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11 ilmight think that after 12 years in orbit, the Hubble
11 •pace Telescope would be plumb out of surprises. Yet
r \11ike a child entering adolescence, Hubble stands on
\ the threshold of an extraordinary new phase in its life.
1 The first sign of this awakening came in late April,
ivhen NASA released four images taken by the newly
•nstalled Advanced Camera for Surveys (ACS). "These
-are among the best images of the distant universe
humans have ever seen," says Holland Ford of Johns
Hopkins University, who led the team that developed the ACS. And best of all, the exquisite views of
distant galaxies and starbirth in the Milky Way offer
just a taste of what the refurbished Hubble can do.
For all this we can thank the visionaries at NASA,
who knew enough not to leave a good thing alone.
They designed the orbiting observatory with regular
servicing missions in mind. Without that capability, astronomers would now be stuck with a fossil:
optics that couldn't focus properly and technology
more than 15 years out of date.
Previous page: Ribbons of gas and dust weave through the
heart of the Omega Nebula (M 17}. Ultraviolet radiation from
hot stars ( beyond the image's upper right corner) evaporates
regions of rarefied gas, exposing denser pockets that contain
developing stars. This hotbed of starbirth lies 5,500 lightyears from Earth in Sagittarius. Alimiges: NASA. ESA. H. Ford(JHU). G.
Illingworth (UCSC/LO), M. Clampin (STScl), G. Hartig (STScl), and the ACS SclenceTeam

A galactic collision tore out the long tail seen in the Tadpole
galaxy (right), located 420 million light-years away in Draco.
Individual supergiant stars and star clusters pepper the spiral
arms and debris tail. The two prominent clumps in the tail
will likely become orbiting dwarf galaxies. The intruder galaxy
that raised all the havoc lurks behind the disk (above, arrow).
Roughly 6,000 galaxies appear in the image's background.
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Hubble received its fourth visit from NASA in
early March, when the space shuttle Columbia rendezvoused with the telescope. The 12-day mission
saw a team of seven astronauts install the ACS, restore
a dormant instrument to full operation, and replace
the observatory's solar arrays, among other tasks.
But it's the Advanced Camera for Surveys that
promises to keep Hubble at the forefront of astronomical discovery. The ACS, which replaces the Faint
Object Camera, consists of three cameras in one: a
wide-field camera, a high-resolution camera (with a
smaller field ofview), and a solar-blind camera, which
filters out visible light to enhance its ultraviolet
sensitivity. It also comes equipped with a coronagraph that can block the bright light from quasars and
stars, for example, to examine faint objects nearby. All
four of the images shown here were taken in the
camera's wide-field mode.
The ACS.has more than twice the field of view,
twice the resolution, and five times the sensitivity of
Hubble's current Wide Field and Planetary Camera 2.
«
That means a single ACS image can capture more
objects in more detail and at a faster rate than ever
before," says astrophysicist Frank Summers of the
Space Telescope Science Institute.
This point was driven home in an image of UGC
10214 (pages 32-33), a spiral galaxy nicknamed the
"Tadpole." The galaxy's distorted shape arises from a
tiny intruder, a blue galaxy faintly visible through
the disk of the Tadpole. Tidal forces between the
interloper and the much more massive Tadpole pulled
out the long debris tail, which extends more than
280,000 light-years.
The backdrop of more distant galaxies seen in the
image proved to be an unexpected bonus. Astron6mers have counted some 6,000 galaxies in the
background, twice as many as appeared in the famed
Hubble Deep Field. Even more impressive, the ACS
image took 8.3 hours of exposure time - one-twelfth
that of the Deep Field. The most distant galaxies
visible lie 12 billion to 13 billion light-years away and
rank among the most distant ever seen. And they are
just the tip ofthe iceberg. "ACS will allow us to push
The Cone Nebula ( NGC 2264) fights a losing battle against
intense ultraviolet radiation emanating from massive stars
beyond the top edge of this image. The radiation erodes the
edges of the cloud, liberating gas into the relatively empty
space surrounding it. Ultraviolet light then excites the gas,
causing it to glow with hydrogen's characteristic red color.
Over millions of years, only the nebula's densest regions will
survive. The Cone lies 2,500 light-years away in Monoceros.

back the frontier of the early universe;' says Ford.
"We will begin to enter the 'twilight zone' period
when galaxies were just beginning to form out of the
darkness that followed the cooling of the universe
from the Big Bang."
Hubble captured another pair ofinteracting galaxies, designated NGC 4676 (page 36 ). The rounded
disks and long tail-like streamers suggested two mice
playing to the Russian astronomer Boris A.VorontsovVel'yaminov, and theyhave been known as the"Mice"
ever since. Computer simulations by Joshua Barnes of
the University of Hawaii and John Hibbard of the
National Radio Astronomy Observatory show that
the galaxies are in the early stages of encounten They
apparently sideswiped each other about 150 million
years ago and are now heading back for a second,
doser pass. It took the researchers a month oftrial and
error - mostly error, according to Barnes - to
reproduce the Mice. The simulation predicts that the
galaxies will merge into a single giant elliptical roughly
400 million years from now. A similar fate may await
our own Milky Way Galaxy in several billion years,
when we collide with the massive Andromeda Galaxy.
Hubble also targeted two regions in the Milky
Way. An image ofthe Omega, or Swan, Nebula (M17)
reveals a watercolor tapestry of glowing gas interlaced with dark dust all cradling scores of newly born
stars - and likely embryonic planetary systems (pages
30-31 ). Powerful ultraviolet radiation from bright
young stars sculpt the nebula's delicate tendrils. A
crimson sea of glowing hydrogen gas surrounds the
giant pillar of gas and dust known as the Cone Nebula
(NGC 2264), seen at left. Ultraviolet light from hot
stars located beyond the top of the image is slowly
eroding away the nebula.
It won't come as a surprise to learn that astronomers plan to make the ACS Hubble's new workhorse.
It will probe the universe's earliest galaxies, study the
relation between supermassive black holes and galaxies, analyze distant supernovae to learn more about
the mysterious dark energy that apparently permeates
space, and even take a census of Kuiper Belt Objects
in our solar system.
In addition to installing the ACS, Columbia's astronauts also reawakened the Near Infrared Camera and
Multi-Object Spectrometer (NICMOS). It had been
dormant since January 1999, when the frozen nitrogen
used to keep its infrared detectors very cold finally
evaporated. The astronauts fit NICMOS with an
experimental cryogenic system that has cooled it to a
temperature of-333° Fahrenheit (-203° Celsius), and
the camera has begun to study the cool, dusty regions
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of space once again. The first results from NICMOS
should come out in early June.
The biggest change in Hubble's outward appearance came with the installation of new rigid solar
panels. Some 45 percent smaller than the previous set,
the more efficient units produce 27 percent more
electrical power and have doubled the amount available to the scientific instruments. The astronauts
also installed a new Power Control Unit, which distributes electricity from the solar panels and batteries
to the observatory, and replaced one of the Reaction
Wheel Assemblies used to help point the telescope.
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Hubble pulled through the servicing mission in
great shapeend seems destined for several more years
of flawless operation. As the newly revitalized space
telescope prepares to enter its teenage years, we can
only guess at what surprises it holds in store.
a
Debris tails and a frenzy of star formation testify to the tidal
forces generated when these two galaxies passed near each
other. Nicknamed the Mice ( NGC 4676), the galaxies also
show streams of material flowing between them. The pair
will eventually merge into one giant galaxy. The Mice lie 300
million light-years away in the rich Coma Cluster of galaxies.

