through space in a uniform mist, and
that a map of the universe would there
fore be featureless · and boring. But
Huchra and Geller have discovered vast
bubblelike collections of galaxies, huge
galaxyless voids, and, just this past year,
a thin sheet of galaxies, dubbed the
Great Wall, that stretches a half billion
light-years from end to end. As the map
gets larger, so do the features it reveals.
The immense size of these structures
has left astronomers as surprised as
Columbus was when he set out for
India, guided by Ptolemy, and bumped
into the New World instead.

T

he foundation of modern cos
mic cartography was laid more
than 60 years ago, when Edwin
Hubble verified that other gal
axies exist - that the spiral
patches in the night sky are like our
Milky Way rather than part of it, and
that these galaxies are flying away from
ours as the universe expands. The light
waves emitted by the receding galaxies
are stretched and thereby nudged to
ward the red end of the spectrum; the
faster the recession, the greater the red
shift. Hubble's great discovery was that
the fastest galaxies were also the far
thest, judging from how faint they were.
Thus the distance to a far-off galaxy
could be gauged from its redshift. With
that, it became theoretically possible to
map the three-dimensional distribution
of galaxies instead of just their position
in the sky.
But neither Hubble nor anyone else
chose to do so in a systematic way. One
reason was simple prejudice. Although
observers noted that some galaxies are
gathered into clusters, everyone assumed
that over larger distances this clumpi
ness would be smoothed out, the way
waves are smoothed out when you look
at them from far above the sea. If the
universe was smooth and featureless,
there was no point in mapping it.
But there was also a technical obsta
cle. In the early days redshifts were hard
to obtain. Milton Humason, Hubble's
colleague and the consummate observer
of his era, had to sit for hours at his
telescope to record the light spectrum
needed to determine the redshift of just
one galaxy. So astronomers generally
didn't bother; they were content just
noting a galaxy's celestial longitude and
latitude. Twenty years ago only several
hundred redshifts were known.
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In the 1970s, though, as observato
ries replaced light-squandering photo
graphic plates with more efficient elec
tronic detectors, it became possible to
take a redshift in half an hour rather
than an entire night -and with a mod
est telescope instead of the 200-inch
giant on California's Palomar Mountain.
Armed with this new equipment, as
tronomers started seeing superclusters
of galaxy clusters as well as vast voids
regions of space that were nearly empty
of galaxies. The most dramatic of these
voids, observed in 1981 in the direction
of the constellation Bootes, was 300
million light-years across. But many as

"I used to say I was
a physicist, which
ended the discussion.
I once said I was a
cosmologist, but I
got asked about
makeup. Now I say
I make maps!'
tronomers were still not convinced that
these structures were at all common.
Huchra was one of the skeptics. A
few years before the Bootes discovery,
he and three colleagues had begun their
first redshift survey, mapping some 2,400
galaxies, scattered over a third of the
sky out to a distance of 250 million
light-years. They detected hints of a
spongy cosmic architecture, but the evi
dence was inconclusive at best.
So inconclusive, in fact, that when
Huchra and Geller embarked on a more
ambitious and systematic redshift sur
vey in 1985, they had no special interest
in mapping the galaxy distribution; they
expected it to be smooth. They were
more interested in finding out how many
galaxies there are in a given volume of
space-an old and fundamental ques
tion in astronomy. This time they took a
representative slice across the sky-a
thin pie wedge with Earth at the apex.
At the far edge of the slice, 650 million
light-years away, were galaxies 6,000

times too faint to be visible to the naked
eye. Almost as an aside, Huchra and
Geller instructed a French graduate stu
dent, Valerie de Lapparent, to construct
a map of the survey's redshifts. "We
held off plotting the results," recalls
Huchra, "because we 'knew' they were
going to be smooth."
That summer De Lapparent showed
the results to her advisers. Huchra, who
was in charge of the observations, did a
double take. His first thought was, "How
did I screw up?" But the data immedi
ately converted Geller, a theorist and,
like Huchra, someone who had been
skeptical of reports of extremely large
structures in the universe. "I knew John
couldn't have fouled up," she says. "The
structures were so obvious."
On De Lapparent's map the galaxies
weren't scattered randomly; they were
congregated along the surface of gigan
tic, nested bubbles, which Geller lik
ened to a "kitchen-sink-full of soap
suds." Inside the bubbles were equally
huge voids. Most noticeable of all was
the shape in the center of the plot,
which many people mistook for a joke.
The shape resembled a stick figure, its
torso representing a prominent group of
galaxies called the Coma cluster.
With these startling results, and with
their newfound interest in cosmic car
tography, Huchra and Geller added a
title to their resumes. "When people
on airplanes ask me what I do, I used to
say I was a physicist, which ended the
discussion," says Geller. "I once said I
was a cosmologist, but they started ask
ing me about makeup, and the title
'astronomer' gets confused with astrolo
ger. Now I say I make maps."
ince 1985 Huchra and Geller have
stacked eight more slices onto
their first one, opening the origi
nal wedge up like a bellows. Each
round of the search begins at the
Center for Astrophysics at Harvard. In a
third-floor room some 20 cardboard
boxes are lined up on shelves according
to the celestial position of their contents
hundreds of Polaroid shots of galaxies,
with vital statistics on each.
Huchra and GeIter send pictures of
the targets they've chosen to Arizona,
where Harvard-Smithsonian observers
Edward Horine and James Peters, as
well as Huchra and the occasional grad
uate student, gauge the galaxies' red
shifts. The light from each galaxy is

S

broken down into its component wave
lengths by a spectrograph, much the
way a prism creates a rainbow out of
sunlight. The redshift caused by the
galaxy's motion is measured from the
shift of well-known spectral lines, such
as the wavelengths at which calcium
and oxygen emit and absorb light.
The spectroscopic data, collected on
computer tape, are sent back to Massa
chusetts, where they are analyzed and
added to the map. Each of the thou
sands of points represents a separate
galaxy. Geller studies the map on a
computer graphics terminal.
Manipulating eight knobs, she
can examine the frothy struc
tures from any angle.The galax
ies whiz by as she zooms
into the wedge, flying
through the voids like a
spaceship in hyperdrive, to
get a close look at the Great
Wall, an unmistakable band
running across the screen.
"I find the pattern artistically
pleasing," says Geller (who
once considered a career in de
sign) . Her colleague Ron East
man puts it ctifferently. "Every time
I walk by this room," he says, "I have
to stop and say, 'Wow!' "
In addition to widening their survey,
the Harvard-Smithsonian team is push
ing it deeper into space in one small
patch. A team of researchers from
England and the United States has
already tried this approach, prob
ing the universe along two thin
cores in opposite directions
from Earth, each core extend
ing 5 billion light-years. What
they saw was evidence for
a series of Great Walls, per
haps arranged in a kind of
honeycomb structure. "It's
as if we pierced an ex
tremely narrow needle
through the universe and hit
one wall after another, " says
team member Alex Szalay of
Johns Hopkins. The walls are
separated by voids 400 million light
years across.
By pushing their own survey deeper
into space-and thus further back in
time- Huchra and Geller hope to find
some clues as to how such huge struc
tures could have been built. The con
ventional view is that the walls cf gal
axies were pulled together by gravity;

specifically, by the gravity of "cold dark
matter," an unseen form of matter that
is thought to make up at least 90 per
cent of the mass of galaxies and of the
universe as a whole. And indeed, the
most recent computer simulations of
the cold dark matter model have been
able to reproduce roughly the walls and
voids seen on the cosmic maps.

The cosmic map can be examined from
any angle on a computer screen. So far
it covers .0000 I of the visible universe.

But Geller thinks there is something
more going on - something that future
maps may reveal. "I often feel we are
missing some fundamental element in
our attempts to understand this struc
ture," says Geller. "Nobody could imag
ine plate tectonics without a good map
of the Earth. And no one could figure
out the precise role of DNA before sci
entists mapped its arrangement of atoms.
A lot of science is really the same as
mapping. You have to make a map be
fore you understand ."
She and Huchra are three-quarters
of the way to their interim goal of
measuring and plotting 15,000
redshifts-which, considering
that there are billions of galax
ies in the universe, is a drop
in the bucket. Their funding
is fC\r from secure, though,
and once they reach the
15,000 mark the leadership
in cosmic mapping may pass
to other researchers. Astrono
mers in England, for instance,
are working on a fiber-optic
array in which each fiber would
collect the light from a single
galaxy in a cluster; that device
would make it possible to measure
dozens of redshifts at once and hun
dreds in one night. "If technology contin
ues to advance, astronomers can expect
to have a couple million redshifts within
twenty-five years," notes Geller. "That
would still be only one-thousandth
of the universe's volume, but then
it took hundreds of years to
map the Earth."
And as Huchra points out,
cosmic mapmakers have just
now reached the stage
where geographers were
when the New World was
discovered. "Back then
there was a lot of theoreti
cal, yet incorrect, knowledge
about what the world was
like," he says. "Some thought
the world might be flat and
you could fall off the edge, but
the explorers went out and found
out what was truly there. Celestial
mapmaking is very similar. Our precon
ceptions of a uniform universe are now
shattered-only we never had to worry
about falling off the edge."
0
Marcia Bartusiak wrote about sunspots
and the weather in the November issue.
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