARE DUE!
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WHO KNOWS WHAT THE FUTURE
MAY BRING? DON'T ASK US.. THIS
15 A HISTORY, NOT A PREDICTION!

.
AND QUITE A BIT
OF HISTORY IT 15,
FOR 31 PANELS!

WELL, WE
g TELESCOPED
IT..
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INTERNATIONAL YEAR OF ASTRONGOMY -

Astronomy Hits the Big Time

Four hundred years after the invention of the telescope, astronomy is flourishing. But even as the discoveries keep coming, the
field is rapidly evolving toward huge telescopes, large collaborations, and—alas—bigger headaches

Because anyone can search the sky, astronomy remains the most dem-
ocratic of sciences—perhaps the only one in which an amateur can still
make a bona fide discovery. In August 2007, Hanny van Arkel did just
that. The primary-school teacher from Heerlen, the Netherlands, spot-
ted a strange blue blob in the sky. The intergalactic ghost turned out to
be an enormous cloud of gas that is reflecting the light lingering from
a now-dead quasar in a nearby galaxy to create a never-before-seen
“light echo.” The discovery of Hanny’s Voorwerp (Dutch for Hanny’s
Object) earned Van Arkel, 25, a moment of fame. “My name was all
over the world, and that’s fun,” she says.

At the same time, the discovery highlights dramatic changes within
astronomy. Van Arkel made her find not by look-
ing through a telescope—she doesn’t own one—

Data factory. The Sloan Digital Sky Survey’s 2.5-meter telescope catalogs all it can see. An
amateur found the strange “light echo” known as Hanny’s Voorwerp (inset, green) in the
mounds of data.

but by viewing on her computer some of the millions of images
of galaxies captured by the Sloan Digital Sky Survey, an 8-year-old
project cataloging everything that can be seen in a vast swath of sky
with a 2.5-meter telescope on Apache Point in New Mexico. Van Arkel
is one of more than 160,000 volunteers helping to classify 1 million
galaxies as part of an outreach program called Galaxy Zoo.

Four hundred years after the invention of the telescope, the heavens
continue to yield mind-bending surprises: stellar explosions called
gamma-ray bursts that momentarily outshine the rest of the entire
universe in gamma-ray light, the bizarre dark energy that is stretching
space and speeding the expansion of the universe, and strange planets
orbiting other stars.

But even as the science flourishes, the practice and culture of astron-
omy are changing. Telescopes have grown steadily over the centuries,
but the ones now in planning are truly immense—optical behemoths
with mirrors measuring 30 meters or more across, and radio-telescope

arrays spanning thousands of kilometers. Their costs will be measured
in billions of dollars apiece. Meanwhile, some researchers are perform-
ing huge surveys that take a whole new approach to collecting data,
spotting everything in sight and recording it all in vast computerized
databases. Already considered “big science,” astronomy is rapidly
growing much bigger. And with that growth comes some of the
headaches that plague other fields: increasing competition for limited
resources and longer times to see projects completed.

“We shouldn’t lose sight of the fact that it’s good to have this prob-
lem,” says Roger Blandford, a theoretical astrophysicist at Stanford
University in Palo Alto, California. “It’s a sign that astronomy is as
intellectually and scientifically exciting as it’s ever been.” Michael
Turner, a cosmologist at the University of Chicago in Illinois, agrees:
“This is a very special time in astronomy, when you finally
know enough about the universe to ask a variety of big
questions, and you have the tools to go after the answers.”

Still, as astronomers reap an ever-greater understanding,
they may be losing the romance of their craft. As computer-
ized data streams and remote-controlled observatories
become the norm, the lone astronomer trekking to the
mountaintop for a night of observing is quickly becoming a
quaint anachronism.

A variety of riches

Strikingly, as astronomers have learned more, their field
has continued to grow more diverse. Whereas scientists in
fields such as particle physics have homed in on a few key
conceptual questions—is there a Higgs boson?—
astronomers find themselves blessed with an ever-longer
list of mysteries ripe for exploration; What’s speeding up
the expansion of the universe? How did the first galaxies
form? Where do cosmic rays come from? What is the
nature of the black hole in the middle of our galaxy?

Much of this progress has been driven by technology.
Astronomers have continued to improve their ability to
detect the electromagnetic radiation of various wave-
lengths that emanates from stars and galaxies, from the
advent of radio astronomy in the 1940s, to the birth of x-ray astronomy
in the 1960s, to precision studies of the microwaves lingering from the
big bang starting in the 1990s.

Most recently, the high-energy gamma-ray universe is coming into
focus. These energetic photons are too rare to be picked up by the small
telescopes of orbiting observatories and are blocked by the atmosphere.
But when one strikes the atmosphere, it sets off an avalanche of electrons
and other charged particles. As they zip through the air, these particles
produce a pulse of light called Cerenkov radiation that special ground-
based telescopes can detect. In 2004, the four telescopes of the High
Energy Stereoscopic System (H.E.S.S.) in Gollschau, Namibia, became
the first to spot a source of high-energy gamma rays shining in the sky
(Science, 3 September 2004, p. 1393; 5 November 2004, p. 956).

Other Cerenkov telescopes, including VERITAS in the United
States and MAGIC in the Canary Islands, have joined the search, and
astronomers now have more than 100 sources to study. Such high-
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