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To understand the origins of one of the most aston-
ishing astronomy images ever taken, consider this 
question: Who decides what the Hubble Space Tele-

scope looks at?
A committee, of course. If you want to observe with Hub-

ble, you must convince the committee to let you do it. You’ll 
fill out applications, document your request, defend your 
ideas. The committee — based at the Space Telescope Science 
Institute in Baltimore — will kick your idea’s proverbial tires, 
deciding whether your proposal is worthy of Hubble’s mighty 
observing prowess. And we do mean “you”: anyone — from 
high school students to senior researchers — can request tele-
scope time (see stsci.edu/hst/proposing). You have less than 
a 20% chance of success.

Unless, that is, you happen to be the institute’s director. A 
slice of Hubble’s annual observing time — director’s discretion-
ary time — belongs to the person populating that chair. The 
director can approve things like time-sensitive projects or 
even a program they’ve designed with their own team. But 
there’s pressure to choose your targets carefully.

Thirty years ago, that director’s chair belonged to Robert 
“Bob” Williams, a marathon-running, Ironman Triathlon–
qualifying, Los Angeles Dodgers–loving space cowboy with a 
PhD in astronomy. He walked away from a tenured teach-
ing post at the University of Arizona in 1983 to pursue more 
adventure than whiling away his days in an academic safe 
harbor would provide.

“If you want to be a leader,” he says, “you have to be will-
ing to take risks.”

Williams eventually landed at the Space Telescope Science 
Institute in 1993, an astronomy nomad who had bounced 
from Arizona to positions in Germany, California, and Chile, 
where he directed the Cerro Tololo Inter-American Observa-
tory for eight years. He arrived in Baltimore the same year 

the Space Shuttle Endeavor flew astronauts up to fix Hubble’s 
flawed mirror — a butt of late-night jokes and newspaper 
cartoons, much to the chagrin of the project’s scientists. But 
the images from the fixed scope were spectacular. Director’s 
discretionary time was his for the taking.

Williams, ever the risk-taker, didn’t want to play small 
ball. He wanted to hit a home run.

He thus did something no one had done before: He 
decided to spend 10 days in December 1995 looking not 
at planets, or known galaxies, or supernovae. Instead, he 
pointed the telescope at a blank patch of sky.

That blank patch of sky changed the field of astronomy.
The legacy of the image that resulted from those 10 days, 

the Hubble Deep Field (HDF), is about more than one pretty 
picture. The HDF turned the science of galaxy formation on 
its head. There are now two periods in modern-day galactic 
science: before the HDF, and after. It is one of the grand 
slams of modern astronomy.

The Team Takes Shape
The project started with postdoctoral researchers — that 
young, hungry corps of newly coronated PhDs fresh off their 
dissertation defenses. A great idea can launch a decades-long 
career. In 1995, postdocs Harry Ferguson and Mark Dick-
inson shared an office in Baltimore. They and others met 
with Williams for “science coffee” in the mornings, kicking 
around new research ideas.

Dickinson, an expert in spectroscopy, had already seen 
some success with Hubble by the time Williams began trawl-
ing for a discretionary project. Dickinson studied a group of 
small galaxies around the radio galaxy 3C 324. That galaxy 
has a redshift (z) of 1.2, which means its light left 3C 324 
around 8.5 billion years ago, or around 5.3 billion years after 
the Big Bang. The deep-field image that resulted, a black-and-
white image taken with a single filter, also revealed tons of 
small, compact galaxies hitherto unseen.

Yet nobody really knew whether a deep-field image tar-
geting anything other than a known object would produce 
scientifically valuable insights. Based on Dickinson’s success, 
Williams decided to find out and look into the void: to target 
an area that appeared both empty and ordinary. If there was 
something there, Williams reasoned, then a “typical” patch 
of empty sky would likely help astronomers infer what they 
might find in any such patch of the heavens.

Thirty years ago this month, the Hubble Space Telescope spent 10 days looking at an empty 
patch of sky. What it found changed astronomy — and the people who made it happen.

u THE ORIGINAL DEEP FIELD Hubble took 342 exposures using 
different filters to create this image. Its revelations led to a series of 
deep-field images, reaching ever farther out toward the horizon of the 
observable universe.

 THE OUTFIELDERS From left to right, HDF team members Ray Lu-
cas, Richard Hook, Harry Ferguson (sitting), Marc Postman, and Hans-
Martin Adorf examining HDF exposure frames as the data came in.
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He tasked a team led by Dickinson and Ferguson to plan 
out the project. The deep-field team would eventually com-
prise 17 scientists.

They risked more than a single exposure. Ferguson pro-
posed that they observe multiple wavelength ranges, using 
an ultraviolet filter during the daylight hours of Hubble’s 
orbits (to minimize interference from Earth’s reflected light), 
and a visible-light filter at night. Eventually the team would 
use four different filters for the project, the better to cap-
ture every last photon the sky would offer up. As a result, a 
substantial fraction of director’s discretionary time would be 
taken up by this one project.

Skeptics recoiled at the prospect. Some theorists thought 
that objects with exceptionally high redshifts would be unde-
tectable with Hubble. Others wondered how the U.S. Con-
gress that funded Hubble would respond if, after the expense 
of launching and then fixing their flagship space telescope, 
those two weeks produced nothing of note.

Williams and the HDF team decided to do it anyway.
The chosen field, tucked inside the constellation Ursa 

Major, was located in one of Hubble’s continuous viewing zones, 
where Hubble can view the sky without being blocked by Earth 
or bothered by the Sun or Moon. The field was tiny by Earth-
bound standards: just 11//1212 the width of the full Moon.

In December 1995, as Hubble quietly orbited above, send-
ing its missives back to Baltimore, Ferguson, Dickinson, and 
the rest of Williams’s young team churned through the data. 
They fought one of the largest snowstorms in years in early 

January (“They shut down New Jersey,” Ferguson remembers) 
to get to their offices — the days of work-from-home arrange-
ments made possible by the internet and video-teleconference 
software still lay many years in the future. By the time the 
American Astronomical Society gathered for its annual win-
ter conference in San Antonio in mid-January 1996, Williams 
and his team had their image ready to present at a morning 
press conference.

It wasn’t, as some had feared, nothing. The image was 
studded with galaxies — around 3,000 of them, give or take, 
at previously unheard-of redshifts. Thanks to the decision 
to use four different filters to take the image, it was bursting 
with color, revealing stellar populations of various ages, from 
young, bluish star-forming regions to ancient amber stars.

Because the HDF was a typical “empty” patch of sky, the 
result meant our universe was likely populated with tens of 
billions of galaxies.

The image proved that a space-based telescope could find 
more galaxies, and in earlier stages of their evolution, than 
ever before. On January 16, 1996, the HDF news made the 
front page of The New York Times.

The HDF was the first truly magnificent deep-field image 
ever taken. And it would not be the last.

“Never Going to Be the Same”
The field of galaxy morphology — classifying galaxies by their 
structure, whether elliptical or spiral or otherwise unique 
— began in the 1920s with Edwin Hubble. His “tuning fork” 
illustration visually ordered galaxies by shape: from round 
ellipticals and oblate ellipticals to both tight and wide spirals. 
(Hubble himself never meant to imply a literal evolutionary 
sequence from ellipticals to spirals; the idea that the tun-
ing fork implied an evolution from one shape to another is a 
common misconception.)

By the 1970s, astronomers had seen that galaxies in distant 
clusters were bluer than those closer to Earth, and they sus-
pected that galaxies evolved from being bright and blue (due to 
lots of star formation) to red (as star formation ceased) over 

REDSHIFT
Redshift, denoted by z, is a measurement of 
how much the light from a source has been 
stretched to the redder, longer wavelengths of 
the spectrum as the photons traveled through 
expanding space. The z value is directly 
proportional to the distance the light has traveled 
(S&T: Oct. 2024, p. 76).

CRACK TEAM Left: Harry Ferguson, Mark Dickinson, and Bob Williams stand in the library where they met for science coffee discussions, shortly 
after the release of the initial deep field image. Right: The same trio, gathered together a few years ago for an HDF anniversary.
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cosmic time. Leading up to the HDF, surveys had turned up 
faint blue galaxies at such vast distances that images couldn’t 
resolve what they looked like. It was unclear what these objects 
indicated about galaxy formation and evolution.

In 1996, Roberto Abraham — a self-proclaimed “galaxy 
guy” — was a postdoctoral researcher at the University of 
Cambridge in England. Abraham heard about the HDF from 
colleagues, one of whom had served on the committee that 
worked with Williams to design the program. Abraham knew 
when the HDF data drop was likely to happen, and he was 
ready for it.

“Two seconds after you looked at the Hubble Deep Field, 
you had the sense that astronomy was never going to be the 
same,” he says.

The HDF revealed many galaxies at high redshifts in unex-
pected shapes and sizes. Abraham and his fellow researchers 
devised a quantitative method for analyzing galaxy morphol-
ogy. They measured and mapped out differences in the inten-
sity of light coming from the center and edges of the galaxies 
in the HDF. Abraham also figured out a simple algorithm for 
testing symmetry: Take a picture of an object, rotate it 180°, 
take another picture of it, and then subtract one picture from 

HDF SOUTH Ten days of observations in October 1998 
resulted in this deep-field image of a small patch of sky in the 
constellation Tucana, near the south celestial pole. Galaxies 
with redder colors may indicate older stars, dust-scattered 
starlight, or redshifted light. Foreground stars identify them-
selves with diffraction spikes. The field is 2½ arcminutes wide, 
less than 1//10 the width of the full Moon.
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vided. Many of these objects resembled the faint blue galaxies 
counted, but not resolved, in earlier surveys. The younger the 
galaxy, the more likely it was to be asymmetrical, without the 
discernible central bulge seen in many mature galaxies. 

That suggested early galaxies built up from smaller entities 
that crashed into each other, proving we live in an evolving 
universe. Astronomers now realize that, contrary to the tuning 
fork’s common misinterpretation, star-forming disk galaxies 
eventually merge and become red-and-dead ellipticals.

Abraham and his colleagues submitted their HDF paper for 
publication within a month of the San Antonio meeting, and 
it was accepted days later — lightning speed in the staid world 
of academia. It was the first paper published with HDF data, 
and it remains one of the most-cited of Abraham’s career. To 
this day he’s amazed nobody beat him to the punch.

“It was so much fun,” he remembers. “I literally slept 
under my desk for two days. We were all just working like 
maniacs. Who wouldn’t be sleeping under their desk for a 
couple of days? You’d just be nuts. It’s just a magical period of 
time when you get handed this spectacular, historic data set.”

Abraham turned 60 this year and just completed a five-
year stint as a chair in the University of Toronto’s astronomy 
department. He still talks about the HDF with the same 
childlike excitement he felt the first time he saw Jupiter and 
its four largest moons through a backyard telescope. 

“Those moons looked like little dots,” he recalls. “But then 
Voyager released its images of Jupiter and its moons, and I 
realized they were all worlds unto themselves. There was so 
much more to discover.” That, Abraham stresses, is what the 
HDF did for galaxy studies.

A Mad Dash
Deep-field images are a perfect scientific endeavor: They 
answer questions and spur new ones at the same time. The 
HDF North (HDFN), as it was eventually christened, led to 
a 1998 HDF image in the Southern Hemisphere sky (HDFS), 
another Williams-led project. After that came the Hubble 
Ultra-Deep Field (UDF) image, created from data gathered in 
2003 and 2004.

Astronomer Chris Evans (European Space Agency) recalls 
the rush of energy when the UDF image was released in 
2004. Everyone scrambled to find the highest-redshift objects, 
competing for follow-up observations, he says. It was a level 
of energy and excitement that can be difficult to describe 
to those outside the profession, not unlike a feeding frenzy 
among sharks with a prized catch (although, one hopes, a bit 
more civilized).

In 2012, astronomers created yet another image, known 
as the Extreme Deep Field, with additional data from Hub-
ble’s Ultra-Deep Field Infrared survey. It included galaxies 
seen as they were 13.2 billion years ago. Telescopes, working 
as time machines, were nudging closer and closer to the edge 
of the observable universe.

“We’ve had these multiple generations of astronomers 
who’ve grown up scientifically with this amazing observa-

HDF1

ADFN

GOODS-N

CANDELS
Mizar

B O Ö T E S

U R S A  M A J O R

13h 

+60°

12h 14h 

+50°

+30°

+40°

S
ta

r 
m

ag
ni

tu
d

es

2
1
0

3
4
5
6

XDF
HUDF
GOODS-S

A Q U .

C E T U SE R I .

P A V O

P H X .

P I S .
A U S .

2h 0h 

–20°

–40°

HDFS

ADFS

Achernar

Fomalhaut

S
ta

r 
m

ag
ni

tu
d

es

2
1
0

3
4
5
6

DEEP FIELDS Since the first HDF, astronomers have used Hubble to 
complete several deep fields. They’ve also conducted the GOODS (north 
and south), CANDELS, and COSMOS surveys, which are less deep but 
have wider fields. COSMOS doesn’t appear here, since it’s near the 
equator. The Extreme Deep Field (XDF) is a smaller area within the Ultra 
Deep Field (HUDF). Also shown are the locations of the Amateur Deep 
Fields (see page 20).

the other. If you have anything left over, the object is asym-
metrical. He got the idea by watching his wife take a bite out 
of a fast-food hamburger.

Abraham discovered that the image was full of asymmetri-
cal galaxies with very high redshifts — “train wrecks” of young, 
dysmorphic galaxies (as Williams describes them), never before 
seen at the level of resolution that the four-filter approach pro-
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tory,” Evans says of Hubble. The HDF itself has generated 
thousands of academic papers in the last 30 years. When we 
add the other deep-field images taken by Hubble and other 
space telescopes, the number of papers citing deep-field proj-
ects climbs into many tens of thousands.

These images have informed choices for newer space 
telescopes. For example, mission planners chose to design 
the James Webb Space Telescope (JWST) to capture longer 
wavelengths in the infrared spectrum in part because of what 
the HDF revealed, according to Marcia Rieke (University of 
Arizona), principal investigator for the JWST’s near-infrared 
camera, NIRCam.

Hubble deep-field data continue to be re-analyzed, 

augmented by data collected from other space- and ground-
based telescopes, including the Chandra X-Ray Observatory 
for the X-ray spectrum, the Spitzer Space Telescope (launched 
in 2003 and retired in 2020) for infrared, and the Atacama 
Large Millimeter/submillimeter Array (ALMA) in Chile for 
microwave wavelengths. Mark Dickinson describes the field 
today as “a very multi-wavelength science,” one that has 
shifted focus from the days when an optical astronomer, an 
X-ray astronomer, and a radio astronomer would be three 
different people.

One recent deep-field project, published in August 2024, 
used data from multiple Hubble deep fields to identify super-
massive black holes in the early universe. The team compared 

GOING TO EXTREMES Astronomers assembled the Extreme Deep Field, or XDF, by combining more than 2,000 Hubble images taken over a span 
of 10 years, totaling 2 million seconds of exposure time. The deep field is a patch of sky at the center of the earlier Hubble Ultra Deep Field, in the 
southern constellation Fornax. The image is 2.3 arcminutes by 2 arcminutes in size and contains more than 5,000 galaxies.
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The Amateur Deep Field Images
Big, ambitious research projects can influence the field even 
more than we imagine at first glance. In the case of the HDF, it 
led to developments not just in professional astronomy but in 
the amateur community as well. 

Among them is the Amateur Deep Field. Using ground-based 
telescopes located at remote facilities around the world, a mot-
ley crew of serious amateurs decided in 2024 to test the bound-
aries of their own telescopes with a deep-field project that came 
with a slightly lower price tag than Hubble’s roughly $2 billion — 

and less professional pressure than Bob Williams experienced 
as the head of the Space Telescope Science Institute. 

The ADF team consists of a group of more than 30 interna-
tional amateur observers and professional collaborators, led 
by Steve Mandel (University of California, Santa Cruz). Mandel 
is a retired science communications expert. With a friend, he 
co-owns two PlaneWave telescopes (“the Porsche of tele-
scopes,” Mandel says), including a 17-inch that retails for 
more than $25,000, before you add in the cost of the mounts 
and accessories.

images taken several years apart to detect growing black holes 
by their flickers — a technique used previously but not with 
objects at very high redshifts. The study adds to existing evi-
dence that supermassive black holes formed during one of the 
universe’s earliest epochs.

A Cosmic Selfie
In March 2025, Bob Williams told the story of the HDF to 
a packed audience at a movie theater in Santa Cruz, Cali-
fornia. Now in his 80s, Williams still takes long-distance 
bike rides and looks every bit the athlete he’s always been. 
He admits he’s considering purchasing an electric bike, now 

that friends have told him that the bike doesn’t do the hard 
work for you: It just gives you an assist proportional to the 
energy you’re putting into the pedals. Williams does not 
strike one as the type of person who would ever willingly 
take a shortcut.

To honor his impact on astronomy, Williams’s colleagues 
had an asteroid named after him. The plaque they presented 
him with at the event says the asteroid celebrates Williams’s 
decision “to take the Hubble Deep Field image, which cap-
tured infant galaxies 12 billion years back in time and which 
showed conclusively that the universe is evolving.”

Standing beneath the iconic image, displayed on the big 
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AMATEUR DEEP FIELDS An international team of amateurs, wield-
ing 12 telescopes in each hemisphere, took the images overlaid to create 
these deep fields. ADF North combines 295 hours of exposure time and 
covers 0.52° by 0.35°; ADF South combines 291 hours  and covers 0.65° 
by 0.43°. Most images were taken with a luminance filter, with a bit of 
RGB for color. Apertures ranged from 12.5 inches to 1 meter.

Together, the ADF team members control about two dozen 
telescopes in both the Northern and Southern Hemispheres, 
housed at remote facilities in dark-sky areas around the globe. 
From the comfort of his living room in Santa Cruz, Mandel can 
fire up his telescope and start his observing runs every night. An 

movie-theater screen for the assembled crowd, astronomer 
Sandra Faber (University of California, Santa Cruz) said in 
her introduction to Williams’s talk, “In my opinion, this 
is the most important, significant image ever taken by a 
human telescope.”

Williams attempted to put into words the ultimate goal 
of the HDF project. He knew the Hubble team needed a big 
win after a shaky start. He’d spent his whole life watching 
baseball stars establish their greatness by leaning into the 
pitch. And he’d bet on himself his whole life and come out 
winning. Why play it safe when the universe is just begging 
you to take a big swing?

onsite crew at the remote hosting facility is on hand to solve any 
technical problems. (I asked Mandel where he got the more than 
$60,000 to invest in his observing hobby. “Some retirees get a 
sports car, some get a boat,” he mused. “I got telescopes.”)

The team produced two images: the Amateur Deep Field 
North and the Amateur Deep Field South. Unveiled at Wil-
liams’s March 2025 Santa Cruz talk, the images contain 
objects with redshifts up to 2.77, capturing light that has trav-
eled 11.3 billion years to reach Earth. “I told Bob, ‘You inspired 
this,’” Mandel says.

That big swing paid off, giving us what Williams calls “a 
selfie of humanity.” “All that is out there is what we devel-
oped from,” he says. Thirty years after HDF changed our 
understanding of the cosmos, he told the assembled crowd: 
“This one image was our attempt to reveal the contents of, 
and the evolution of, the universe.”

One would argue that it more than accomplished that task.

¢ NICOLE BOECK (née Nazzaro) is a biochemist and science 
writer and educator who has written for Nature, The New York 
Times, Yale School of Medicine, Fred Hutchinson Cancer Cen-
ter, and Runner’s World. 




