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DEDICATION


This book is dedicated to the tens of thousands of men and women who dreamed up, designed, built, tested, launched, upgraded, repaired, operated, and have continued to operate the incredible time machine known as the Hubble Space Telescope, and to the astronomically larger number of people around the world who have enjoyed and learned from all that Hubble has helped us to discover.
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ENDPAPERS: This magnificent shot from Hubble’s ACS instrument shows a star-forming region known as N159 within the Large Magellanic Cloud, a satellite galaxy of the Milky Way that is about 160,000 light years away. Intense ultraviolet energy and strong stellar winds from hot young stars embedded within N159 cause the surrounding hydrogen gas to glow and to be shaped into delicate filaments and other structures that can be resolved by Hubble’s excellent resolution.


FOLLOWING PAGES: Hubble’s ACS false-color photo of the spiral galaxy known as NGC 3432, located about 45 million light-years away in the constellation Leo Minor (the Lesser Lion). It’s hard to tell that this is a spiral galaxy like our Milky Way because we’re viewing it “edge on” from our vantage point, like looking at a dinner plate from the side.



















“Looking at these stars suddenly dwarfed my own troubles and all the gravities of terrestrial life.”


—H. G. WELLS, THE TIME MACHINE (1895)



















“You gotta embrace the chaos. You have to. That way, life might just astonish you.”


—APRIL FROM HOT TUB TIME MACHINE (MGM/UA, 2010)




















[image: ]





















FOREWORD


John M. Grunsfeld, PhD, Astrophysicist/Astronaut, “Hubble Repairman”


For millennia, humans have looked to the night sky to find meaning in the arrangement of the stars and the meanderings of the Moon, the planets, and the occasional comet. Modernity has not changed our fascination with the mysteries of the Universe; rather, our curiosity about the nature of the Cosmos has only increased. We know that the Universe was born in a “Big Bang” 13.8 billion years ago and has expanded to form the arrangement of galaxies seen today through telescopes that extend our vision far beyond what was available to our ancestors. Black holes dot the Universe, and planets circle nearly all the stars we see in the night sky. We owe this knowledge to the legions of astronomers who have dedicated their lives to studying the data we obtain from telescopes on Earth and in space, and to the ingenious engineers and technicians who create their astronomical observatories. One such observatory in space, the Hubble Space Telescope, holds a special place in the history of astronomical discovery. It is perhaps the most significant scientific instrument ever built, due to the breadth and depth of the discoveries made using it. As we celebrate the thirtieth anniversary of the launch of Hubble in 1990, we also celebrate the incredible journey of discovery by humankind in the pursuit of knowledge.


The Hubble Space Telescope has made observations that helped provide answers to ancient questions like: Where did we come from? Where did the matter, the stars, planets, and galaxies, the chemical elements that we’re made of come from? Where are we going? What is the future trajectory of our solar system? What is the future of the Sun and the destiny of the galaxies in our Universe? Do black holes exist? (Yes!) Are there planets around nearby stars? (Yes!)


Yet all this science is in some ways eclipsed by the most significant achievement by Hubble: the images taken by its cameras show us that the Universe is much richer and more beautiful than we ever could have imagined. These now-familiar images shown throughout this book have inspired people around the world, uplifting our spirits and driving our curiosity.


These glorious thirty years of wonder and awe courtesy of the Hubble Space Telescope were anything but certain. In fact, after its launch on the space shuttle Discovery in 1990, the telescope was down and out with few expectations of success. A small flaw in the making of the 2.4-meter–diameter primary mirror (see page 4) portended a bleak future for the iconic telescope. The images were blurry, and astronomers worried that the mission might be a near-total loss. The investment in the telescope by the public ran into the billions of dollars, and so Congress was equally baffled and angry about the error in Hubble’s optics. To make matters worse, Hubble became the butt of jokes on late-night TV and fodder for editorial cartoonists. Fortunately for all of us, this was not the end of the story but the beginning of a marvelous journey that not only saved the telescope but extended its vision beyond anything that had been imagined when it was built.
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OPPOSITE: NASA Hubble repair astronaut John Grunsfeld’s mirrored helmet visor reflects fellow astronaut Andrew Feustel working high above the Earth in the cargo bay of the space shuttle Atlantis during Hubble Servicing Mission 4 (SM-4) in May, 2009.
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NASA astronaut Story Musgrave, anchored to the end of the space shuttle Endeavour’s robotic arm, prepares to work on the initial repairs and maintenance of the Hubble Space Telescope during Servicing Mission 1 (SM-1) in December, 1993.





The brilliant designers of the Hubble Space Telescope, with the support of NASA leadership at the time, realized that the unique capability of the space shuttle to deliver it to orbit would also allow it to be serviced by astronauts on subsequent missions. And so began one of the most recognized and celebrated uses of the space shuttle—to repair and service the Hubble Space Telescope. The first servicing mission in 1993, aboard the space shuttle Endeavour, carried new instruments and corrective optics to “undo” the incorrect design of the primary mirror (see pages 4 and 5). It is not an understatement to say that the future of NASA and the human spaceflight program hung in the balance. Thankfully, the mission was a resounding success in spite of the many technical and human challenges. In all, five missions to Hubble were performed between 1993 and 2009, each one challenging the ingenuity and perseverance of the engineers, scientists, technicians, administrators, and astronauts involved. I had the privilege and honor of flying on three of those five missions, performing spacewalks to upgrade and repair the telescope.


In 1997, I was assigned to my third spaceflight mission, which was also the third Hubble servicing mission. As an astrophysicist, this was the “holy grail” of space shuttle missions. We planned a record six spacewalks to do a major overhaul of several Hubble observatory systems, as well as install a new high-resolution camera. Just two years later, Hubble presented us with a new challenge. By 1999, half the telescope’s gyroscopes had failed, threatening to shut down Hubble’s eye on the Universe. So in December that same year, we set off to rendezvous with Hubble on the space shuttle Discovery for a shortened rescue mission of only three spacewalks. On that mission, we installed new gyroscopes, a new spacecraft computer, and other equipment to keep Hubble operational. This mission included my first spacewalks, and the opportunity to get up close and personal with Hubble. On Christmas Eve, 1999, I had the pleasure of doing the final spacewalk with my partner Steve Smith, and on Christmas day we released the telescope to resume its mission of discovery, exploration, and observation of the heavens. I cannot imagine a greater gift to humanity than a working Hubble observatory.


Following that successful mission, I was assigned as the Payload Commander to lead the spacewalks on a 2002 mission on the space shuttle Columbia. This mission was designed to complete the activities planned for the original third servicing mission interrupted by the gyroscope failures. On this mission we installed the Advanced Camera for Surveys, a new high-resolution digital camera for Hubble. This astounding camera would later take the data that would confirm that the Universe was accelerating, which led to the 2011 Nobel Prize in Physics, awarded to Adam Riess, Brian Schmidt, and Saul Perlmutter. However, before Hubble could make this contribution, we had to fix its main power-control unit. If we didn’t repair it, Hubble would eventually cease operations for good. But the repair was well beyond anything that had been attempted before in space; and if we didn’t get it right, Hubble would immediately fail. Thanks to the ingenuity and resourcefulness of the engineers at NASA’s Goddard Space Flight Center in Maryland and the amazing team of spacewalking instructors and operators at NASA’s Johnson Space Center in Houston, we were able to achieve the almost impossible and replaced the failed unit on the third spacewalk. I performed the repair with my spacewalking partner Rick Linnehan, a veterinarian by profession. Hubble dodged another bullet and was returned to service once again.


Tragically, the space shuttle Columbia was lost returning to Earth after a successful science mission in 2003. This was a blow to all of NASA, the space community, and the public. It also cast doubt on whether a final fifth servicing mission to Hubble would be undertaken as planned. Unlike missions to the International Space Station, there is no opportunity to hang out in a “safe haven” on a mission to Hubble. After much debate, the final space shuttle was manifested for flight. Once again, I was tapped to lead the spacewalking team for a five-walk series. Scott Altman, the Shuttle Commander, was assigned to the mission as well as Mike Massimino, a mechanical engineer, both of whom had been on the previous Hubble mission with me. Together we were joined by first-time astronauts Megan McArthur, Drew Feustel (my spacewalking partner for the mission), Greg Johnson, and Mike Good. To help mitigate the risk of our crew’s being stranded in space, a second space shuttle, Endeavour, stood ready on a second launchpad in case we needed to be rescued.


Our goals for this mission on the space shuttle Atlantis were quite ambitious. We were to install the Wide Field Camera-3, new batteries, a complete set of new gyroscopes, and a new Fine Guidance Sensor, along with the repair of the failed Space Telescope Imaging Spectrometer and the incredible Advanced Camera for Surveys. Once again, the talented team of engineers, flight controllers, technicians, launch team, and support members performed flawlessly and we achieved all the objectives and more. When we released Hubble back to its orbit on May 19, 2009, Hubble was in the best condition of its time in space. With the repaired instruments and the new Wide Field Camera, the telescope was well equipped to unravel yet more mysteries of the Universe.
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ABOVE: This power control unit, essentially the heart of the Hubble Space Telescope, was replaced during Servicing Mission 3B (SM-3B) by space shuttle Columbia astronauts John Grunsfeld and Richard Linnehan.


OPPOSITE: To practice for Servicing Mission 4 (SM-4) in a simulated zero-gravity environment, NASA astronauts worked on a model of the Hubble Space Telescope underwater in the Neutral Buoyancy Laboratory at the Johnson Space Center in Houston.
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When Hubble was first released into space, few could have imagined that it would last thirty years in orbit. The original estimate for its lifetime was fifteen years. If not for the servicing missions, Hubble never would’ve been able to achieve a fraction of its scientific exploration and discovery. From flawed mirror corrections to failed gyroscopes, broken cameras, faulty power systems, and more, the repair efforts from Earth and in space were crucial time after time. The five Hubble servicing missions will go down in history as some of the most daring and technically complex efforts of the space age.


Nearly half the world’s population, those thirty years old or younger, have never known a world without the Hubble Space Telescope. When we gaze upon the wonderful images captured by Hubble, we don’t remember the early disappointments, the troubles, or the challenges. What we appreciate is the beauty of the Universe as revealed by Hubble. While the future of the telescope is increasingly uncertain, its contributions are crystal clear. The following pages are as much a celebration of these contributions as they are a record of the discoveries made by a telescope that has touched us all.




OPPOSITE: Space shuttle Atlantis being loaded and fueled on Kennedy Space Center’s launch pad 39A prior to launch in May, 2009. The shuttle and its crew of seven astronauts would successfully carry out Servicing Mission 4 (SM-4) that month, on the final space shuttle mission to service the Hubble Space Telescope.


BELOW: Thumbs up: While helping repair the Hubble Space Telescope on the STS-109 mission (March 2002), Grunsfeld signals to crewmates inside space shuttle Columbia’s crew cabin that his third spacewalk is going well.
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INTRODUCTION


Imagine if you had a time machine, a special kind of time machine that only let you go back in time, way back in time where you could observe the events of the past, but not actually go there yourself. It sounds magical, but actually the world is full of such time machines—they’re called telescopes. And the most powerful of them so far, the one able to look the deepest back in time, isn’t actually on this planet but orbits some 330 miles above the surface. It’s called the Hubble Space Telescope, or sometimes just Hubble or HST for short.


Serious scientific planning for a large, space-based telescope began more than thirty years before HST was approved for funding in the late 1970s. The landmark milestone in the “birth” of the telescope was a research paper written in the late 1940s by Princeton astronomer and physicist Lyman Spitzer. In it, Spitzer noted that if a large telescope could be launched beyond the Earth’s atmosphere, it would enjoy two distinct advantages over ground-based telescopes, even those located in mountaintop observatories.


First, a space-based telescope would have the advantage of superior resolution compared to an earthbound telescope of the same size, whose focus is worsened and blurred by the constant “twinkling” of the Earth’s atmosphere. This effect, which astronomers call “the seeing,” usually prevents ground-based telescopes from reaching their theoretical (atmosphere-free) limit, even on clear nights (and of course, Earth-based telescopes can’t get any resolution at all when it’s cloudy!). A space-based telescope’s resolution could easily be up to ten times better or more, only limited by the physics of lenses or mirrors and the so-called “diffraction limit” of an optical system, as theorized by Spitzer. Since the diffraction limit is directly proportional to the diameter of the telescope’s optics, the bigger the space-based telescope, the finer its resolution will be.


According to Spitzer, the second advantage of space-based telescopes was that they wouldn’t have to filter out what our atmosphere does to certain parts of the spectrum. Ultraviolet (UV) radiation, for example, is strongly absorbed by ozone and other gases in our atmosphere. This is very good for life on Earth, because high-energy UV radiation quickly breaks down organic molecules, so life wouldn’t be possible on Earth’s surface if it weren’t filtered out by our atmosphere. However, our ozone is not so good for astronomers, who want to study high-energy astrophysical processes and events that can only be detected and understood by studying UV radiation. Similarly, many important parts of the infrared spectrum of astronomical objects are filtered out by water vapor, CO2, and other gases in the Earth’s atmosphere, so those potentially diagnostic wavelengths aren’t accessible from ground-based telescopes either.


From space, however, astronomers can study all the colors of the Universe.
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Hubble’s WFPC2 instrument produced a false-color photo of a small region of turbulent clouds of gas and dust within the nebula known as M17 (also called the “Omega” or “Swan” Nebula), located about 5,500 light-years away in the constellation Sagittarius.






From Theory To Hubble



Going from Spitzer’s concept to an actual telescope operating in space took a long time, in part because key technical problems had yet to be solved, and also because everyone (including the U.S. Congress) knew that it would be a very expensive project to fund. Cost concerns alone persuaded many astronomers to come out against the idea in fear that this one project could potentially eat up all, or most, of the federal funding for astronomical research and instrumentation.


Luckily, the U.S. National Academy of Sciences, which Congress and presidential administrations often consult when setting the nation’s scientific and technological research agendas, endorsed the idea of a large space-based telescope in the early 1960s, linking its mission to the still-new space agency NASA (the National Aeronautics and Space Administration). By the mid-1960s, both NASA and the British Science Research Council had launched and operated several small space-based telescopes, proving the scientific potential of looking at the Sun and other deep-space objects in the ultraviolet part of the spectrum (as well as the even-higher-energy X-ray and gamma-ray parts of the spectrum). Around the same time, Spitzer himself chaired a National Academy of Sciences committee exploring the concept of a Large Space Telescope (LST), perhaps up to 3 meters (almost 10 feet) in diameter. He worked tirelessly to convince his skeptical astronomical colleagues that even though it would be a very large investment, the potential scientific returns could be enormous. NASA pitched a plan to launch an LST around 1979, and to have it deployed and occasionally serviced by the agency’s new crewed space vehicle, the space shuttle.


Sadly, the 1970s and early 1980s were a challenging time for NASA funding. The agency was scaled back in scope and budget after the costly Apollo Moon-landing missions, which had become an easy target for Congressional and Executive budget-cutters. Funds for a proposed LST were actually cut entirely from the federal budget by Congress in 1974. A national lobbying and letter-writing campaign by astronomers, along with another well-timed report from the National Academy of Sciences, stressed the need for a space-based telescope and helped funding get restored, but at only half the expected levels. As a result, the LST designers were forced to cut down on the diameter of the telescope, from 3 meters to about 2.4 meters, as a cost-cutting maneuver. Another money-saving move was to enlist the partnership of the European Space Agency (ESA), which agreed to supply the solar panels and one of the telescope’s instruments in exchange for European astronomers getting 15% of the eventual study time on the observatory. Detailed design work on the telescope, and the spacecraft to transport it, finally began in 1978, with a launch scheduled for 1983.


Designing, building, and testing such a complex machine required the combined experience and expertise of two major NASA research facilities—the Marshall Space Flight Center in Huntsville, Alabama, would build the telescope itself; and the Goddard Space Flight Center in Greenbelt, Maryland, would be responsible for the instruments and ground control center. Aerospace giant Lockheed would construct the spacecraft and integrate the telescope into it. Marshall then subcontracted the fabrication of the telescope’s mirror out to Perkin-Elmer, an optics company with a mirror-grinding facility in Danbury, Connecticut.
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OPPOSITE: Astronomer Edwin Hubble peering through the guidescope of the 48-inch Schmidt camera telescope at Palomar Observatory, circa 1949.





The tasks proved to be technically daunting all around, with delays and cost overruns occurring in both the mirror fabrication and the spacecraft assembly and testing. NASA kept pushing back the launch date, to 1984, then 1985, then finally 1986 as problems cropped up and had to be solved. In the meantime, NASA decided to name the telescope after the American astronomer Edwin P. Hubble (1889–1953), who had been a key scientist in the late 1920s and early 1930s discovery of galaxies beyond the Milky Way. Hubble was also one of the first scientists to realize that the motions of those distant galaxies revealed that the Universe is expanding, and thus (by inference, running the clock backwards) must have been born from a single unimaginable burst of matter and energy many billions of years ago—an event we now widely refer to as the Big Bang.


Hubble’s Dream Comes to Fruition


The official purpose of the Hubble Space Telescope, according to NASA, was “to gather light from cosmic objects so scientists can better understand the Universe around us.” A critical facet of this very general goal was for the telescope to measure light not only in the visible part of the spectrum, but also in the ultraviolet part, which is not possible from ground-based telescopes because of the Earth’s atmosphere. More specifically, the telescope would be able to study these colors of light at extremely high resolution, acquiring observations that could enable new discoveries about planets, moons, asteroids, comets, stars, nebulae, galaxies, and the early Universe. Indeed, perhaps the single most important goal of Hubble would be to accurately determine the age of the Universe itself, improving on the work of the observatory’s namesake by measuring the rate of expansion of distant galaxies in much more exquisite detail.


Things finally looked good for the revised launch date of the Hubble Space Telescope (HST) in late 1986, but the tragic explosion of the space shuttle Challenger shortly after it’s launch that January grounded the entire shuttle fleet. The nearly complete telescope had to be mothballed for more than three years while it waited for a ride. Finally, on April 24, 1990, the space shuttle Discovery lofted HST into space. It had taken a dozen years to get it there, and costs had ballooned from the original $400 million estimate to more than $4.7 billion along the way. Astronomers were nonetheless elated at the potential discoveries that awaited this historic new observatory.


However, elation quickly turned to disappointment when it became clear that the telescope was badly out of focus. The first HST images of stars and galaxies were supposed to be stunningly crisp and detailed; instead, they were shockingly blurry and smeared out. The telescope’s resolution was something like ten times worse than what HST had been designed for, and not actually much better than what good ground-based telescopes could achieve at the time. It was both an engineering and a public relations catastrophe. An ensuing investigation revealed that the primary mirror had been manufactured to an incredibly precise—and incredibly wrong—shape. HST’s primary mirror was ground too flat, by about 2.2 micrometers, or about one fiftieth the diameter of a human hair. While it doesn’t seem like much, for such a large telescope the effect (called “spherical aberration”) was enormous and prevented the instruments from achieving tight focus. Eventually, investigators identified the culprit as a flawed piece of test equipment that was used to verify the proper shape of the mirror. Also implicated were flawed management and oversight processes at both Perkin-Elmer and NASA that had allowed such an enormous mistake to go unnoticed during the years of fabrication and testing.


Fortunately, the telescope’s primary mirror was ground perfectly wrong, smooth down to the scale of just a few hundred atoms. So, just like for a near-sighted or far-sighted person, it was possible to design what was essentially a set of corrective eyeglasses that could be used to bring the telescope into proper focus. Work soon began on the design of a new instrument by Ball Aerospace called COSTAR, or “Corrective Optics Space Telescope Axial Replacement” (see page 21), to correct the spherical aberration. Because HST had been placed in low Earth orbit at an altitude where it was in position to be serviced by the space shuttle, NASA was able to plan for and then launch COSTAR on a ten-day Endeavour shuttle mission known as “Servicing Mission 1” or “SM-1” in December 1993. Subsequent testing revealed the repair mission to be a total success: images were now as sharp as expected, and HST would finally be able to achieve both the sensitivity and resolution for which it had been designed.
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OPPOSITE TOP: Technicians inspect the highly polished and finely ground aluminized surface of the Hubble Space Telescope’s 7.8 foot (2.4 meter) wide primary mirror.


OPPOSITE BOTTOM: The Hubble Space Telescope’s primary mirror being ground at the Perkin-Elmer Corporation’s large optics fabrication facility in Danbury, Connecticut in 1979.
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COLOR IN SPACE: How Hubble Works
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The cameras on the Hubble Space Telescope produce spectacular color photos, but most of the time they are not “true color” (what we would see with our naked eyes), but instead are “false color,” composites of colors of the spectrum that we cannot detect with our eyes, but displayed in colors that we can see. An example is shown here, in a dramatic false-color composite of the famous Crab Nebula, the scattered remains of a massive nearby star that exploded in the year 1054 (see page 109). This composite was made by assigning different images taken by Earth-based and space-based telescopes across the electromagnetic spectrum (see individual photos at upper right) to the red, green, and blue hues that we can detect with our eyes. Different parts of the spectrum provide information on different parts of the nebula: Radio images (VLA) map magnetic fields; Infrared images (Spitzer space telescope) see through more dusty regions and map the innermost structures; Optical images (Hubble) map hydrogen in the nebula; Ultraviolet images (Astro-1 space telescope) map cooler, lower energy electrons; and X-ray images (Chandra space telescope) map the hottest electrons emerging from the rapidly spinning pulsar in the Crab’s heart.
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HUBBLE’S INSTRUMENTS: A HISTORY


Including COSTAR, HST has used a dozen different instruments during its thirty-year lifetime (so far) to achieve its spectacular science results. The telescope was launched with five original instruments:


1. A camera built by NASA’s Jet Propulsion Laboratory (JPL) with both wide-angle and higher-resolution fields of view (called the Wide Field and Planetary Camera, or WFPC, pronounced “whiff-pic”).


2. Another camera called the Faint Object Camera (FOC), funded by ESA and designed to have extreme sensitivity for the dimmest, most distant objects observable.


3. A spectrometer called GHRS (Goddard High Resolution Spectrograph, built by NASA’s Goddard Space Flight Center, or GSFC).


4. A spectrometer called FOS (Faint Object Spectrograph, built by the University of California, San Diego).


5. An instrument called the High Speed Photometer (HSP), built by the University of Wisconsin and designed to study rapidly changing brightness variations in supernova explosions and other astrophysical events.


All these instruments were eventually replaced with more advanced and capable versions during the five space shuttle servicing missions that visited Hubble (see “Hubble Servicing Missions,” page 25).






Hubble’s Legacy



It is not an exaggeration to claim that the Hubble Space Telescope has completely revolutionized modern astronomical science. By enabling researchers to determine with exquisite precision the Universe’s rate of expansion, Hubble revealed that the Big Bang likely occurred exactly 13.799 billion years ago (plus or minus only about 20 million years!). By collecting light from the dimmest, most distant objects ever studied, Hubble provided critical data needed to understand the origin and evolution of galaxies, dating all the way back to the first galaxies formed during the very early lifetime of the Universe. Numerous other scientific discoveries and superlatives abound over Hubble’s thirty-year history: The first visible-light images of a planet around another star; the first and, as yet, most accurate measurements supporting the existence of Dark Matter; detailed and spectacularly beautiful images capturing the births and deaths of stars; the discovery that supermassive black holes are common in the Universe; the stunning realization that stupendous amounts of energy are released during impact events, like the 1994 collision of comet Shoemaker-Levy 9 into Jupiter (see pages 40 and 41); the discovery and analysis of new Solar System moons, rings, asteroids, and comets—and the list goes on. These and a slew of other key discoveries outlining Hubble’s legacy are highlighted in the entries of this book.


It’s also not an exaggeration to say that another critical part of Hubble’s legacy is its responsibility, in part, for renewed popularization of—and public engagement with—astronomy and space science. Millions of people visit the websites of the Space Telescope Science Institute (STScI) annually and download huge numbers of spectacular high-resolution photos, posters, and screen savers. Hubble data are featured prominently in dozens of NASA and ESA press releases each year, and those stories are picked up and disseminated by hundreds of media outlets, both traditional and online. Hollywood and international television and film artists—especially in the science-fiction genre—routinely utilize Hubble photos for background and context. In my experience, much of the general public expect the Hubble Space Telescope to be involved when anything interesting is happening in space or in the night sky. After a difficult gestation period and a troubled youth, the telescope has grown up to be hugely successful and famous. Indeed, because of the way it is now ingrained heroically in our collective culture and psyche, I believe that to hundreds of millions of people around the world, not just in the U.S. and Europe, Hubble has become their telescope.


Hubble is one of four so-called Great Observatories launched into space by NASA between 1990 and 2003, and is the only one designed specifically to observe the Universe primarily in ultraviolet and visible wavelengths of light. The other three Great Observatories are the Compton Gamma Ray Observatory, launched in 1991 on the shuttle Atlantis and designed to detect high-energy astrophysical events and processes; the Chandra X-ray Observatory, launched in 1999 aboard the shuttle Columbia and designed to study somewhat less energetic objects; and the Spitzer Space Telescope, launched on a Delta II rocket in 2003 and optimized to study the infrared (thermal) radiation emitted by astronomical objects. Following the Hubble model, NASA named each of these observatories after an accomplished astronomer who had helped to pioneer the study of the Universe in each telescope’s unique wavelength region. Naming the infrared space telescope after Lyman Spitzer also acknowledged his special role in the long struggle that led to the U.S. and international government investments that enabled these remarkable and historic observatories and their spectacular scientific advances.
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In this Hubble WFPC2 photo, a nearly perfect ring of hot, blue stars pinwheels about the yellow nucleus of an unusual galaxy, PGC 54559, or Hoag’s Object.





Indeed, the legacy of the HST will live on long after the telescope itself eventually stops functioning and burns up during a planned “controlled de-orbit” into the Earth’s atmosphere, likely sometime in the 2020s. That legacy will include many thousands of images and other data sets processed and permanently archived by the now-highly experienced and dedicated science and engineering staff of the Space Telescope Science Institute in Baltimore, Maryland. Hubble’s amazing images and other data have already helped to revolutionize our view of the Cosmos, and there is no telling what new discoveries await deeper analysis of the archive. As well, the experience gained by STScI and other similar operations centers around the world have taught us how to control and “fly” large telescopes in space. The experience and expertise accumulated by the people who designed, built, operated, and made discoveries using the amazing time machine called the Hubble Space Telescope will also guide the next generation of astronomers and incredible new space-based observatories in the decades to come.
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