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The Milky Way over Saguaro National Park outside of Tucson, Arizona, photographed by Jeff Abong.
























Dedication


This book is dedicated to the many scientists, engineers, explorers, and artists who, together, have created stunning works of art that reveal and celebrate the beauty, mystery, and sheer awesomeness of our universe.
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This image combines observations of the Messier 106 spiral galaxy taken by the Hubble Space Telescope, with additional information captured by amateur astronomers Robert Gendler and Jay GaBany. Gendler combined Hubble data with his own observations to produce this stunning color image.
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A 27-frame mosaic of the Milky Way taken in July 2019 by Miguel Claro from the Ojos del Salar lagoon in the Atacama Desert of Chile.























INTRODUCTION





“Photography is an art of observation. . . . It has little to do with the things you see and everything to do with the way you see them.”


—Elliott Erwitt, French-American photographer
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Mars, as seen from the NASA rover Perseverance, showing the ancient rocky plains of Jezero crater and the distant photogenic hill named Santa Cruz.





I remember the first sunset I ever saw on Mars. It was in August 1997, and I was living on the Red Planet with a bunch of colleagues who were also working on the Mars Pathfinder mission. Of course, we weren’t actually on Mars. Rather, we were working at NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, California, and experiencing Mars virtually and vicariously through the eyes of some high-tech robotic avatars. Pathfinder was only the third mission to successfully land on Mars, more than 20 years after the two Viking lander missions had first done so. Our team helped design, build, and test Pathfinder’s digital cameras, and we had spent the month since landing giddily photographing and analyzing the ruddy rocks, soils, and distant hills.


The mission had a huge online following that summer—the Fourth of July landing had been the largest event in the (young) history of the internet! Many of us were keen to try something new, to share with the public our excitement about the mission and the thrill of “being on Mars” again in some tangible, familiar way. Our camera team leader, Peter Smith, was open to new ideas about what to photograph, even if it meant straying a little far afield from our specific geologic-mapping science goals. He and colleagues Martin Tomasko and Mark Lemmon were all interested in studying the planet’s atmosphere as well as its surface, so they hatched a plan to try to photograph the setting Sun on another world.




[image: ]


A light blue dusty sunset on Mars, photographed by NASA’s Curiosity rover on April 15, 2015.





The Viking landers had photographed the twilight sky around sunset back in 1976, but it wasn’t possible to actually see the Sun itself without saturating the cameras. We predicted that the more advanced digital cameras on Pathfinder, with their greater dynamic range, should be able to do it, but it also depended on how much dust there would be in the atmosphere when we tried. If there was an average amount of dust or more, that would help to dim the Sun along the horizon and the photo wouldn’t be overexposed. But if there was a less than average quantity of dust in the air, we might just get a washed-out view. Smith, a bit of a romantic who was always eager to try to make our work interesting and relatable to the general public, was game to try.


The result, seen at left, was both beautiful and surprising. The dust did its part and helped to dim the Sun just enough so that we could see it, hanging there, just above the hilly horizon. But it wasn’t yellow or even red, like a sunset through dusty air on Earth—it was light blue. In fact, the part of the sky all around the setting Sun had turned from its normal Martian reddish-ocher hue to a distinctly bluish color. How strange! How lovely! And how distinctly Martian. The gas and dust in that thin atmosphere scatters light very differently than in Earth’s. Here, our thick atmosphere scatters blue light away from the Sun, turning it reddish-orange at sunset. On Mars, blue light is not scattered as much and red light is absorbed by the dust, imparting that bluish hue on the scene.


My colleagues got a great research paper out of the photo, but, more importantly, we were able to share an incredible experience—a gorgeous alien sunset—with millions of people around the world. It was a transformational moment for me on another level as well, though. I realized, for the first time, that we could do more than just “take photos”—more than just dispassionately and objectively document the scene around us (as many think that scientists are only supposed to do). We could, and did, create art.


I think of that Mars Pathfinder sunset photo—and even higher-resolution ones that we’ve taken from cameras on subsequent missions, like NASA’s Curiosity rover—as art. This is not just because they are beautiful, but also because they exhibit stylistic elements found in other examples of fine art photography: lines that divide and focus the viewer on distinctive scene elements; a sense of depth and framing from near and far horizons and haze; and variable levels of contrast, lighting, and silhouettes that make a scene both familiar and dramatic. Photos like these also carry counterintuitive contextual and situational elements: the photograph on pages 2–3 might be a sunset on Earth but for the unexpected colors of the Sun and sky.


Experiences like this remind us that we live in an incredible age of exploration. Not only have we mapped our own planet’s continents, oceans, and interior, but we have also begun to extend our reach out into deep space (beyond Earth orbit, out to the Moon, to Mars, and beyond) to explore the wonders of the cosmos. Hundreds of deep space mission cameras since the 1960s have now taken stunning photos, revealing the beauty, grandeur, and mysteries of our solar system, our galaxy, and the Universe beyond. I believe that many of these photographs are stunning works of space art.


In this book, I showcase more than 125 of those photographs that I believe represent some of the finest examples of the art of deep space exploration. While many of these photos were taken by cameras on robotic planetary landers, rovers, orbiters, or space telescopes, the robots didn’t produce the art; people did. Robotic missions and instruments are built by and operated by people back here on Earth, who get to plan and compose the photos, choose the timing and the framing, set the exposures, and digitally process the images afterward. However, some of these artistic views were photographed by very few of us—those astronauts who have had the privilege of traveling into space—from as far away as the Moon, and likely farther in the not-too-distant future.


Why can some of these space photos, presumably mostly taken for scientific purposes, also be classified as art? There are many reasons. They offer us glimpses of reality, but from perspectives that are wholly outside of our human (Earth-dwelling) experience. They can portray the familiar in unfamiliar ways; for example, by showing us the Universe in parts of the spectrum that we cannot perceive with our limited range of human color perception. And they challenge our intuitive but geocentric understanding of the way things work by revealing how dramatic changes in size, gravity, temperature, pressure, or chemistry can result in landscapes or other natural vistas that seem completely unnatural to our earthbound selves.


If one of the roles of art is to extend our senses and our experiences into the realm of the unknown and the unfamiliar, to imbue us with a sense of awe and wonder at the glory and grandeur of nature, and to push the boundaries of what we know and feel, then deep space exploration has provided some of the most spectacular and humbling kinds of art that humans have ever produced.


I started dabbling in amateur landscape photography in high school. I had a decent Nikon single-lens reflex (SLR) film camera, and our photography club maintained a darkroom for developing and printing black-and-white film prints. It was a great introduction to the technology of imaging. The chemicals, paper, timing, and lighting all had to be carefully controlled. I learned that while there was a procedure for getting from what I saw through my camera lens to what appeared in the final print, there was also an enormous amount of room for creativity, subjectivity, and interpretation when shooting photos and developing prints. That photography is an art, not just a process, was a revelation to me.


Like many other nerd kids growing up during the 1970s, I was also inspired by space photography, from the Apollo astronauts as well as from telescopes and the Voyager and Viking robotic probes. I had a set of posters on my bedroom walls from Chicago’s Adler Planetarium,  showing some of the planets as photographed by Voyager, the Great Nebula in Orion as photographed from Yerkes Observatory in Wisconsin, and Buzz Aldrin as photographed on the Moon by Neil Armstrong (here).
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Garish Mars. This vibrant false-color photo is a composite of both visual and infrared photos from the NASA Mars Odyssey orbiter’s Thermal Emission Imaging System (THEMIS). Shades of yellow to red show rocky mesas and ridges; bluer hues show windblown dunes and dust.





But I was also tuned in to the fact that there are other kinds of space art, less literal and more interpretive. Paintings, drawings, and sculptures—art designed not so much to document but to allow us to speculate, imagine, and dream. The International Association of Astronomical Artists (IAAA), a guild formed by the growing number of talented and creative practitioners of this genre, defines space art as a “modern artistic expression emerging from knowledge and ideas associated with outer space, both as a source of inspiration and as a means for visualizing and promoting space travel. Like other genres of artistic creation, space art has many facets and encompasses realism, impressionism, hardware, sculpture, abstract imagery, even zoological art.”
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One of the most famous and transcendent photographs of the twentieth century: Astronaut Buzz Aldrin walking on the surface of the moon near the leg of the lunar module Eagle on July 20, 1969 during the Apollo 11 mission. Mission commander Neil Armstrong took this photograph with a 70mm lunar surface camera.





I used to love checking out old library books and magazines with gorgeous and artistic drawings of celestial bodies and phenomena by nineteenth-century French artist and astronomer Étienne Léopold Trouvelot. Trouvelot’s thousands of drawings and lithographs captured the science of his telescopic observations, but many of them are just simply beautiful pieces of space art (see pages 8–9). And I still enjoy browsing used bookstores for old science fiction stories accompanied by imagined planetary or astronomical scenes painted by one of the  founders of modern space art, Chesley Bonestell. Bonestell combined a lifelong love of astronomy with experience in painting, illustration, and miniature modeling to portray photo-like and seemingly realistic vistas of places that no one had yet seen. Mark Hilverda, a graphic designer and digital specialist with The Planetary Society, notes the extra efforts that Bonestell expended to make his paintings appear realistic. “While he had no reference images of the surface of Titan, he still went ahead and built a physical model of what the surface might have looked like,” Hilverda told me. “He then lit that physical model and used it as a reference for his classic 1944 painting of Saturn as Seen from Titan (see following image). It misses some details we know today, such as the hazy atmosphere, but provides a fascinating look at the art processes from this time period.” I had seen the rings of distant Saturn through my own small telescope for years. But the first time I saw Bonestell’s view I felt as if I had been transported across the solar system and was actually standing there, on that icy moon, finally taking it all in.
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Saturn as Seen from Titan, by American painter, illustrator, and designer Chesley Bonestell (1888–1986). The painting was originally published in Life magazine in 1944, and is part of a larger panorama that was shown inside the dome of the Griffith Planetarium in Los Angeles.





When I asked him about other inspirational space art favorites, Hilverda, who often helps get works from space artists published in The Planetary Society’s journal, The Planetary Report, turned me on to the spacey watercolors of planetary surfaces and atmospheres by graphic artist Fraser Hagen. “Watercolor can be a tricky medium,” Hilverda told me, “which is part of why these also appeal to me. Hagen’s control of gradients and color palettes is really beautiful, bringing depth and texture to artistic views of worlds in our solar system.” Some of Hagen’s works, such as the one seen at right, make me feel as if I were gliding in a plane above those distant worlds.
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This 1881 color lithograph depicts Mare Humorum, a large lunar impact basin on the Moon. It was created by nineteenth-century French artist and astronomer Étienne Léopold Trouvelot, from a pastel study he made in 1875. By observing this region shortly after the Sun rose there, Trouvelot was able to discern and record a stunning variety of shapes and forms related to the local geology. The feel here is almost Art Deco, though about 50 years too early.
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Trouvelot’s 1881 lithograph (after an 1877 study) of the great star cluster in the constellation Hercules, known by astronomers as Messier 13. The best telescopes available in Trouvelot’s time could only reveal a small fraction of the stars in this cluster—the dispersed bright dots he drew here. The dim and ghostly background fog that he saw and drew around those bright stars would, in the twentieth century, be shown to be the combined light of several hundred thousand more stars, all bound together by gravity.
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Trouvelot’s illustration of the famous Leonid meteor shower of November 14, 1868, which reached a peak of more than 1,000 shooting stars per hour in dark skies. The lithograph here (after the 1868 pastel) is a composite: a sort of time-lapse drawing showing examples of the colors, trails, and sometimes wild trajectories of many of the most memorable meteors that he observed between midnight and 5:00 a.m. In the introduction to his 1882 book The Trouvelot Astronomical Drawings Manual, he reflected on his strategy and skill at recording and interpreting what he saw in the sky: “While my aim in this work has been to combine scrupulous fidelity and accuracy in the details, I have also endeavored to preserve the natural elegance and the delicate outlines peculiar to the objects depicted; but in this, only a little more than a suggestion is possible, since no human skill can reproduce upon paper the majestic beauty and radiance of the celestial objects.”





I’ve had similar fanciful experiences with other forms of space art. The first time I saw some of glassblower Josh Simpson’s imagined worlds from his Planets series (see page 13), I was reminded about the many ways that color, shape, form, and texture mingle in the atmospheres of real planets in our own solar system. Josh makes glass from a mixture of sand and other minerals, heated to 2,300°F (1,260°C). “When making Planets, I gradually build up and shape layer after layer of glass to create a solid sphere that looks (perhaps!) like an imaginary world in some distant galaxy,” he told me. “I wanted to use glass to express my own interests, in particular my fascination with space, the cosmos, astrophysics, and the workings of the Universe. My Planets started out as simple marbles that I made to entertain children, each one containing an Earth-like little core inside a clear glass sphere. Gradually, the worlds became more and more complex as I explored different ways to express my ideas in glass. Now some of my largest Planets, called Megaplanets, are more than 13 inches [33 cm] in diameter and weigh more than 100 pounds [45 kg].” Science informs art, but given the hundreds of billions of real planets that are out there in our galaxy alone, even art may not be able to entirely capture the incredible diversity of planetary vistas that are waiting for us to discover.


While many space artists work in traditional hands-on media, the genre now fully encompasses the digital graphics art domain as well. For example, digital space artist Ika Abuladze creates stunning, fused montages of different planets that highlight both the diversity and commonality of worlds in the same pieces (see page 12). There is also the wonderful series of Planetary Parks and other similar Art Deco–style graphic arts travel posters that space artists Tyler Nordgren, Steve Thomas, and artists from NASA/JPL and SpaceX have put together, with titles like Mars Explorers Wanted, Ski Pluto, and Enceladus Cold Faithful (see an example on page 214).




[image: ]


Storms of Jupiter (2020), a watercolor painting by Canadian artist Fraser Hagen. Hagen describes the inspiration for the painting on his website: “As the largest storm in the solar system and twice the size of Earth, Jupiter’s Great Red Spot roars across the planet. As the ferocious winds churn up the gases, vast bands of colorful clouds spill across the atmosphere.”





Many more examples of both traditional and nontraditional space art are showcased online on sites such as the IAAA’s Space Art Gallery, and in events and shows like the annual Spacefest gathering in Tucson, Arizona. As the IAAA points out, “Though artists have been making art with astronomical elements for a long time, the genre of space art itself is still in its infancy, having begun only when humanity gained the ability to look off our world and artistically depicted what we see out there.” The community and variety of space artists continues to expand.
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Solar System Planets (2021), a thought-provoking montage by digital artist Ika Abuladze from Tbilisi, Georgia.





I’ve been able to keep working as an amateur landscape photographer over the past few decades as that artistic medium has transitioned into the digital age, and as more and more sophisticated cameras have been sent out into space. Indeed, I have been incredibly lucky over the course of my career to have a front-row seat on some amazing virtual voyages of exploration, using cameras on telescopes and deep space robots. I’ve worked with or led teams of scientists and engineers who live the vicarious thrill of seeing and experiencing alien vistas through the lens of our robotic avatars. It is a bittersweet thrill, though, because most of us would rather be there ourselves, hiking down Martian canyons, chipping into the ice on a distant moon, or soaring above Jupiter’s colorful clouds.


It’s more than just a thrill, however. Visiting these places virtually with robots or studying them from a vast distance using the latest space telescope and imaging technology is a responsibility as well as an opportunity. Those of us involved in modern space exploration have an obligation to our stakeholders—taxpayers, governments, corporate or private investors—who have entrusted us with the significant resources needed to do that exploration. Space missions are expensive endeavors, with typical costs in the hundreds of millions to several billions of dollars for robotic missions, and up to a hundred times that or more for human exploration missions like Apollo and the upcoming Artemis lunar programs. We have a responsibility to generate a substantial return on the investment that these stakeholders have made. But the return isn’t tangible, like money. Rather, it is intangible: making scientific discoveries; filling textbooks with new knowledge about our Universe; inspiring our kids and their teachers about science and engineering; bringing a sense of national pride and purpose in shared achievements; and giving us all a deeper understanding of our planet and our species.
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Photo montage of some of the mesmerizing glass “exoplanets” made by American artist and glassblower Josh Simpson for his Planets series.





Beyond such intangible responsibilities, though, there are also tangible opportunities to create lasting works of art. Sometimes we can go beyond the use of photography as a way to merely document a place and scientifically measure its properties and characteristics. As Ansel Adams said in his 1970 book Camera and Lens: The Creative Approach, “Countless photographs are dull and unrewarding simply because they convey only the surface light and shadow of the world—not the substance or the spirit. . . . The difference between the creative approach and the factual approach is one of purpose, sensitivity and the ability to visualize an emotionally and aesthetically exciting image. To further verbalize on this is futile; it can be explained only through the photograph itself.”


Occasionally in the space exploration business we might have what I refer to as the “luxury” of thinking and acting like Ansel Adams and other professional photographers. That is, teams of people who are planning photographs using space cameras might sometimes be able to think about or plan for specific lighting conditions, specific orientations or alignments of their subjects, or particular ranges of focus and depth of field. Or, in post-processing, individuals might choose specific combinations of filters, styles of mosaicking, or ranges of color and tone contrast that go beyond simple mundane or monochromatic presentation of the data. Or maybe individuals who are actually out there in space can actually take a moment to just let it sink in—the remarkable reality of where they are and what they are doing—and photograph something in that moment that captures some of that feeling. Sometimes on purpose and sometimes by accident, we might be able to elevate the planning, acquisition, and/or post-processing of space photography to the realm of space art.


A key pragmatic factor in a space photograph also being considered space art is time. Is there time to compose a particular scene, to choose among different lighting or viewing conditions, to try multiple settings or multiple filters? Is there any time during busy and micromanaged robotic or human space mission operations to just stop and look around, to think deeper thoughts about these alien environments, and to try to capture those thoughts in artistic renderings? Another key pragmatic factor is bandwidth. Getting pixels downlinked to Earth is challenging and slow—there is no interplanetary high-speed internet (yet). Sometimes, space photographers are limited to capturing only very small numbers of photos at a time; these photos might have to be heavily compressed (like low-resolution pixelated web images) just to get a few of them sent back home. The bandwidth limit is especially problematic for cameras that are traveling very far from Earth: The power of the radio signals that are used to beam photos back from space decreases as the square of the distance from Earth.


This book focuses almost exclusively on space photography as space art. Part of the reason for this focus (pun intended) is that photography is the most widely acquired and easily communicated medium of information gathering yet used for space exploration. Photography is a form of remote sensing, meaning that the information contained in photographs can be gathered remotely, and often autonomously, without the photographer even necessarily having to be physically there with the camera. Surely over time, as sculptors, musicians, painters, and other “in-person” artists begin to work their craft in space and on other worlds, examples from these other media will begin to represent a larger and larger fraction of the media recognized as space art.


But another reason to focus on photography as space art is that there are now a very large number of examples of beautiful, enigmatic, surprising, or historic space photos that exhibit many of the classic characteristics of “traditional” earthbound photographic art, and especially landscape photographic art. These include specific photographic composition and image-processing design elements like framing, lighting, perspective, context, depth of field, contrast, and color, but also more general stylistic elements that are typical of many forms of art, like line, shape, form, and texture.


For example, photos that include the horizon can exhibit a physical, horizontal line (if the scene is flat), or an implied line between “here” and “there” or “known” versus “unknown,” in the case of a rugged planetary landscape. But context is also closely tied to the visual interpretation of linear elements in space photographs. In a geologic context, lines can denote ridges, faults, layers, cracks, or other manifestations of physical processes that require a familiarity with the physical world to interpret. In a broader context, the curved limb of a planet or moon represents a dramatic line demarking the edge of space, and straight or wavy lines in a planet’s atmosphere can provide a sense of dynamic motion to a scene (see pages 34–35 and 110–11. But sometimes linear features might not have any terrestrial analogies at all, and the viewer might then have almost no intuitive context or sense of scale with which to interpret the relatively abstract scene. Close-up views of thin gaps in photos of Saturn’s rings (pages 124–25 and 126–27) are great examples.
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A photo of the rock abrasion bit on the end of the drill on the NASA Mars rover Perseverance’s arm, taken on February 9, 2022. The depth of field is accentuated in this scene by the near-field focus on the drill contrasting with the somewhat out-of-focus dark rocks on the mid-field ridge and the very out-of-focus mountains along the horizon.





Another example culled from my Mars rover experience is the way that foreground spacecraft parts or components can impart a sense of depth to photographs that might not otherwise convey an intuitive sense of scale or context. The arm of a Mars rover, or the solar panel or communications antenna of an orbiting spacecraft might help provide scale or offer familiarity to what could otherwise be an unfamiliar and thus unapproachable scene. Sometimes the effect is entirely on purpose; for example, when camera teams shoot “selfies” of planetary landers or rovers in order to present the familiar (at least to the camera teams) against a backdrop of the alien. In my opinion, the tension between the known and the unknown creates dramatic photography, and the postcard-like feeling of the spacecraft as a tourist visiting an alien land helps to further anthropomorphize our avatars.
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A natural color photo of comet NEOWISE, taken from a ground-based telescopic observer in Germany on July 14, 2020. The comet’s straight blue tail comes from ice grains being ionized by sunlight, while the curved reddish-pink tail is from dust grains shed off the comet as it travels on its orbit around the Sun.





Photographs of deep space astronomical subjects, like comets or nebulae or galaxies, automatically incorporate strong elements of contrast—the subjects are set against the blackness of space, after all. Color can be challenging to interpret in such photographs, however, depending on the filters used for color imaging and the intrinsic colors of the subjects themselves—such as comets, many of which exhibit beautiful color variations when photographed with the same kinds of red, green, and blue filters that are built into standard cell phone cameras (so-called “true” or “natural” color). An additional stylistic bonus for some bright comets is that they have gas and dust tails that form graceful straight lines and curved arcs that give the scene a sense of motion and direction, with linear gas tails pointing away from the Sun and dust tails tracking the comet’s recent curved orbit around the Sun.


But based on the kinds of cameras and filters used to photograph them, the physical and chemical nature of these subjects (how hot or cold they are and what they are made of) is often encoded into the color composite of the resulting photos. So reds in an image might indicate the presence of dusty or warm gas, while greens and blues might indicate specific atoms or molecules. The resulting colors—for example, in the garish composite seen here of the famous supernova remnant called the Crab Nebula, opposite—are thus almost never what we would see with the naked eye, and thus the context and meaning of these “false” or “enhanced” colors can only be interpreted via some sort of key (or a degree in astrophysics). Still, false-color images are the norm in astrophysical photography, and they are often spectacular.


Another interesting source of both perspective and tension in photographs of deep space astronomical subjects is the built-in ambiguity between shape and form. Objects in the sky appear as if they only had two-dimensional shapes, rather than three-dimensional forms. A perfectly spherical shell of dust and gas from an exploding star, for example, would be shaped like a two-dimensional circle in the sky. Occasionally a more accurate sense of the 3-D forms of these objects can be perceived if they are elongated and observed at an angle, or if the viewer can link the appearance of other similar objects seen from different angles to the new one being viewed. For example, spiral galaxies viewed “face-on” have a characteristic and almost iconic shape (page 191), so a viewer familiar with that shape and presented with a similar object viewed nearly “edge-on” (page 186) can infer the nature and context of the scene.
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An enhanced-color composite of the Crab Nebula, the remnants of gas and dust flung into space by a supernova explosion in 1054 CE. Red colors are from hot dust photographed in the infrared by the European Space Agency’s Herschel Space Observatory; shades of blue and purple are from ionized atoms of oxygen and sulphur photographed at visible wavelengths by NASA’s Hubble Space Telescope. Merging these images enhances both the scientific and artistic appeal of such scenes.





One more specific artistic element that is incorporated in many of the most beautiful and dramatic terrestrial and space photographs is texture. Natural geologic and atmospheric processes produce numerous examples of regular textures and patterns. Spacecraft photographs of some such patterns, like sand dunes on Mars or cyclonic storm systems on the giant planets, are familiar, and their context is often clear. But many other patterns and textures seen in space photography, especially those that aren’t accompanied by any sense of scale or context or that involve truly alien processes (like weird volcanoes on Venus or high-energy jets spewing gas and dust out of dying stars), defy simple understanding. Part of the appeal of those kinds of textures and patterns, in my view, is the abstract and almost fractal nature of their beauty.


The photos featured in this book thus attempt to showcase examples from all the stylistic elements of photographic art, though the sample of works included is far from complete. Some of them are “straight out of the camera” shots from publicly available space photo archives maintained by NASA or other space agencies, with little or no special processing or adaptation. But many of them have been carefully and sometimes painstakingly assembled and processed by a group of international amateur and professional space photography artists and experts whose work I admire and who have agreed to have their photos featured here. When possible, I’ve tried to provide some short quotes or stories from these folks in the image captions, to relay a sense of what these space artists were thinking and feeling and trying to achieve during the detailed processing and presentation of their work.


I’ll confess to a bias, however, among the collection of artistic space photos presented here. My work in space imaging has been primarily focused on planetary science—the study of the planets, moons, asteroids, and comets in our solar system, using cameras on robotic flyby, orbiter, lander, and rover spacecraft. In addition, all of the more than 200 deep space missions sent out to explore the cosmos that are not space telescopes have only flown past or visited places in our own solar system. Perhaps not surprisingly, then, most of the photos in this book feature solar system objects as their subjects. Still, as a big fan and past user of the Hubble Space Telescope and other telescopic facilities, I couldn’t just ignore the enormous number of spectacular space art photos of stars, nebulae, and galaxies beyond our solar system that have been taken by telescopes.


We explore space not only with our rockets and spacecraft and instruments, but also with our hearts and souls and minds. Ansel Adams once said, “The picture we make is never made for us alone; it is, and should be, a communication—to reach as many people as possible without dilution of quality or intensity.” The Art of the Cosmos is a gallery of human accomplishment that celebrates the scientists and engineers and explorers who push human civilization—including the ways in which we produce and experience art—beyond the physical limits of our planet. It is a testament to the (mostly) earthbound explorers who strive to share the experience of space exploration not only through science but also through an emotional, awakening perspective on our place in the cosmos, and thus our responsibility to our home planet.
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The California Nebula, also known as NGC 1499, is seen here photographed and beautifully color rendered by talented amateur astrophotographer Luca Remidone from Pesaro, Italy, in December 2013. The enhanced-color composite merges light coming from ionized hydrogen (red), oxygen (green), and sulfur (blue). The energy to heat and ionize these atoms in the California Nebula’s gas and dust comes from the bright blue star just above and to the right of the nebula. That star, known as Xi Persei, is thirty times the mass of our Sun and glows nearly six times hotter. Stunning detail can be captured in such long-exposure photos partly because that star and the nebula are so close–only about 1,000 light years away, in the constellation Perseus.
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