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1. Plan Your Trip

Andrew May1 
(1)Crewkerne, UK

 


There’s no doubt the Moon is one of the most spectacular places that can be visited with a backyard telescope. Before you rush out to look at it, though, it's worth getting to grips with a few basics. What is the Moon anyway, and why is it important? When can you see it, and how will it look in the sky? How do you find your way around the lunar surface, and what sort of sights should you look out for? All those questions and more are answered in this chapter.
Why the Moon?
The Moon is Earth’s natural satellite, a rocky sphere which travels in orbit
                
               around us just as we orbit the Sun. The thing that makes it uniquely interesting for the telescopic tourist is its sheer prominence in the night sky. There’s simply nothing else that can match it for size and brightness.
In round numbers the Moon’s diameter is about 3500 km, or just over a quarter that of Earth. Its distance away from us, however, is not much more than a hundred times that diameter. This means the Moon looks big in the sky—only the Sun can match it for apparent size … and that doesn’t count, because we’re talking about night-sky objects here. Anything else bright enough to be seen with the naked eye1 will have a much bigger distance-to-diameter ratio. For the giant planet Jupiter
, for example, it’s closer to 4000 than a hundred—making it nothing more than a small bright dot to the unaided eye.
A backyard telescope will magnify Jupiter
 into a small disk, showing some surface detail in the form of colored bands. But the same telescope trained on the Moon will reveal a far more spectacular sight: a real world, with mountains, valleys and craters—thousands of them—all seen in crisp, clear detail.
Because of its special prominence in the night sky, the Moon has been a source of fascination since antiquity. Traditionally it’s often been associated with female deities, such as the Roman goddess Luna depicted in Fig. 1.1.[image: A446776_1_En_1_Fig1_HTML.gif]
Fig. 1.1
                      The goddess Luna, as imagined by the 19th century painter Evelyn de Morgan (Public domain image)
                    





The names of the major objects in Solar System—such as the planets Jupiter
, Mars and Venus—come from the pantheon of Roman deities. By this logic, the Moon ought to be called “Luna”—and in fact many science fiction writers and fans refer to it as just that, to distinguish it from the generic word “moon” (which can mean the natural satellite of any planet), and to make it clear that our Moon is a world in its own right. Geeks aside, however, most people call the Moon the Moon—but they still use the adjective “lunar.”
The ancient Greek counterpart of the goddess Luna was called Selene. That’s significant too, because it’s common practice to use Greek words when coining scientific terms. For example, the word “geology” basically means “study of the Earth” in Greek. Just as the prefix “geo-” is used for the Earth, the prefix “seleno-” can be used for the Moon. So strictly speaking, the lunar equivalent of geology would be “selenology.” In practice, however, most people just say “lunar geology”—although “selenography” is quite often used for the lunar equivalent of geography.
Over the centuries, the Moon has played an important role in the history of science. In fact, in the modern sense of science as a mathematical model of the way the universe works, it’s difficult to overstate just how important it was. Because the Moon is so easy to observe, early astronomers were able to make very precise measurements of its motion. They discovered that it was extremely regular and predictable—in complete contrast to most phenomena down here on Earth. Phases and eclipses of the Moon could be predicted with high precision for years ahead, but no-one knew what tomorrow’s weather would be like.
For a long time, people thought the Moon’s behavior was so different it must be governed by a completely different set of rules from things on Earth. The breakthrough came when it was realized that the rules weren’t different at all, but exactly the same. That was the revolutionary insight that led to the birth of modern science—and to the understanding of fundamental principles like gravity and inertia. And it all started with the Moon. Even the ocean tides
                
              —one of the few truly predictable phenomena down here on Earth—turned out to be due to the Moon’s gravitational pull.
Humanity’s conception of the Moon has gradually evolved over time. In July 1969, as the Apollo 11
 astronauts were on their way to the first Moon landing, the science fiction writer Arthur C. Clarke
                
               summed it up as follows:For thousands of years the Moon has signified many things to mankind; a goddess, a beacon in the night sky, a celestial body, an inspiration to lovers, a danger to beleaguered cities, a symbol of inaccessibility—and finally, a goal. [1]



People fantasized about traveling to the Moon for centuries before it became a practical possibility, when powerful liquid-fueled rockets were developed during the 20th century. By the late 1950s, two rival nations—the United States and the Soviet Union—both had rockets capable of reaching Earth orbit
                
               … and the race to the Moon was on. It was a race that played out not just in reality, but in the science fiction and popular media of the time too (see Fig. 1.2).[image: A446776_1_En_1_Fig2_HTML.gif]
Fig. 1.2The November 1958 issue of Race for the Moon from Harvey Comics (Public domain image)





Initially Russia led the race, with its series of unmanned Luna probes. The first object to hit the Moon—a deliberate crash-landing—was Luna 2
 in September 1959. It was followed by the first soft lander, Luna 9
, in January 1966 and the first orbiter, Luna 10
, in April 1966. As everyone knows, however, it was America that won the manned race. The first milestone occurred in December 1968, when the Apollo 8
 astronauts orbited the Moon ten times before returning safely to Earth. Then, of course, the Apollo 11
 lunar module touched down on the Moon’s surface in July 1969—a feat that was repeated in five further successful landings, the last in December 1972.
Since then, no-one has been back to the Moon—except in the vicarious form of robot orbiters and landers. But there’s been no shortage of plans for a human return—some of which may ultimately come to fruition. As with any endeavor, they’re more likely to get the go-ahead if there’s a chance they’ll end up making money. In the case of the Moon, there are a couple of ways that might happen. The first is by extracting natural resources that are easier to find on the Moon than here on Earth. A prime candidate in this context is a substance called Helium-3
, which is likely to be in high demand if and when nuclear fusion reactors become commonplace in the energy industry.
The other way people might be able to make money from flights to the Moon is via the increasingly talked-about space tourism
 market. While regular tourist trips to the Moon’s surface are almost certainly a long way in the future, there’s a chance that a lunar flyby by fare-paying passengers may happen quite soon. In February 2017, Elon Musk
                
              ’s SpaceX
 company made the following announcement:We are excited to announce that SpaceX
 has been approached to fly two private citizens on a trip around the Moon late next year. They have already paid a significant deposit to do a Moon mission. Like the Apollo astronauts before them, these individuals will travel into space carrying the hopes and dreams of all humankind, driven by the universal human spirit of exploration. [2]



We’ll come back to this subject in the book’s final chapter (Chap. 14: The Future of Lunar Tourism). For the moment, however, let’s look at a much more affordable brand of lunar tourism—the kind you can do with a telescope in your own backyard.

From Your Backyard to the Moon
To a casual observer of the night sky, the Moon’s behavior can seem random and capricious. Sometimes it’s there, sometimes it isn’t. Sometimes it’s a full disk, sometimes a half-moon and sometimes a crescent. But as with so much in astronomy, there’s an underlying logic to all this—which makes the Moon highly predictable once you know the rules.
To a rough approximation, the Moon follows the same path across the sky as the Sun, rising in the east and setting in the west. Of course, the Sun doesn’t really whizz all the way round the Earth—it’s just the visible effect of our planet’s daily rotation. As people have known since Renaissance times, the Earth actually travels around the Sun—but it takes a whole year to complete an orbit
                
              , so the change from one day to the next is too small to be easily noticeable. With the Moon, it’s different.
That’s because the Moon really does go around the Earth, once every 27.3 days. To complete a full 360 degrees in that time means the Moon has to change position by about 13 degrees each day, which is quite a lot (the Moon’s diameter in the sky is only about half a degree).
Suppose you look up at 8 p.m. one evening and see the Moon in a particular part of the sky, close to a particular group of stars. Next evening at the same time those stars will be pretty much in the same place (they will have moved a bit, due to the Earth’s orbit
                
               around the Sun, but only by a degree or so). Yet the Moon will be a full 13 degrees further east, having risen above the horizon about 50 minutes later than it did the previous evening.
There’ll be another difference, too—now you can see more of the Moon’s surface than you did last night. Everyone’s heard of the Moon’s phases, but they have as much to do with the Earth (which is where we’re viewing from) and the Sun (which is the source of illumination) as they do with the Moon. It’s all a matter of relative geometry, as shown in Fig. 1.3.[image: A446776_1_En_1_Fig3_HTML.gif]
Fig. 1.3The phases of the Moon
 (Wikimedia Commons user Orion 8, CC-BY-SA-3.0)





The top part of Fig. 1.3 shows the Moon orbiting the Earth, as the two together move around the Sun. The changing orientation of the Moon, relative to the direction of incoming sunlight, is what causes an observer on Earth to see different phases—as shown in the lower part of the diagram.
The Moon is roughly spherical, like the Earth, and just like the Earth one half is always lit up by the Sun while the other half is dark. This leads to a cycle of day and night as the Moon rotates on its axis. But while the day-night cycle takes just 24 h here on Earth, on the Moon it takes 27.3 days—exactly the same time as it takes to complete a full orbit
                
               around the Earth.
Over that period the Moon, as viewed from Earth, appears to change shape: from a thin crescent, through a half-moon, to a full circle, and then shrinking back to an opposite-pointing crescent. Because the Earth-Moon system is travelling around the Sun during this time, the relative angles gradually change—so the whole cycle (technically called a “lunation”) takes closer to 30 days than 27.3 days. That’s roughly a month, which is no coincidence—the very word “month” comes from Moon.
The lunar month is usually counted as starting from a “New Moon”—the point on its orbit directly between Earth and Sun. The Moon’s sunlit half is then pointed away from us, so we can’t see it at all. If you’re visualizing this in your head, you might think the Moon would block out the Sun at this point— a total solar eclipse
, in other words—but actually that doesn’t happen very often. That’s because the Moon’s orbit
                
               around the Earth is tilted at 5 degrees to the Earth’s orbit
                
               round the Sun. Astronomers refer to the projection of the latter onto the sky as the “ecliptic,” because we only see eclipses when the Moon happens to cross it just as the Sun is in the same place.
A few days after New Moon, a thin crescent will be visible in the western sky just after the Sun sets. This is a “waxing” Moon—in other words, it’s getting bigger. From this point until Full Moon is probably the best time for lunar observation—unless you happen to like getting up very early in the morning. During the Moon’s “waning” (i.e. shrinking) phases after Full Moon, it rises later and later during the night.
But the ten days or so prior to Full Moon are perfect for observing the Moon in the evening, especially if your backyard has a good view to the south2 and west. Seen through a telescope, it becomes obvious that the “crescent” appearance is nothing other than a partially illuminated sphere (see Fig. 1.4).[image: A446776_1_En_1_Fig4_HTML.jpg]
Fig. 1.4Viewed through a small telescope, it’s clear that the crescent Moon is simply a partially illuminated globe (Author’s photograph)





Because the Moon rotates on its axis in exactly the same time it takes to complete an orbit
                
               of the Earth, we always see pretty much the same face pointing towards us. We can actually see a bit more than half the Moon’s surface—about 59 percent—due to an effect called libration
. This is sometimes referred to as the Moon’s “wobble,” but it doesn’t really wobble. It just appears to do so when viewed from Earth, due to a couple of factors.
For one thing, the Moon’s axis of rotation is tilted at just over six degrees to the axis of its orbit—and that tilt means we can sometimes see over the top of the Moon’s north or south pole. Another libration
 effect happens because the Moon’s orbit
                
               isn’t a perfect circle, but an elongated shape called ellipse—and it travels slightly faster when it’s closer to Earth than when it’s more distant. This means we sometimes get a glimpse further west or further east than usual.
The furthest point of the Moon’s orbit
                
               is called “apogee,” while the closest is “perigee.” There’s an apogee and perigee every month, but they don’t always occur at the same distance because the shape of the ellipse is distorted by the tidal pull of the Sun (for example, the apogee distance is a little larger when it occurs at New Moon, because the Sun is pulling the Moon away from the Earth—just as the Moon pulls up the Earth’s oceans at high tide). Perigees are typically around 360,000 km and apogees around 405,000 km.
In recent years the media has made quite a fuss about so-called “supermoons,” which happen when perigee corresponds to a Full Moon. This makes it appear unusually big in the sky—up to 14 percent larger than an apogee Full Moon. That’s a dramatic sight for casual naked-eye observers, but it’s not so hot for the serious Moon tourist. That’s because Full Moon is one of the worst times to pay a sightseeing visit.
Apart from the Moon’s phases, the changing pattern of illumination over the course of a month has another important effect—shadows. Most of the lunar surface is the same gray color, so when it’s evenly illuminated at Full Moon many of the interesting features like mountains and craters are washed out. The best time to observe a particular feature is when it’s close to the edge of the illuminated area, so sunlight falls obliquely and casts long dark shadows. The technical term for this region is “the terminator”—a cool name for a cool place to be!
To an Earthbound observer, seeing a lot of jagged rocks and craters on the Moon’s surface is a good thing. If you want to land a spacecraft there, the opposite is true—but NASA survey photographs show exactly the same sun-angle effect. With tongue firmly in cheek, NASA geologist Hal Masursky put it like this:Those photographs with very high Sun had very few craters. That is, the higher the Sun, the fewer the craters. So we decided we would land the first Apollo at high noon when there wouldn’t be any craters, and we’d be in great shape. [3]



Figure 1.5 shows the same area of the Moon, seen at two different phases. The large crater at top left is Archimedes
 and the mountains to its east are the lunar Apennines
                
              , where Apollo 15
 landed in 1971. The left-hand-photograph was taken when the terminator was just west of Archimedes, and the right-hand one four days later, with the Moon more fully illuminated.[image: A446776_1_En_1_Fig5_HTML.jpg]
Fig. 1.5The same area of the Moon, viewed at two different times of month (Author’s photographs)






Finding Your Way Around
As with any sightseeing trip, it’s a good idea to get hold of a detailed map of your destination before you set out. This can help in at least three ways: (a) to find places of special interest that you want to check out, (b) to work out where you are if you get lost (which is surprisingly easy at high magnifications) and (c) to identify just where all those photographs were taken when you download them to your computer afterwards. There are plenty of good Moon maps available, both online and the old-fashioned printed kind.
A few pages ago it was mentioned that the Moon follows roughly the same path across the sky as the Sun. This is particularly true for a day or two around New Moon, when the Moon is close to the Sun in the sky, so it quite naturally follows the same path. The situation at Full Moon is rather different, however, because then the Moon is 180 degrees away from the Sun—and in a sense its behavior is the mirror image of the Sun’s. In summer, for example, the Sun stays above the horizon for a long time, and rises very high in the sky. At this time of year, the Full Moon is above the horizon for a much shorter time, and never rises very high in the sky. In winter it’s the other way around—you might not see much of the Sun, but the Full Moon is visible for a long time, rising just as high as the Sun does in the summer.
If you get confused about just where in the sky the Moon should be, when it rises and sets, and what phase it is today … don’t worry, help is just a few touchscreen taps away. If you have a smartphone or tablet, just do a search for “Moon apps.” You’ll find dozens and dozens of them—including quite a few free ones!
The phase cycle starts after New Moon with the familiar crescent shape. The illuminated edge of Moon—technically called the “limb”—points toward the Sun, with the ragged, shadowed terminator on the side away from Sun. You can often see this phase of the Moon before the Sun sets, but it becomes particularly obvious after the Sun goes down below the horizon.
Somewhat confusingly, the point at which exactly half the Moon is illuminated is called “First Quarter”—meaning that it’s now a quarter of the way through a lunation. Between this point and Full Moon, the phase is described as “gibbous”—meaning more than half, but less than a full disk. This unusual word seems to have fascinated H. P. Lovecraft
                
              , the famous horror writer, who for some reason associated it with supernatural evil. Writing about a race of primitive proto-humans in “The Doom That Came to Sarnath” (1919), for example, he said:They worshiped a sea-green stone idol chiseled in the likeness of Bokrug, the great water-lizard; before which they danced horribly when the Moon was gibbous. [4]



And in “Dagon,” from same year, he has the first-person narrator say:I know not why my dreams were so wild that night; but ere the waning and fantastically gibbous Moon had risen far above the eastern plain, I was awake in a cold perspiration, determined to sleep no more. [5]



After Full Moon—half way through the lunation—the cycle reverses. There’s a waning gibbous Moon, then the half-disk called “Last Quarter,” then a waning crescent … and finally another New Moon.
The New Moon is so close to the Sun in our sky that all the sunlight falls on the far side
                
              , and none at all on the side facing us. You might think this means there’s nothing to see at New Moon—but that would be forgetting something. The Sun is shining on Earth, and the Earth is shining on the Moon. That means the whole lunar disk is dimly visible around New Moon due to “Earthshine
”—an effect that can be enhanced in an over-exposed photograph, as shown in Fig. 1.6.[image: A446776_1_En_1_Fig6_HTML.jpg]
Fig. 1.6The sunlit part of the Moon is over-exposed in this photograph taken two days after New Moon. However, the long exposure clearly shows the rest of the disk, illuminated by Earthshine
 (Author’s photograph)





This particular photograph was taken just after sunset in south-western England. That means most of the Earthlight is coming from the Americas, where the Sun (and the Moon) would still be high in the sky. When the author posted the picture on Facebook, a particularly sharp friend commented that “it must have been cloudy in America.” That’s probably true, because the Earthshine
 was especially noticeable (even to the naked eye), and clouds are usually much more reflective than surface terrain on a cloudless day.
Even in Earthshine
, it’s clear that the Moon’s visible face contains a mixture of light and dark areas. These aren’t just transient patterns, like clouds, which vary from one day to the next—they’re absolutely fixed and unchanging. The dark patches are called “seas,” because to many people that’s just what they look like. Even the great astronomer Galileo
                
              , who was the first person to observe the Moon through a telescope early in the 17th century, speculated on the subject:So if someone wanted to revive the ancient Pythagorean
                    
                   theory, namely that the Moon is like another Earth, its land surface would be more fittingly represented by the brighter region, and the expanse of water by the darker one. [6]



In reality, the dark areas aren’t water, but just a different type of rock from the rest of the Moon. Specifically, they’re made from volcanic lava which flowed up to fill cavities produced by giant meteorite impacts early in the Moon’s history—and then solidified into its present form. So the word “sea” isn’t that inappropriate, so long as we think of a sea of lava rather than water. In any case the name stuck, and the Moon’s dark patches are still called seas to this day.
Another word for them, which you often see in books about the Moon, is maria—which is simply the Latin word for “seas.” It’s the plural of mare (pronounced as two syllables, “marray”)—which you can’t help encountering, because it prefixes the names of all the lunar seas. That’s because, by a long-standing convention, all the Moon’s features are known by Latin names. Even Tranquility Base, where Apollo 11
 landed in 1969, is officially called “Statio Tranquilitatis.”
The use of Latin may seem strange at first, but you’ll get used to it—and it has the effect of giving lunar locations a uniquely exotic flavor. You won’t find anywhere called Statio Tranquilitatis on Earth!
Although the Moon’s Latin names tend to be on the long side, they’re generally easy to pronounce. Just remember that every syllable is sounded (there aren’t any silent vowels), and with roughly equal weight. The original reason for the use of Latin was that when the names were first assigned, back in the 17th century, the astronomical community was spread all over Europe. That meant astronomers spoke a wide variety of native languages: Italian, French, German, Danish, Polish … even sometimes English. So the names had to be something that all those different accents could get their tongues around!
To help get your bearings, it’s worth learning the locations of the Moon’s seven main seas (or six seas and one “ocean”):	Mare Imbrium (Sea of Showers)

	Mare Serenitatis (Sea of Serenity)

	Mare Crisium (Sea of Crises)

	Mare Tranquilitatis (Sea of Tranquility)

	Mare Fecunditatis (Sea of Fertility)

	Mare Nubium (Sea of Clouds)

	Oceanus Procellarum (Ocean of Storms)





Most of these can be found in the northern half of the Moon’s visible disk, as shown in Fig. 1.7.[image: A446776_1_En_1_Fig7_HTML.jpg]
Fig. 1.7The main seas of the Moon (background image: NASA)





There’s one thing about the Moon’s geography that may not be obvious until you stop to think about it. Except for the central part of the visible disk, we get quite a distorted view because we’re looking at a sphere. Imagine holding a globe of the Earth and rotating it—the continents get thinner as they approach the periphery of the visible portion.
With the Moon—which we can’t rotate, so we always see pretty much the same view—this means that surface features close to the visible edge look foreshortened. This effect starts further in than you might expect. For example, the center of the Mare Crisium
 is only 60 degrees east, even though it appears to be very close to the edge. This particular sea looks elongated north-south to us, but photographs from spacecraft show that actually it’s elongated the other way, east-west. As you get closer to the edge, at 90 degrees east, the foreshortening effects become even more severe.
Most people won’t bat an eyelid at the statement, in the previous paragraph, that Mare Crisium
 lies 60 degrees east—and not 60 degrees west. After all, it’s on the right hand-side of the Moon, and east always lies to the right on a map. But prior to the 20th century—and even well into it—it was quite common to say that Mare Crisium was in the Moon’s western hemisphere. This may seem perverse, but there was a kind of logic to it.
Imagine looking up into evening sky at a crescent Moon, just after the Sun has set. You’ll see the Mare Crisium
 on the right-hand side3 of the visible crescent. Now move your eyes further to the right, and before long you’ll come to the horizon where the Sun has just set. But that’s the western horizon! To get to the eastern horizon you have to go the other way, to the left. That’s why people used to say that left on the Moon was east and right was west!
The confusion doesn’t stop there, either. Many older books about the Moon, from the early 20th century and before, used to print maps, drawings and photographs of the lunar surface upside down, with north at the bottom and south at the top. That’s the way the Moon appears to the naked eye in the southern hemisphere, but what we’re talking about here is books written in Europe and North America. The reason is that most astronomical telescopes produce an inverted image, so the authors were just faithfully reproducing that view. Why it never occurred to them to turn the photographs and drawings the right way up is one of the unexplained mysteries of the universe!
As well as some smaller seas not shown in Fig. 1.7, other small dark patches are given names beginning with Sinus (Latin for bay) or Lacus (Latin for lake). The lighter areas are the lunar highlands, which are absolutely covered in impact craters, large and small. Ultimately, in fact, almost all the Moon’s geography was shaped by impacts. As mentioned earlier, even the relatively smooth “seas” started life as huge basins gouged out by asteroid impacts, before being flooded with volcanic lava.
One of the most fascinating things about exploring the Moon with a telescope is the sheer variety of crater types. Some of the older ones—formed before volcanic activity ceased about three billion years ago—were flooded with lava in a similar way to the seas. Other old craters look distinctly “ruined”—both because they’ve been battered by subsequent smaller impacts, and through natural erosion. There’s no Earth-like weather on the Moon—it doesn’t have any atmosphere to speak of—so erosion isn’t something that happens quickly. But over billions of years, constant bombardment by interplanetary dust, cosmic rays and the solar wind takes its toll.
At the other extreme, there are some fairly pristine “young” craters. A famous example is Tycho
, in the Southern Highlands, which is little more than a hundred million years old. These craters are still surrounded by bright rays of ejected material from the original impact. There are so many different types of crater than some authors refer to them by different names—for example, the evocative term “walled plain” is sometimes used for a large, regular, flat-floored crater. Ultimately, however, there is no real qualitative difference between such features and any other crater.
Almost as distinctive to lunar geography as its craters are the narrow channels or valleys called 
                rilles
                
              . The best-known example is Hadley Rille, where Apollo 15
 landed in 1971 (the general area was shown earlier in Fig. 1.5, but the rille itself is too small to show up—even in the sharper of the two images). Unusually for the Moon, “rille” not a Latin word but a German one—it means “groove.” The term can be traced back to the German astronomer Johann Schröter, who made a study of such features in the 18th century.
Of course, actual place-names on the Moon have to be in Latin, so “rille” becomes Rima—as in Rima Hadley, for example. Larger features are called Vallis for “valley”—including Vallis Schröteri
 (Schröter’s Valley), named after Schröter himself.

The Double Planet

              The Solar System has many mysteries, and one of the most intriguing is the existence of a double planet—two worlds that are so close together that one of them orbits
 around the other. We are speaking of the Earth and the Moon. [7]


            
So wrote Ben Bova
                
               in 1972. He’s best known as a science fiction author, but this quote is taken from one of his non-fiction books. Bova based his reasoning on a size comparison of the Moon and Earth. With a diameter of 3470 km, the Moon is about 27 percent the size of Earth. In relative terms, that’s much bigger than any other satellite in the Solar System. In absolute terms the largest is Ganymede
, at 5270 km—but that’s less than four percent the diameter of the giant planet Jupiter
 around which it orbits
. Mars is a smaller planet than the Earth—only a third bigger than Ganymede
—but its two moons are just tiny asteroid-like bodies. The larger of the two, Phobos, is less than one percent the diameter of Mars.
The biggest difference between the Earth and the Moon is that the latter is a completely dead world. It has virtually no atmosphere—perhaps a million gas molecules per cubic centimeter. That may sound a lot, but it isn’t that much more than can be found in the “empty” space between planets. By comparison, the air we breathe has some 10,000,000,000,000,000,000 molecules per cubic centimeter [8]. So it’s not surprising the Moon has no life of any kind.
The Moon is dead in another sense, too: there’s no geological activity such as volcanism. There was in the distant past—for example the vast lava flows that formed the lunar seas—but that seems to have died out around three billion years ago. As a result, the Moon’s appearance is virtually unchanging. When you look through your telescope at a mountain or a crater, it looks exactly as Galileo
                
               would have seen it four centuries ago. Far from being a negative, this eternal, “time capsule” aspect of the Moon is one of its great attractions. To quote Ben Bova
                
               again, the Moon can be thought of as “the Solar System’s museum of ancient history” [9].

Double Planet is the title of a science fiction novel by John Gribbin
                
               and Marcus Chown
                
              , published in 1988. Again, the reference is to the combined Earth-Moon system, and specifically to “the interwoven strands of the orbits
 of Earth and Moon around the Sun.” As a character in the novel says, “Most people think the Moon circles the Earth, but it doesn’t” [10]. The effect in question can be seen quite clearly in Fig. 1.3, earlier in this chapter. The Moon is doing its best to go round the Earth in a circular orbit, but all the time the Earth is moving in a much bigger circle around the Sun. So the Moon is forced to run along with the Earth to keep up … the result being the “interwoven strands” that Gribbin
                
               and Chown
                
               referred to.
All orbits
—whether circular or elliptical, or by a planet around the Sun or a satellite around a planet—are consequences of gravity. That’s one of the fundamental forces of the universe, exerted by any object possessing mass on any other object possessing mass. It’s a mutual force, so the Earth and the Moon both pull on each other—but to an extent that’s proportional to their masses. Since the mass ratio is 83-to-1 in Earth’s favor, it’s a pretty good approximation to say that the Moon orbits
 the Earth rather than the other way around. Nevertheless, the Moon’s gravity still has a significant effect on the Earth, in the form of ocean tides
                
              .
There’s nothing particularly mysterious about tides
                
              , once you understand gravity. “Tidal forces
” are common phenomena in astronomy, even up to the scale of whole galaxies. The name is something of a misnomer, though, because the force in question isn’t a distinct, separate thing from gravity—it’s just a side-effect of it.
For a more-or-less rigid body, such as a planet, the force of gravity behaves as if it was pulling on the body’s center of gravity—in fact, that’s where the phrase “center of gravity” comes from. But in reality, the whole body doesn’t feel the same force. The strength of gravity drops off with the square of distance, so the pull on the nearer side of the body is stronger than it is at the center, and weaker on the opposite side. When people talk about “tidal forces
,” they mean the difference between this actual force and the net pull at the center of gravity. In effect, the tidal forces appear to be pulling away from the center on both sides, as shown in Fig. 1.8.[image: A446776_1_En_1_Fig8_HTML.gif]
Fig. 1.8Schematic illustration of tidal forces
 (Wikimedia Commons user Krishnavedala, CC-BY-SA-3.0)





The Earth’s solid crust is too rigid to deform noticeably, but tidal forces
 have a marked effect on the seas and oceans—an effect that has been known, of course, since antiquity. It was also recognized that the tides
                
               are somehow synchronized with the movement of the Moon (though not perfectly synchronized, because they’re affected by other factors such as the Earth’s rotation, the shape of coastlines and the pull of the Sun).
Before tides
                
               were explained in terms of gravity, the notion that they might somehow be “caused” by the Moon seemed like mystical mumbo-jumbo to many people—almost like astrology. When Galileo
                
              ’s German contemporary Johannes Kepler
                
               gave credence to the idea, the famous scientist reacted with horror:Of all the great men who have speculated on this marvelous effect of nature, the one who most astonishes me is Kepler
                    
                  : enlightened and astute thinker as he was, he had grasped the motions attributed to the Earth, and yet he still listened and assented to the notion of the Moon’s influence on the water, and occult properties, and similar childish ideas. [11]



If the force of gravity increases with mass, that means the Earth’s tidal effect on the Moon must be proportionately stronger than the Moon’s effect on Earth. In fact, it was exactly this effect—long ago in the history of the Earth-Moon system—that was responsible for locking the Moon’s rotation so the same side always faces the Earth. This wouldn’t have happened if the Moon was a perfectly symmetric sphere, but as one half is slightly denser than the other, that denser half has been locked in position facing the Earth.
We know what effect the Moon’s tidal locking
                
               has for an observer on Earth: we only ever see one half of it. But what effect does it have for a hypothetical observer on the Moon? They wouldn’t see just a single side of the Earth—they’d see it rotating, once every 24 h. And it would look bigger than the Moon does from Earth, by a factor of nearly four. The most striking thing, however, is that the Earth would always hover in much the same part of the sky … unless you were on the Moon’s far side
                
              , in which case you’d never see the Earth at all.
This is the flip-side of tidal locking
                
              , seen from the Moon’s viewpoint. As with the statement “the Moon always keeps the same side facing Earth,” there’s the proviso that this isn’t strictly true due to libration
, as mentioned earlier in this chapter. From our point of view, libration means that we sometimes see a bit further east or west than usual; from the Moon’s viewpoint it means the Earth oscillates slightly about its average position in the sky. Most strikingly, at the very edges of the disk visible from Earth, an observer on the Moon would see the Earth rising and setting—but never getting much above the horizon—on a monthly cycle.
Over most of the Moon’s near side, however, libration
 effects would be scarcely noticeable, and the Earth would always appear to be at the same elevation angle in the same direction. Of course, the Apollo astronauts took a lot of videos showing “Earthrise” over the lunar landscape … but they did this from orbiting spacecraft, not the lunar surface. The Earthrise effect occurred as the spacecraft came round from the far side to the near side—a consequence of the astronauts’ moving point of view.
Just like the Moon seen from Earth, the Earth viewed from the lunar surface shows a sequence of phases, going through a full cycle in the same period of time: once per month. At any particular time, the Earth’s phase is the opposite of the Moon’s. For example, when we see a New Moon, it means the Earth, Moon and Sun are lined up in that order—so the Moon sees a “Full Earth.” Conversely, at Full Moon (with Sun, Earth and Moon lined up in that order), the Moon sees a “New Earth.”

Apollo 17
, the last manned mission to the Moon, landed on December 11, 1972. A look back at an old calendar shows that the Moon (as seen from Earth) was just approaching first quarter at that time. So according to the theory, the astronauts should have seen a “waning gibbous” Earth—which indeed they did, as Fig. 1.9 proves![image: A446776_1_En_1_Fig9_HTML.jpg]
Fig. 1.9The Earth seen from the Moon by the Apollo 17
 astronauts (NASA image)





Not only is the “Full Earth,” seen from the Moon, about four times bigger than a Full Moon on Earth—it’s also a lot brighter, because the clouds which usually cover much of its surface are more reflective than Moon rock. As a result, “Earthlight” on the Moon is far more spectacular than Moonlight on the Earth.

Earthlight happens to be the title of a novel that Arthur C. Clarke
                
               wrote in 1955, about an astronomical community on the near side of the Moon. In practice, however, lunar astronomers would hate Earthlight, because the glare from it would drown out all the surrounding stars. It would make much more sense to build an observatory on the far side, where that particular problem would never arise.
There are also several references to Earthlight in Clarke’s later and more famous novel, 
                2001: A Space Odyssey
                
                
               (1968). This even includes a chapter called “Journey by Earthlight,” in which a group of scientists travel across the Moon’s Southern Highlands just before sunrise, with Earth “a blazing beacon hanging above the northern horizon”:The light pouring down from that giant half-globe was dozens of times more brilliant than the Full Moon, and it covered all this land with a cold, blue-green phosphorescence. [12]




The Top Sights
The core of this book—starting with Chap. 4—consists of six itineraries, covering the areas shown in Fig. 1.10. The choice of “top sights” is always going to be subjective, but the map pins indicate just one particularly interesting location in each area—as described in the following paragraphs.[image: A446776_1_En_1_Fig10_HTML.jpg]
Fig. 1.10Six lunar itineraries, with highlights as described in the text (background image: NASA)





Itinerary One is called “Around the Sea of Tranquility” (or Mare Tranquilitatis, as we say in Latin). The pin here indicates what must be the single most famous spot on the Moon: Tranquility Base, where Apollo 11
 landed on July 20, 1969. The landing site itself isn’t visible from Earth, but the itinerary will explain how you can locate the general spot … as well as describing numerous other places of interest in the surrounding area.
Itinerary Two covers “The Far East” (although, due to the confusion over lunar compass points, it might have been called the “Far West” not that long ago). The pin here identifies the Moon’s Sea of Crises, or Mare Crisium
. This is a neat oval shape, and distinctly separate from all the other dark areas, which makes it very easy to find. It’s visible from a few days after New Moon until a few days after Full Moon—in other words, pretty much the whole time that an evening sky-watcher is going to be looking at the Moon. It can be surprisingly easy to get lost when you’re viewing the Moon through a telescope—and picking out the distinctive shape of Mare Crisium is one of the quickest ways to get your bearings.
Itinerary Three, “The Southern Highlands,” deals with the roughest, most chaotic-looking place on the visible face of the Moon. The map pin marks the location of Tycho
, which at first sight is just one of dozens of similarly sized craters in this rugged, cluttered region. But it’s one of the few lunar landmarks that becomes easier, rather than harder, to see as the shadows shorten and the Sun rises high in the lunar sky. By Full Moon, Tycho is surrounded by a huge network of bright, light-colored rays—fine material that was ejected by the original meteorite impact. These rays make Tycho
 one of the easiest of all craters to spot—sometimes even with the unaided eye—despite it only being a modest 86 km in diameter.
Itinerary Four is called “Around the Sea of Clouds”—or Mare Nubium
 in Latin. There’s plenty of interest here, including two Apollo landing sites, and the crash site of the very first unmanned American probe to reach the Moon’s surface. To the east of the sea itself is an impressive north-south chain of large, sharply defined craters. The map pin identifies just one of these: the 150-km diameter Ptolemaeus
, which is so close to the center of the visible disk that it looks like an almost perfect circle.
Itinerary Five, “The Imbrium Basin,” covers the area of the Mare Imbrium
 (aka Sea of Showers) and the surrounding mountain chains. This is arguably the most spectacular of all the itineraries as far as a backyard tourist is concerned. There are so many breathtaking sights to choose from: the Sinus Iridum
, the Alpine Valley
                
              , the Apennine
                
               Mountains … but we’re only allowed one pin per itinerary, so this one has been awarded to the dark-floored, 100 km diameter crater Plato
                
               – which like Tycho
 is a sight that simply jumps out at you when you look at the Moon through a telescope.
Finally, Itinerary Six covers the vast Oceanus Procellarum
: “The Ocean of Storms.” There’s no difficulty knowing where to stick the map pin here, because there’s another of the Moon’s most spectacular craters sitting right in the middle of it. Called Copernicus
, its diameter is slightly less than that of Plato
                
              , and it’s surrounded by a ray system slightly smaller than that of Tycho … but it’s arguably more spectacular than either of them, owing to its magnificently isolated location in the otherwise near-featureless dark “ocean” of Procellarum.
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Footnotes
1Unless you’re lucky enough to live in an area with exceptionally clear skies and no street lights, in which case you may be able to see a few faint, cloud-like nebulae.

 

2Readers in the southern hemisphere will be used to the fact that northern-hemisphere writers always insist the Moon is in the south. For them, of course, it’s in the north—and the other way up.

 

3For northern hemisphere observers, that is. People in the southern hemisphere should read left for right and right for left in this paragraph, because they see the sky the other way up.
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There are plenty of interesting sights on the Moon, but to explore them properly requires optical assistance—from a pair of binoculars
, a camera … and ultimately from a telescope. There’s a bewildering variety of astronomical equipment on the market—and an equally bewildering variety of opinions as to their merits. So what should you buy? There’s no single correct answer to that question, because different people have different requirements. It’s a common mistake to jump straight to a consideration of the options, before properly understanding what the question was in the first place. That’s essentially what this chapter is all about.
Do You Need a Telescope?
In one sense the obvious answer to that question is “no,” because the Moon can be seen perfectly clearly with the naked eye. For thousands of years, before the invention of the telescope in the first decade of the 17th century, that’s the only way people ever viewed it. But in all that time, very few serious attempts were made to study specific features on the Moon, and the few drawings that survive show that people had only the haziest idea of lunar geography.
The fact is, although the Moon is larger than any other easily observed object in the night sky, it’s still very small as far as the unaided eye is concerned. Astronomers measure the apparent size of objects in degrees, in the same way that degrees of latitude are used on the Earth’s surface. If you imagine a big semicircle that stretches from horizon to horizon through the zenith—that’s 180 degrees. In those terms, the Moon is only about half a degree across.
You can achieve a major improvement over the naked eye with a pair of binoculars
—something you may already own, even if you’ve never tried astronomy before. Exactly the same kind of binoculars you might use for viewing airshows or ships at sea can be used to observe the Moon.
In essence, binoculars
 are designed to give a larger, sharper view of distant objects. They’re typically characterized by two figures: magnification, which is self-explanatory, and aperture, meaning the diameter of the two big lenses at the front. The latter determines how much light is brought to a focus by the optics inside the binoculars … and the more light there is, the brighter and clearer the view will be. Perhaps the most popular size of binoculars—for amateur astronomers, at least—is 10 × 50, meaning they magnify ten times, and the main lenses are 50 mm in diameter.

Binoculars
 have the great virtue of convenience—they’re easy to carry and use, and you should be able to buy a perfectly good pair for a reasonably small amount of money. They do have their disadvantages, though. Even at ten times magnification the Moon still looks quite small, and the view isn’t helped by its tendency to jump around unless you hold the binoculars very steadily. You might be tempted to buy a larger pair with higher magnification, but that’s likely to make things worse rather than better. Heavier binoculars
 are harder to keep steady, and a high magnification will magnify any shakiness as well as the image of the Moon.
Nevertheless, it’s definitely worth thinking about a pair of binoculars
 if you’re serious about lunar tourism. Even if you have a telescope as well, the binoculars can be useful for a preliminary survey … and some people become very skillful at picking out fine details with them. In his book Exploring the Solar System with Binoculars, Stephen James O’Meara
                
               lists well over a hundred individual craters to look out for. Having said that, he does include the following caveat:The more detailed descriptions are especially for those using large, mounted binoculars
 that magnify 20 times or greater, and especially at times when shadows in and around the features described bring out their subtle highlights. [1]



As well as binoculars
, there’s another optical item some people may already own: a DSLR camera
. These aren’t cheap, but of course they can be used for many other things besides photographing the Moon. They have a couple of advantages over “point-and-shoot” compact cameras: the ability to attach different lenses—including long ones that will make the Moon fill a larger fraction of the field of view—and a larger sensor, which puts more pixels across the width of Moon. The end result is a higher resolution image—such as the one shown in Fig. 2.1, taken with an entry-level Canon EOS 100D.[image: A446776_1_En_2_Fig1_HTML.jpg]
Fig. 2.1Example Moon image taken with a budget DSLR. This shot used the longer of the two zoom lenses that came with the camera, set to its maximum focal length
 of 300 mm (Author’s photograph)





Photography tends to be a jargon-heavy subject, but there are a couple of terms in particular—aperture and focal length
—that it’s worth getting to grips with, because they will help later on when we get onto the subject of telescopes. As with binoculars
, the aperture is simply the diameter of the lens through which the light comes.
The focal length
 is the counterpart of magnification in the case of binoculars
 (in fact binoculars have a focal length too—it’s one of the main factors determining the magnification). Focal length
 is another property of the lens—the distance at which the image is brought into focus. In a camera, that’s the distance between the lens and the sensor. Increasing the focal length has the effect of “zooming in,” or making the image fill a larger proportion of the sensor area.
Professional photographers usually carry a wide assortment of lenses with different focal lengths
, but for the amateur it’s much easier (though not as optically ideal) to have just one or two lenses with adjustable focal lengths. For example, the photograph in Fig. 2.1 was taken with a zoom lens of 75–300 mm, at its maximum focal length
 of 300 mm.
As well as sometimes having a variable focal length
, camera lenses always have a variable aperture. That’s different from a pair of binoculars
, where the aperture has a fixed value—for example 50 mm. Another difference (and a potential source of confusion, until you get your head round it) is that the aperture isn’t measured in millimeters but as a fraction of the focal length
. The latter is commonly abbreviated to the letter f, so the aperture can be expressed as an “f-ratio.” For example, f/8 means the aperture is equal to the focal length divided by eight, and f/16 means divided by 16. The higher the number, the smaller the aperture. While a large aperture lets in more light, smaller apertures generally produce sharper images.
In the case of a camera, there are two other important variables, which don’t have a direct counterpart in the case of binoculars
. The first is exposure time—the longer the shutter is open, the more light falls on the sensor. The second is camera sensitivity, which determines how much light the sensor needs in order to produce a decent image. It’s measured in terms of “ISO number”—standard sensitivity being ISO-100. Increasing the ISO setting increases the camera’s sensitivity, allowing you to produce an image of similar brightness with a shorter exposure. But you can never get something for nothing—the price you pay for greater sensitivity is a reduced quality image.
At first sight photography can seem daunting, having so many parameters to play with: focal length
, aperture, exposure time and ISO number. But modern touch-screen cameras take all the stress away. For example, Fig. 2.1 was taken with 300 mm focal length, f/16 aperture, 1/250 s exposure time, and ISO-800. The author knows that, not because any great thought went into it at the time, but because the information is all recorded as EXIF data in the original JPEG file. The photograph was simply taken with the camera in “Live View” mode, and the settings were adjusted at random until the image on the screen looked its best. And that’s the best approach to use!
Ultimately, however, the best way to view the Moon is not with a camera or binoculars
 but through a telescope. This was first done by Galileo
                
               early in the 17th century, using a telescope that magnified 30 times (most small telescopes today will do much better than this). He described his observations in a short treatise, published in 1610, called Sidereus Nuncius (Latin for “The Starry Messenger”):It is a most beautiful and a very pleasing sight to look at the body of the Moon, which is removed from us by almost 60 terrestrial radii, and to see it as if it were only two radii away. This means that the Moon’s diameter looks almost 30 times larger, its surface 900 times bigger. …The observational evidence is so compelling that anyone can grasp for himself that the Moon’s surface is not smooth and polished but rough and uneven. Like the face of the Earth, it is covered all over with huge bumps, deep holes and chasms. [2]




Choosing a Telescope #1: Criteria
The biggest problem facing anyone choosing their first telescope is navigating their way through all the conflicting advice they’ll see in books, magazines, internet forums and online reviews. The fact is that different people have different priorities, and people with different priorities are going to favor completely different types of telescope.
The archetypal amateur astronomer is someone whose life revolves around the subject. They’ve bought a house with a big back yard, unimpeded views to every horizon, well away from the “light pollution” of street lamps. They turn their noses up at “easy” objects like the Moon and bright planets—what they want to see is asteroids, comets, nebulae and galaxies. And they want to see them with their own eyes, not in a long-exposure photograph. These are the people (and meaning no disrespect to them—at least, not much) whose views dominate the astronomical community online and in print.
From the point of view of this breed of astronomer, there’s a particularly ideal design of telescope called the Dobsonian. It’s huge, chunky and magnificently phallic, as can be seen in Fig. 2.2. For them, the Dobsonian is the obvious telescope to buy—end of discussion. The fact is, though, for a beginner who’s just interested in the occasional sightseeing trip the Moon, a Dobsonian isn’t a good choice at all.[image: A446776_1_En_2_Fig2_HTML.jpg]
Fig. 2.2Dobsonian telescopes are undeniably impressive-looking, and they are ideal for certain specialist types of stargazing—but not observing the Moon (Public domain image)





To the hardcore hobbyist, the real thrill of astronomy comes from hunting down “difficult objects”—ones that are rarely seen or very faint. The most obvious feature of the Dobsonian is its large aperture, and the reason for this is to catch as much light as possible from very dim objects—ones that are much too faint to be seen with the naked eye. But the Moon isn’t in the “dim and difficult” category at all. Even with a much smaller telescope than a Dobsonian, you’ll probably need to use a filter to cut down the glare.
If you’ve only ever looked at the Moon with the naked eye or binoculars
, you probably thought its movement across the sky due to the Earth’s rotation was imperceptibly slow. But that’s because your eyes are tracking it without realizing it. In fact the movement is quite fast—as you’ll see as soon as you look at the Moon through a telescope on a fixed mount. The Moon can drift by as much as its own diameter in a couple of minutes—an effect that’s especially noticeable at high magnification.
If your telescope is attached to a manual, unpowered mount, this means you’ll have to adjust it constantly in order to keep the Moon (or any other astronomical object) in view. The simpler the mount, the more skill and dexterity is needed to do this. The Dobsonian design employs the simplest possible mount (if you look back at Fig. 2.2, you’ll see there are no user-friendly knobs or levers), and so the required skill level is pretty high. For patient and experienced astronomers that’s not a problem, but it can be a frustrating deterrent for beginners.
The best place to start, when choosing a telescope, is not with someone else’s answer but with your own questions. There are a whole range of factors to consider, from practicalities like cost and portability to basics like what the telescope will be used for—and how often. Figure 2.3 gives just a small indication of the possible “decision space.”[image: A446776_1_En_2_Fig3_HTML.gif]
Fig. 2.3There are lots of factors to consider when choosing a telescope





The issue of “how often will it be used?” isn’t just a matter of a new toy being a nine-day wonder. Unless you’re very lucky, the Moon—quite aside from its changing phase—will only be observable for a few days each month due to the weather. British readers in particular should stop to consider just how rarely the daytime sky is a deep blue from horizon to horizon. Yet that’s the sort of atmospheric clarity you need, at night, for good-quality astronomical observation. What passes for a “sunny day” in Britain is often a washed-out pale blue—and that high-atmospheric haze will be there at night too.
Another factor you need to think about is just how much of the sky you can see from your backyard. Trees and buildings may obscure the view in some directions—and that may cause problems when the Moon is low in the sky, as it often is in the summer. So even if the Moon is there in the sky and the weather is clear, you still may not be able to get your telescope onto it. So for most people, a telescope is going to be for occasional use only. That means it needs to be quick and simple to set up, and easy to store away neatly when it’s not in use.
One thing that makes for a convenient, easily portable telescope is a lightweight mount and tripod. But there’s a trade-off here with stability. A lightweight mount may be more practical—but it will shake every time you touch it. At the other extreme, a heavy, solid mount may be rock steady, but it will be a pain to cart around and set up every time you want to use it. In practice, it’s best to try and find a happy medium between portability and stability.
Another mount-related issue is ease of use. This is another area where Dobsonians tend to fall short, at least as far as beginners are concerned. A Dobsonian mount may be stable, with its low center of gravity, but it’s not a simple task to aim it in the right direction, and then keep it on target for an extended period of time. Mounts that have “slow motion” controls for fine-tuning, or an electric drive, are more suitable for the beginner.
As to the telescope itself—there are several basic designs, as the next section will explain. In general, though, a telescope is defined by its aperture and focal length
. That’s the same as a camera, except that in the case of a telescope both these parameters are fixed rather than variable. The telescopes used by professional astronomers have huge apertures, because they need to collect as much light as possible in order to see extremely faint objects. For the Moon, on the other hand, there’s never any shortage of light, so even a very small aperture would be adequate from that point of view.
However, there’s another reason why too small an aperture is worth avoiding. The aperture of a telescope also determines its optical resolution—the smallest feature visible. You might think that depends on the telescope’s magnification, but it’s completely independent of it. If you magnify a low resolution image, it will just look blurred—you won’t see any more detail. Similarly, the optical resolution is distinct from the sensor resolution, if you’re using a camera attached to the telescope. The latter is determined by the number of pixels across the field of view—but again, if you have a low optical resolution, then no matter how many pixels you have, the image will still look blurry.
According to the astronomer Peter Grego
                
              , if you look at the Moon through a telescope of 60 mm aperture you should be able to resolve craters down to six kilometers diameter and rilles
 as narrow as 350 meters. If you use a 150 mm telescope instead, these figures are reduced to 2.5 km and 150 meters respectively [3].
As with a camera, it’s the telescope’s focal length
 (which may be longer than the physical length of the tube, as we’ll see in the next section) that controls how big the image appears (the amount of “zoom,” in other words). In the case of a telescope, both the aperture and the focal length are fixed, so the f-ratio is fixed. For example, a telescope with an aperture of 100 mm and a focal length of 1000 mm has an f-ratio of f/10.
A slight qualification to the statement that focal length
 is fixed: many beginner’s telescopes are sold with an attachment called a Barlow lens, which has the effect of increasing the focal length. In the case of the 1000 mm telescope, for example, simply fitting a 2× Barlow lens doubles the focal length to 2000 mm—so if the aperture is 100 mm, it’s now f/20 instead of f/10.
When you look through a telescope with your eye—as opposed to attaching a camera—the magnification is simply the focal length
 of the telescope divided by the focal length of eyepiece. So for the 1000 mm focal length referred to a moment ago, a 10 mm eyepiece would produces 100× magnification … or 200× if the 2× Barlow lens is also fitted.
As mentioned earlier, however, a large magnification isn’t always a good thing: if the image is resolution limited, you won’t see any more detail. Another problem is that budget eyepieces tend to have a narrow field of view, so if you look at the Moon you do so with a kind of tunnel vision, just seeing a small part of its surface. If nothing else, that makes it very difficult to find things.
When a camera is attached to the telescope instead of an eyepiece, the math is slightly different, but it’s still the focal length
 that determines the amount of “zoom”—in this case, the fraction of the Moon’s surface filling the screen. To estimate this field of view in degrees (remembering that the full diameter of the Moon is about half a degree), take the width of the camera’s sensor in millimeters, divide it by the telescope’s focal length (also in millimeters), and then multiply by 57 (or 60, if you only want a rough approximation).
Let’s see how that works with our 1000 mm focal length
 telescope. If the sensor width is 4.5 mm, typical of a webcam
, the formula gives us a field of view of about a quarter of a degree—or half the Moon’s diameter. You can use the Barlow lens in this situation, so if that doubles the effective focal length to 2000 mm, the field of view would be reduced to just an eight of a degree.
Old-fashioned pirate-style spyglasses have relatively long focal lengths
 and small apertures. At the other extreme, some astronomical telescopes—such as the Dobsonian shown in Fig. 2.2—put a premium on aperture at the expense of focal length. So which is more important—a large aperture to pull in a lot of light, or a long focal length to zoom right in on the target?
Not surprisingly, the answer depends on what you want to look at. The planet Jupiter
, for example, is one of the brightest objects in the night sky, but very tiny—only about a seventieth of a degree at its largest—so magnification is more important than light-gathering. For fainter, more diffuse objects like galaxies and nebulae the opposite is true. The Orion nebula, for example, sprawls over twice the angular size of the Moon, yet it’s too faint to see with the naked eye. That means you don’t need a huge magnification to see it, but you do need a large aperture (that’s the basic logic behind the Dobsonian, of course).
Fortunately, the Moon is the best of both worlds: it’s a decent size in the sky, and it’s very bright. That means you can get away with a relatively small aperture (say 60–150 mm) and a moderate focal length
 (say 600–1500 mm). As an added bonus, a telescope in those ranges will give perfectly good views of Jupiter
 and the Orion nebula too!

Choosing a Telescope #2: Options
Telescopes are categorized according to the arrangement of their internal optics. There are quite a few possible designs, but most entry-level and intermediate-priced telescopes fall in one of the three categories shown in Fig. 2.4.[image: A446776_1_En_2_Fig4_HTML.gif]
Fig. 2.4The three most popular types of telescope for amateur astronomers: (a) Refractor
                        
                      , (b) Newtonian
                        
                       reflector
                        
                      , (c) Maksutov-Cassegrain





For non-astronomical use, by far the commonest arrangement is the refractor
                
              —and many astronomers prefer this type too. It uses a large lens at the front of the tube to focus light into an eyepiece at the viewing end. The name comes from the optical term “refraction,” which refers to the bending of light by a lens, as opposed to its reflection by a mirror.
Actually a refractor
                
               isn’t quite as simple as the diagram implies. If there really was just a single lens at the front, it would produce a horrible effect called chromatic aberration
                
              , or CA. This is caused by a basic property of refraction, by which a lens bends light of different colors through different angles. With just a single lens, this would mean all the different colors making up white light would come to a focus in slightly different places. In cameras, CA produces the “purple fringes” that are sometimes seen around bright objects—and similar problems occur with refractor telescopes
 too.
The solution is to use multiple lens elements—at least two, and sometimes three or more—to reduce the amount of CA
                
              . The down-side is that this adds to the cost of the telescope—particularly in the case of larger apertures. As a result, the best quality refractors
                
               tend to be prohibitively expensive as far as the beginner is concerned. Nevertheless, at the lower end of the market there are good two-element achromatic refractors which provide a sensible compromise between affordability and CA reduction.
The second design shown in Fig. 2.4 is the Newtonian
                
               reflector
                
              , developed by Isaac Newton in the mid-17th century as a simple way to avoid CA altogether. Newton’s solution was to use a convex mirror instead of a lens to bring the image to a focus—because mirrors don’t suffer from CA
                
              . This arrangement has other advantages over a refractor
                
               too. A mirror only has one side, so it’s easier to make, and simpler to fix inside the telescope tube. For these reasons, most home-built telescopes tend to be of the Newtonian type.
It was only in the late 20th century that affordable, commercially manufactured astronomical telescopes became widely available. Before that time, most amateur astronomers had to build their own telescopes—and inevitably they ended up being Newtonians
                
              . For that reason, many older books give the impression that the Newtonian is the only sensible option for the amateur astronomer.
As far as really large apertures are concerned, that’s probably still true—Dobsonians use this optical arrangement, for example. However, Newtonians
                
               have their disadvantages—in particular, the open tube means they need regular maintenance to keep their internal optics in alignment. With other, more convenient designs on the market, Newtonians are a lot less competitive at the lower end of the aperture range—up to 150 mm, say—than they used to be.
The third and final telescope type in Fig. 2.4 probably wouldn’t even have been mentioned in a book like this 40 years ago—but it’s increasingly popular today. It’s called a Maksutov-Cassegrain—which is a long-winded name, and an example of a broad category of telescopes lumbered with another tongue-twister: “catadioptric.” All that means, though, is a hybrid of reflector
                
               and refractor
                
              , using a combination of lenses and mirrors.
One thing that both refractors
                
               and Newtonian
                
               reflectors
                
               have in common is that the focal length
 is roughly equal to the physical length of the telescope tube. A near-contemporary of Isaac Newton, a French priest named Laurent Cassegrain, came up with a clever way to “fold” the light rays inside a reflecting telescope to produce a focal length that was much longer than the telescope itself. Cassegrain’s original system required sophisticated high-precision mirrors, and although it was widely used by professional astronomers it never really took off with amateurs—until the Russian scientist Dmitry Maksutov came along in the mid-20th century. He found that the optical system could be manufactured much more cheaply if the mirrors were simplified and a thin lens was added at the front of the tube to compensate.
The end result is the Maksutov-Cassegrain—which is such a compact design it can even be used in indoor tabletop telescopes, such as the one shown in Fig. 2.5. This has a decent-sized aperture of 90 mm, combined with a relatively long focal length
 of 1250 mm … and yet the length of the tube is just 230 mm.[image: A446776_1_En_2_Fig5_HTML.jpg]
Fig. 2.5A tabletop telescope employing a compact Maksutov-Cassegrain design (Author’s photograph)





Ultimately, there’s no right or wrong answer in the choice between a refractor
                
              , reflector
                
               or catadioptric telescope
. They all have their pros and cons, and they all have their champions and detractors. Any of the three would be perfectly suitable as a first telescope … and the best advice is not to pay too much for that first one. When you’ve had time to work out what you like and don’t like about your first telescope, you can make a more informed choice with regard to your second telescope, to meet your own personal needs.
Almost as important as the telescope itself is the mounting it’s attached to. The small telescope shown in Fig 2.5 is attached to the simplest type of mount, known as an “altazimuth.” This is a neologism made up of two real words, “altitude” and “azimuth.” It reflects the fact that the mounting can move in two perpendicular planes: up and down (altitude) and left and right (azimuth). That’s the same way that artillery mountings work—and in fact the rather odd word “azimuth” comes from gunnery jargon.
For astronomical applications, an altazimuth mount
 poses a bit of problem. You need to track the apparent movement of objects across the sky—the result of the Earth’s daily rotation on its axis—and this is a mixture of both altitude and azimuth motions (unless your telescope happens to be set up at the north or south pole, in which case you’re in luck—objects just move round and round in azimuth).
The traditional solution to this problem is to use a different type of mount, called an “equatorial.” This is a somewhat clumsy-looking design, but it has the great advantage that once it’s been set up and correctly aligned, it only has to be rotated about one of its two axles in order to follow the apparent motion of an object across the sky.
A newer solution to the same problem is to use a computer-controlled altazimuth mount
, using an electric motor to ensure it’s always pointing in the right direction. Even the tabletop mount shown in Fig. 2.5 has a simple electric drive of this type. Quite a few beginner’s telescopes go a step further still, with so-called “goto” mounts
                
              . These not only follow the movement of the sky, but they’ll automatically slew to whatever target is punched into the handset. Common as they are today, such mounts were the stuff of science fiction in the 1950s, when Arthur C. Clarke
                
               wrote his novel Earthlight. The protagonist, Bertram Sadler, is puzzled when he’s shown a huge new telescope on the Moon:“The mounting looks odd to me,” Sadler remarked thoughtfully. “It’s more like that of a gun than any telescope I’ve ever seen.”
“Quite correct. They didn’t bother about an equatorial mounting
. There’s an automatic computer that keeps it tracking on any star we set it on.” [3]



Of course, the Moon is such an easy target to find that it doesn’t really need a goto mount
. The strongest reason for using an automatically tracking mount—to hold the target steady while you take a long exposure photograph—doesn’t apply either, because the Moon is so bright it only requires a short exposure. Nevertheless, you’ll want the telescope to follow the Moon from one exposure to the next, or if you’re observing it through the eyepiece for any length of time. This can either be done electronically with a powered mount, or manually with the aid of slow motion controls—such as those seen in Fig. 2.6.[image: A446776_1_En_2_Fig6_HTML.jpg]
Fig. 2.6A 120 mm refractor
                        
                       on an unpowered equatorial mount
                        
                      , with slow-motion controls (the black knobs on flexible stems) to help track targets in the sky (Author’s photograph)





You’ll notice that the telescope in Fig. 2.6 has a smaller telescope piggy-backed onto it. This is called a “finder scope,” and it’s comparable in power to a pair of binoculars
. It’s particularly useful for aligning the telescope with objects that are too faint to see with the naked eye—but of course that doesn’t apply to the Moon. In that case you can just sight along the tube, or use a simple red-dot finder of the kind that many small telescopes are supplied with (there’s one attached to the tabletop telescope in Fig. 2.5). Finders of this type don’t magnify the view, but they projects a small red dot onto it to aid fine adjustment.
So what sort of telescope should you end up buying? Going back to the “decision space” illustrated in Fig. 2.2, the ultimate choice will be driven mainly by budget and practical considerations such as size and convenience. Many introductory astronomy books contain dire warnings against buying “supermarket” or “department store” telescopes. These are essentially toys that look superficially like real telescopes, but have blurry, chromatically aberrated optics and shaky mountings—and of course they should be avoided like the plague.
But don’t imagine (as many people insist) that “cheap” always means “bad.” If you stick with a reputable, well-established brand—such as Celestron, Skywatcher, Meade or Orion—then it’s a mistake to turn your nose up at a telescope just because it’s cheap … certainly if your main interest is simply viewing the Moon. It may be wise to avoid the very cheapest items in the catalog, but a step or two up from that should be perfectly adequate to see most of the sights described in this book.
As with most purchases, it’s worth doing some online research before parting with any money. Read some consumer reviews and browse some astronomical forums. Whatever you do, though, give most weight to the opinions of people with similar needs to yourself. If you’re a beginner living in a brightly lit suburb and you only want to view the Moon every now and then, don’t be swayed by a mountain-dwelling old-timer who spends several hours each night hunting down distant galaxies. You might end up with a Dobsonian!

Photographing the Moon
It’s unlikely in this social-media-dominated age that many people will be content with simply looking through a telescope. They’ll want to take pictures they can impress their friends with! Fortunately there are several simple ways to take photographs through a telescope—such as the three options shown in Fig. 2.7.[image: A446776_1_En_2_Fig7_HTML.jpg]
Fig. 2.7Three ways to take a photograph through a telescope. Left: an astronomical webcam
. Center: a DSLR using the telescope in place of a lens. Right: a compact camera looking through the telescope eyepiece (Author’s photographs)





One of the most popular techniques is to use an astronomical webcam
—the one shown here is an entry-level ZWO ASI120MC, which can be bought for a surprisingly small sum. A second option, if you have a DSLR, is to use an adapter to attach it to the telescope—effectively using the latter as a long focal length
 lens. The third and simplest option is to take a photograph directly through eyepiece, using a compact camera (as shown here) or a smartphone. You can either buy a special adapter for this purpose, or rig something up of your own.
The through-eyepiece method—technically called “afocal imaging,” for some reason—is quick and easy, but it can be tricky to get really good results with. That’s because compact cameras and smartphones are designed to do a lot of thinking for themselves—which is a bad idea when they’re way outside their comfort zones, as they are in this situation.
It’s quite different with the other two methods, where the user has much more control over what the camera is doing. Both techniques are capable of giving excellent results (meaning lots of Facebook likes, wows and hearts). Most of the pictures in this book that are labeled as “Author’s photograph” were obtained using the ZWO webcam
, and a few with the DSLR.
As mentioned earlier, the field of view captured in a photograph depends on the physical dimensions of the camera sensor. An advantage a DSLR has over a webcam is its much bigger sensor—which allows the whole Moon, or a large part of it, to fit into a single high resolution image. With a DSLR you have the option of capturing images either as single frames or a video sequence; in the case of a webcam
 the output will usually be video. When you play it back the raw movie may look shaky and a little blurred … but don’t worry, the real magic is still to come.
The secret to good astrophotography lies in the post-processing—and the most important part of post-processing is “stacking
.” That’s a technical term, but it pretty much means what it says: aligning and combining multiple video frames into a single image. If you had to do that by hand, it would come somewhere between highly tedious and downright impossible—but fortunately there’s software around that will do it for you.
The effect of stacking
 is dramatic, to say the least. Fig. 2.8 shows the craters Tycho
 and Clavius
 in the Moon’s Southern Highlands, photographed through a ZWO webcam
 attached to the refractor telescope
 that was pictured in Fig. 2.6. The frame on the left is a single 1/30 s exposure (with a moon filter to cut down glare—and imparting a slightly greenish color in the process—as well as a Barlow lens, to provide higher magnification). The stacked picture on the right—much sharper and more detailed—is made up of the best 200 frames extracted from a 10 s video.[image: A446776_1_En_2_Fig8_HTML.jpg]
Fig. 2.8The effect of stacking
. On the left is a single frame from a short webcam
 video; on the right is the result of stacking 200 frames (Author’s photographs)





The stacking
 software used here is Autostakkert [4], which is free and very easy to use. It works particularly well with webcam
 output captured using the SharpCap application [5]—which is also free, and specifically designed for astronomical use. Autostakkert can also be used with the output from a DSLR—either a video file or bursts of single frames—but in the author’s experience, better results can be obtained if these files are first passed through PIPP (Planetary Imaging Pre-Processor) [6]—yet another free software package.
There are many other astrophotography packages available besides the three mentioned here—SharpCap, Autostakkert and PIPP. That includes several other free ones, as a quick online search will reveal. As with most things, all the options have their pros and cons, and different people have different favorites. As regards general astrophotography advice—there are plenty of excellent books on the subject, including several titles in the Patrick Moore
                
               Practical Astronomy Series.
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As with any sightseeing trip, it’s worth knowing something about the history of your destination before you set out. The Moon’s geological history goes back almost as far as the Earth’s—but that’s where the similarities end. Since then, the Moon’s history has been all about impacts, impacts and impacts. As to cultural history, the Moon has been intimately connected to the development of science since ancient times—and just as closely tied to the development of science fiction. Then there’s the history of lunar exploration—the Apollo missions that everyone remembers, and the robot probes everyone has forgotten. This chapter offers a quick primer in all these subjects.
Lunar Prehistory
The Moon is almost as old as the Earth. According to the currently accepted theory, a Mars-sized planet crashed into the very young Earth about 4.5 billion years ago. Despite being hypothetical, this planet has a name—it’s called Theia, after the mother of the Moon goddess Selene in Greek mythology. The debris from the collision—a mixture of material from Theia and Earth—then coalesced to form the Moon. Scientists call this the giant-impact hypothesis—journalists, more dramatically, call it “the big splash.”
The Moon started with an impact event, and since then its history has been dominated by thousands of further impacts. Some of them were really big, back in the earliest period of the Solar System when it was still cluttered with huge rocky asteroids left over from the formation of the planets. Some of these hit the Moon and gouged out gigantic basins, which subsequently filled with basalt—a kind of volcanic lava—to form the lunar seas.
While Earth’s geological ages are determined by the evolution of life—as revealed in the fossil record—those of the Moon are all about impacts, as shown in Fig. 3.1.[image: A446776_1_En_3_Fig1_HTML.gif]
Fig. 3.1Comparison of geological timescales
                        
                       on the Moon and Earth





The Pre-Nectarian period lasted from the Moon’s formation to around 3.9 billion years ago. The earliest sea-basins date from this period, including Mare Tranquilitatis
, Mare Fecunditatis
 and Mare Nubium. It was followed by the relatively brief Nectarian period, named after Mare Nectaris
—a small sea to the south of Mare Tranquilitatis. The Crisium and Serenitatis basins probably originated around the same time. Next came the Imbrian period, which began—as the name suggests—with the formation of the Imbrium basin. That happened about 3.8 billion years ago, and Mare Imbrium
 was the last of the Moon’s major seas.
After this the impacts continued, but they were much smaller in scale. For example the Eratosthenian period, running from around 3.2 to 1.1 billion years ago, began with the impact that formed the crater Eratosthenes
, just 60 km in diameter. By the end of the Eratosthenian, although there were still impacts from time to time, there was no further volcanic infilling. The current period, the Copernican, encompasses the formation of “recent” craters which still display ray ejecta—like the magnificent Copernicus
 after which it is named. “Recent” is a relative term, however. The impact that produced Copernicus happened 800 million years ago.
By and large, the features we see on the Moon are much older than anything that’s easily visible on the surface of the Earth. When Copernicus
 formed, for example, Earth was still in its Precambrian period … and there are very few exposed Precambrian rocks today. One of the youngest lunar craters, Tycho
, dates from around 100 million years ago, in the middle of the Cretaceous Period on Earth—the age of the dinosaurs.

From Classical Greece to the Age of Reason
It’s not clear when people started to think of the Moon as a world of its own, in orbit
                
               around the Earth, rather than some kind of strange mystical object in the sky. The idea was well established by the time Greece entered its classical period, however. The famous philosopher and mathematician Pythagoras
 of Samos (c. 580–500 B.C.E.) understood that the Earth is a sphere, and that the Moon is a similar sphere that revolves around the Earth. The idea that the Moon emits no light of its own, but simply shines by the reflection of sunlight, is usually attributed to Anaxagoras
—another Greek philosopher, who lived from around 510 to 428 B.C.E.
One of the greatest of all Greek philosophers—among those whose writings have survived to the present day—was Plato
 (c. 425–348 BCE). He gave credit to Anaxagoras
 in his dialog Cratylus, referring to “his recent discovery, that the Moon receives her light from the Sun” [1]. Plato’s own picture of the cosmos, as described in his most famous book The Republic, was a strangely complex one—but again it has the Sun illuminating the Moon:On the eighth day the souls of the pilgrims resumed their journey, and in four days came to a spot whence they looked down upon a line of light, in color like a rainbow, only brighter and clearer. One day more brought them to the place, and they saw that this was the column of light which binds together the whole universe. The ends of the column were fastened to heaven, and from them hung the distaff of necessity, on which all the heavenly bodies turned ... The inner whorls were smaller and smaller, and had their rims narrower. The largest (the fixed stars) was spangled—the seventh (the Sun) was brightest—the eighth (the Moon) shone by the light of the seventh. [2]



Like most philosophers, Plato
 was more interested in metaphysics than in scientific practicalities. For those we need to turn to astronomers—and this again was an area where ancient Greeks led the way. Hipparchus
 (c. 190–120 B.C.E.) was both an astronomer and a mathematician, and he constructed numerical models for the motion of the Moon based on trigonometry—a newly invented, state-of-the-art technique at the time. These models proved accurate enough to predict the timing of solar eclipses
.
Another Greek astronomer, Claudius Ptolemy
                
               (c. AD 100–170 C.E.), built on Hipparchus
’s work in his Almagest, which included detailed tables of the positions of the Moon and planets, and the times of both solar and lunar eclipses
. The Almagest was such a tour-de-force that it remained the number one astronomical treatise for over a thousand years. Ptolemy’s work wasn’t perfect, however: it had the Earth stationary at the center of Solar System, with the Sun, planets and even distant stars revolving around it.
From ancient times to the middle ages, people believed there was a fundamental dichotomy between the Earth and the rest of the universe. Things on Earth were allowed to be imperfect, but everything in the sky had to be perfect. That included the Moon, despite the fact that it doesn’t really look perfect, even to the naked eye. By convention, however, painters almost always depicted the Moon as a featureless white disk or crescent.
One notable exception to this rule—and all the more remarkable because it is an exception—is shown in Fig. 3.2. This crucifixion scene was painted in the 1430s by the Flemish painter Jan van Eyck
                
              , and it’s now on display in the Metropolitan Museum of Art in New York. It may be the only work of medieval art in which the Moon actually looks like the Moon![image: A446776_1_En_3_Fig2_HTML.jpg]
Fig. 3.2Detail of van Eyck
                        
                      ’s Crucifixion, showing a realistic depiction of the Moon (public domain image)





Around 70 years after van Eyck
                
              ’s painting, the great Italian artist Leonardo da Vinci
                
               made some sketches of the Moon in his private notebook. As an article on the BBC website put it:Leonardo’s drawings are clearly an advance on van Eyck
                    
                  ’s. They have been called a lunar “field sketch” and clearly represent a new phase of mapping the Moon. Leonardo was interested in it as a place. He wanted to know what it was really like. [3]



A near contemporary of Leonardo da Vinci
                
               was the Polish astronomer Nicolaus Copernicus
                
               (1473–1543). He’s famous because he came up with an alternative to Ptolemy
                
              ’s Earth-centered model of the Solar System which put the Sun at the center instead. The Earth went round the Sun and the Moon went round the Earth—but all the other planets went round the Sun.
For several decades, it wasn’t obvious who was right, Ptolemy
                
               or Copernicus
                
              . Both models were really quite complicated (much more complicated than a brief description makes them sound). Ptolemy was one of those people who believed that “everything in the sky is perfect”—and for him, “perfect” meant it had to move in a circular orbit. But a simple circle was inconsistent with the observational evidence, so he ended up with a complicated system of small circles moving around invisible points that moved in bigger circles. Copernicus
                
              , even though he put the Sun at the center, was just as fixated on circles as Ptolemy was, so his model ended up being just as complicated.
The breakthrough came at the beginning of the 17th century, when Galileo
                
               used his telescope to observe the Moon and planets. What he saw led him to favor Copernicus—as he later explained in his Dialog on the Two Chief World Systems (1632):We concluded, in agreement with Copernicus
                    
                  , that the Moon cannot be separated from the Earth, and that it moves around the Earth in a month; this is generally agreed. We recall, too, that the Earth, always accompanied by the Moon, revolves in its great orbit around the Sun in a year, in which time the Moon revolves around the Earth almost thirteen times. [4]



A less famous contemporary of Galileo
                
              , who made an equally important contribution, was the German astronomer Johannes Kepler
                
              . He got rid of the unnecessary complexities of the original Copernican model by replacing all those multiply-interlocking circles with single orbits
 that weren’t quite circular. Instead, they had the form of a specific type of elongated oval called an ellipse.
The ancients may have considered circles to be “perfect” and ellipses “imperfect,” but this was the Age of Reason. If an ellipse was in better agreement with observations, then an ellipse it was. At first this may have seemed a rather random choice, but before long a theory came along which proved that orbits
 had to be ellipses—they couldn’t be anything else.
The theory of gravity isn’t just about why things fall—it also explains the orbits
 of the Moon and planets. In fact the person who originated the theory—the English scientist Isaac Newton
                
               in the 17th century—was far more interested in the motion of the Moon than he was in falling apples. The theory came to him during the years 1665-6—the time of the Great Plague in London—as he recalled much later:I began to think of gravity extending to the orb of the Moon, and ... I deduced that the forces which keep the planets in their orbs must be reciprocally as the squares of their distances from the centers about which they revolve: and thereby compared the force requisite to keep the Moon in her orb with the force of gravity at the surface of the Earth, and found them answer pretty nearly. All this was in the two plague years of 1665 – 1666. For in those days I was in the prime of my age for invention. [5]



As well as explaining why all orbits
 have to take the form of ellipses, Newton
                
               also showed how variations in the Moon’s gravity from one side of the Earth to the other give rise to ocean tides
                
              —thus explaining a mystery that had baffled people for centuries.
In parallel with this theoretical work, the 17th century—with its newly invented telescopes—also saw the birth of lunar geography, or selenography. One of the pioneers of the subject was a Polish astronomer named Johannes Hevelius
                
              , who produced the first detailed map of the Moon in 1647. He decided to name all the features after places on Earth. Most of these names have since been superseded, but one or two remain in use today—including the lunar Alps
                
               and Apennine
                
               mountains, as shown in Fig. 3.3.[image: A446776_1_En_3_Fig3_HTML.gif]
Fig. 3.3Detail from a map of the Moon by Hevelius, including the lunar Alps
                        
                       and Apennines
                        
                       which are among the few features to retain the names he gave them (public domain image)





Not long after Hevelius
                
              , the Italian Giovanni Riccioli
                
               (1598–1671) published a map of his own with a different naming system. Apart from a few mountains, he discarded Hevelius’s terrestrially inspired names altogether. For the seas, Riccioli chose abstract names with a vaguely watery or nautical connection—things like storms, showers, clouds, serenity and tranquility. The craters he named after famous philosophers, scientists and astronomers—including quite a few people that have been mentioned here in this chapter: 
                
              , Anaxagoras
, Plato
, Hipparchus
, Ptolemy
                
              , Copernicus
                
              , Kepler
                
              , Hevelius
                
               … and Riccioli himself!
Most of Riccioli
                
              ’s names are still in use today, and the features he didn’t get round to naming usually follow the same basic principles. An impressive but difficult-to-observe crater near the lunar South Pole has been named after Isaac Newton
                
              , for example—who was only eight years old when Riccioli produced his map.
The fact that the face of the Moon is covered with so many famous names adds to its exotic appeal. An imaginative 19th century French astronomer, Camille Flammarion
                
              , pretended that the souls of the people concerned had a tendency to gravitate toward the features named after them:Certain travelers, like the author of the Voyage au monde de Descartes, have found, on visiting these different lunar countries, that the great men whose names they had arbitrarily received took possession of them in the course of the 16th century, and there fixed their residence. [6]




Lunar Speculations
The idea that the Moon might be inhabited originated in ancient times. The Greek historian Plutarch
 (46–120 C.E.), referring to the followers of Pythagoras
 several centuries earlier, wrote that:The Pythagoreans
                    
                   affirm that the Moon appeareth terrestrial, for that she is inhabited round about, like as the Earth wherein we are, and peopled as it were with the greatest living creatures, and the fairest plants ... there is nothing that doth prove and show directly, this habitation of men in the Moon to be impossible. [6]



Having speculated about life on the Moon, the obvious next step is to think about a journey there. This idea too can be traced back to the ancient world—though not in serious scientific terms, as science writer Brian Clegg
                
               explains:The earliest known example of the story of a trip to the Moon stretches back an impressive 1,900 years to Lucian
 of Samosata, a Roman living in Syria who spoke and wrote in Greek. The aim of this early writer seems not to have been to explore the wonders of “What if?” that is the usual role of science fiction, but to take a sneaky satirical poke at the Odyssey and other works of fantasy. … His book True History was the second-century equivalent of the Harvard Lampoon Tolkien parody, Bored of the Rings. [7]



That Lucian
’s book was closer to “sword and sorcery” fantasy than science fiction is clear from Fig. 3.4, which reproduces one of the illustrations Aubrey Beardsley produced for it toward the end of the 19th century.[image: A446776_1_En_3_Fig4_HTML.gif]
Fig. 3.4Illustration by Aubrey Beardsley for the 1894 edition of the first known story of a trip to the Moon, Lucian
’s True History (public domain image)





There have been many fictional trips to the Moon, but just like Lucian
’s the majority of them—before the advent of the real-world Space Age, anyway—were predominantly satires and social commentaries, involving travel by magical rather than scientific means.
The first serious, non-fictional discussion of a journey to the Moon was the work of a young English clergyman named John Wilkins
                
              . His first book, published in 1638, was called The Discovery of a World in the Moone. It drew numerous parallels between the Earth and the Moon, going so far as to speculate—erroneously—that the Moon might harbor Earth-like oceans and an atmosphere, and even that:‘Tis probable there may be inhabitants in this other World, but of what kinde they are is uncertaine. [8]



Strikingly, Wilkins
                
               wrote that: “As their world is our Moone, so our world is their Moone” … a tremendous insight, after the arrogant medieval view that saw the Earth as the center of the universe and the Moon as a mere disk in the sky. By 1640 Wilkins
                
              ’s ideas had moved even further forward, when he produced a supplement to his World in the Moone book entitled “A Discourse Concerning the Probability of a Passage Thither.”
In contrast to the fanciful Moon voyages that had come before, Wilkins
                
               addressed practical issues such as how to propel a “flying chariot” through the air, how it could escape from Earth’s gravity and whether the crew would be able to breathe in a rarefied atmosphere. He knew that a vast distance needed to be crossed, and estimated the journey time at 180 days—similar to the longest sea voyages of the time.
This was an analogy he clearly had in mind, since he added that: “We have not now any Drake or Columbus to undertake this voyage.” Nevertheless, he was optimistic that a trip to the Moon would happen at some point in the future, remarking that:‘Tis possible for some of our posterity to find out a conveyance to this other world, and if there be inhabitants there to have commerce with them. [8]



The thing that makes Wilkins
                
              ’s book so interesting, in hindsight, is the way it gives practical consideration to the problems of space flight. The specific details of his speculations are pretty wide of the mark, though. He believed (and remember that he was writing before Isaac Newton
                
               had even been born) that the Earth’s gravitational field only extended for a few miles above its surface, and that the air would be thin but breathable all the way to the Moon. Still, his vision of a mechanical vehicle flying all the way from the Earth to the Moon—written in the days of horse-drawn carriages and sailing ships—is a pretty impressive achievement.
Returning to the world of fiction—another milestone appeared just three years after Wilkins
                
               produced the definitive version of his own book. The author was someone we’ve met before, in a completely different context: the great German astronomer Johannes Kepler
                
              . As well as his purely scientific work, he produced a fictional account of a trip to the Moon called Somnium (the Latin word for “dream”). Arthur C. Clarke
                
               summed up its significance in the following way:It is somewhat ironic that the first truly scientific space voyage involved supernatural forces. This was the Somnium (1643) written by no less a man than Kepler
                    
                  —to whom astronautics owes as much as to Newton
                    
                   himself. The discoverer of the laws governing the motion of planets—and hence of spaceships—was both a scientist and a mystic; his background may be judged by the fact that his own mother barely escaped execution for sorcery.
In the Somnium, Kepler
                    
                   employed demons to carry his hero to the Moon, and made the significant remark that as the voyage progressed it would no longer be necessary to use any force for propulsion. His description of the Moon, based on the knowledge revealed by the newly invented telescope, was also as scientifically accurate as was possible at the time—though like many later writers, he assumed the existence of water, air and life. [9]



That assumption about life on the Moon wasn’t limited to science fiction writers—many serious astronomers entertained the same idea. As well as Kepler
                
               himself, another famous astronomer to hold this opinion—more than a century later—was William Herschel
                
               (1738–1822).
Like Kepler
                
              , Herschel
                
               was German by birth, but he moved to England as a teenager—and that’s where he made his name. In 1781, using a modest 150 mm reflecting telescope that he built himself, Herschel became the first person in recorded history to discover a new planet. He called it George’s Star, after the British King George III, but everyone else calls it Uranus
. The year before his great discovery, Herschel wrote the following on the subject of the Moon:Seeing that our Earth is inhabited, and comparing the Moon with this planet; finding that in such a satellite there is a provision of light and heat; also in all appearance, a soil proper for habitation fully as good as ours, if not perhaps better—who can say that it is not extremely probable, nay beyond doubt, that there must be inhabitants on the Moon of some kind or other? [10]



William Herschel
                
               wasn’t the only famous astronomer in his family. His younger sister Caroline discovered several comets and nebulae, while his son John grew up to become one of the foremost British astronomers of the 19th century—eventually being knighted as Sir John Herschel.
Unfortunately, John Herschel
 is perhaps best remembered today as the victim of a notorious hoax. This was perpetrated in the 1830s, when he was in the middle of a long observing expedition to the southern hemisphere. Patrick Moore
                
               summarized the situation in the following way:Richard Locke, a graceless reporter of the New York Sun, had a bright idea. Herschel was on the other side of the world; communications in those days were slow and uncertain; who was there to check any statements that he might care to make? Locke saw his chance and took it. On 25 August 1835, the Sun came out with a headline reading “Great Astronomical Discoveries Lately Made by Sir John Herschel
                    
                   at the Cape of Good Hope,” and an account of how Herschel had built a new telescope powerful enough to show the Moon in amazing detail. [11]



The problem was, Locke didn’t content himself with the kind of “amazing detail” that Herschel
                
              ’s telescope might actually have shown. He had lakes, rivers, trees, animals—not to mention humanoid creatures and their temple-like buildings. To add credibility to the “Great Moon Hoax
,” as it became known, Locke placed these wonders in specific locations that he found on a map of the Moon. Perhaps most famous of all was the giant amphitheater, complete with flying, bat-like humanoids, that he claimed Herschel had discovered inside the crater Langrenus … as we’ll see when we come to that location later (see Itinerary Two: The Far East).
At the opposite extreme from all this nonsense—and only a few decades later—is the work of Jules Verne
                
              . His well-researched and ultra-realistic From the Earth to the Moon (1865) and Around the Moon (1870) can still be counted amongst the very best science fiction novels ever written. His Moon has no atmosphere, no vegetation, no aliens—and his narrative is as scientifically up-to-date as he could make it and still have a story to tell. His Moon travelers use a real map: the Mappa Selenographica, produced by the German astronomers Beer and Mädler in the 1830s. As to astrodynamics, Verne
                
               does something even a factual science writer wouldn’t dare to do today, in a book that was aimed at a general readership—he includes a mathematical formula (which is scientifically correct, by the way), as shown in Fig. 3.5.[image: A446776_1_En_3_Fig5_HTML.gif]
Fig. 3.5Scan of an early French edition of Jules Verne
                        
                      ’s Around the Moon, showing his use of mathematics to emphasize the story’s scientific credibility (Public domain image)





The 20th century began with another novel that is often lumped together with Jules Verne
                
              : The First Men in the Moon (1901) by H. G. Wells
                
              . Really, however, there’s no comparison. Wells
                
               wasn’t particularly interested in science; he was what might be called a “Social Justice Warrior” today. His novel is a return to an earlier style of lunar fiction, with a magical mode of transport and an inhabited Moon. What’s more, the lunar natives seem to have been created mainly to preach Wellsian politics to the reader, rather than saying anything about the conditions on the Moon under which life might have evolved.
A less well known novel from around the same time is George Griffith
                
              ’s A Honeymoon in Space (1900). It’s not great literature—which H. G. Wells
                
              ’s novel may be—but it makes more effort to get things right scientifically. For example, it features possibly the first fictional appearance of spacesuits (which Griffith calls “breathing dresses”), to solve the problem of breathing on the airless surface of the Moon. Here’s the scene in which the two newlyweds—the Englishman Lord Redgrave and his American wife Zaidie—first step from their spaceship onto the Moon:Her husband was waiting for her almost fully clad in his breathing-dress. He had hers all ready to put on, and when the necessary changes and investments had been made, Zaidie found herself clad in a costume which was not by any means unlike the diving-dresses of common use, save that they were very much lighter in construction.
The helmets were smaller, and not having to withstand outside pressure they were made of welded aluminum. ... On the back of the dress there was a square case, looking like a knap-sack, containing the expanding apparatus, which would furnish breathable air for an almost unlimited time as long as the liquefied air from a cylinder hung below it passed through the cells in which the breathed air had been deprived of its carbonic acid gas and other noxious ingredients. ... The two helmets were connected for purposes of conversation by a light wire, the two ends of which were connected with a little telephonic receiver and transmitter inside each of the head-dresses.
“Well, now I think we’re ready,” said Redgrave, putting his hand on the lever which opened the outer door. ...
For about ten yards in front of her Zaidie saw a dense black shadow, and beyond it a stretch of gray-white sand lit up by a glare of sunlight which would have been intolerable if it had not been for the smoke-colored slips of glass which had been fitted behind the glass visors of the helmets. Over it were thickly scattered boulders and pieces of rock bleached and desiccated, and each throwing a black shadow, fantastically shaped and yet clearly defined on the gray-white sand behind it. ... Only the hardest rocks, such as granites and basalts1, remained. Everything else had been reduced to the universal gray-white impalpable powder into which Zaidie’s shoes sank when she, holding her husband’s hand, went down the ladder and stood at the foot of it—first of the Earth-dwellers to set foot on another world. [12]



Although Zaidie and Redgrave travel to the Moon in a newly designed spaceship, its actual mode of propulsion isn’t specified. That was always a fundamental problem for science fiction writers—there wasn’t any known method powerful enough to get people off the surface of the Earth. Even Jules Verne
                
               had to cheat here—he used a giant cannon, but reading between the lines it’s clear that he knew enough about the science of ballistics to realize it wouldn’t work in reality.
Verne
                
              ’s travelers also make use of rockets, but only to change course once they’re already in space. That’s because the rockets that existed in Verne’s time, and had existed for centuries, were pretty puny things—really just fireworks powered by gunpowder. What we think of today as a rocket—a huge, liquid-fueled monster with an ultra-high-pressure exhaust—was an invention of the 20th century. Significantly, however, it’s an invention that can’t be separated from the history of space travel.
The first great rocket pioneers, the Russian Konstantin Tsiolkovsky
                
               and the German Hermann Oberth
                
              , both understood that liquid-fueled rockets were the ideal propulsion system for spaceships. As a sideline (a bit like Kepler, three centuries earlier), Tsiolkovsky
                
               tried his hand at fiction. His 1920 novel Beyond the Planet Earth was one of the very first works of science fiction to feature rocket travel. A few years later, in 1929, Tsiolkovsky’s German counterpart Oberth
                
               served as a technical consultant for the film Die Frau im Mond (“The Woman in the Moon”) … and that too had a rocket-powered spaceship.
That was just the start of it. When science fiction really took off as an independent genre, in the American pulp magazines of the 1930s, the rocket-ship became one of its most instantly recognizable tropes. The Moon wasn’t always the destination, but it often was—particularly if the story was about the “first ever” rocket flight. One of the 20th century’s most famous science fiction authors, Isaac Asimov
                
              , covered exactly that ground in his second published story, “Trends” (1939).
With the perfection of the devastatingly destructive V-2 missile by Wernher von Braun
                
               in the Second World War, rockets suddenly became a hard reality. From that point on, the first spaceflight was a question of “when,” not “if.” As Asimov’s contemporary, Robert A. Heinlein
                
              , wrote in his 1950 novella “The Man Who Sold the Moon”:The real engineering problems of space travel have been solved since World War II. Conquering space has long been a matter of money and politics. [13]



Heinlein had already described a pioneering rocket flight to the Moon in his 1947 novel Rocketship Galileo

                
              , and he did so again in his novelization of the 1950 film 
                Destination Moon
                
              . The same subject was addressed by another of the great names of 20th century science fiction, Arthur C. Clarke
                
              , in his 1951 novel Prelude to Space and his 1956 short story, “Venture to the Moon”.
Both Clarke
                
               and Heinlein
                
               went on to produce novels set further in the future, in well-established lunar colonies: Clarke’s Earthlight (1955) and A Fall of Moondust (1961), and Heinlein’s The Moon is a Harsh Mistress (1966). A shorter version of “Earthlight” appeared as the cover story in the magazine Thrilling Wonder Stories in 1951 (see Fig 3.6).[image: A446776_1_En_3_Fig6_HTML.gif]
Fig. 3.6The cover of Thrilling Wonder Stories for August 1951, featuring a short version of Arthur C. Clarke
                        
                      ’s “Earthlight”, set on the Moon (public domain image)





The 1950s and early 1960s were the golden age of Moon fiction, coinciding with a time when people were excited about the prospect of a real-world lunar landing in the imminent future. The stories don’t always mention specific locations on Moon, but the better ones usually do ... and if it’s an interesting place to look at through a telescope, it will be featured in the itineraries coming up shortly!

The First Visitors
Science fiction stories of the 1950s often portrayed a race to Moon between the United States and the Soviet Union—and that’s exactly what happened in the real world. The brief period between 1959 and 1976 saw frantic activity by both sides, with literally dozens of spacecraft targeted at the Moon.
People tend to talk about “the” Moon landing, singular—meaning NASA’s Apollo 11
—but actually there were quite a lot of them, if you include hard- and soft-landing robotic probes as well as manned missions. Most of the landing sites are visible from Earth—not the spacecraft themselves, but the general area—and the most interesting of these will be mentioned in the itineraries that follow, together with some of the more recent lunar missions.
Disentangling the Soviet Moon program is complicated by the fact that almost all their Moon-bound spacecraft were called “Luna,” although they varied widely in size, sophistication and purpose. They were all unmanned, but the Luna program notched up many spectacular firsts.

Luna 2
 was the first man-made object to hit the Moon, in September 1959. A month later, Luna 3
 flew past the Moon, sending back the first images of its far side
                
               that anyone on Earth had ever seen. In January 1966 Luna 9
 successfully soft-landed on the lunar surface, continuing to return pictures and other data for several days. Two months later, Luna 10
 became the first spacecraft to enter orbit around the Moon.
The Russians never managed to put a human on the Moon, but the Luna program didn’t come to an end when the Americans beat them to that goal with Apollo 11
. In September 1970, slightly more than a year after that mission, the robotic probe Luna 16
 landed on the Moon and then blasted off again. It came all the way back to Earth, bringing a small rock sample with it—the first successful sample-return mission by an unmanned spacecraft Two months later, Luna 17
 put a remotely controlled rover, Lunokhod
 1, onto the surface of the Moon—the last in the long line of Russia’s lunar “firsts.”
For the first few years, NASA lagged behind the Soviets. On the plus side, however, their lunar program seemed more purposeful—not just a random series of “firsts”—and their spacecraft had more meaningful designations, with different names for different types of mission.
First came the Ranger spacecraft: crash-landers like Luna 2
, which took extreme close-up photographs of the lunar surface on their way down. That wasn’t just for the heck of it, though—it was to help pick out safe landing sites for future spacecraft. Unfortunately, the first few Rangers weren’t too successful—it wasn’t until Ranger 7
 in July 1964 that the system actually worked the way it was supposed to.
Ranger was followed by a more sophisticated spacecraft—the soft-lander Surveyor—and that worked perfectly on its very first attempt. Surveyor 1
 touched down on the Moon in May 1966, just four months after the Russians achieved the same feat with Luna 9
. The third and final type of unmanned spacecraft that NASA sent to the Moon in the 1960s was a lunar orbiter
                
              —known, rather unimaginatively, as Lunar Orbiter
                
              . The first successful mission was Lunar Orbiter 2 in November 1966.
All of this was a build-up to the manned Apollo program. The Ranger and Orbiter missions obtained high-resolution imagery of potential landing sites, while Surveyor tested the same landing techniques that would be used by Apollo. In parallel with these missions, the Americans also notched up human spaceflight experience—in low Earth orbit
                
              , nowhere near the Moon—with the single-seat Mercury (1961–63) and two-seat Gemini (1964–65) spacecraft.
The mission profile chosen for Apollo was called “lunar orbit rendezvous.” In this scheme, it’s not the main spacecraft that lands on the Moon but a small lunar module specifically optimized for that task. In all, the Apollo spacecraft was made up of three modules—the command module, service module and lunar module—as shown in Fig. 3.7.[image: A446776_1_En_3_Fig7_HTML.gif]
Fig. 3.7The Apollo spacecraft consisted of the command and service modules (CSM), seen on the left of this image, and the two-stage lunar module (LM) on the right (NASA image)





As Fig. 3.7 indicates, three people fit inside the command module, but only two in the lunar module. The third astronaut remains in the command module, in lunar orbit, while the other two descend to the surface. The lunar module consists of two stages—the astronauts stand inside the upper, ascent stage, which returns to the command module after they’ve finished exploring the lunar surface. The lower, descent stage stays behind on the Moon.
The largest of the three Apollo modules, the service module, doesn’t have a crew compartment. It’s an unpressurized unit containing all the boring but necessary things like life support and propulsion systems. For most of the mission—until just before re-entry into Earth’s atmosphere—it remains attached to the back of the command module. The two together, command and service modules, are commonly abbreviated to CSM.
At the start of the mission, the whole spacecraft is put into Earth orbit
                
              —and then sent on its way to the Moon—by the gigantic Saturn
 V rocket. At 110 meters in height, this remains the most powerful space launcher ever built. It was designed by Wernher von Braun
                
              , a disciple of the German rocket pioneer Hermann Oberth
                
              . Earlier in his career, von Braun had been responsible for the world’s first successful liquid-fueled rocket—the fearsome V-2, which was used as a weapon by the Nazis during the Second World War.
The first manned test of the Apollo CSM took place in Earth orbit
                
               in October 1968. That was Apollo 7. Two months later, the Apollo 8
 CSM went all the way to the Moon and back. Then in March 1969 Apollo 9 tested the lunar module in Earth orbit, followed by a further test in lunar orbit two months after that by Apollo 10
.
NASA now had all its ducks in a row, and from that point on every Apollo mission was going to be a Moon landing. The first—the one everyone remembers—was Apollo 11
 in July 1969. Apollo 12
 followed in November the same year, and then Apollo 13
 in April 1970. Everyone remembers that one too, because an explosion in the service module on the way out meant it couldn’t land after all. It was a hairy mission, but the astronauts got back safely in the end. The remaining landings—Apollo 14
 through 17—all took place in 1971 and 1972.
Despite the world’s fascination with Apollo 11
, the later missions were just as important in their own way. They visited places on the Moon that were of much greater interest to geologists, and they spent more time exploring their surroundings—the last three with aid of a lunar rover
—and doing “real science.” The main highlights of each of the Apollo missions will be described when the relevant locations are covered in later chapters.
As far as the telescopic tourist is concerned, it’s easy enough to locate the general area of each of the landing sites—but your telescope’s resolution won’t be good enough to make out any traces of the landing itself. Not even the Hubble telescope, up in Earth orbit
                
              , can do that. On the other hand, the landing sites can easily be made out in photographs taken from lunar orbit. For example, Fig. 3.8 shows a view of the Apollo 11
 site captured by NASA’s Lunar Reconnaissance Orbiter
—which was launched in 2009, exactly 40 years after Apollo 11 itself.[image: A446776_1_En_3_Fig8_HTML.jpg]
Fig. 3.8
Lunar Reconnaissance Orbiter
 photograph of the Apollo 11
 landing site (NASA image)





It’s difficult to overstate the cultural and scientific importance of the Apollo missions. As Arthur C. Clarke
                
               put it at the time:An age may come when Project Apollo is the only thing by which most men remember the United States—or even the world of their ancestors, the distant planet Earth. [14]



The final Apollo mission was in December 1972, and the last of the Soviet Luna probes—a sample return mission—in August 1976. After that the Moon had to wait almost two decades for its next visitor: a Japanese robot probe called Hiten
, which entered lunar orbit
                
               in February 1993. Two months later it was deliberately crashed onto the Moon’s surface, like the Soviet Luna 2
 and NASA’s Ranger spacecraft in the 1960s.
A year after Hiten
, the Americans returned to the Moon with the cutely named Clementine
 probe, which entered orbit in February 1994. This wasn’t just a NASA mission—it was a joint venture with the Department of Defense’s Strategic Defense Initiative, which the media of the day liked to refer to as the “Star Wars” project. It was primarily concerned with space-based defenses against ballistic missile attacks, but it had a sideline in asteroid interception.
That sounds a lot like science fiction … and in fact, just a few years later, Clementine
 made a cameo appearance in Stephen Baxter
                
              ’s sci-fi epic 
                Titan
                
               (1997). Here’s a more-or-less historically accurate quote from that novel:
Clementine
 had been an experimental 1990s deep-space mission cooked up by NASA and the Air Force Space Command. Clementine’s primary purpose had been to serve as a test-bed for the performance of advanced defense technologies in deep space, up to ten million miles from Earth. But it was also a test of techniques for asteroid interception. It had been sent to close rendezvous with three asteroids and had been equipped to fire probes—yard-long cylindrical missiles—into the asteroids’ surface. In the event, Clementine
 had failed after its first rendezvous. [15]



That first rendezvous was with the Moon. Clementine
 did a useful job there—taking high-resolution photographs, including the first images of the lunar north and south poles. To the surprise of many people, it found tantalizing hints of frozen water on the Moon—something that had never been suspected throughout the Apollo program.
The Clementine
 mission was followed up with another orbiter, Lunar Prospector
, in January 1998. Again this wasn’t a purely NASA initiative—the brains behind it was a private individual, Dr. Alan Binder
                
               of the Lockheed Martin corporation. His main objective was to carry out a thorough compositional survey of the lunar surface, with particular emphasis on the search for water ice. The mission was a success: it detected an estimated six billion tonnes of ice in the permanently shadowed craters located around the lunar poles.

Lunar Prospector
 was one of the best organized and most successful scientific space missions of all time, particularly in terms of program management and value-for-money. And there was a good reason for that, as Dr. Binder
                
               himself explained later:I demonstrated via Lunar Prospector
 that space missions can be done “faster, better, cheaper” when a competent scientist, rather than NASA, is in charge. [16]



Largely because of the Clementine
 and Lunar Prospector
 results, the first decade of the 21st century saw a resurgence of interest in the Moon. There were lunar missions by the European Space Agency
                
               (SMART-1
, launched in 2003), Japan (Kaguya
 in 2007), China (Chang'e 1 in 2007 and Chang'e 2 in 2010), India (Chandrayaan-1
 in 2008) and the United States (LCROSS
 and the Lunar Reconnaissance Orbiter
, both launched in 2009).
Several of these missions involved the deliberate crash of a spacecraft onto the surface of the Moon—including LCROSS
, as illustrated in Fig. 3.9. In cases where the impact site is visible from Earth, it will be mentioned in the itineraries that follow.[image: A446776_1_En_3_Fig9_HTML.jpg]
Fig. 3.9The LCROSS
 spacecraft firing its Centaur rocket into the Moon, to produce a deliberate impact event (NASA image)





Space agencies around the world are still sending spacecraft to the Moon. Perhaps the most dramatic lunar mission of recent years was the Chinese Chang'e 3
, which touched down on the Moon’s surface in December 2013—the first soft landing since Luna 24
 in 1976. Chang’e 3
                
               proceeded to deploy a small robotic rover called Yutu—a feat previously only achieved on the Moon by the Russians, with their Lunokhod
 rovers in the 1970s.
The near future may see a completely new development, with private companies putting robots onto the lunar surface. An incentive to do this exists in the form of the Google Lunar X-Prize
: an award of $20,000,000 for the first privately funded team to complete a mission that meets all the competition requirements—including landing, transmitting images back to Earth, and moving at least 500 meters across the lunar surface [17].
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Footnotes
1In reality, the Moon does have a lot of basalt but no granite.
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4. Itinerary One: Around the Sea of Tranquility

Andrew May1 
(1)Crewkerne, UK

 


This itinerary starts with what must be the single most famous place on the Moon: Tranquility Base, where Apollo 11
 landed in 1969. There’s far more than just that one “visitor attraction,” though. Not too far from Tranquility Base are two more Apollo landing sites—the last two, Apollos 16 and 17. A month after the latter left the Moon, the robotic rover Lunokhod
 2 arrived, landing just 160 km away from the Apollo 17
 site. This takes us out of Mare Tranquilitatis and into Serenitatis—site of an allegedly vanishing crater, a comic-book alien city, and wave-like ripples on a sea of lava.
Overview
The area covered by this itinerary is shown in Fig. 4.1, with the locations of some of the highlights indicated. It comprises part of the north-east quadrant of the Moon, dominated by two of its most prominent seas: Mare Serenitatis
 to the north and Tranquilitatis immediately south of it. The smaller sea to the south of Tranquilitatis is Mare Nectaris
.[image: A446776_1_En_4_Fig1_HTML.gif]
Fig. 4.1Area covered by Itinerary One, with some of the highlights indicated





The general outline of these seas is easily visible through binoculars
 or in a DSLR photograph (such as Fig. 2.​1 in Chap. 2: Essential Equipment). On the other hand, to see the craters—which tend to be quite small in this part of the Moon—you really need a telescope.
As with most areas of the Moon, this one is best observed when the shadows are long—in other words, just after local sunrise. That occurs a day or two before the Moon reaches first quarter (five or six days after New Moon). But if you just want to pick out the locations of Apollo landing sites, you can do that any time between then and a few days after Full Moon.

Tranquility Base
The giant Saturn
 V rocket carrying Apollo 11
 blasted off from Cape Canaveral in Florida on July 16, 1969. Strapped into the command module were the two men destined to be history’s first Moon-walkers—mission commander Neil Armstrong and lunar module pilot Buzz Aldrin—as well as the all-too-easily forgotten command module pilot, Michael Collins.
It took three days for Apollo 11
 to reach lunar orbit
                
              . A day later, on July 20, the lunar module—allocated the call-sign “Eagle”—separated from the command module “Columbia.” With Armstrong and Aldrin on board, Eagle began its descent toward the Sea of Tranquility. A little over two and a half hours after undocking from Columbia, Armstrong radioed back one of the most famous messages in history: “Houston, Tranquility Base here. The Eagle has landed”. It was 3:17 p.m. local time at Mission Control in Houston, where CAPCOM (Capsule Communicator) Charlie Duke replied:Roger, Tranquility. We copy you on the ground. You got a bunch of guys about to turn blue. We're breathing again. Thanks a lot. [1]



Just over six and a half hours after touchdown, Armstrong stepped out of the lunar module to become the first human to set foot on the Moon, with his “one small step for a man, one giant leap for mankind.” Ironically, there are no good quality pictures of Armstrong on the Moon, as the main color camera was attached to the front of his spacesuit. The pictures of Aldrin—such as the one shown in Fig 4.2—are much clearer.[image: A446776_1_En_4_Fig2_HTML.jpg]
Fig. 4.2Buzz Aldrin steps off the Apollo 11
 lunar module Eagle, to become the second person on the Moon (NASA image)





The first landing site was chosen primarily because it was relatively flat and featureless—not an especially interesting place, but a safe one. In spite of that, the Apollo 11
 landing was one of high drama. Armstrong used up almost all the descent-stage fuel searching for a suitable landing spot. He explained the problem to Mission Control about ten minutes after landing:Hey, Houston, that may have seemed like a very long final phase. The auto targeting was taking us right into a football-field-sized crater, with a large number of big boulders and rocks for about one or two crater diameters around it, and it required us … flying manually over the rock field to find a reasonably good area. [2]



The vicinity of Tranquility Base had already been eyeballed from low altitude, by the crew of the non-landing Apollo 10
 lunar module two months earlier. Astronauts Tom Stafford and Gene Cernan described it as “pretty smooth, like wet clay, like a dry river bed in New Mexico or Arizona”—before adding that there were “enough big boulders to fill Galveston Bay” [3].
Galveston Bay is a large estuary near NASA Mission Control in Houston, so that should have been fair warning of the problems Armstrong and Aldrin encountered. Nevertheless, their eventual landing site looks very flat and featureless in all the photographs they took.
Tranquility Base is located very close to the lunar equator—less than one degree north. That’s not a coincidence, as NASA’s summary of “Operational Constraints on Landing Sites” makes clear:The most restrictive mission rule, so far as landing sites for the earliest lunar landing missions were concerned, was the requirement to place the spacecraft on a "free-return" trajectory—a flight path that allowed for failure of the service module's main engine. If the service module engine should fail to put the spacecraft into lunar orbit
                    
                  , the joined CSM and LM would loop around the Moon under the influence of lunar gravity alone and head back to Earth. This free-return trajectory required the spacecraft to leave Earth orbit on a path that would bring it to the Moon within five degrees of latitude of the lunar equator. [4]



As to finding the site with a backyard telescope—that isn’t too difficult, as you can see from Fig. 4.3. The approximate location of Tranquility Base is marked with the red cross, and some craters you can use as “signposts” are indicated in yellow.[image: A446776_1_En_4_Fig3_HTML.jpg]
Fig. 4.3Approximate location of the Apollo 11
 landing site in the Sea of Tranquility (Author’s photograph)





The closest easily visible feature to Tranquility Base is the crater Moltke
. It was named after Field Marshal Helmuth von Moltke, who served as chief of staff of the German Army in the 19th century. That may seem a little ironic, given the key role played by ex-Nazi Wernher von Braun
                
               in getting Apollo to the Moon. There’s logic to the name, though, as Arthur C. Clarke
                
               explains:Moltke’s place on the Moon was given to him (by a German astronomer, needless to say), in recognition of the fact that he persuaded the Prussian government to print an important lunar map. [5]



Easier to find than Moltke itself are the twin craters Sabine
 and Ritter
, in the very south-western corner of Mare Tranquilitatis. They’re both about 30 km diameter, and they almost overlap each other. Moltke
 is a much smaller crater (about 6 or 7 km across), some way to the south-east of Sabine
 and Ritter
. When you get to it you need to backtrack a bit: Tranquility Base is about 50 km north-west of Moltke.
Inevitably, the Apollo 11
 landing has found its way into folklore as well as history. Perhaps the strangest offshoot of the mission is the theory that it never actually happened, but was faked in a movie studio on Earth. The situation isn’t helped by the fact that the images really do tend to give that impression. The landscape is flat and featureless, the horizon looks much too close, and the lighting is bright and stark—just like that of an indoor studio. But if you work out what the pictures should have looked like, if they were taken at the time and place they were supposed to be, it’s exactly the way they do look. The horizon really is much closer on the Moon, because its diameter is only a quarter that of the Earth. And the lighting really is as stark as it looks in the photos, because of the Moon’s total lack of an atmosphere.
People may not realize that the Earth’s atmosphere diffuses and scatters sunlight, but they do know that it’s what makes flags fly in the wind. So the fact that Apollo 11
’s flag appears to do just that—rather than hanging straight down as it should in a vacuum—is taken as further evidence that it was filmed here on Earth.
The fact is, however, that the problem of the non-flying flag was anticipated in advance, and its upper edge was consequently stiffened by a horizontal rod. Exactly the same trick had already been used by Robert A. Heinlein
                
               in his novel Rocketship Galileo

                
              , way back in 1947:On a short and slender staff the banner of the United Nations and the flag of the United States whipped to the top. No breeze disturbed them in the airless waste—but Ross had taken the forethought to stiffen the upper edges of each with wire. [6]



There’s one natural feature in the general vicinity of Tranquility Base that’s worth a brief mention. About 150 km south of it is a strangely shaped, highly irregular crater 41 km long by 28 km wide. It’s called Hypatia
, and it’s one of the Moon’s relatively few female craters. In fact it’s the only one that Giovanni Riccioli
                
              —in his original map of 1651—named after a female astronomer.

Hypatia
 lived in the city of Alexandria in Egypt in the late 4th and early 5th centuries. Amongst other things she produced a new annotated version of the Almagest, the great astronomical treatise written by Ptolemy
                
               two and a half centuries earlier. Sadly, though, the most famous thing about her is her death—she was murdered by a mob during an anti-intellectual riot in the year 415. Some historians consider this event to mark the final demise of the great Graeco-Roman civilization, which had existed for a thousand years.

The Last Apollos
It’s a pity, in a way, that people spend so much time talking about Apollo 11
 at the expense of the later missions—because it was only in those later missions that the Apollo program reached its full potential. Contrary to popular belief, it wasn’t just about planting flags and making speeches. Or rather, that’s only what Apollo 11 was about—aka the “G mission” (missions A through F involved various non-landing tests of the Apollo hardware). Apollos 12 and 14 were longer-stay H missions, but the program didn’t fully achieve its objectives until it reached the letter J.
The J-class missions targeted areas of genuine scientific interest, with the astronauts’ main focus being on serious geological investigation rather than (as some people still believe) expensive PR stunts. These missions involved a three-day stay on the Moon, with three periods of extra-vehicular activity (EVA) of up to 7 h or more each. That was a huge increase on the 150 minutes that Armstrong and Aldrin spent walking on the Moon … and the J-class astronauts weren’t restricted to walking.
One of the most impressive things about these missions was their use of a two-seat, electrically powered vehicle to travel over the Moon’s surface (see Fig. 4.4). Capable of a relatively modest 15 km/h, it greatly increased the area that could be explored in the time available. Officially known as the Lunar Roving Vehicle, or LRV, most people referred to it as the Lunar Rover
 (except the tabloid media, who insisted on calling it the “Moon buggy”).[image: A446776_1_En_4_Fig4_HTML.jpg]
Fig. 4.4
Apollo 16
 commander John Young working at the rear of the Lunar Roving Vehicle (NASA image)





The first of the J missions was Apollo 15
, which will be covered later on when we get to Itinerary Five: The Imbrium Basin. However, the final two—Apollos 16 and 17—both landed within the area covered by the present itinerary.

Apollo 16
 touched down on April 27, 1972, just over 300 km south-west of Tranquility Base. The actual landing site is near a small and difficult-to-see crater called Descartes
, but there’s a much more prominent landmark not too far away. It’s called Theophilus
, and Patrick Moore
                
               described it in the following terms:There can be little doubt that Theophilus is, with the possible exception of Copernicus
, the grandest crater on the whole Moon. It is extremely deep, with walls rising to 18,000 feet [5,500 meters] above the floor; there is a splendid, many-peaked central mountain mass, and the inner ramparts are terraced. It is always a magnificent sight, and may be recognized under any conditions of illumination. [7]



Theophilus lies on the north-western edge of the small Mare Nectaris
, south of Mare Tranquilitatis. It’s so distinctive that the moment you see it you’ll have no doubt you’ve found what you’re looking for. Its diameter is around 100 km; if you go west-north-west from its center about three times this distance you’ll come to the approximate location of “Descartes
 base,” where Apollo 16
 landed.
The two Apollo 16
 moon-walkers are amongst the elite few who are actually more famous for doing something else (the commander of Apollo 14
—America’s first man in space, Alan Shepard—is another). Apollo 16’s commander, John Young, was already a veteran of three previous spaceflights, but he’s best known as the person who went on to take the space shuttle Columbia on its maiden flight, STS-1, in April 1981.
The lunar module pilot on Apollo 16
 was Charlie Duke—not a household name, even by the standards of the later Apollo astronauts. Yet everyone in the world has heard his voice, many times over. He was the CAPCOM—Capsule Communicator—for Apollo 11
’s historic landing in 1969. It’s his distinctive southern accent you can hear acknowledging Neil Armstrong’s “The Eagle has landed” with “We copy you on the ground. You got a bunch of guys about to turn blue.”
Young and Duke spent three days on the surface, with a long EVA on each of them. In total they were outside the spacecraft for more than 20 h, in which time they covered a distance of almost 27 km in their Lunar Rover
. They collected 95 kg of geological samples, including some basalt that may be a chunk of the Mare Nectaris that was flung out by the meteorite impact that created the awe-inspiring Theophilus
 crater.
The next mission, Apollo 17
, was the first to include a scientist in its crew (up to this point, all the Moon-walkers had been test pilots by profession). “… And not a moment too soon,” you might think—since Apollo 17 was to be NASA’s last manned mission to the Moon. Its lunar module pilot was the geologist Harrison Schmitt, who landed together with mission commander Gene Cernan on December 11, 1972.
The landing site was the in Taurus-Littrow valley, in the mountains the separate Mare Serenitatis
 from Mare Tranquilitatis
. If you look at a map or a photograph (or through your telescope!), you’ll see that the mountains don’t span the whole border. There’s Montes Haemus in the west and Montes Taurus in the east, with a gap between the two ranges. If you find that gap and then look toward its eastern end, in the foothills of Montes Taurus—that’s where Apollo 17
 landed.
The surface activity followed a broadly similar pattern to Apollo 16
, with three rover-assisted EVAs spread over three days, but it broke all the records set by its predecessor. Schmitt and Cernan spent a total of 22 h out on the surface, traveled almost 36 km in their lunar rover
, and collected 110 kg of rock samples.
The geological highlight of the mission occurred on the second EVA, when Schmitt came across some orange soil—a striking sight on the otherwise monochrome Moon (see Fig. 4.5).[image: A446776_1_En_4_Fig5_HTML.jpg]
Fig. 4.5The patch of orange soil found by Apollo 17
astronaut Harrison Schmitt. The tripod-like object, called a gnomon, is a photographic reference to ensure that the colors are accurate, among other things (NASA image)





The astronomer Patrick Moore
                
               was in Mission Control in Houston at the time. Moore was a long-time advocate of the theory (unpopular then, and almost totally discredited now) that the Moon had seen volcanic activity in the relatively recent past. For that reason, he was particularly excited by Schmitt’s discovery, as he later recalled:Their route took them to a small crater which had been given the unofficial name of Shorty, and suddenly we heard Schmitt’s voice: “it’s orange—crazy!” There was a band of orange-colored material circumferential to the crater, and Schmitt compared it with a fumarole effect, which would indicate relatively recent volcanic activity. Samples were collected, but when they were brought home and analyzed the explanation proved to be very different. The orange color was due to tiny colored glassy beads, which were very old (about 3,800 million years), and fumarole activity was not involved. [8]



The Taurus-Littrow valley, where Apollo 17
 touched down in 1972, remains the most recent of the Moon’s six manned landing sites—but it may be the first to be revisited … even if that’s only by a robot. One of the teams competing for Google’s Lunar X-Prize, the Part-Time Scientists, describe their plans as follows:The Part-Time Scientists are a Berlin, Germany based team of scientists and engineers with the goal to soft land two lunar rovers
 in travel distance to the Apollo 17
 landing site using a fully autonomous soft landing vehicle. To this day the team managed to position themselves amongst the front-runners of the competition and has been awarded two Google Lunar X-Prize
 milestone prize awards. … The team is developing both mobility and landing technology with the goal to lower the costs of space exploration and make exciting and important places such as the Moon more accessible. With the first mission heading back to Taurus-Littrow valley, the landing site of Apollo 17
, the goal is to pick up on surface exploration right where Apollo left off. [9]




The Sea of Serenity
As its name suggests, Mare Serenitatis
 is a nice smooth sea with very few craters. At first glance, you might even think it’s a real sea of water, because in certain light conditions you can see what appear to be waves on it. These are called “wrinkle ridges”—or dorsa in Latin—and they’re actually ripples in the solidified lava surface.
Several of the lunar seas have wrinkle ridges, but Mare Serenitatis
 boasts a particularly prominent one that runs north-south near its eastern edge. Even though it’s so easy to see, nobody bothered to give this feature a name until the 1970s, when it was dubbed Dorsa Smirnov
 after a Russian scientist. You can see it in Fig 4.6, together with several smaller wrinkle ridges in both Mare Serenitatis (top) and Tranquilitatis (bottom).[image: A446776_1_En_4_Fig6_HTML.jpg]
Fig. 4.6The seas of Serenity and Tranquility, showing several wrinkle ridges including Dorsa Smirnov
 (Author’s photograph)





One of the most noteworthy features on Mare Serenitatis
 is conspicuous by its absence—or at any rate, its extreme lack of visibility. At best, the crater Linné
 is a small faint smudge in the sea’s north-western sector (it’s in shadow in Fig. 4.6, but even if it wasn’t the author’s telescope isn’t really good enough to show it). At one time, however, Linné was supposed to have been a much bigger, more impressive crater—and that led to a huge controversy in the 19th century. Writing at the end of that century, the British selenographer Thomas Gwyn Elger
                
               summarized the situation as follows:
Linné
 … described by Lohrmann and Mädler as a deep crater, but which in 1866 was found by Schmidt to have lost all the appearance of one. The announcement of this apparent change led to a critical examination of the object by most of the leading observers, and to a controversy which, if it had no other result, tended to awaken an interest in selenography that has been maintained ever since. According to Mädler, the crater was more than six miles [10 km] in diameter in his time, and very conspicuous under a low Sun, a description to which it certainly did not answer in 1867 or at any subsequent epoch. It is anything but an easy object to see well, as there is a want of definiteness about it under the best conditions, though the minute crater, the low ridges, and the nebulous whiteness described by Schmidt and noted by Webb and others, are traceable at the proper phase. [10]



Did Linné
 really change its appearance? It would be exciting to think so—an exception to the rule that the Moon is a completely dead, changeless place. Yet almost certainly it did nothing of the kind. The problem arises because it’s a very small crater, only about 2 km in diameter, and thus right on the limit of detectability for most amateur telescopes. Sometimes you can see it, most times you can’t.
On top of that, Linné
 is a very young crater by lunar standards—just a few tens of millions of years. It’s still surrounded by the powdery white ejecta that was blown out by the original impact, and this becomes highly visible under certain conditions of illumination. The true situation becomes clearer when it’s viewed from close quarters—i.e. lunar orbit
                
              —as Fig. 4.7 shows.[image: A446776_1_En_4_Fig7_HTML.jpg]
Fig. 4.7The crater Linné
, photographed from lunar orbit
                        
                       by Apollo 15
 (NASA image)





At the opposite extreme from the almost-invisible Linné
 is the 100 km crater Posidonius
, on the eastern edge of Mare Serenitatis
—it jumps right out at you in the top right corner of Fig. 4.6. This is what Elger
                
               had to say about it:Its narrow bright wall with its serrated shadow, the conspicuous crater, the clefts and ridges and other details on the floor, together with the beautiful group of objects on the neighboring plain, and the great serpentine ridge … never fail to excite the interest of the observer. [10]



Looking more closely at Posidonius
 in Fig. 4.6, you can see two small craters to the west of its northern edge. The more westerly of these is called Luther—a not especially remarkable crater, except that in some online references it’s identified as the site of the “Blue Area” that features in some stories from Marvel Comics
 [11]. Other sources, however, put this area on the Moon’s far side
                
              .
The confusion probably arises from the innumerable reboots and re-imaginings that comic books always seem to go through. Still, the very first appearance of the Blue Area, in issue #13 of The Fantastic Four from April 1963, is consistent with it being inside or close to Luther. When the character Reed Richards first indicates “the mysterious Blue Area of the Moon” on a map, he appears to be pointing somewhere within Mare Serentitatis to the west of Posidonius [12].
Although Apollo 11
 still lies six years in the future, the Fantastic Four are comic book superheroes, so they proceed to travel to the Moon to investigate the Blue Area for themselves. When they get there, they give this commentary:We’re landing smack in the center of the mysterious Blue Area! And there’s the reason it photographs blue! There’s a long-dead city below us! The remains of some ancient civilization! Man isn’t first on the Moon! [13]



The following year, the Fantastic Four returned to the Blue Area in issue #29 of their comic, cover-dated August 1964. The fact that it’s located on the near side of the Moon, rather than the far side, is made explicitly clear in that story from the fact that the Earth can be seen in the lunar sky [14].
The idea that the Sea of Serenity might have been home to an advanced ancient civilization cropped up three decades before the Fantastic Four, in the pulp science fiction magazine Wonder Stories. Its April 1934 issue contained a story called “The Moon Devils” (see Fig. 4.8), by the British writer John Wyndham
                
               writing under the pen-name of John Beynon Harris (the story was reprinted later with the alternative title of “The Last Lunarians”).[image: A446776_1_En_4_Fig8_HTML.gif]
Fig. 4.8The cover of the April 1934 issue of Wonder Stories, featuring “The Moon Devils” by John Wyndham
                        
                      , writing under the pen-name of John Beynon Harris (public domain image)





Wyndham
                
              ’s story concerns an expedition by the Lunar Archeological Society, which is seeking evidence for an ancient indigenous culture on the now-dead Moon. After finding little of interest in the craters Aristarchus
, Tycho
 and Clavius
, or in Mare Crisium
, they move on to Mare Serenitatis. As the narrator says:Who named this immense oval plain? I cannot remember, but I do know that he saw it only through a telescope, 239,000 miles [385,000 km] away. He did not see it as we did—a huge sterile stretch, gray-floored and gloomy. Had he been able to stand upon one of the tortured mountains at its brink and look out across that somber desolation of sand, he would have called it not the Sea of Serenity, but the Sea of Foreboding. [15]



The expedition lands near the cliffs at the edge of the sea, where the archeologists are excited to find evidence of an ancient civilization in the form of stone carvings and a doorway leading inside the cliff. They get more than they bargained for, however, when they discover a whole city of perfectly preserved lunar natives in suspended animation!
Returning to the real world, Mare Serenitatis
 was the site of one of the most impressive feats of 1970s technology. About a hundred kilometers south of the crater Posidonius
 is a small “bay” called Le Monnier
. It looks like a bay, anyway—actually it’s just a semi-ruined crater. It lies about 160 km north of the Apollo 17
 landing site … and just a month after that mission left the Moon, another one touched down in Le Monnier
.
This was the unmanned Soviet probe Luna 21
, which landed on January 16, 1973. A few hours later, it deployed a small robotic rover called Lunokhod
 2 (see Fig. 4.9).[image: A446776_1_En_4_Fig9_HTML.jpg]
Fig. 4.9A model of the Russian Lunokhod
 robotic lunar rover
 (Wikimedia Commons user Sergei Kazantsev, CC-BY-SA-4.0)





As its designation suggests, Lunokhod
 2 was the Russians’ second such feat. It was preceded by Lunokhod 1 in November 1970, which landed much further west (it will be covered later on, in Itinerary Five: the Imbrium Basin). Lunokhod 2 remained operational for four and a half months—only about half as long as its predecessor, Lunokhod 1. However, Lunokhod 1 only traveled a little over 10 km, while Lunokhod 2 managed at least 39 km. That’s further than any other vehicle has driven on Moon—second place goes to Apollo 17
, with just under 36 km.
A bizarre sequel to the Lunokhod
 2 mission took place in December 1993, when the Lavochkin company, who built the rover, decided to make some money out of it by putting it up for auction at Sotheby’s in New York (despite the fact that it was broken and on the Moon). They even found a buyer—the video game entrepreneur Richard Garriott
                
              , who paid $68,500 for it. Still, that was only a small fraction of the reputed $30 million that he forked out for a visit to the International Space Station
                
               in 2008 [16].
Just beyond the northern edge of Mare Serenitatis
 is a small dark patch called Lacus Mortis
: Latin for “Lake of Death.” It’s one of the places on the Moon that’s chiefly interesting simply because it has such a cool name (we’ll talk about Hell later, when we get to Itinerary Four: Around the Sea of Clouds). Nevertheless, astronomer Peter Grego
                
               provides a vivid description of the Lake of Death that almost lives up to the name:It appears to be the flooded remnants of a large ancient crater that has experienced a considerable range of geological activity. …The overall appearance of Lacus Mortis
 is striking and rather creepy, giving the impression of an ancient cracked landscape that seems a little out of place on the Moon—perhaps more at home on Sun-baked Mercury. [17]
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5. Itinerary Two: The Far East

Andrew May1 
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This itinerary lies immediately to the east of the previous one. Its most distinctive feature is the neat little Mare Crisium
—the Moon’s “Sea of Crises.” Whatever the origins of that name, it witnessed at least one real crisis when an unmanned Russian spacecraft crashed there during the Apollo 11
 mission. The Russians had more success in the Mare Fecunditatis
, where they achieved the world’s first robotic sample return mission in 1970. There’s plenty more of interest in this itinerary too, from an allegedly artificial bridge and a notorious 19th century hoax to the final resting place of the first Japanese Moon probe and the settings for several sci-fi stories.
Overview
The area covered by this itinerary is shown in Fig. 5.1, together with the locations of a few of the highlights. It covers the Moon’s far eastern edge (technically known as its “eastern limb”), where by far the easiest thing to find is the distinctive oval of the Mare Crisium
. That’s probably the single most useful feature for getting your orientation—not just for this area, but for the whole Moon.[image: A446776_1_En_5_Fig1_HTML.gif]
Fig. 5.1Area covered by Itinerary Two, with some of the highlights indicated





The closer you get to the limb, the harder it is to see features clearly due to the effects of foreshortening. That’s particularly extreme for Mare Smythii
, at almost 90 degrees east (where an observer would see the Earth perpetually about to set on the western horizon).
Another problem with viewing this area is that most of the time that you’re likely to look at the Moon, in the days around first quarter and leading up to Full Moon, it’s bathed in bright sunlight which washes out a lot of the detail. The best time to observe it is during the early crescent phase, two to four days after New Moon. For example, most of the features described in this itinerary can be seen in the author’s photograph in Fig. 1.​4 (see Chap. 1: Plan Your Trip), which was taken through a small telescope four days past New Moon.

Russian Robots
Everyone remembers the Apollo 11
 landing in July 1969—even if they weren’t born at the time. On the other hand, very few people remember the unmanned Soviet probe Luna 15
 at exactly the same time. It was launched three days before Apollo 11
, and went into orbit around the Moon as the American astronauts were en route there. This east-west “race” led to quite a drama in the press—in Britain at least, where Luna 15
’s every move was tracked (as most Russian spaceflights were in those days) by the giant radio telescope at Jodrell Bank
 (see Fig. 5.2).[image: A446776_1_En_5_Fig2_HTML.jpg]
Fig. 5.2The Jodrell Bank
 radio telescope pictured in the 1960s, when it was used to track the progress of Soviet space missions such as Luna 15
 (Public domain image)





As with most of their space missions, the Soviets kept quiet about what Luna 15
 was up to. So people began to speculate about the possiblities. Would it try to land on the Moon before Apollo 11
 to steal some of its thunder, or would it interfere with the American spacecraft in some way to prevent it from landing? On July 18, 1969—a day after Luna 15 entered lunar orbit
                
               and a day before Apollo 11
 was due to do so—Jodrell Bank
’s director Sir Bernard Lovell made the following statement to the press:Tomorrow could be extremely interesting. We have the fascinating situation of listening to the voices of Apollo astronauts with one ear and the signals from Luna 15
 with the other…I think that Luna 15 will probably stay in orbit for the rest of the day and that an attempt will then be made either to land the whole spaceship or part of it to try to get some rock. I find it extremely hard to believe that this is just another lunar orbiter
                    
                  . It does not add up that this is all that is intended. Tomorrow morning we may find that either Luna 15
 is on the Moon, or an attempt is being made to put it down on the Moon. [1]



As it turned out, Luna 15
 didn’t make its landing attempt until July 21, after Armstrong and Aldrin had already touched down at Tranquility Base. The landing didn’t go too well, either: the spacecraft ended up crashing into Mare Crisium
—the Sea of Crises. This was named by Giovanni Riccioli
                
               back in the 17th century, and it’s not clear why he chose such an ominous name for this neat-looking little sea. Still, it lived up to it as far as Luna 15
 was concerned. The impact site is near the western edge of Mare Crisium, just over half-way up.
It was more than a year before the Russians sent their next robot to the Moon— but this one was much more successful. Luna 16
 landed on September 20, 1970, near the eastern edge of Mare Fecunditatis
—the Sea of Fertility, south of Mare Crisium
. Luna 16 achieved a major first—one that Luna 15
 had probably been intended to do—by collecting a sample of Moon dust and bringing it all the way back to Earth.
Looking a bit like a small-scale model of the Apollo lunar module (see Fig. 5.3), Luna 16
 likewise had both an ascent stage and a descent stage. The latter was equipped with a robotic arm and drill to collect the sample. This was modest in size, to say the least—only about a hundred grams of soil, compared to the 56 kg of rocks brought back by the Apollo 11
 and 12 astronauts the previous year. Because it had such a light load, however, the ascent stage was able to fly all the way back to Earth under its own power. It re-entered the atmosphere and parachuted to a landing in Kazakhstan on September 24, 1970.[image: A446776_1_En_5_Fig3_HTML.jpg]
Fig. 5.3A model of Luna 16
 on display in a museum in Moscow (Wikimedia Commons user Bembmv, CC-BY-SA-3.0)





As with the Lunokhod
 rover mentioned in the previous chapter, it’s all too easy to undervalue Luna 16
’s achievement. These days it’s taken for granted that robotic spaceflight is a lot easier than human spaceflight—but that’s because we live in a world filled with sophisticated communications and computer technologies. Such things were in their infancy in the 1970s, when putting a robot on the Moon and driving it around—or bringing it back to Earth—posed an almost unimaginable technological challenge.
Although the Soviets never landed humans on the Moon, they had plans to do so. Two competing plans, in fact, by two different design organizations. One of them kept its proposed landing site close to its chest, but the other favored the same general area that Luna 16
 landed—Mare Fecunditatis
 [2]. The Russians’ interest in this particular sea is obvious from the fact that their second sample return mission—Luna 20
 in February 1972—landed in another part of it. Luna 20’s landing site was to the north of Luna 16
’s, in the foothills of the surrounding mountains.
The third and last of the sample return robots was Luna 24
, which landed in the south-eastern corner of Mare Crisium
 in August 1976. That was the Soviet Union’s final visit to the Moon, and the last human-made object to reach its surface until the deliberate crash of the Japanese Hiten
 probe in 1993 (as we’ll see later in this chapter).

Lunar Cities and Alien Artifacts
In science fiction, there are two kinds of Moon city. Some of them are located on the surface inside pressurized domes, while others are buried in caves and tunnels underground. “Luna City” in Robert A. Heinlein
                
              ’s novel The Moon is a Harsh Mistress (1966) falls in the second category. It’s nominally located under the Mare Crisium
—but of course, because it’s underground it might as well be anywhere. That’s not only true for an external observer, but for the inhabitants themselves—as one of the characters explains (note that Heinlein has them speak in a clipped, evolved form of English):Know where Luna City is? Why, on east edge of Mare Crisium
; everybody knows that. So? What latitude and longitude? Huh? Look it up in a reference book! So? If don’t know where any better than that, how did you find it last week? No huhu, cobber; I took tube, changed at Torricelli, slept rest of way; finding it was capsule’s worry. See? You don’t know where Luna City is! You simply get out when capsule pulls in at Tube Station South. [3]



The author John Varley
                
               was a big fan of Heinlein
                
              , and he echoed the Mare Crisium
 location—and the capsule-in-tube rapid transit system—in his 1978 short story “The Barbie Murders.” This starts with local detectives Anna-Louise Bach and Jorge Weil investigating a murder that takes place in a peculiar “Standardist” community, where everyone is surgically altered to resemble a Barbie doll:The Temple of the Standardized Church in Luna was in the center of the Standardist commune, Anytown, North Crisium. The best way to reach it, they found, was a local tube line which paralleled the Cross-Crisium Express Tube…The capsule was inserted, and Bach and Weil were pressed hard into the backs of their seats. In seconds they emerged from the tube and out onto the plain of Crisium, speeding along through the vacuum, magnetically suspended a few millimeters above the induction rail. Bach glanced up at the Earth, then stared out the window at the featureless landscape rushing by. [4]



The Moon is a less popular science-fictional setting than it used to be, but one recent bestseller that bucks the trend is Ian McDonald
                
              ’s Luna: New Moon (2015). The novel revolves around the powerful Corta family, whose sprawling underground mansion, Boa Vista, lies under Mare Fecunditatis
 (the map at the start of the book shows it near the north-eastern corner of sea):Three and a half billion years ago magma burst from the living heart of the Moon to flood the Fecunditatis basin: glugging slow in rilles
 and levees and lava tubes. Then the Moon’s heart died and flows cooled and the hollow lava tubes lay cold and dark and secret, ossified arteries. In 2050 Adriana Corta came rappelling down from the access tunnel her selenologists had bored into the Sea of Fecundity. Her lights flashed out over a hidden world: an intact lava tube a hundred meters wide and high and two kilometers long. An empty, virgin universe, precious as a geode. This is the place, Adriana Corta declared. This is where I will create a dynasty. Within five years her machines had landscaped the interior, sculpted faces of Umbanda gods the size of city blocks, set up a water cycle and filled the space with balconies and apartments, pavilions and galleries. This is Boa Vista, the mansion of the Corta family. [5]



To the east of Mare Fecunditatis
 is Mare Smythii
—literally “Smyth’s Sea.” It’s difficult for us to see because it’s right on the edge of the visible Moon, close to 90 degrees east. It wasn’t even given a name until the 1870s, shortly after the death of the person it commemorates: the British astronomer William Henry Smyth (1788–1865).
Due to libration
 effects, Mare Smythii
 is easier to see at some times than at others. Even at best, however, we only get an extremely foreshortened view of it. The flip side of this is that anyone standing in Mare Smythii and looking in our direction—to their west—would see the Earth perpetually hovering on the horizon. In fact that’s just the way the Apollo astronauts did see the Earth, every time they came round from the far side of the Moon
 over Mare Smythii (see Fig. 5.4).[image: A446776_1_En_5_Fig4_HTML.jpg]
Fig. 5.4A photograph taken from the Apollo 11
 command module as it passed over Mare Smythii
. From this viewpoint, Earth is only just visible on the horizon (NASA image)





Obscure though it is—both in the sense that most people have neither seen it nor heard of it—Mare Smythii was the proposed site of NASA’s First Lunar Outpost
                
               (FLO). A conceptual study carried out in 1992, its basic parameters were summarized in the study report as follows:The FLO
                    
                   surface mission consists of four crew members living and working on the lunar surface for 42 days. The crew lives in a habitat that is landed unmanned on the Moon prior to the crew’s arrival. … The crew arrives at the Moon in their own piloted lander vehicle. During their stay in the habitat, the piloted lander is powered down and remains in a quiescent state until needed at the end of the surface mission. The Earth return stage is incorporated into the piloted lander, so no rendezvous in lunar orbit
                    
                   is required, and the crew travels directly to Earth.
For initial mission planning analyses, Mare Smythii
, located near the lunar equator on the eastern limb, was chosen as the site for the initial FLO
                    
                   surface mission. This was based on the recommendations of the Lunar Outpost Site Selection Workshop held at the Johnson Space Center in August of 1990. [6]



In the same year as NASA’s FLO
                
               study—and possibly motivated by the same recommendation—Mare Smythii
 played a starring role in a sci-fi novel. Kevin J. Anderson
                
               and Doug Beason
                
               used it as the site of “Moonbase Columbus”—a combined scientific and industrial outpost—in their 1992 novel Assemblers of Infinity. Here’s a description of the location from the point of view of one of the characters, as he returns to the base in a lunar rover
:As the rover continued, Mare Smythii unfolded to reveal Columbus base. The Earth hung low over the crater wall, like a big blue drop teeming with life. The tip of the base’s 16-meter telescope was barely visible behind the embankments of the buried living modules. From this vantage point, Jason couldn’t see the optical interferometer, the gamma-ray telescope, and other astronomical equipment. One of his first troubles as commander had been to placate the Earthbound astronomical community by assuring them that the seismic vibrations from the wandering helium-3
 processing plants would not disturb any of the sensitive astronomical devices. [7]



If you’re wondering what a “wandering helium-3
 processing plant” is—hold onto that thought for a while. We’ll come back to it later, in Chap. 11: The Dark Side of the Moon.
Returning to Mare Crisium
, but staying with science fiction, here’s the opening paragraph of Arthur C. Clarke
                
              ’s short story “The Sentinel”:The next time you see a full Moon high in the south, look carefully at its right-hand edge and let your eye travel upwards along the curve of the disk. Round about two o’clock, you will notice a small, dark oval: anyone with normal eyesight can find it quite easily. It is the great walled plain, one of the finest on the Moon, known as the Mare Crisium
—the Sea of Crises. Three hundred miles [480 km] in diameter—and almost completely surrounded by a ring of magnificent mountains, it had never been explored until we entered it in the late summer of 1996. [8]



After its first appearance in an American magazine in 1951, “The Sentinel” was reprinted in the UK as the cover story in the April 1954 issue of New Worlds Science Fiction (see Fig. 5.5).[image: A446776_1_En_5_Fig5_HTML.gif]
Fig. 5.5Arthur C. Clarke
                        
                      ’s short story “The Sentinel”, set in Mare Crisium
, was featured in the April 1954 issue of New Worlds Science Fiction (public domain image)





The story tells of the discovery of a strange alien artifact in the mountains on the southern edge of Mare Crisium
—a kind of beacon designed to let its creators know when humans had developed enough intelligence to find it. Clarke
                
               reused the same basic idea in 
                2001: A Space Odyssey
                
                
               (1968), but in that case the artifact was relocated to the crater Tycho
 (see Itinerary Three: The Southern Highlands).
In “The Sentinel,” Clarke
                
               makes the observation that Mare Crisium
 has very few craters of any significant size. In fact the largest of them is just 22 km in diameter. It’s called Picard
, and despite its small size it’s easy enough to see with a small telescope (see Fig. 5.6). Sadly, though, Picard isn’t named after Captain Jean-Luc Picard of Star Trek: The Next Generation, but the French astronomer Jean-Félix Picard (1620–1682). Nevertheless, Star Trek fans might be amused to learn that an earlier name for the same feature—on the map produced by the Polish astronomer Hevelius
                
               in 1647—was Alopecia Insula, which looks like it means “Hair-Loss Island.”[image: A446776_1_En_5_Fig6_HTML.jpg]
Fig. 5.6The craters Picard
, Proclus
 and Messier
, all discussed in the main text, are easily visible in this comparatively low resolution image (Author’s photograph)





To the north-west of Picard
, just outside Mare Crisium, is a very bright crater of similar size called Proclus
. To the east of this, closer to the “shore” of the sea itself, is an area of rough terrain that’s difficult to resolve in detail without a large telescope. This locality became a source of controversy in the 1950s after the American journalist John Joseph O’Neill—a joint winner of the 1937 Pulitzer Prize—claimed to have seen a very unusual feature there:A gigantic natural bridge has been found on the Moon at the edge of the Mare Crisium
, in the rim of its surrounding walls. … The bridge extends in a north-south direction and judging from the positions of the shadows cast by its lower supports it has the amazing span of about 12 miles [19 km] from pediment to pediment. [9]



O’Neill’s remarks were based on the assumption that a particular pattern of light and shadows was due to sunlight passing through the arch of a bridge. Some astronomers agreed with this interpretation, but most of them disagreed. Unsurprisingly, however, the UFO
                
               enthusiasts of the day seized on the idea of a lunar bridge. “It looks artificial,” Donald Keyhoe wrote in his 1955 book The Flying Saucer Conspiracy [10].
In Arthur C. Clarke
                
              ’s novel A Fall of Moondust (1961), the subject of O’Neill’s Bridge
                
               is brought up by a character who happens to be obsessed with flying saucers
                
              :It really starts back in 1953, when an American astronomer named O’Neill observed something very remarkable here on the Moon. He discovered a small bridge on the eastern1 border of the Mare Crisium. Other astronomers, of course, laughed at him—but less prejudiced ones confirmed the existence of the bridge. Within a few years, however, it had vanished. Obviously, our interest had alarmed the Saucer people, and they had dismantled it. [11]



In reality, of course, O’Neill’s Bridge
                
               was—and still is—an optical illusion. There’s another, somewhat similar illusion in Mare Fecunditatis
. This one is easier to see with an amateur telescope, both because it’s in a less cluttered area, close to the center of the sea, and because it’s less reliant on the precise angle of sunlight and shadows. A small telescope will reveal two craters, called Messier
 and Messier A, which are a similar size and close together (these were also labeled in Fig. 5.6, together with Picard
 and Proclus
). They’re difficult to miss, because there’s a ray of bright ejecta material stretching out to the west of them like a comet’s tail.
The two craters were almost certainly caused by the same impact event, with the incoming meteorite hitting at a low angle and then bouncing across the surface. In the process, this created an interesting optical illusion. If you look at the twin craters with a moderately high magnification, you can imagine they’re actually the entrance and exit of an underground tunnel. This fact was seized on by David Hatcher Childress
                
               in his book Extraterrestrial Archeology:Another oddity of the Moon is a strange tunnel about 20 miles long …Dr. H. H. Nininger, director of the American Meteorite Museum in Winslow, Arizona, announced this discovery back in 1952. He claims that through a good telescope not only can the tunnel be seen but the entrance and the exit of that tunnel are clearly discernible. [12]



According to Nininger’s own theory, the tunnel is a natural one—the result of a meteorite hitting a mountain ridge and penetrating all the way through it. Childress
                
              , on the other hand, believes it’s an artificial construction. In fact, it’s almost certainly neither of the above. The illusion of a tunnel is much less convincing in pictures taken from lunar orbit
                
              , such as the one shown in Fig. 5.7.[image: A446776_1_En_5_Fig7_HTML.jpg]
Fig. 5.7The craters Messier
 and Messier A, seen here in a photograph taken from orbit
                        
                       by the Apollo 15
 astronauts, give the illusion of the two openings of a tunnel (NASA image)






The Eastern Crater Chain
As described earlier (in Chap. 3: A Brief History of the Moon), the “Great Moon Hoax
” of 1835 was perpetrated on the American public by the staff of the New York Sun. They claimed, sensationally, that the famous British astronomer John Herschel
                
               had seen intelligent life-forms on the Moon through his telescope. This was completely false, but Herschel was on an observing trip to South Africa at the time, so he wasn’t around to put matters straight.
Treated as a work of fiction—or a tall story—the Great Moon Hoax
 actually makes quite entertaining reading. One of its most striking passages describes “the Ruby Colosseum near the lake Langrenus”:It was a dark narrow lake 70 miles [112 km] long, bounded, on the east, north, and west, by red mountains of the same character as those surrounding the Valley of the Unicorn, from which it is distant to the south-west about 160 miles [257 km]. This lake, like that valley, opens to the south upon a plain not more than ten miles [16 km] wide, which is here encircled by a truly magnificent amphitheater of the loftiest order of lunar hills. For a semicircle of six miles [10 km] these hills are riven, from their brow to their base, as perpendicularly as the outer walls of the Colosseum at Rome; but here exhibiting the sublime altitude of at least 2,000 feet [600 meters], in one smooth unbroken surface…We were again delighted with the discovery of animals. The first observed was a quadruped with an amazingly long neck, head like a sheep, bearing two long spiral horns, white as polished ivory, and standing in perpendicular parallel to each other. Its body was like that of the deer, but its fore-legs were most disproportionally long, and its tail, which was very bushy and of a snowy whiteness, curled high over its rump, and hung two or three feet [60 to 90 cm] by its side.
[…]
We were thrilled with astonishment to perceive four successive flocks of large winged creatures, wholly unlike any kind of birds, descend with a slow even motion from the cliffs on the western side, and alight upon the plain. They were first noticed by Dr. Herschel, who exclaimed, “Now, gentlemen, my theories against your proofs, which you have often found a pretty even bet, we have here something worth looking at: I was confident that if ever we found beings in human shape, it would be in this longitude, and that they would be provided by their Creator with some extraordinary powers of locomotion.” …Certainly they were like human beings, for their wings had now disappeared, and their attitude in walking was both erect and dignified…They averaged four feet [1.2 meters] in height, were covered, except on the face, with short and glossy copper-colored hair, and had wings composed of a thin membrane, without hair, lying snugly upon their backs, from the top of the shoulders to the calves of the legs. The face, which was of a yellowish flesh color, was a slight improvement upon that of the large orangutan, being more open and intelligent in its expression, and having a much greater expansion of forehead…These creatures were evidently engaged in conversation; their gesticulation, more particularly the varied action of their hands and arms, appeared impassioned and emphatic. We hence inferred that they were rational beings. [13]



Fig. 5.8 shows the illustration that originally accompanied this scene.[image: A446776_1_En_5_Fig8_HTML.gif]
Fig. 5.8An illustration of the “ruby amphitheater” supposedly located in Langrenus
 crater, according to the Great Moon Hoax
 of 1835 (public domain image)





In reality, Langrenus
 is a large crater at the south-eastern corner of Mare Fecunditatis. The 19th century selenographer Thomas Elger
                
               sang its praises in the following terms:This noble circumvallation, the most northerly of the meridional chain of immense walled-plains, extending for more than 600 miles [~1,000 km] from near the equator to south latitude 40 degrees, would, but for its propinquity to the limb, rank with Copernicus
 (which in many respects it resembles) among the most striking objects on the surface of the Moon. Its length is about 90 miles [145 km] from north to south, and its breadth fully as much. [14]



The word “meridional” that Elger
                
               uses simply means “running from north to south.” Actually the Moon has more than one crater chain that could be described in that way. The most striking of them extends from pretty much dead center of the near side at least as far south as the 40 degrees Elger mentions. We’ll come to that one in the next chapter (Itinerary Four: Around the Sea of Clouds). In this instance, however, Elger
                
               is talking about a different crater chain—one at the very eastern edge of the near side.
The other members of the chain, together with Elger’s descriptions of them, are as follows:	
Vendelinus
: “The second great enclosure pertaining to the meridional chain—a magnificent walled-plain of about the same dimensions as the last.”

	
Petavius
: “The third member of the great meridional chain: a noble walled-plain, with a complex rampart, extending nearly 100 miles [160 km] from north to south.”

	
Furnerius
: “The fourth and most southerly component of the great meridional chain of walled-plains, commencing on the north with Langrenus
: a fine but irregular enclosure, about 80 miles [130 km] in extreme length and much more in breadth.” [14]





All four craters are best observed when the Moon is just a thin crescent, as shown in Fig. 5.9.[image: A446776_1_En_5_Fig9_HTML.jpg]
Fig. 5.9The thin crescent Moon, showing the eastern chain of four large craters south of Mare Crisium (Author’s photograph)





Of the four craters, Furnerius
 is especially noteworthy today for a reason that Elger
                
              —writing at the end of the 19th century—would never have guessed. It was in this neighborhood that the Japanese Hiten
 orbiter was deliberately crashed in April 1993—almost a hundred years after Elger’s book was published.
The Hiten mission was a strange one—not least because it was never meant to enter lunar orbit
                
              , let alone impact the surface. It was launched in January 1990 as a technology demonstrator, to test various novel techniques beyond low Earth orbit. It was supposed to follow a hugely elongated orbit around the Earth, out to beyond the distance of the Moon, and one of its tasks was to put a small subsatellite called Hagoromo into lunar orbit
                
              . The latter failed, however, shortly after its release.
In one of the rare instances of a spacecraft’s mission plan being rewritten after launch, it was decided to put Hiten
 itself into lunar orbit
                
              . Since it hadn’t been designed to do that, it had to use a very slow, low-energy transfer trajectory. The maneuver worked, however, and Hiten finally entered orbit in February 1993—just over three years after it was originally launched. It wasn’t a stable orbit, though, so the decision was made to go for a controlled impact onto the lunar surface. That happened on April 10, 1993, just north-west of Furnerius—making Hiten
 the first object to be put on the Moon by a country other than the Soviet Union or the United States.

References
1.
Quoted in The Birmingham Post, July 18, 1969

2.
Paul Drye. “LK-700: The Soviet Union’s Other Road to the Moon”, https://​falsesteps.​wordpress.​com/​2013/​01/​13/​lk-700-the-soviet-unions-other-road-to-the-moon/​


3.
Robert A. Heinlein, The Moon is a Harsh Mistress (New English Library, London 1969), p. 104

4.
John Varley, The Barbie Murders (Futura, London, 1983), p. 54

5.
Ian McDonald, Luna: New Moon (Gollancz, London, 2015), p. 19

6.
John E. Gruener, “First Lunar Outpost Conceptual Surface Mission”, http://​www.​lpi.​usra.​edu/​lunar_​resources/​documents/​Flo_​%20​Csm.​pdf


7.
Kevin J. Anderson & Doug Beason, Assemblers of Infinity, Part 1, in Analog Science Fiction & Fact, September 1992, p. 25

8.
Arthur C. Clarke, Expedition to Earth (Sidgwick & Jackson, London, 1976). p. 163

9.
John J. O’Neill, “Gigantic Natural Bridge Found on the Moon”, http://​the-moon.​wikispaces.​com/​file/​detail/​O%27Neill_​Bridge_​JALPO_​10_​1953_​147-148_​50pc.​jpg


10.
David Hatcher Childress, Extraterrestrial Archeology (Adventures Unlimited, Kempton, Illinois, 2015), p. 94

11.
Arthur C. Clarke, A Fall of Moondust (Pan Books, London, 1964), p. 178

12.
David Hatcher Childress, Extraterrestrial Archeology (Adventures Unlimited, Kempton, Illinois, 2015), p. 102

13.
Richard Adams Locke, “The Great Moon Hoax”, http://​www.​jasoncolavito.​com/​the-moon-hoax.​html


14.
Thomas Gwyn Elger, The Moon: A Full Description and Map of its Principal Physical Features (Project Gutenberg, 2006), http://​www.​gutenberg.​org/​cache/​epub/​17712/​pg17712-images.​html




Footnotes
1Clarke is using the old-fashioned system here, where “eastern” actually means “western” (see Chapter 1: Plan Your Trip).
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The part of the Moon featured in this itinerary is really just a huge mass of craters, making it a confusing—though highly scenic—place for the first-time visitor. Some of its craters are worth tracking down, however. Most famous of all is Tycho
—which can’t be mistaken for anything else around Full Moon, because of the bright network of rays emanating from it. Tycho has featured in several famous works of science fiction—as has Clavius, to the south of it. Going even further south, the area around the pole itself is of particular interest to scientists due to the recent discovery of water ice there.
Overview
Figure 6.1 shows the area covered by this itinerary, together with some of the main highlights.[image: A446776_1_En_6_Fig1_HTML.gif]
Fig. 6.1Area covered by Itinerary Three, with some of the highlights indicated





Unlike the Moon’s northern hemisphere and the equatorial regions, with their easily recognizable pattern of seas, the far south is entirely made up of cratered highlands. That makes it a difficult area to navigate with a telescope, especially at higher magnifications.
The Southern Highlands do have one unmistakable feature, though—at least in the days around Full Moon. That’s the crater Tycho
, which is “young” enough—around 100 million years old—that it’s still surrounded by a network of bright ejecta rays from the impact which caused it. You can see a picture of Tycho’s rays, and those of some other bright craters further north, if you flick forward to Fig. 9.​4 (in Itinerary 6: The Ocean of Storms).
When its rays are visible, it’s easy enough to find Tycho even with a pair of binoculars
. At other times, Tycho is still bright and “fresh-looking” enough that it stands out from the crowd—so you can use it to get your bearings in this otherwise confusing area. A short distance to the south of Tycho
 is the older and larger crater Clavius
, with a distinctive shape that can also be used as a helpful signpost (see Fig. 6.2).[image: A446776_1_En_6_Fig2_HTML.jpg]
Fig. 6.2Seen without its rays (this picture was taken four days before Full Moon), Tycho
 is just the brightest and newest of many craters in the Southern Highlands. Directly south of it is the larger, more eroded crater Clavius
 (Author’s photograph)






Tycho

Tycho
 is the best-known crater on the Moon, mainly because it’s so recognizable when you look at a Full Moon. It’s one of the youngest lunar craters, and the rays of light-colored dust blasted out by the impact that formed it are still clearly visible over much of the Moon’s southern hemisphere.
The crater is named after the Danish astronomer Tycho Brahe
                
               (1546–1601). Like his Italian counterpart Galileo Galilei
                
              , who was born 18 years later, Tycho preferred to be known by his first name alone. By all accounts he was something of an eccentric. At the age of 19 he got himself into a sword fight over some obscure mathematical technicality—and ended up with his nose being sliced off. He had to wear a false nose made out of brass for the rest of his life.
Tycho
                
              ’s ideas about astronomy were eccentric, too. He disliked the Sun-centered theory that Copernicus
                
               had put forward—his gut instinct told him that the Earth, and not the Sun, lay at the center of the Solar System. At the same time, he knew that the long-standing theory of Ptolemy
                
              —which had the Sun and all the planets orbiting around the Earth—wasn’t consistent with the latest astronomical observations. So he came up with his own bizarre “Tychonic theory,” in which the Sun goes round the Earth while all the other planets go round the Sun.1

Like most of the Moon’s easily visible craters, Tycho
 was named by Giovanni Riccioli
                
               in the 17th century. It wasn’t just coincidence that Tycho’s name was associated with this particular crater, as Isaac Asimov
                
               explains:Riccioli
                    
                  , at least, admired the Tychonic theory, and so he gave Tycho’s name to the most prominent and spectacular of all the craters. [1]



Because Tycho is so well-known, it’s always been a favorite with science fiction authors. As far back as 1870, Jules Verne
                
              ’s novel Around the Moon contained a whole chapter entitled “Tycho
                
              .” As a lunar landmark, the crater particularly inspires Verne’s over-excitable French astronaut, Michel Ardan:When observing the Full Moon in a cloudless sky, everyone must have seen this brilliant spot in the southern hemisphere. Michel Ardan employed in its description all the metaphors which his vivid imagination could supply. For him, Tycho
 was a burning focus of light, a center of radiation, a crater vomiting rays! It was the tire of a sparkling wheel, an immense flaming eye, a nimbus for the head of Pluto! It was like a star hurled from the Creator’s hand and flattened against the lunar surface! [2]



As the journey continues, the characters see the crater from even closer range:The distance, which separated the travelers from the annular summits of Tycho, was not so great but that they could perceive the principal details. On the embankment which formed the circumvallation of Tycho, the mountains, rising from the sides of the inside and outside slopes, formed gigantic terraces. They appeared 300 or 400 feet [90 to 120 meters] higher to the west than to the east. No system of terrestrial encampment could be compared with this natural fortification. A city built at the bottom of this circular cavity would have been absolutely impregnable. [3]



Thirty years after Verne
                
              ’s famous novel, George Griffith
                
               used Tycho as the first landing site for his space-faring newlyweds in A Honeymoon in Space (1900):Hand in hand, they crossed the little plateau towards the edge of the tremendous gulf, 54 miles [87 km] across and nearly 20,000 feet [6 km] deep, which forms the crater of Tycho
. In the middle of it rose a conical mountain about 5,000 feet [1,500 meters] high, the summit of which was just beginning to catch the solar rays. Half of the vast plain was already brilliantly illuminated, but round the central cone was a semicircle of shadow of impenetrable blackness.



Verne
                
              ’s and Griffith
                
              ’s descriptions, written long before the space age, really aren’t that wide of the mark. This shows how much can be done by combining Earth-based telescopic observation with a little imagination! In 2011 NASA’s Lunar Reconnaissance Orbiter
 photographed Tycho’s central peak at sunrise—with a result that is every bit as dramatic as George Griffith
                
              ’s description (see Fig. 6.3).[image: A446776_1_En_6_Fig3_HTML.jpg]
Fig. 6.3The mountains at the center of Tycho
 crater, photographed by the Lunar Reconnaissance Orbiter
 (NASA image)





Tycho is also the setting for Clifford D. Simak
                
              ’s 1961 novel The Trouble with Tycho. Its storyline is a mixture of science fiction and horror, slightly reminiscent of the 2011 movie Apollo 18

                
              —except that in that film the spooky alien presence is discovered near the Moon’s south pole, while in Simak’s novel it is deep inside Tycho
 crater. Whatever it is, it’s led to a series of mysterious disappearances:They had wanted, in the early days, some 20 years ago, to build an astronomical observatory on the floor of Tycho, but after what had happened they built it in Cuvier
 instead. They had sent out a surveying crew to lay out the Tycho installation and the crew had disappeared. [5]



The crater Cuvier
, referred to in the preceding quote, is older than Tycho
 but a similar size to it, and located about 400 km to the east. It’s the rightmost of the cluster of three badly eroded craters that can be seen near the middle of the right-hand edge of Fig. 6.2.
Another crater that features prominently in Simak
                
              ’s novel is Pictet
—the smaller crater immediately to the east of Tycho
. In the novel, it’s where the main lunar base is located. In contrast to the high-tech settings usually found in science fiction, Simak makes the place sound like something out of the Wild West:I drove up the short slope of the pass and there was Pictet
 spread out before me, a ringed plain with the town of Coonskin huddled against the northeast wall…I picked my way slowly down the pass, for there was little more than a trail and there were some turns that called for creeping speed. [6]



“Coonskin” may sound like a strange name for a Moon base, but Simak explains that too:You’d think they’d call these places by a lot of fancy names, like the names of all those scientists they named the craters for, or that at least they’d be called Lunarville or Moontown or some other name that made some sort of sense … but when the people got there they picked old familiar names that had a homely sting to them. [7]



Despite its titular billing in Simak
                
              ’s novel, Tycho’s most famous sci-fi appearance has to be in 
                2001: A Space Odyssey
                
                
              —both the 1968 book by Arthur C. Clarke
                
               and the film version, also 1968, directed by Stanley Kubrick. Tycho
 is the place where the mysterious alien monolith is discovered (see Fig. 6.4), kicking off the “space odyssey” of title.[image: A446776_1_En_6_Fig4_HTML.jpg]
Fig. 6.4A model recreating the scene in 
                        2001: A Space Odyssey
                        
                        
                       where the alien monolith is discovered in Tycho
 crater (Wikimedia Commons user Matthew J. Cotter, CC-BY-SA-2.0)





In both the novel and the film, the main lunar base is located in Clavius, about 300 km south of Tycho. The protagonist, Heywood Floyd, is among a group of scientists making the journey in a Moon bus:The vehicle slowly edged itself over the brink of a really terrifying incline, and began to descend a long, rubble-covered slope as steep as the roof of a house. The slanting Earthlight, coming from behind them, now gave very little illumination, and the bus’s own floodlights had been switched on. Many years ago, Floyd had stood on the lip of Vesuvius, staring into the crater; he could easily imagine that he was now driving down into it, and the sensation was not a very pleasant one. [8]





                2001: A Space Odyssey
                
                
               was released on April 3, 1968. Three months earlier, on January 10, 1968, the last of NASA’s unmanned Surveyor spacecraft touched down on the northern rim of Tycho
 crater. In sequential terms it was Surveyor 7
, although actually it was only the fifth of NASA’s successful soft landings (two of the earlier missions—Surveyors 2 and 4—had ended in failure).

Surveyor 7
 remains significant to this day, as the only soft landing that’s ever been achieved deep in the heart of the Moon’s Southern Highlands. All the other controlled landings—manned or unmanned; American, Russian or Chinese—have taken place in or around the lunar seas.

Clavius Base
As seen in Fig. 6.2, Clavius
 is just as visible through a telescope as Tycho
—and much larger, at 225 km in diameter. It looks distinctly oval, but that’s largely a perspective effect due to its southern latitude (about 60 degrees). The crater’s true shape becomes clearer when it’s viewed from lunar orbit
                
              , as shown in Fig. 6.5.[image: A446776_1_En_6_Fig5_HTML.jpg]
Fig. 6.5A close-up view of Clavius
 crater, taken by NASA’s Lunar Orbiter
                        
                       4 in 1967 (NASA image)





The rim is pierced by two smaller craters: Porter on the north and Rutherfurd (cut in half by the edge of the frame in Fig. 6.3) on the south. The unusual spelling of the latter isn’t a mistake—it’s named after the 19th century astronomer Lewis Rutherfurd, not the more famous physicist Lord Rutherford.

Clavius
 makes a particularly attractive sight, with a scattering of dozens of other tiny craters on its rim and all over the interior. Stephen James O’Meara
                
              , describing the view that can be seen with a good pair of binoculars
, says:Its walls are battered and crumbling, and its floor is greatly pitted, with a beautiful curving chain of impact scars with ever-diminishing diameters. The crater is in fact one of the older formations, dating to about four billion years ago. [9]



As mentioned a couple of pages ago, Clavius
 is the site of the fictional Moon base in 
                2001: A Space Odyssey
                
                
              . Heywood Floyd gets his first view of the vast crater from a descending space shuttle:Now the crater had expanded so much that its ramparts were slipping below the horizon, and the smaller craterlets that peppered its interior were beginning to disclose their real size. Some of these, tiny thought they had seemed from far out in space, were miles across, and could have swallowed whole cities. [10]



As for the base itself—the “first permanent bridgehead on the Moon”:
Clavius
 Base could, in an emergency, be entirely self-supporting. All the necessities of life were produced from the local rocks, after they had been crushed, heated, and chemically processed. Hydrogen, oxygen, carbon, nitrogen, phosphorous—all these, and most of the other elements, could be found inside the Moon, if anyone knew where to look for them.
The base was a closed system, like a tiny working model of Earth itself, recycling all the chemicals of life. The atmosphere was purified in a vast hothouse—a large, circular room buried just below the lunar surface. Under blazing lamps by night, and filtered sunlight by day, acres of stubby green plants grew in a warm, moist atmosphere. […] More food was produced by chemical processing systems and algae culture. Although the green scum circulating through yards of transparent plastic tubes would have scarcely appealed to a gourmet, the biochemists could convert it into chops and steaks only an expert could distinguish from the real thing. [11]



Arthur C. Clarke
                
              ’s earlier novel, A Fall of Moondust (1961), is chiefly set in the north-western part of the Moon, around Sinus Roris
 (see Itinerary Five: The Imbrium Basin). However, a few scenes are set in Port Clavius—a domed enclave of 25,000 inhabitants, which Clarke
                
               describes as “the first city that Man had ever built outside his native world” [12].
Like Tycho
, the crater Clavius
 was given its name by Giovanni Riccioli
                
              . Christopher Clavius wasn’t a particularly important astronomer, but he belonged to the same religious order—the Jesuits—as Riccioli himself. Isaac Asimov
                
               explained the background in his 1966 short story “The Key,” in which the crater Clavius
 plays a pivotal role:In the last half of the sixteenth century, there lived a German Jesuit in Rome. He was a mathematician and astronomer of note and helped Pope Gregory XIII reform the calendar in 1582, performing all the enormous calculations required … In 1630, nearly 40 years after the death of this mathematician, the Moon was mapped by another Jesuit, the Italian astronomer Giovanni Battista Riccioli. He named the craters after astronomers of the past … the biggest crater Riccioli
 could find he reserved for his German Jesuit predecessor. [13]



Despite what Asimov
                
               says, Clavius isn’t actually the largest crater on the visible face of the Moon. That honor goes to Bailly
—which also lies in the southern highlands, far to the west of Clavius. It’s a massive 300 km in diameter, almost as large as Mare Nectaris
. However, it’s right on the edge of the visible disk, so we get a highly foreshortened view of it (see Fig. 6.6).[image: A446776_1_En_6_Fig6_HTML.jpg]
Fig. 6.6The south-west portion of the Southern Highlands, with Tycho
 just visible in the top right corner. Bailly
, the largest crater on the Moon’s near side, can be seen—highly foreshortened—at bottom right (Author’s photograph)





Here’s what astronomer Patrick Moore
                
               had to say about Bailly:The term “field of ruins” has also been applied to Bailly
, on the south-western limb of the Moon. It is actually the largest named crater on the Earth-turned hemisphere, but it is so badly placed and foreshortened that only the space-probe pictures can show it well. Were it darker-floored and more central on the disk, it would certainly have been classed as a minor sea. [14]



Because Bailly
 is so inconspicuous, despite its huge size, Riccioli never got round to assigning a name to it. The situation was remedied in the 19th century, when it was named after the French astronomer Jean Bailly (pronounced “Bye-ee” rather than English “Bailey”). As well as astronomy, Bailly dabbled in politics, too. That’s a silly thing to do at the best of times, and Bailly chose a particularly bad time—during the French Revolution. Like most French politicians in those days, his head ended up being separated from his body by the blade of a guillotine.
There’s another large crater to be seen in Fig. 6.6—an attractive dark-floored one in the upper left portion of the photograph, to the north-west of Bailly
. This is Schickard
, and it’s roughly the same size as Clavius—about 225 km in diameter. Immediately to the south of Schickard is an unusual feature called Wargentin
. In the photograph, this looks like a crater with a raised floor instead of a sunken one—and in effect that’s exactly what it is, as Patrick Moore
                
               explains:This is one of the most remarkable formations on the Moon, and represents the only example of a really large, well-preserved lunar plateau. It is 55 miles [88 km] in diameter, so that in size it is the equal of Copernicus, and adjoins Schickard. There are various hills and ridges on the plateau surface. There is a “wall” in places, but the whole floor is raised by about 1,400 feet [430 meters]. Despite its unfavorable position close to the limb, it is easy to find, and is well worth careful study. [15]



If you look at Fig. 6.6 again, there’s a small crater (25 km diameter) on the upper edge of the image, immediately above Schickard
. It’s actually north-east of Schickard, but the photograph is rotated relative to the standard map view. It’s called Clausius—not to be confused with the much larger Clavius
—and it’s not especially remarkable in itself. However, it’s the closest landmark to a historic event that occurred in 2006.
The first European Moon probe, called SMART-1
, was launched in September 2003. It wasn’t until February 2005, however, that it finally settled into its intended lunar orbit
                
              . That’s a very leisurely journey—18 months, compared to the three days the Apollo missions took to get to the Moon. The difference comes down to the propulsion technology used by SMART-1
.
The Apollo spacecraft was blasted onto its lunar transfer trajectory by the third stage of the Saturn
 rocket, which provide a thrust of around a million newtons
                
              . SMART-1
, on the other hand, used an electrically powered ion drive with a thrust of just 68 thousandths of a newton. Instead of a single, brief-but-powerful rocket burn—as in the case of Apollo—the ion thruster was designed to keep pushing for long periods of time. As a result, SMART-1
 gradually spiraled outward all the way from Earth orbit
                
               to the Moon.
After spending a further 18 months in lunar orbit, SMART-1
 was deliberately crashed into the Moon in September 2006—just like the Japanese Hiten
 (see Itinerary Two: The Far East) in the previous decade. One aim of this maneuver was to simulate the effect of a small meteorite hitting the Moon, and to that end the SMART-1 impact was carefully observed with ground-based telescopes on Earth. The impact site was just to the north-west of Clausius crater.

Around the South Pole
Because of the perspective effects caused by viewing a round globe, it’s extremely difficult to see things in the vicinity of the Moon’s south pole. You might think you’re looking somewhere close to it, when actually it’s still a long way off in terms of latitude. If you look back at Fig. 6.2, for example, there’s a nice well-defined crater with a central peak to the south-east of Clavius
. This is called Moretus
 (115 km in diameter), and it’s still only at latitude 70 degrees south.
The smaller crater to the south of Moretus
, and almost touching it, is Short
 (70 km diameter, 75 degrees south). Beyond this—and still just visible in the photograph, but extremely foreshortened—is Newton
 (80 km diameter, 77 degrees south). Both Short and Newton feature in the memorable “Tycho” scene in Jules Verne
                
              ’s Around the Moon, mentioned earlier in this chapter. First, the ever-enthusiastic Michel Ardan claims to see “an agglomeration of ruins” near Short
                
              :He perceived the dismantled ramparts of a town; here, the still intact arch of a portico; there, three or four columns lying below their bases; farther on a succession of pillars which must have supported an aqueduct; elsewhere, the shattered piers of a gigantic bridge. [16]



Of course, Verne
                
               wasn’t really suggesting there was a ruined city on the Moon—just that Ardan was letting his wishful thinking run away with him. As Verne
                
               puts it, “there was so much imagination in his glance … that his observations are to be mistrusted.” The same might be said of the many advocates of “extraterrestrial archeology” today, who constantly scour NASA images looking for evidence of alien civilizations!
After passing over Short
, the space travelers’ trajectory takes then over the neighboring crater, Newton
. We see this through the eyes of Ardan’s more sober American companion, Barbicane:It forms an annular crater, with apparently insurmountable ramparts, 7,264 meters high. Barbicane remarked to his companions that the height of this mountain, above the plain, was far from equal to the depth of its crater. This enormous hole escaped all measurement, and formed a dark abyss, to the bottom of which the solar rays could never penetrate. There, according to Humboldt’s remark, reigns absolute darkness, which the light of the Sun and Earth can never break. Mythologists would have made it, and with reason, the mouth of the infernal regions. [17]




Newton
 is indeed the deepest crater on the visible side of the Moon, although it probably isn’t as deep as Verne
                
               suggests. It’s unlikely, for example, that the Sun’s rays really do fail to penetrate its depths. That’s because it’s still quite a way off the south pole, by about 13 degrees of latitude. At the pole itself, however, Verne
                
               is absolutely right that the interiors of some craters never see sunlight.
Here on Earth, the north and south poles may be in complete darkness in the depths of local winter, but they still get a decent amount of sunlight during local summer. That’s because the Earth’s north-south axis is tilted at around 23 degrees relative to its orbit
                
               around the Sun. In the case of the Moon, however, that axial tilt is less than two degrees—so there’s no such thing as “summer” and “winter” on the Moon. If the Sun never rises above the horizon at one time of year, it’ll never rise at any other time, either.
The actual south pole is barely visible from Earth, almost by definition, because of the viewing angle. However, spacecraft images of the area (such as the one shown in Fig. 6.7) reveal quite a few craters where it really is true that the Sun never shines.[image: A446776_1_En_6_Fig7_HTML.jpg]
Fig. 6.7
Lunar Reconnaissance Orbiter
 image of the craters around the Moon’s south pole (NASA image)





The lunar south pole provided the setting for the 2011 movie Apollo 18

                
              . In reality, there never was an Apollo 18
                
              —the mission was planned, but then canceled as a result of budget cuts. Its actual landing site was nominally the crater Copernicus
 (see Itinerary Six: The Ocean of Storms). An Apollo spacecraft wouldn’t have been able to land at the south pole anyway, as an article by the Armagh Planetarium made clear at the time of the film’s release:An Apollo landing at the Moon’s south pole is impossible. There were many factors governing where and when a mission could land and more importantly still there was insufficient propellant to put the combined CSM and LM into orbits
 significantly inclined to the Moon’s equator. [18]



The film is a work of fiction, however, so it can put the landing site wherever it wants to. It portrays Apollo 18
                
               as a covert mission by the Department of Defense, the true purpose of which is only known to a select few individuals. The public at large are told nothing at all about it, while the astronauts themselves are fobbed off with a phony story about a spy mission against the Soviet Union. In reality, it’s all about the discovery of an alien life-form on the Moon—something that animates the lunar rocks themselves. Without spoiling the plot too much, it’s fair to say things don’t go well for the crew of Apollo 18.
In the real world, there’s been a lot of interest in the Moon’s south pole in recent years from lunar scientists. Ultimately this stems from those permanently shadowed craters, where it never gets warm enough to melt or evaporate water ice. Scientists have believed for a long time that ice was brought to the young Moon by comets crashing into it, but over most of its surface this would have boiled off into space due to the heat from the Sun.
If ice does survive in the permanently shadowed regions at the Moon’s poles, it would be an enormously useful natural resource for future lunar colonists. The last time that NASA seriously considered a human return to the Moon, during the presidency of George W. Bush, the lunar south pole was one of the prime candidates for the site of the first permanent Moon base (see Fig. 6.8).[image: A446776_1_En_6_Fig8_HTML.jpg]
Fig. 6.8Artist’s conception of a lunar outpost near the south pole, dating from 2006 (NASA image)





The first real hint of ice at the south pole came from the Clementine
 mission in 1994. Its radar survey of the area was suggestive of ice-covered terrain, although not conclusive evidence of it. The next mission, Lunar Prospector
 in 1998, measured significant amounts of hydrogen around both poles—again, something that might be due to water ice, but could have other explanations as well.
The final proof that ice exists at the Moon’s south pole came in November 2008, when India’s lunar orbiter
                
               Chandrayaan-1
 fired a small impactor at the Moon’s most southerly crater, Shackleton. Before it hit, the probe sent back a stream of technical data—analysis of which revealed the unambiguous presence of water.
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Footnotes
1Ptolemy, Copernicus and Tycho did all agree on one thing, though—that the Moon goes round the Earth.
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7. Itinerary Four: Around the Sea of Clouds
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This itinerary, covering Mare Nubium
 and its surroundings, can be divided into two equally interesting parts. To the north-west is Mare Cognitum, where NASA’s first successful Moon probe ended its mission in 1964. The same general area saw two manned landings as well—Apollo 12
 in 1969 and Apollo 14
 in 1971. Then to the east of Mare Nubium is a spectacular chain of craters, running almost exactly north-south—a fascinating area that features prominently in both science fiction and modern folklore. To cap it all, close to the southern end of this chain is one of the most dramatic sights for the telescopic visitor: the Straight Wall.
Overview
The area covered by this itinerary, and the main highlights, are shown in Fig. 7.1.[image: A446776_1_En_7_Fig1_HTML.gif]
Fig. 7.1Area covered by Itinerary Four, with some of the highlights indicated






Mare Nubium
 is a large sea in the Moon’s south-western quadrant—a kind of mirror image of Mare Tranquilitatis
 in the north-east. Its eastern edge is bounded by an impressive chain of craters, running north to south, which provides some spectacular views when seen through a small telescope a day or so after First Quarter. Mare Nubium itself is less interesting to look at, but there’s a lot of history in its north-west corner—now called Mare Cognitum
.


              Mare Cognitum

            
Usually translated as “The Sea that Has Become Known,” this area got its present name after NASA’s unmanned spacecraft Ranger 7
 impacted there in July 1964. Up to that time, it was just another part of Mare Nubium.
As the name suggests, Ranger 7
 wasn’t NASA’s first attempt at this sort of mission. The first two Rangers were Earth-orbiting test flights, but all the rest were intended to crash into the lunar surface, taking a series of photographs on the way down. It seems strange that so many of them “failed to crash” properly, yet they did. Rangers 3 and 5 missed the Moon altogether, while Rangers 4 and 6 hit it all right, but failed to send back any data.

Ranger 7
, however, was a complete success—impacting the area now known as Mare Cognitum
 on July 31, 1964. That was almost five years after the Soviets had achieved a superficially similar mission with Luna 2
 (see Itinerary Five: The Imbrium Basin)—but the difference here was that Ranger 7 sent back good quality, close-up photographs of the Moon’s surface on its way down (see Fig. 7.2).[image: A446776_1_En_7_Fig2_HTML.jpg]
Fig. 7.2One of the close-up photographs taken by Ranger 7
 just before it crashed into the surface of the Moon in 1964 (NASA image)





At first sight, the Ranger 7
 pictures aren’t overly spectacular. They just show a lot of lunar rocks—albeit much smaller ones than anyone had ever seen before. A few people, however, saw much more than that in the Ranger photographs.
In the previous chapter (Itinerary Three: The Southern Highlands), reference was made to the “wishful thinking” of Jules
                
               Verne’s character Michel Ardan in the novel Around the Moon. When Ardan looked at a chaotic mass of rocks and boulders on the lunar surface, he saw an ancient, ruined city. This is an example of pareidolia
—the propensity of the human mind to see meaningful structures in random patterns.
Exactly the same thing happened with those very first images sent back by Ranger 7
. Some people insisted on interpreting the rocks in one of the images as unidentified flying objects, or UFOs
—as the speculative author Don Wilson
                
               explains:The photo was taken about three miles [5 km] on the last leg of its crash dive and appears to show some objects inside a crater. NASA officials claim these are just “a cluster of rocks.” Other investigators are not so sure … Some see in this photo UFOs
 sitting inside this mysterious crater. One such investigator is George Leonard, an amateur astronomer who claims that through an ex-NASA scientist friend of his he got to look at a composite photo of several Ranger 7
 pictures, that proves this is precisely what they are. This photo, says Leonard, put together by NASA’s Jet Propulsion Lab in California, shows a large object in the crater with a “dull metallic finish.” The object is “smoothly rounded, symmetrical, and has what appears to be a turret-shaped protuberance.” [1]



The broad area of Mare Cognitum
 is shown in Fig. 7.3. It’s generally rather flat and featureless—which may be one of the reasons NASA favored it as a landing site in the first place. It’s easiest to start by locating the prominent crater Copernicus
 (see Itinerary Six: The Ocean of Storms) to the north, and the equally distinctive Gassendi
 to the west. The latter has a small secondary crater on its northern rim, giving a “diamond ring” effect. The Ranger 7
 site lies south of Copernicus
 and north-east of Gassendi.[image: A446776_1_En_7_Fig3_HTML.jpg]
Fig. 7.3
Mare Cognitum
 and its surroundings, showing the location of various spacecraft landing sites (Author’s photograph)





As shown in Fig. 7.3, two of NASA’s manned landings—Apollo 12
 and 14—took place on the fringes of Mare Cognitum
. In fact there are two different spacecraft at the first of those sites, since Apollo 12
 was deliberately put down close to an earlier unmanned lander, Surveyor 3
.
The Surveyor spacecraft were soft-landers, following on from the Ranger crash-landers. The program got off to a better start than Ranger, with the very first mission, Surveyor 1
, being a complete success. It will be covered in Itinerary Six: The Ocean of Storms (although its landing site is actually included in Fig. 7.3, hidden in the shadow in the top-left corner). The second Surveyor mission failed en route to the Moon, but the third was successful again.

Surveyor 3
 landed on April 20, 1967, about 100 km south-east of the crater Lansberg
. This is the second easily visible crater south of Copernicus
 (the first is Reinhold). As well as a camera to take surface pictures, Surveyor 3 was equipped with a robotic arm and scoop so it could collect and analyze soil samples—the first lunar lander to be able to do this. Its biggest claim to fame, however, is that it was visited two and a half years later by Apollo 12
 astronauts Pete Conrad and Al Bean, who landed a short
 distance away on November 24, 1969.
This was the second manned landing on the Moon, and unlike the first it’s barely remembered by the general public. That’s a pity, because Apollo 12
 was a major achievement in its own right. It was the first precision landing on the Moon, touching down just 180 meters from Surveyor 3
. That was as close as anyone wanted to get—any nearer and the rocket exhaust from the lunar module might have damaged the earlier spacecraft.
Conrad and Bean spent longer on the lunar surface than Armstrong and Aldrin had, with two EVA periods of about 4 h each—compared to the single two-and-a-half-hour EVA of Apollo 11
. On the second of those EVAs, the Apollo 12
 astronauts went over to the Surveyor spacecraft for a close-up investigation (see Fig. 7.4). Among other acts of vandalism (carefully planned and trained-for, of course—this is NASA we’re talking about), they hacked off Surveyor’s TV camera and brought it back to Earth. It’s now on display in the National Air and Space Museum in Washington, D.C.[image: A446776_1_En_7_Fig4_HTML.jpg]
Fig. 7.4
Apollo 12
 astronaut Pete Conrad standing next to Surveyor 3
, with the Apollo 12 lunar module in the background (NASA image)





Most people know that Neil Armstrong’s first words on the Moon were “That’s one small step…”—but what about Pete Conrad, Armstrong’s counterpart on the next mission? What he actually said—as the official transcript shows—was “Whoopie! Man, that may have been a small one for Neil, but that’s a long one for me.” Conrad later confessed, in an annotation to the transcript, that his words were the result of a bet he had with “a reporter, who thought the government put words in our mouths. I also had $500 riding on it, but I never got paid.” [2]
NASA’s next mission, in April 1970, was Apollo 13
—but that landing was famously called off after an explosion in the service module en route to the Moon. Nevertheless, part of Apollo 13 did succeed in reaching the lunar surface.
Before the accident occurred, the third stage of the Saturn
 rocket that had sent the spacecraft on its way was deliberately put on a collision course with the Moon. NASA had a good reason for doing this—to provide a nice big calibration signal for a seismometer that had been left on the lunar surface by Apollo 12
. Seismometers, of course, are usually used to measure earthquakes, but this one was designed to detect “Moonquakes
” instead. Later Apollo missions added more seismometers to the network, and the practice of crashing third-stage rockets to test them was used on all subsequent missions.
In the case of Apollo 13
, the impact site was 135 km west of Apollo 12
. When the spent rocket stage finally hit the Moon, the day after Apollo 13’s famous “problem,” it blasted out a crater 30 meters in diameter [3].
If Apollo 13
 had gone according to plan, it would have landed near the crater Fra Mauro
, about 200 km east of Apollo 12
. This area was chosen because it was more interesting geologically than either of the first two landing sites. It was so interesting, in fact, that when Apollo 13 failed to land it was decided to send Apollo 14
 there instead. This time the mission was successful (you can tell, because most people have never heard of it)—and Apollo 14 landed at Fra Mauro on February 5, 1971.
The region surrounding Fra Mauro
 is highly eroded, and not especially exciting when viewed through a small telescope. The geography becomes much clearer and more dramatic when photographed from lunar orbit
                
               (see Fig. 7.5).[image: A446776_1_En_7_Fig5_HTML.jpg]
Fig. 7.5The area round the Apollo 14
 landing site, photographed the following year by the Apollo 16
 astronauts (NASA image)






Apollo 14
’s commander was Alan Shepard—NASA’s most senior astronaut, who became the very first American in space in May 1961. That was only a short, suborbital hop lasting 15 minutes, though—and Shepard hadn’t been in space since—so he actually had less flight experience than any of the other Apollo mission commanders. Still, he had more experience than his crewmates on Apollo 14—it was the first (and, as it happened, only) flight for both lunar module pilot Ed Mitchell and command module pilot Stuart Roosa.

Apollo 14
 was the last manned mission to the Moon that didn’t have the benefit of a Lunar Rover
. That mean that, over the course of two EVAs totaling more than 9 h, Shepard and Mitchell had to walk everywhere. Eventually, on the second EVA, they became physically exhausted. The plan had been to walk to the rim of a 300-meter crater and look down into it—but in the event they had to give up and turn back, just 30 meters short of the rim.
In terms of personality, Ed Mitchell was one of NASA’s more interesting astronauts. He resigned from the service soon after returning to Earth—not to go into some high-tech scientific or aerospace business, but for an altogether wackier reason. As the Encyclopedia of Pseudoscience explains (after defining “noetics” as “the science of consciousness and its alterations”):In 1973, former astronaut Edgar Mitchell founded the Institute of Noetic Sciences to give focus to his own interest in parapsychological research. Mitchell had become interested in psychic phenomena in 1967 as part of a general crisis of faith that led him to search for meaning in mysticism and the psychic. In 1971 he conducted an ESP [extra-sensory perception] test while on a mission to the Moon. [4]



That mission, of course, was Apollo 14
. Later in life, Michell’s interests became even more off-the-wall—as skeptical UFO
                
               researcher David Clarke explains:The sixth human to walk on the surface of the Moon, Edgar Mitchell, is one of those who have succumbed to the UFO
                    
                   syndrome. Interviewed on a UK local radio station in 2008 Mitchell claimed he was “privileged to be in on the fact that we have been visited on this planet and the UFO
                    
                   phenomenon is real, although it’s been covered up by governments for quite a long time.” When this story broke NASA responded by saying it did not track UFO
                    
                  s and was not involved “in any sort of cover-up.” They added: “Dr. Mitchell is a great American, but we do not share his opinions on this matter.” [5]



It's a sad fact that for many people, the subject of “space” is only interesting if it involves aliens somehow. At the other extreme, someone who was genuinely excited by the real scientific findings of Apollo 14
 was Dr. Alan Binder
                
              . He was the man behind the Lunar Prospector
 mission launched in 1998 (see Chap. 3: A Brief History of the Moon). Ten years later, he wrote a science fiction novel called Moonquake, which features Fra Mauro
 as the site of NASA’s first Moon base. As to why that particular location was chosen—a character in the novel quotes Dr. Binder
                
               himself on the subject:The Fra Mauro
 is not only one of the best lunar science sites, it is the very best site from the standpoint of the availability of all major and minor element lunar resources – except for hydrogen, which is present in significant quantities only in the polar regions. [6]



For lunar scientists, the term “Fra Mauro
” actually covers quite a large area—the novel describes the base as being located 117 km north-north-east of the Apollo 14
 site. When the fictional astronauts arrive there, the scene is described as follows:There was nothing like being on the lunar surface, surrounded by the beautiful, low rolling hills of the Fra Mauro, with its plethora of craters—from the tiniest pits to those several meters across and that range in morphology from bowl shaped young craters to highly degraded, shallow old craters—as well as numerous rocks of all sizes and shapes. [7]



As the title suggests, it’s not too long before the base is hit by a Moonquake
                
              . This is a real phenomenon—similar to an earthquake in effect, but arising from a different cause. Rather than the shifting tectonic plates that give rise to earthquakes, the Moon’s quakes are the result of tidal stresses
                
               caused by Earth’s gravitational field.
Before Apollo, no-one expected to find quakes on the Moon. The original rationale for the Apollo seismometers—such as the one left behind by Apollo 12
, as mentioned a few pages ago—was to detect meteorite impacts. As it turned out, the seismometers registered quite a number of spontaneous quakes too—one of the most important discoveries made by the Apollo program.
In 1977, after a few years of operation, NASA switched off the seismometer network in order to save money. That was something that made scientists like Alan Binder
                
               very angry. In his novel, it’s clear that the devastating effect of the Moonquake
                
              , when it occurs, is ultimately down to the lack of scientific data that resulted from this short-sighted decision.

Central Bay
To the north-east of Mare Nubium
 is a small dark area known as Sinus Medii
, or “central bay.” It’s noteworthy not so much because of its appearance, but because of its location—it lies at the dead center of the Moon’s visible disk.

Sinus Medii
 was the intended destination for the fourth of NASA’s unmanned soft landers, Surveyor 4 in July 1967—but it lost control shortly before landing and ended up crashing. Surveyor 5 was more successful two month later, but its landing site was much further east—close to Tranquility Base, in fact.
NASA hadn’t given up on Sinus Medii
, though. Surveyor 6
 finally touched down in its western half on November 7, 1967. In fact the spacecraft landed twice—the first time such a feat had been achieved. On November 17 it fired its engines to lift it four meters into the air, then promptly landed again. That may seem a rather pointless exercise, but it was aimed at testing the technology that would be needed later to get Apollo astronauts back off the lunar surface.
Perhaps because of its central location (though only from Earth’s point of view, of course), Sinus Medii
 has featured in a couple of famous works of science fiction. It’s the site of “Central City” in Arthur C. Clarke
                
              ’s 1955 novel Earthlight, and 60 years later Ian McDonald
                
               located his “Meridian City” there in Luna: New Moon (2015). Outside science fiction, some people have even seen evidence of “real” cities in the vicinity, too.
The phenomenon of pareidolia
—the human tendency to see meaningful patterns in random images—was mentioned earlier in this chapter. In an astronomical context, one of its most devoted proponents is the American researcher Richard Hoagland
                
              —he’s probably best known for his association with the notoriously non-existent “Face on Mars.” While Hoagland’s ideas are eccentric, however, that’s not a reason they should always be dismissed out of hand. One of his superficially outrageous claims—about a vast underground ocean on Jupiter
’s moon Europa
—is now accepted as fact by most scientists (see Chap. 12: Other Moons to Visit).
Not surprisingly, Hoagland
                
               has scoured NASA images of the Moon in search of alien artifacts … and through the wonders of pareidolia
 he’s succeeded in finding them. One of the best known, dubbed “the Shard,” is located in the Sinus Medii
 area. Hoagland discovered it in a photograph taken by NASA’s Lunar Orbiter
                
               3 in 1967 (see Fig. 7.6).[image: A446776_1_En_7_Fig6_HTML.jpg]
Fig. 7.6Detail from the Lunar Orbiter
                        
                       image showing what some people believe to be an artificial structure, dubbed the Shard (NASA image)





Hoagland
                
              ’s Shard almost certainly is an “artifact”—but only in its alternative sense of a photographic processing flaw (which can’t be seen in any other image), rather than an alien megastructure. British readers may be amused by its name, which it shares with the tallest building in London. However, the London Shard—which wasn’t completed until 2012, 45 years after the NASA photograph was taken—is a mere 300 meters tall. The one on the Moon is supposedly much bigger, as the photograph’s caption in a book called Extraterrestrial Archeology makes clear:It shows what Hoagland
                    
                   says is a huge mile-and-a-half [2.4 km] high ruined skyscraper on the Moon. The Shard, as they call it, is located just southwest of the Sinus Medii
 central region of the Moon. [8]



Hoagland
                
               wasn’t the first person to suggest an alien presence in the Sinus Medii
 region. Long before the Space Age, a whole “lunar city” was allegedly discovered near the crater Schröter, a short distance to the west of Sinus Medii. Writing about that crater in 1895, the selenographer Thomas Gwyn Elger
                
               said the following:It was in the region north of this object, which abounds in little hills and low ridges, that in the year 1822 Gruithuisen discovered a very remarkable formation consisting of a number of parallel rows of hills branching out (like the veins of a leaf from the midrib) from a central valley at an angle of 45 degrees, represented by a depression between two long ridges running from north to south. The regularly arranged hollows between the hills and the longitudinal valley suggested to his fertile imagination that he had at last found a veritable city in the Moon … At any rate, he was firmly convinced that it was the work of intelligent beings, and not due to natural causes. [9]



The discoverer of this “city on the Moon” wasn’t just some crackpot amateur. Franz von Gruithuisen
                
               (1774–1852) was a well-respected academic, who later became a professor of astronomy at the University of Munich.
Immediately to the south-east of Sinus Medii
 is a large crater called Hipparchus
                
              . As with so many of the Moon’s most interesting features, it was named by Giovanni Riccioli
                
               in the 17th century. The people he commemorated weren’t always deserving of the honor, but this one was. Hipparchus was the ancient Greek astronomer who constructed the first mathematical model of the Moon’s motion in the 2nd century B.C.E.—thus transforming the subject from vague mysticism to quantitative science.
Hipparchus
                
               is a very old crater, making it an interesting one to observe under the right lighting conditions. Here’s what Stephen James O’Meara
                
               had to say about viewing it with binoculars
:Hipparchus
                    
                   is a magnificent structure 150 km across and 3.3 km deep. It’s extremely eroded and battered and difficult to see under high-Sun illuminations. But it’s a fantastic sight seen under low sunlight. [10]



The “center of the crater Hipparchus
                
              ” was the destination chosen by Professor Calculus in the 1954 graphic novel Explorers on the Moon, by the famous Belgian cartoonist Hergé. It was the 17th instalment in his long-running series about the “boy reporter” Tintin
, and one of the first comic-book treatments of space travel to make a serious attempt to get the science right.
Hergé describes the crushing effect of g-forces on launch, and the phenomenon of weightlessness in outer space—but only after the engine is switched off. As Professor Calculus explains:The constant acceleration of our rocket created a sort of artificial gravity here inside. This allowed us to move about in the cabin as we do on the ground. When the motor stops, we no longer feel the effects of gravity. That’s why we’re floating like this. [10]



The Moon, when they arrive, is a desolate and airless place—with no monsters or aliens. As Tintin
 first looks out of the spacecraft’s hatchway, he exclaims:What a fantastic sight! It’s … how can I describe it? It’s a nightmare land, a place of death, horrifying in its desolation. Not a tree, not a flower, not a blade of grass. Not a bird, not a sound, not a cloud. In the inky black sky there are thousands of stars, but they are motionless, frozen. They don’t twinkle in the way that makes them look so alive to us on Earth. [12]



Trivial as that last remark might sound, it’s another point of scientific accuracy. The familiar “twinkling” effect seen with stars on Earth is caused by constantly moving air currents in the atmosphere—so it wouldn’t happen in space or on the Moon.
The crater Hipparchus
                
               also makes a brief appearance in Arthur C. Clarke
                
              ’s 1952 novel Islands in the Sky, where it features as the site of a novel kind of space launcher used for in-flight refueling:It’s an electromagnetic track about five miles [8 km] long, running east and west across the crater Hipparchus
                    
                  . They chose that spot because it’s near the center of the Moon’s disk, and the fuel refineries aren’t far away. Ships waiting to be refueled get into an orbit
                    
                   round the Moon, and at the right time they shoot up the containers into the same orbit. [13]



An electromagnetic space launcher may sound like archetypal “sci-fi,” but it’s an actual practical technique. Called a mass driver
, it will be discussed in more detail in Chap. 13: Artificial Moons.
Hipparchus
                
               makes yet another science fictional appearance in the 1988 novel Double Planet by John Gribbin
                
               and Marcus Chown
                
              , where it’s the site of a vast underground Moon base. At the time the story is set, in the late 21st century, the base has fallen into disuse:Hipparchus
                    
                   had been abandoned some 40 years before. In its heyday it had grown from the former American base to be crewed by over a thousand technicians; the first permanent self-supporting settlement on the Moon … The first human beings to owe allegiance to a world other than Earth had been born there in the euphoric days following the establishment of the World Government. Now Hipparchus was abandoned, its sunken corridors depressurized and its machinery and vehicles idle. [14]



In the course of the novel, a small team is sent back to Hipparchus to see if they can salvage any equipment. Sitting in the underground control room, one of the characters views the lunar surface through a bank of CCTV monitors. The contrast between the changeless natural landscape and the jarring relics of the brief, disruptive human occupation is stark and striking:He adjusted his eyes to the gray, crater-strewn desolation 20 meters above the bunker. Camera Five looked out from its elevated stalk on to an unremarkable flat plain, truncated by the claustrophobically close horizon. The battered wall of the plain, seen so clearly from space, was way over the rim of the world.
[…]
Bryant peered at the view from Camera Six. In marked contrast to the previous scene, this one was cluttered by human artifacts. It showed the view out over the southern extension of Hipparchus
                    
                   Base. Lift shafts, capped by pressure domes, broke the surface in half a dozen places, connecting the sunken world of the base to the topside world of the Moon. Clustered about several of the domes were abandoned crawlers, and one balloon-tired bus, flipped onto its back like a helpless centipede. [15]




From Ptolemaeus to the Straight Wall


Stretching southwards from Sinus Medii
 is a long, dramatic chain of craters, starting with three particularly large and prominent ones. From north to south, these are Ptolemaeus
 (150 km), Alphonsus
 (120 km) and Arzachel
 (100 km). Together they form one of the most aesthetically pleasing sights on the Moon. Not only do they become progressively smaller from north to south, but they also become deeper and more rugged in appearance. Ptolemaeus has a smooth floor with no central peak, while Alphonsus
 has a small peak and Arzachel
 a very noticeable one.
The crater chain is seen to best advantage just after First Quarter, as shown in Fig. 7.7.[image: A446776_1_En_7_Fig7_HTML.jpg]
Fig. 7.7The north-to-south crater chain Ptolemaeus
-Alphonsus-Arzachel can be seen at the center of this image, with Mare Nubium
 on the left, Sinus Medii
 at the top, and Deslandres
 at the bottom (Author’s photograph)





Ptolemaeus is named after the 2nd century astronomer Ptolemy
                
              , who built on Hipparchus
’s mathematical work—as well as creating an Earth-centered model of the Solar System which prevailed for a thousand years. This made him something of a hero to Riccioli, who disliked the increasingly fashionable Sun-centered alternative. That’s why he gave Ptolemy such a prominent place near the center of the Moon’s visible disk.
More than 40 years before Riccioli
                
               published his map of the Moon, the first person to look at it through a telescope was Galileo
                
               … who was exactly the kind of Sun-centric Ptolemy
                
              -basher that rubbed Riccioli the wrong way. Nevertheless, Galileo was very impressed by the crater that would later bear Ptolemy’s name, as he recorded in Sidereus Nuncius in 1610:There is another thing that I must not omit, because I found it very striking: near the center of the Moon there is a cavity that is larger than all the other ones and perfectly round in shape. [16]



Of course, Ptolemy
                
               isn’t really the Moon’s largest crater (for several larger ones, see Itinerary Three: The Southern Highlands)—but its location near the center of the visible disk makes it look that way. As astronomer Peter Grego
                
               put it, “Ptolemaeus is the prime attraction for most cursory visual observers” [17].
The smaller (40 km diameter) crater to the north of Ptolemaeus
 is sharply defined and easily visible, but for some reason Riccioli
                
               never got round to giving it a name. It’s now called Herschel, after the German-English astronomer William Herschel
                
               (1738–1822), who discovered the planet Uranus
—and, as we saw in Chap. 3: A Brief History of the Moon, speculated on the possibility of indigenous lunar life-forms.
That’s not the only Herschel
 crater on the Moon, though. There are two others: one named after his sister Caroline Herschel
                
              , who discovered numerous comets, and the other after his son John Herschel
                
              —perhaps most famous as the victim of the Great Moon Hoax
 in 1835. Both those craters lie in the north-western part of the Moon, and they’ll be covered in Itinerary Five: The Imbrium Basin.
The next crater in the chain south of Ptolemaeus
 is Alphonsus
. This became the subject of scientific debate in the 1950s, centering around the reality or otherwise of so-called Transient Lunar Phenomena
                
              , or TLPs. These are supposedly short-lived local changes in the Moon’s appearance, such as mistiness, flashes of light or changes of color. Alphonsus
 is one of the sites where people claim to have seen such effects.
TLPs are controversial for two reasons. First, the Moon is supposed to be a completely dead world, so they shouldn’t happen. Secondly, most of the evidence for them takes the form of anecdotal reports by amateur astronomers. One of the few exceptions to this was a series of observations made in 1958 by N. A. Kozyrev of the Crimean Astrophysical Observatory, using a specialist piece of equipment called a spectrograph. That’s an instrument designed to record the color spectrum of an astronomical object on a piece of photographic film. Patrick Moore
                
              —who incidentally was the person who coined the term “Transient Lunar Phenomena
                
              ”—described Kozyrev’s observations as follows:He noticed that the central peak of Alphonsus
 had become blurred and was apparently engulfed in a reddish “cloud.” Another spectrogram … proved to be remarkably interesting. While guiding the telescope, Kozyrev kept his eyes on Alphonsus, and noticed that the central peak had become abnormally bright. Suddenly the brilliance began to fade … By the time it was finished, everything was normal once more, and Alphonsus
 looked the same as it usually does. [18]



Analysis of the spectra recorded by Kozyrev indicated gaseous carbon emissions. He was convinced he’d seen a volcano erupting—something that’s very unlikely, given that most scientists believe lunar volcanism died out more than a billion years ago. There’s still no definitive explanation for the event, although it may have been outgassing from an underground cavity. Most TLPs, however, have nothing to do with the Moon. As Patrick Moore
                
               put it: “Many alleged events turn out to be spurious, caused by instrumental defects or by conditions in the atmosphere.” [19]
The crater Alphonsus
 saw at least one genuine transient event—when Ranger 9
 crashed there in March 1965. This was NASA’s third successful “hard lander” mission. The first, Ranger 7
, was mentioned at the beginning of this chapter, while Ranger 8 impacted the Sea of Tranquility in February 1965, a short distance north of the future Surveyor 5 and Apollo 11
 landings. Ranger 9 was the first lunar mission to be broadcast live on television, as Guy Consolmagno and Dan M. Davis, authors of Turn Left at Orion, recall:Those of us of a certain age can remember the amazing feeling, watching on TV on March 24, 1965, as Ranger 9
 headed toward the crater Alphonsus
. As successively closer pictures appeared on the screen, the legend below read: “Live from the Moon.” It felt like science fiction. [20]




Alphonsus
 did make an appearance in science fiction, too—just a couple of years after Ranger 9
 landed there. It’s the setting for Ben Bova
                
              ’s short story “Fifteen Miles” (1967), featuring his recurring character Chet Kinsman:With a shrug that was weighted down by the pressure suit, Kinsman started to descend into the crater.
He picked his way across the gravelly terraces and crawled feet first down the breaks between them. The bare rocks were slippery and sometimes sharp. Kinsman went slowly, step by step, trying to make certain he didn’t puncture the aluminized fabric of his suit.
His world was cut off now and circled by the dark rocks. The only sounds he knew were the creakings of the suit’s joints, the electrical hum of its motor, the faint whir of the helmet’s air blower, and his own heavy breathing. [21]



The same character turns up again as the protagonist of Bova’s 1976 novel Millennium—set, as the title suggests, in the then-future year of 2000. By this time, Kinsman has become commander of a big lunar base called “Selene.” As with Gribbin
                
               and Chown
                
              ’s Hipparchus base, Selene is almost completely underground—in this case, beneath the lava floor of Mare Nubium
, just outside Alphonsus
. In one scene, Kinsman takes a new arrival to see the surface:“When you said we were going for a walk, I didn’t realize you meant up here,” Ellen said.
She and Kinsman were in pressure suits, walking slowly and carefully across the inlet of Mare Nubium that covered Selene and lapped up to the base of Alphonsus’s ringwall.
[…]
“Everybody ought to see the surface,” he said to Ellen. “Too many ninety-dayers come here and stay down below all through their tour. Might as well be in the Pentagon or the New York subway.” [22]



The third crater in the great central chain is Arzachel
. This is much younger than Ptolemaeus
 and Alphonsus
, with the result that its features are sharper and fresher-looking, with a terraced, uneroded rim and a prominent central peak. It’s a dramatic enough sight through a small telescope—and even more so when viewed from close quarters (see Fig. 7.8).[image: A446776_1_En_7_Fig8_HTML.jpg]
Fig. 7.8The crater Arzachel
, seen from lunar orbit
                        
                       by Apollo 16
 (NASA image)






Arzachel
’s exotic-sounding name—one of the original crater names assigned by Riccioli
                
              —comes from a Spanish astronomer who lived during the 11th century. That was a time when Spain was a predominantly Islamic country, and Arzachel was a Muslim who wrote in Arabic—in which language his name was the even more exotic Al-Zarqali.

Arzachel
 is one of the most striking sights on the Moon—Peter Grego
                
               describes it as “a beautifully formed impact crater” [23]—and people today may be surprised that Riccioli
                
              , a Roman Catholic, chose to name it after a member of a rival religion. However, Al-Zarqali was a devoted follower of Ptolemy
                
              —he invented a kind of mechanical computer, called an equatorium, to simplify astronomical calculations in Ptolemy’s Earth-centered Solar System. Riccioli
                
               clearly had more respect for an Islamic scholar who shared his scientific views, than he did for all those godless atheists who wanted the Earth to go round the Sun!
Like its northern neighbor Alphonsus
, the crater Arzachel
 has made its appearance in science fiction. It’s the site of the first Moon landing in Jeff Sutton
                
              ’s excellent—but little-remembered—1958 novel First on the Moon. This particular location was chosen because (in the story) it’s found to contain large deposits of the element uranium. “That’s why we didn’t pick a soft touch like Mare Imbrium
, in case you’ve wondered,” a character explains [24].
When the astronauts finally get to Arzachel, this is the scene they find:It was a bleak, hostile world encompassed in a bowl whose vast depressed interior alternately was burned and frozen by turn. To their north the rim of Arzachel
 towered 10,000 feet [3,000 meters], falling away as it curved over the horizon to the east and west. The plain to the south was a flat expanse of gray punctuated by occasional rocky knolls and weird, needle-sharp pinnacles, some of which towered to awesome heights.
Southeast a long narrow spur of rock rose and crawled over the floor of the crater for several miles before it dipped again into its ashy bed … Another rock formation dominated the middle-expanse of the plain to the south. It rose, curving over the crater floor like the spinal column of some gigantic lizard—a great crescent with its horns pointed toward their present position. [24]



South and slightly to the west of Arzachel
 is the 50 km crater Thebit
. This has a smaller, more recent, crater perched on its rim, making it look something like a smaller version of the “diamond ring” crater Gassendi
. The most remarkable sight, however, can be see just to the west of Thebit
—the Straight Wall
, or Rupes Recta
                
               in Latin.
If you look back at Fig. 7.7, the Straight Wall
 can be seen clearly—it looks almost like a black line that someone’s drawn on the photograph with a pen. Over a hundred kilometers long, this feature was nicknamed “the Railroad” in the 19th century. In reality, of course, it’s neither a railroad nor a wall—as Patrick Moore
                
               explains:The straight wall
 is not straight, and it is certainly not a wall. The surface of the plain to the west is almost a thousand feet [300 meters] lower than on the east, so that the so-called “wall” is nothing more nor less than a giant fault. […] It is the most perfect structure of its kind, and is one of the show-places of the Moon. No doubt it will eventually become a major tourist attraction! [25]



The true nature of the Straight Wall
 becomes clearer when it’s seen from lunar orbit
                
              , as shown in Fig. 7.9.[image: A446776_1_En_7_Fig9_HTML.jpg]
Fig. 7.9The so-called “Straight Wall
”—actually a geological fault—as photographed from lunar orbit by the Apollo 16
 astronauts (NASA image)





Not surprisingly, there are some people who insist that the Straight Wall
 is an artificial feature rather than a natural one. A particularly bizarre explanation emerged in the 1970s, as a result of something called the “Spaceship Moon” theory: the idea that the Moon is a hollow, metallic construction built millions of years ago by an alien civilization as a kind of space-battleship. To the advocates of this theory the Straight Wall
 is no mystery at all, as author Don Wilson
                
               explains:It is strangely straight, they hold, because this most splendid feature of the lunarscape—a straight wall
 nearly 500 yards [460 meters] wide and over 60 miles [100 km] long— “formed as a result of one of the armor plates bending under the impact of celestial torpedoes and raising one of its straight even edges.” It is in effect a section of the spaceship hull or shell that has been ruptured or otherwise damaged that creates this unusual feature. [26]



The last notable feature in the crater chain that started with Ptolemaeus
, before it finally dissolves into the confusion of the Southern Highlands, is the vast crater Deslandres
—which can just be seen at the very bottom of Fig. 7.7. At more than 200 km in diameter, this is actually the second largest crater on the Moon’s visible face, after Bailly
—but it’s so ancient and eroded that it barely looks like a crater at all.
Much more obvious than Deslandres
 itself is the younger, smaller (30 km) crater inside it, near the western rim. This bears the evocative name of Hell
 … but not for the reason you might think. As Arthur C. Clarke
                
               explains:The names attached to many fine craters are so obscure that only devoted historical research can uncover their origins. Others look fairly straightforward, but are quite misleading. The crater Hell
, for example, was not named because of any supposed Satanic associations; it commemorates Father Maximilian Hell, once director of Vienna Observatory. [27]
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8. Itinerary Five: The Imbrium Basin

Andrew May1 
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The area covered by this itinerary—the Mare Imbrium
 and its surrounding mountain ranges—is possibly the most interesting place of all for the telescopic visitor to the Moon. It includes several breathtakingly impressive sights, from the neat semicircle of Sinus Iridum
 and the smooth, dark-floored crater Plato
              
             to the towering Apennine
              
             Mountains and the awesome Alpine Valley
              
            . From a cultural point of view, several science-fictional “first Moon landings” took place in this area—and it’s seen several real-world firsts, too. The first spacecraft to impact the Moon, the first robotic lunar rover
 and the first Chinese soft-landing all ended up here.
Overview
Figure 8.1 shows the area covered by this itinerary, with just a few of its many attractions indicated.[image: A446776_1_En_8_Fig1_HTML.gif]
Fig. 8.1Area covered by Itinerary Five, with some of the highlights indicated





If Riccioli
                
              ’s names for the Moon’s two big eastern seas—Tranquility and Serenity—suggest good weather, then the opposite is the case in the western hemisphere. To the south of the current area are the Sea of Clouds (Mare Nubium
) and the Ocean of Storms (Oceanus Procellarum
), while this one—Mare Imbrium
—is the Sea of Showers.
Whatever its name, Mare Imbrium
 is an easy enough place to find. It’s the large dark patch in the north-west of the Moon’s visible face, which gradually unfolds in the days between First Quarter and Full Moon. Like the Southern Highlands, it’s a place where you can enjoy the spectacular views even if you’re not quite sure what you’re looking at. Unlike those highlands, however, there are some landmarks here—such as Sinus Iridum
 and Plato
                
              —that are unmistakable in any lighting conditions, and can help you find your bearings if you get lost.
Just as a corner of Mare Nubium is called Mare Cognitum
 in honor of the first successful American impactor, so a small part of Mare Imbrium
 was renamed Sinus Lunicus
—“Bay of Luna”—to commemorate the impact site of the Soviet Union’s Luna 2
 five years earlier.

Sinus Lunicus
As it happens, Sinus Lunicus
 is much easier to pinpoint than Mare Cognitum
. There are three prominent craters in the eastern part of Mare Imbrium, and they essentially mark the corners of Sinus Lunicus. The largest of the three craters, 80 km in diameter, is called Archimedes
; the other two are Autolycus
 (40 km diameter) to its east, and Aristillus
 (55 km diameter) north of Autolycus. A general view of the area is shown in Fig. 8.2.[image: A446776_1_En_8_Fig2_HTML.jpg]
Fig. 8.2
Sinus Lunicus
 and the eastern part of Mare Imbrium
, with key locations indicated (Author’s photograph)





The Luna 2
 impact site is located between Archimedes
 and Autolycus
, slightly to the west of the latter. It hit on September 13, 1959—impressively early in the Space Age, which began less than two years earlier with the launch of the first Earth-orbiting satellite, Sputnik 1. Like the later American Ranger probes, Luna 2
 was a deliberate crash-lander—it had no rocket engine to soften its impact with the Moon’s surface. Despite the number 2 in its name, it was the Russians’ first attempt at this type of mission. Luna 1, nine months earlier, was a lunar flyby mission that was never intended to land.
Of the three craters, Aristillus
 is the middle in size but the youngest in age. As with Arzachel
 (see Itinerary Four: Around the Sea of Clouds), you can tell this by its uneroded, sharply defined features. The interior of Aristillus is particularly interesting—and the more imagination you’ve got, the more interesting it is. According to Patrick Moore
                
              , “the floor includes a fine triple-peaked central mountain” [1] … while “extraterrestrial archeology” expert David Hatcher Childress
                
               sees “seven or more pyramids in the center” [2].
Mare Imbrium was selected as the site of the first Moon landing in Arthur C. Clarke
                
              ’s 1951 novel, Prelude to Space: “because it’s flat, very well mapped, and has some of the most interesting scenery on the Moon,” as one of the characters explains [3]. In a preface added to the book in 1961, after the flight of Luna 2
, Clarke
                
               says:One success as a minor prophet I can claim: I placed the first lunar impact in 1959, and Luna 2
 hit the Mare Imbrium at 2101 GMT [Greenwich Mean Time] on 13 September 1959 … The Mare Imbrium
 was also the region I selected for a landing; however, that is a long-established tradition among science fiction writers. [4]



It’s not clear exactly which previous stories Clarke
                
               was thinking of in that last sentence, but one of them may have been Robert A. Heinlein
                
              ’s novella “The Man Who Sold the Moon.” Published a year before Clarke’s novel, it too tells the story of an imagined first journey to the Moon. The spacecraft in Heinlein’s version has no radio, but the landing is observed via telescope at Mount Palomar Observatory in California. To ensure they see it, the pilot Leslie LeCroix blasts the lunar surface with finely divided carbon black just before he lands. When he does, it’s in Mare Imbrium, as a character reports:“Le Croix has landed, just west of Archimedes
 crater. They can see his ship from Palomar. Say, that was a great stunt you thought up, marking the spot with carbon black. Les must have covered two acres with it. They say it shines out like a billboard.” [5]



There really was a manned landing not too far from Archimedes
. As indicated in Fig. 8.2, Apollo 15
 touched down in the foothills of the mountains to the east of Sinus Lunicus
. This was the first of the “J class” Apollo missions, which spent three days on the Moon and had the use of a Lunar Rover
 (see the discussion of Apollos 16 and 17 in Itinerary One: Around the Sea of Tranquility). Apollo 15 was also the first mission to explore genuinely hilly terrain, as can be seen from Fig. 8.3.[image: A446776_1_En_8_Fig3_HTML.jpg]
Fig. 8.3The Apollo 15
 landing site, with the foothills of the lunar Apennines
                        
                       beyond the distinctly lopsided lunar module (NASA image)





The Apollo 15
 landing site is probably the easiest of all of them to locate with a reasonable degree of precision. The mountains to the south-east of Sinus Lunicus
 are the lunar Apennines
                
              —the highest and most dramatic of all the Moon’s mountain ranges. Near the northern end of this range, there’s a high peak (the second highest mountain on the Moon) called Mount Hadley
                
              . A short distance south of this there’s a noticeable “notch” in the mountains—and Apollo 15 landed just inside this notch. The actual site is called Hadley Rille, although the rille itself is too narrow to see with most small telescopes.
Astronauts David Scott and Jim Irwin spent three days at Hadley Rille, between July 30 and August 2, 1971. As they landed, one of the legs of the lunar module went into a small crater, resulting in the ten-degree tilt that can be seen in Fig. 8.3. Fortunately, that wasn’t enough to cause any problems on take-off.
On the second of their three EVAs, Scott and Irwin found a particularly interesting 270-gram sample, which the media quickly dubbed “the Genesis rock
.” It’s still probably the most famous of all the Apollo samples, with an estimated age of four billion years. At the time, that made it the oldest known rock ever found—either on the Moon or on Earth. Ironically, however, on the very next mission the Apollo 16
 astronauts found an even older sample, by at least 400 million years—putting it close to the formation of the Moon around 4.5 billion years ago. But no-one bothered to give that one a cool name like “Genesis rock
”—it’s just called “lunar sample 67215.”

The Alps and the Apennines
                
              

One of things that makes Mare Imbrium
 such an exciting place for the telescopic observer is the way it’s almost completely surrounded by mountain chains. Following a practice started by the Polish astronomer Hevelius
                
               in the 17th century, these are all named after mountain ranges in Europe (see Fig. 8.4).[image: A446776_1_En_8_Fig4_HTML.jpg]
Fig. 8.4The main mountain ranges surrounding the Mare Imbrium (background image: NASA)





The Latin prefix Montes simply means “mountains” (the singular is Mons). For example, the mountains forming the north-eastern border of Mare Imbrium
 are called Montes Alpes
—the lunar Alps
                
              . On Earth, the Alps are the best-known of all Europe’s mountain ranges, lying between Italy and Slovenia on the south and France, Switzerland and Austria on the north.
To the west of the lunar Alps
                
               are Montes Jura
, named after a smaller mountain range on the border of France and Switzerland. The terrestrial Jura mountains are best known for giving their name to the “Jurassic Period” of the dinosaurs (because the rocks in those mountains date from that period).
The mountains on the other side of the lunar Alps
                
               are called Montes Caucasus
, after a range in eastern Europe between the Black Sea and the Caspian Sea. It’s from these mountains—the ones on Earth, not the Moon—that we get the adjective “Caucasian,” referring to a light-skin color.
Next come the lunar Apennines
                
              , named after the chain of mountains that form the central spine of Italy. The latter are far from being the most spectacular mountains in Europe—but there’s little doubt that their lunar namesakes are the most spectacular mountains on the Moon.
Finally, the southern border of Mare Imbrium
 is formed by Montes Carpatus
. These get their name from the Carpathian mountains that straddle various central European countries—including Transylvania, best known as the setting for Bram Stoker’s novel Dracula (1897): “in the midst of the Carpathian Mountains; one of the wildest and least known portions of Europe” [6].
All these mountain chains are worth exploring with a telescope, but the Apennines
                
               are probably the most dramatic. Near the middle of the range is the highest of all the lunar mountains, Mons Huygens
. At around 5500 meters, it’s more than three-fifths the height of Mount Everest on Earth. The Apennines boast the Moon’s second and third highest mountains, too. At the northern end, near the Apollo 15
 landing site, is Mons Hadley
 at 4600 meters, while the 4200-meter Mons Bradley
 can be found a short distance north of Mons Huygens.
Just beyond the southern tip of the Apennines
                
               is a deep, 60-kilometer-wide crater called Eratosthenes
. According to Patrick Moore
                
              , it “ranks as one of the most perfect craters on the Moon” [7]. As Moore also explains, Eratosthenes gained a certain degree of notoriety in the early 20th century. It was the site of what must surely have been the last ever “evidence” of indigenous lunar life to be put forward by a professional astronomer. The person in question was William Henry Pickering
                
              , a professor of astronomy at Harvard University. As Moore
                
               explains:Between 1919 and 1924 Pickering
                    
                  , observing from the clear climate of Jamaica, carried out a detailed study of the noble crater Eratosthenes
 which lies at the southern end of the Apennine
                    
                   range. He found some strange dark patches which seemed to show regular variations over each lunation, and although he was sure that tracts of vegetation existed on the Moon he thought it more likely that the Eratosthenes patches, which—he said—moved about and did not merely spread and shrink, were due to swarms of insects. [8]



Like many of the Moon’s most prominent craters, Eratosthenes
 has made its appearance in science fiction. In this case it was in a 1964 novel by Philip José Farmer
                
               called Tongues of the Moon, in which Eratosthenes is the site of a huge domed settlement (there’s another one inside Clavius). The novel is set in the sort of future that many people in the early sixties dreaded, in which America has become subservient to the Soviet Union. Earth itself has been devastated by nuclear warfare, but the old east-west rivalries continue on the Moon.
The area to the south and east of Eratosthenes
 is called Sinus Aestuum
, or the “Bay of Heat.” This was the prime target for one of the forgotten “might-have-beens” of space exploration, Project Horizon
—a proposal put forward by the U.S. Army in 1959. The brains behind it was Wernher von Braun
                
              —who not long afterwards joined NASA and became a key player in the Apollo program.
Before that, however, von Braun
                
               was the technical director of the Army Ballistic Missile Agency—in fact that was where he developed his initial ideas for what became the Saturn V rocket launcher. His thoughts at that time were very different from Apollo, though—as can be seen from the subtitle of the Project Horizon
 report: “A U.S. Army Study for the Establishment of a Lunar Military Outpost.” If it had gone ahead as planned the base would have been operational by 1968, with full-time occupation by 12 army personnel [9]. In the event, Project Horizon never happened—it was shelved in favor of Apollo.
Another ambitious proposal from that same year, 1959, came from the British aircraft manufacturer Armstrong Whitworth. This too would have involved the setting up of a manned base on the Moon, using multiple launches of an indigenous British-built spacecraft called “the Pyramid
                
              ”—but again, nothing came of the plan [10].
The intended location of the British base was in the vicinity of Piazzi Smyth
, a small crater in Mare Imbrium, close to the lunar Alps
                
              . The crater’s unusual-sounding name comes from the 19th century British astronomer Charles Piazzi Smyth—the son of William Henry Smyth, after whom Mare Smythii
 is named (see Itinerary Two: The Far East). The younger Smyth was something of an eccentric, who became particularly notorious for his theories about the astronomical significance of the Great Pyramid in Egypt. That makes Piazzi Smyth an interesting choice of landing site for a spacecraft called the Pyramid
                
              !
On the whole, the lunar Alps
                
               are less remarkable to look at than the Apennines
                
              —with one outstanding exception. This is the Alpine Valley
                
               (or Vallis Alpes
 in Latin), which cuts obliquely all the way through them—a total length of more than 160 km. As astronomer Peter Grego
                
               says, “it looks as though it has been carved out of the Moon’s crust by some gigantic chisel.” Of course that’s not true, as Grego
                
               goes on to explain:What really happened was that soon after the Imbrium basin was blasted out by an asteroidal impact, the surrounding crust began to settle and parts of the crust succumbed to tension. Two parallel faults appeared right across the Alpine mountain range, the primary rim of the Imbrium basin. The area bounded by the faults subsequently sank down beneath the level of the mountaintops. [11]



The Alpine Valley
                
               can clearly be seen near the top of Fig. 8.2. This is one of the author’s photographs, and typical of what can be seen through a small telescope. Not surprisingly, Vallis Alpes
 looks even more spectacular when viewed from lunar orbit
                
              —as Fig. 8.5 shows.[image: A446776_1_En_8_Fig5_HTML.jpg]
Fig. 8.5The Alpine Valley
                        
                      , as seen by Lunar Orbiter
                        
                       5 in 1967 (NASA image)






Plato
                
               and Pico
                
              

Plato
                
               is a large crater, over 100 km across, just beyond the northern edge of Mare Imbrium at the western end of the lunar Alps
                
              . It’s easy to find using binoculars
 or a telescope, due to its neatly circular appearance and its distinctively dark, smooth floor—formed from the same kind of basaltic lava as the neighboring sea.
The 17th century Polish astronomer Hevelius
                
               called the crater the Greater Black Lake—and that’s such an evocative name it’s a pity it didn’t stick. But like many of the most prominent lunar features, its official name was assigned a few years later by Riccioli
                
              , who named it after the ancient Greek philosopher Plato
.
That’s not an inappropriate name either. Plato was among the first people to provide a proper explanation of the Moon’s phases in terms of illumination by the Sun. He also explained how eclipses work—although, like most people in those days, he thought the Sun revolved about the Earth rather than the other way around.
Plato
                
              —the crater, not the philosopher—is situated about 200 km north-west of the dramatic Alpine valley
                
              . The crater itself is surrounded by a rim of high peaks, which cast even darker shadows onto the already dark crater floor. The changing pattern of these shadows from one day to the next is one of the most fascinating lunar features to be seen through a small telescope. Possibly as a by-product of these ever-changing shadows, numerous alleged “Transient Lunar Phenomena
                
              ” have been reported inside Plato over the years.
To the south of Plato, a number of isolated peaks rise above the plain of the Mare Imbrium
. A particularly dramatic one is Mons Pico
—from the Spanish word for “peak”—which lies just over a hundred kilometers beyond the southern ramparts of the crater. At 2400 meters Pico is a tall mountain, but not superlatively so—it’s less than half the height of Mons Huygens
 in the lunar Apennines
                
              , for example. What makes Pico
                
               so remarkable is the way it rises in solitary majesty from the almost completely flat plain of Mare Imbrium (see Fig. 8.6).[image: A446776_1_En_8_Fig6_HTML.jpg]
Fig. 8.6
Lunar Reconnaissance Orbiter
 photograph of the crater Plato
                        
                      , with Mons Pico
 about one crater diameter to the south of it. The inset shows a view of the same area seen through a small telescope in the author’s backyard (NASA image, with author’s photograph inset)





Both Plato
 and Pico
                
               feature prominently in Arthur C. Clarke
                
              ’s 1955 novel Earthlight. This is a great science fiction story for amateur astronomers, with the discovery of a new supernova in addition to the lovingly detailed descriptions of lunar geography. And it was all based on Earthbound observations—the novel was written several years before the first space probes reached the Moon.
Clarke
                
              ’s story is set in the 22nd century, at an astronomical observatory located inside the crater Plato
                
               (A “Plato Observatory” is also mentioned in his later novel, A Fall of Moondust). What’s so appealing about the novel is the way the author used his imagination to visualize the lunar setting as a real place, based on what he and others had seen through telescopes from Earth:The horizon was almost flat in all directions. Though the Observatory was at the center of the great walled plain of Plato, the mountain ring was hidden by the curve of the Moon. It was a bleak and desolate prospect, without even a few hills to give it interest. Only a dusty plain, studded here and there with blow-holes and craterlets. [12]



Later in the story, two characters drive a lunar rover
 out of the crater and into Mare Imbrium, where they discover a top-secret government facility—and that’s when the action starts! They get their first glimpse of the secret base after climbing Mount Pico
                
              , and for our present purposes Clarke’s description of that is what’s of most interest:Once this magnificent mountain had been part of a vast crater wall that must have been a twin of Plato. But ages ago the encroaching lava of the Mare Imbrium
 had washed away all the rest of the 150-kilometer diameter ring, leaving Pico
                    
                   in lonely and solitary state. [13]



Clarke
                
              ’s description of encroaching lava “ages ago”—actually some four billion years in the past—is still the accepted model for the formation of this bit of lunar geography. The ghost outline of the vanished crater, with Pico
                
               standing out on its rim, is clearly visible in the Lunar Reconnaissance Orbiter
 photograph (see Fig. 8.5). Another NASA image is shown in Fig. 8.7. It was taken from low lunar orbit by the Apollo 15
 astronauts, and gives a good indication of what Pico
                
               might have looked like to the characters in Clarke’s novel.[image: A446776_1_En_8_Fig7_HTML.jpg]
Fig. 8.7
Mons Pico
, photographed from lunar orbit by Apollo 15
 (NASA image)





Arthur C. Clarke
                
               was one of the most scientifically meticulous of all science fiction authors. Somewhere close to the opposite extreme was the British TV series 
                Space: 1999
                
                
              , which originally aired between 1975 and 1977. This also used Plato
                
               crater as its primary location—the site of Moonbase Alpha, the first major human settlement on the Moon [14]. It was supposed to have been fully operational and self-sufficient by 1999—a vastly over-optimistic estimate, as things turned out. But what followed was even more unbelievable.
A huge explosion in the very first episode detached that whole area of the Moon, flinging it off into deep space at high speed. To describe this as “science fiction” is a bad misuse of the word science. What happened to Newton’s
                
               laws of motion? What happened to conservation of energy? In reality, of course, it was just a convenient narrative trick to set the characters off on a series of Star Trek style adventures.

From the Bay of Rainbows to the Sea of Cold
In the north-western corner of Mare Imbrium, half-encircled by the Jura
                
               mountains, is Sinus Iridum
 or “the Bay of Rainbows.” Patrick Moore
                
               calls it the “most splendid of all the bays” [15], and few people would disagree with him. Together with Valles Alpes and Plato further east, it’s one of the most impressive sights the telescopic tourist can find on the Moon (see Fig. 8.8).[image: A446776_1_En_8_Fig8_HTML.jpg]
Fig. 8.8
Sinus Iridum
 and its surroundings, with some of the key features labeled (Author’s photograph)





Just south of the southern tip of Sinus Iridum
 is the site where the Soviet probe Luna 17
 touched down on November 17, 1970. It proceeded to deploy Lunokhod
 1—the first of three robotic rovers that have driven around on the surface of the Moon. The second—as described in Itinerary One: Around the Sea of Tranquility—was Lunokhod 2 in January 1973. After that there was a long wait for the third rover—and it came not from Russia but China. Called Yutu, after a Moon-dwelling rabbit in Chinese folklore, it was delivered by China’s first lunar lander, Chang’e 3
                
              , on December 14, 2013.
Chang’e 3
                
              ’s intended landing site was actually inside Sinus Iridum
, but in the event it touched down some way east of it, in the “open sea” of Mare Imbrium
. Yutu was somewhat smaller than the Russian Lunokhods
, and much more limited in its roving capability, as can be seen from Fig. 8.9. This graphic shows the traveling distances of Yutu, the two Lunokhods and the three Apollo rovers on the same scale (but the vehicles themselves are not drawn to scale—Lunokhod was about two-thirds the length of the Apollo rover, and Yutu about two-thirds the length of Lunokhod).[image: A446776_1_En_8_Fig9_HTML.gif]
Fig. 8.9Comparison of distances traveled by lunar rovers
 (Edited version of a NASA image)





The area covered by Fig. 8.8 encompasses two craters named after members of the Herschel
 family (for a third, William Herschel, see Itinerary Four: Around the Sea of Clouds). Caroline Herschel
, best known for the discovery of several comets—and for being the devoted sister of William, the discoverer of Uranus
—has a small but sharply defined crater to the south of Sinus Iridum
. It’s a relatively modest 13 km in diameter, but easily visible due to its isolated location in Mare Imbrium.
The crater belonging to her nephew John Herschel
                
              —the man who was lampooned in the Great Moon Hoax
—is the exact opposite. It’s enormous, at 165 km in diameter, but quite difficult to make out due to its highly eroded state. To make matters worse, it’s significantly foreshortened due to its position near the edge of the visible disk, and in an area that’s cluttered with other craters. It lies in what might be called the Moon’s northern highlands (which are far less extensive than those in the south).
Sandwiched between those highlands and the lunar Alps
                
               is a narrow stretch of smoother, darker terrain called Mare Frigoris
—or “the Sea of Cold.” One of the Moon’s less well-known seas, it nevertheless played a starring role in a short-lived BBC TV series called 
                Moonbase 3
                
               —which aired for just six episodes in 1973.
As TV science fiction goes, this was the very opposite of 
                Space: 1999
                
                
               a few years later. 
                Moonbase 3
                
               had no physics-defying explosions, no impossibly futuristic technology, no aliens—just EastEnders style realism with a bit of political machination thrown in. The general consensus was that the show was dull, drab and depressing—and it was quickly canceled.
The program-makers’ main focus was on social rather than scientific realism, so there’s little reference to lunar geography. One of few locations mentioned by name was Mare Frigoris, which is the site of a series of mysterious Moonquake
                
              -like events in the second episode [16]. By implication, one would guess the Moonbase itself wasn’t too far away from that location—making Plato
 a distinct possibility, just as in 
                Space: 1999
                
                
              .
The highlands to the north of Mare Frigoris
 are one of the Moon’s more confusing regions, both because of the sheer number of craters there, coupled with the foreshortening effect of the high latitude. However, one easily recognizable feature is the bright, well-defined crater Anaxagoras
                
               (refer back to Fig. 8.8 for its exact location).

Anaxagoras
 was the Greek philosopher who, back in the 5th century B.C.E., first suggested that the Moon was a rocky body that shone by virtue of reflected sunlight. That makes the choice of this particular crater an appropriate one. As Patrick Moore
                
               says: “It is extremely bright, and is the center of a major ray-system, so that it is easy to find under all conditions of illumination.” [17]
At the western end of Mare Frigoris
 is the 40 km crater Harpalus
—“a prominent polygonal crater with internal terracing and a cluster of small hills on its floor,” according to Peter Grego
                
               [18]. This did duty as the site of the first Moon landing in the film 
                Destination Moon
                
              , produced in 1950 by George Pal. From the start, this set out to be as technically accurate as a science fiction movie could be at that time. Unfortunately, it may have ended up succeeding too well, as Brian Clegg
                
               explains:If anything Pal put too much effort into trying to give a realistic feel to his fictional mission. The result was a movie that is decidedly dull to watch. [19]



Nevertheless, 
                Destination Moon
                
               had the benefit of a top science fiction author—Robert A. Heinlein
                
              , fresh from writing “The Man Who Sold the Moon”—as both its co-writer and technical advisor. Heinlein also produced a short novelization of the film, together with a magazine article called “Shooting Destination Moon” (see Fig. 8.10), which is reprinted in the ebook version of the novel.[image: A446776_1_En_8_Fig10_HTML.gif]
Fig. 8.10The issue of Astounding Science Fiction containing Heinlein
                        
                      ’s article “Shooting Destination Moon” (Public domain image)





In addition to Heinlein
                
              , the experienced astronomical artist Chesley Bonestell was involved in the film’s visual design. Together, Heinlein and Bonestell made sure that 
                Destination Moon
                
               was one of the most technically accurate sci-fi movies that had been made up to that time. With regard to the location of the landing site, Heinlein wrote the following in his magazine article:Now for that lunar landscape which has to be compressed into a sound stage—I had selected the crater Aristarchus
. Chesley Bonestell did not like Aristarchus; it did not have the shape he wanted, nor the height of crater wall, nor the distance to apparent horizon. Mr. Bonestell knows more about the surface appearance of the Moon than any other living man; he searched around and found one he liked—the crater Harpalus
, in high northern latitude, facing the Earth. High latitude was necessary so that the Earth would appear down near the horizon where the camera could see it and still pick up some lunar landscape; northern latitude was preferred so that Earth would appear in the conventional and recognizable schoolroom-globe attitude. [20]



The flat, dark area to the south-west of Harpalus is called Sinus Roris
, or “the Bay of Dew.” This provides the main setting for Arthur C. Clarke
                
              ’s 1961 novel A Fall of Moondust—more specifically, a fictitious part of Sinus Roris
 called the “Sea of Thirst.” In the story, this is a unique feature that probably doesn’t really exist on the Moon: “a dust bowl more than a hundred kilometers across” [21].
Clarke
                
              ’s earlier novels about the Moon, Prelude to Space (1951) and Earthlight (1955), are very strong on scientific accuracy but quite weak when it comes to narrative excitement. That couldn’t be said about A Fall of Moondust. It’s got the same scientific realism as its predecessors, but here it’s combined with edge-of-the-seat thrills—as a surface-skimming cruise ship packed with sightseeing tourists is buried deep in lunar dust as the result of a Moonquake
                
              , and the race is on to rescue them before the oxygen runs out.
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9. Itinerary Six: The Ocean of Storms
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This itinerary covers the vast Oceanus Procellarum in the Moon’s western hemisphere. At first sight it may look like a big empty space, but it still has a number of important attractions for the visitor. In broad terms these can be divided into two categories. First there are the natural sights, including three spectacularly bright craters—Copernicus
, Kepler
              
             and Aristarchus
—together with the sinuous form of Schröter’s Valley
              
             close to the third of these. Then there are the “historic heritage” sites—in particular the places where the first two robotic soft-landers touched down, first from the Soviet Union and then from the United States.
Overview
The area covered by this itinerary is shown in Fig. 9.1, with the main highlights indicated.[image: A446776_1_En_9_Fig1_HTML.gif]
Fig. 9.1Area covered by Itinerary Six, with some of the highlights indicated






Oceanus Procellarum
—the Ocean of Storms—is by far the largest of the Moon’s seas, almost completely dominating the western half of the visible disk. At four million square kilometers, it’s comparable in surface area to the whole of western Europe—and almost five times the size of its nearest lunar rival, Mare Imbrium
 to the north. Despite its vast size, the Ocean of Storms isn’t over-endowed with prominent features, but there are three that are impossible to miss—especially when they’re well illuminated around Full Moon. These are the three bright craters Copernicus
, Kepler
                
               and Aristarchus
.

Copernicus, Kepler and Aristarchus


At just over 90 km in diameter, Copernicus
 is far from being the largest crater on the Moon, but it’s one of the most prominent due to its bright ray system—second only to that of Tycho (see Itinerary Three: The Southern Highlands). Unlike Tycho
, Copernicus
 has the added benefit of an isolated location, with no other craters of comparable size in its neighborhood.
The rays emanating from Copernicus are made of fine material that was ejected by the impact which created the crater. The fact they’re still visible today indicates that it’s a relatively “young” crater—but at around 800 million years, it’s still pretty old by most people’s standards.
The crater is named after the famous Polish astronomer Nicolaus Copernicus
                
               (1473–1543), who produced a new model of the Solar System that had the Sun rather than the Earth at its center. This model was widely accepted by the time Giovanni Riccioli
                
               produced his map of the Moon in 1651—but, as described in previous chapters, not one that he personally had much time for.
Riccioli favored the earlier Earth-centered model of Ptolemy
                
              , who he honored with a huge crater in prime position near the center of the Moon’s visible disk (see Itinerary Four: Around the Sea of Clouds). To give him credit, he didn’t ignore the revolutionary Polish astronomer altogether—instead, in his own words, Riccioli “flung Copernicus into the Ocean of Storms” [1].
He gave a similar treatment to Johannes Kepler
                
               (1571–1630), the German astronomer who tweaked Copernicus
                
              ’s model by changing its circular orbits
 to elliptical ones. Kepler was also responsible for a fictional account of a journey to the Moon, Somnium (see Chap. 3: A Brief History of the Moon). It was the first work of its kind that made any attempt at scientific accuracy, with impressive results—as Isaac Asimov
                
              , one of greatest science fiction writers of later times, acknowledged:For the first time the lunar surface was described as it really was, so that Somnium may be considered the first piece of authentic science fiction, as opposed to fantasy. [2]



Riccioli
                
               awarded Kepler
 a smaller crater (about 30 km in diameter) in Oceanus Procellarum, further west than Copernicus. Like the latter, Kepler is surrounded by a bright ray system that becomes particularly visible around Full Moon (see Fig. 9.2).[image: A446776_1_En_9_Fig2_HTML.jpg]
Fig. 9.2The craters Kepler
 (left) and Copernicus
 (right) are surrounded by light-colored rays (Author’s photograph)





Kepler was considered as a possible landing site in another of the now-forgotten pre-Apollo Moon proposals. The U.S. Army’s Project Horizon
 has already been mentioned (see Itinerary Five: The Imbrium Basin). Around the same time, the Army’s great inter-service rival, the U.S. Air Force, came up with its Lunar Expedition Plan—or “Lunex
” for short. Originally classified secret, the U.S.A.F.’s report, issued in 1961, contains detailed maps of Kepler
 crater and its surroundings. Every bit as ambitious as the Army’s plan, the report states that:The Lunar Expedition has as its objective manned exploration of the Moon with the first manned landing and return in late 1967. [3]



Kepler
                
              ’s bigger neighbor, Copernicus
                
              , is one of the sights—like Tycho
 in the Southern Highlands—that particularly impresses the space travelers in Jules Verne
                
              ’s Around the Moon (1870):At this moment the projectile was floating directly over the crater. Copernicus’s circumvallation formed an almost perfect circle, and its steep ramparts stood boldly out. They could even perceive a double annular fortification. All around spread a grayish plain with a wild aspect, upon which all prominences stood out in yellow. At the bottom of the circle, as though enclosed in a casket, two or three eruptive cones sparkled like enormous dazzling gems.
…
Towards the south, the plain appeared very flat, without one prominent part, without one elevation of the ground. Towards the north, on the contrary, up to the spot where it bordered the Ocean of Storms, it was like a liquid surface agitated by a storm, of which the hills and hollows figured a succession of waves suddenly congealed. Over all this extent, and in every direction, ran luminous trails which converged to the summit of Copernicus. [4]



Seen from close quarters, Copernicus is every bit as spectacular as Verne imagined it to be. When NASA’s Lunar Orbiter
                
               2 photographed the crater in 1966, from an altitude of just 45 km, it was quickly dubbed “The Picture of the Century.” It was the first time people had ever seen the Moon from a low, oblique angle—as opposed to an “aerial view”—and that made it look more than ever like a real place (see Fig. 9.3).[image: A446776_1_En_9_Fig3_HTML.jpg]
Fig. 9.3“The Picture of the Century” featuring the crater Copernicus
, as photographed by Lunar Orbiter
                        
                       2 in 1966 (NASA image)





There’s another imaginative description of Copernicus
—accompanied by a reproduction of NASA’s Picture of the Century—in Alan Binder
                
              ’s 2008 novel Moonquake. Before the titular quake occurs, the protagonists take an excursion to Copernicus
 from their base at Fra Mauro
. After one of the astronauts exclaims “Man, what a view. This makes the Grand Canyon look like a brook,” another—a professional geologist—gives the following commentary:All along the inner wall, you see multiple, irregular terraces caused when huge sections of the initial, unstable crater wall slumped down, as the transient crater collapsed immediately after the impact. The individual terraces are up to four kilometers wide and there are four to six of them before the floor is reached, some three kilometers below the rim, and the drops along the scarps between the terraces are up to a kilometer. As you can see, the depressions in the terraces’ surfaces were immediately filled with impact melt that rained down with the fallback— to form kilometer-scale lakes of impact melt.
…
There in the middle of the floor, is its magnificent central peak complex—a complex of about a dozen mountains, the tallest of which reaches a kilometer above the crater floor. [5]



If history had gone differently, we might have been treated to a genuine eye-witness account of Copernicus decades ago. It was the originally scheduled destination for Apollo 18
                
              , before that mission was canceled as a cost-cutting measure [6]. Since then, there have been several fictional “what might have been” accounts of Apollo 18
                
              —most famously the 2011 film of that name, which placed the landing at the Moon’s south pole.
In another variation on the same theme, Stephen Baxter
                
              ’s 1998 novel Moonseed has Apollo 18
                
               landing near Aristarchus
 crater, toward the western edge of Oceanus Procellarum—the opposite end from Copernicus.
Like Copernicus
                
               and Kepler
, Riccioli
 named the crater Aristarchus
 after someone who believed (in Riccioli’s mind, erroneously) that the Sun rather than the Earth lay at the center of the Solar System. Unlike Copernicus and Kepler, however, the historical Aristarchus wasn’t a product of the European Renaissance, but of ancient Greece—he lived from around 310 to 230 B.C.E.
This makes Aristarchus
 remarkably prescient—and that was true in other ways too. He correctly believed that the stars were other suns, at very great distances, rather than small sparkles of light that were relatively close. That may not seem a huge insight today, but it was back in the days before telescopes. To us, it makes Aristarchus one of the great heroes of science, but to Riccioli
                
               he was something of a villain—hence his marooning in the Ocean of Storms with Kepler and Copernicus.
Nevertheless, Aristarchus
 is an eye-catching crater. It’s not large, at 40 km, but it’s the single brightest feature on the visible face of the Moon. It particularly stands out at Full Moon, contrasted against the dark background of Oceanus Procellarum
, as shown in Fig. 9.4.[image: A446776_1_En_9_Fig4_HTML.jpg]
Fig. 9.4The relatively small crater Aristarchus
 stands out at Full Moon because it’s so bright (Author’s photograph)






Aristarchus
 is so bright that it doesn’t even need sunlight to be visible—it can be seen in Earthshine
. For example, it appears as a faint, light-colored smudge in the author’s photograph, Fig. 1.​6 (see Chap. 1: Plan Your Trip). The sight is so remarkable that it managed to fool one of history’s greatest astronomers, as Stephen James O’Meara
                
               explains:It is so intense that it dominates the view when the young crescent Moon is bathed in Earthshine
. Seeing it this way led William Herschel
                    
                   to believe it was a volcano erupting on the Moon’s surface. [7]



Returning to Stephen Baxter
                
              ’s novel: although his version of Apollo 18 lands right next to Aristarchus
 crater, the titular “Moonseed”—invisibly small but highly destructive alien nanomachinery—is found on a Lunar Rover
 trip to the nearby Schröter’s Valley
                
              . Known as Vallis Schröteri
 in Latin, this is a long, sinuous, snakelike rille to the west of Aristarchus. It’s described by Baxter
                
               as follows:The rille was up to eight miles [13 km] wide, a half-mile [800 meters] deep, and all of a hundred miles [160 km] long. Schröter’s Valley
                    
                  , the biggest rille known on the Moon. It was a river valley, but cut into the bottom of this dead lunar sea—not by water—by a lava flow, some time in the deep past. [8]



Confusingly, Schröter’s Valley
                
               is nowhere near the crater called Schröter (see Itinerary Three: Around the Sea of Clouds). That crater was named in honor of the German astronomer Johann Schröter, while Vallis Schröteri
 was actually discovered by Schröter. The entrance to the valley is only a few kilometers from the rim of Aristarchus
— easy driving distance in a 1970s-era Lunar Rover
.
Fig 9.5 shows a view of Schröter’s Valley
                
               seen through a small telescope. Aristarchus
 is the unmistakably bright crater to its east. The slightly smaller crater adjacent to it, with a contrastingly dark floor, is called Herodotus
. At first sight it looks rather like the head of a spermatozoon, with Schröter’s Valley as the tail (although actually there’s a gap between the two).[image: A446776_1_En_9_Fig5_HTML.jpg]
Fig. 9.5Schröter’s Valley
                        
                      , Aristarchus and Herodotus
 photographed through a small telescope (Author’s photograph)





The main part of Baxter
                
              ’s novel is set in the early 21st century, when he has his protagonist revisit the old Apollo site at Aristarchus
. Here’s his description of the scene:Standing here on the lander platform, she could see all the way to the horizon, clearer than the finest day on Earth. The sculpted hills of the Aristarchus ejecta blanket rose above this puddle of pitted, frozen basalt, their slopes bathed in sunlight, shining like fresh snow. [9]



In the real world, Aristarchus
 is often associated with Transient Lunar Phenomena
                
              , or TLP (see Itinerary Four: Around the Sea of Clouds). Here’s what TLP expert Patrick Moore
                
               had to say on the subject:
Aristarchus
 is the most event-prone crater on the Moon, and it is responsible for more than half the total number of TLP. Gaseous emissions from it have been confirmed spectrographically, and on 19 July 1969 activity was seen by the astronauts of Apollo 11
, who were then together in the Command Module orbiting the Moon. Armstrong, Aldrin and Collins used binoculars
 and reported a luminous north-west wall, “more active” than anywhere else on the surface. [10]




Planitia Descensus and Beyond
In the far west of Oceanus Procellarum
 there’s a small area called Planitia Descensus
, or “the Plain of Descent.” This is another commemorative name, like Mare Cognitum
 in honor of NASA’s Ranger 7
 (see Itinerary Four: Around the Sea of Clouds) and Sinus Lunicus
 in honor of the Soviet Luna 2
 (see Itinerary Five: The Imbrium Basin). While those two spacecraft were “hard-landers,” Planitia Descensus commemorates the first ever soft-landing—by Luna 9
 on February 3, 1966.
Since there’s no atmosphere on the Moon, parachutes don’t work there. Instead, Luna 9
 used a retro-rocket to slow its descent, followed by airbags to cushion the landing. It worked successfully, and Luna 9
 proceeded to send back TV pictures from the Moon’s surface to prove it.

Planitia Descensus
 can be seen in the top left of Fig. 9.6, which shows a wider view of the south-western portion of Oceanus Procellarum
.[image: A446776_1_En_9_Fig6_HTML.jpg]
Fig. 9.6The south-western part of Oceanus Procellarum
, including the so-called “Planitia Descensus” where Luna 9
 made the first soft-landing in 1966 (Author’s photograph)





One notable landmark in this photograph is the 100 km crater Hevelius
. This is visibly foreshortened—it’s at longitude 67 degrees west—but still displays quite a lot of interior detail, including a small peak and several craters. It’s named after the Polish astronomer who produced the first detailed map of the Moon—on which he labeled craters with the names of terrestrial mountains. This particular crater, for example, he called “Pherme,” after a mountain in Egypt. It was Riccioli
, of course, who started the tradition of naming craters after famous astronomers—and it was his idea to call this one Hevelius
.
South of Hevelius
 is a larger, darker-floored crater called Grimaldi
. It’s a massive 170 km in diameter, but like Hevelius it’s compressed by the effects of viewing perspective. Patrick Moore
                
               suggested that Grimaldi “would have been ranked as a small sea if it had been better placed for observation” [11].
Immediately to the north-west of Grimaldi
 there’s another huge crater, although it can’t be seen in Fig. 9.6 because it lies in the shadowed area. Even at the best of times, however, it’s difficult to make out due to foreshortening—despite being almost 150 km in diameter. What did Riccioli
 choose to call this obscure but far-from-small crater? He named it Riccioli
, after himself!
Returning to Hevelius
—immediately to its north is the slightly smaller crater Cavalerius, 60 km in diameter. The actual landing site of Luna 9
—which gives its name to Planitia Descensus
—lies to the north-east of Cavalerius, roughly one crater diameter from its rim.

Luna 9
 wasn’t the Soviet Union’s first attempt at a soft landing—the Ocean of Storms is practically littered with its unsuccessful predecessors. Luna 8 (December 1965) crashed a short distance to the north-east of Luna 9. Before that, Luna 7 (October 1965) came to grief some way further east, toward the crater Kepler
. Luna 6 (June 1965) managed to miss the Moon altogether, while Luna 5 (May 1965) crashed in the south-eastern part of Oceanus Procellarum
, a short distance north-west of the future Apollo 12
 site.
The next landing attempt after Luna 9
 was also a success. That was Luna 13
, which touched down on Christmas Eve, 1966 (Lunas 10 through 12 were all orbiters, not landers). Luna 13
’s landing site once again lay in Oceanus Procellarum—but further north this time, about 400 km south-west of Aristarchus
.
By that time the Americans had also achieved a soft-landing—on their first attempt—with the touch-down of Surveyor 1
 on June 2, 1966. That was four months after Luna 9
, but Surveyor was a larger, more sophisticated vehicle—as Fig. 9.7 shows.[image: A446776_1_En_9_Fig7_HTML.jpg]
Fig. 9.7The first Soviet and American soft-landers, Luna 9
 on the left and Surveyor 1
 on the right (NASA images)





Like Luna 9
, the Surveyor 1
 landing site is within the area covered by Fig. 9.6. Near the center of that image is a 20 km crater called Flamsteed
. It’s located at the southern end of an older and much larger “ghost crater” called Flamsteed P, the outline of which can just be made out in the photograph. It’s over a hundred kilometers in diameter, but it was almost completely submerged by lava when Oceanus Procellarum
 was formed. Surveyor 1 actually landed inside Flamsteed
 P, close to its northern edge.
In the top right-hand corner of Fig. 9.5, you can just see the bright ray-crater Kepler
, which was mentioned earlier in this chapter. About 600 km to the north-west of this—and just as isolated in the vast Ocean of Storms—is the slightly larger crater Marius
, 40 km in diameter. The crater itself isn’t especially remarkable, but there’s an interesting area to the west of it called the Marius Hills. These “hills” are actually volcanic domes—a relatively rare type of feature to find on the Moon. This is what the astronomer Peter Grego
                
               says about them:A 60 mm telescope at low magnification shows the area as an ill-defined dusky expanse, but a high-magnification view through a 150 mm aperture reveals a stunning collection of at least a hundred domes and elongated dome-like ridges spread across an area of about 40,000 square kilometers. [12]



The Marius Hills are even more impressive when viewed from lunar orbit
                
              , as Fig. 9.8 shows.[image: A446776_1_En_9_Fig8_HTML.jpg]
Fig. 9.8The Marius Hills seen by Lunar Orbiter
                        
                       2 in 1967, with Marius
 crater in the top right of the picture (NASA image)





Because of its unusual geology, the area around the Marius Hills was originally shortlisted as one of the Apollo landing sites. It was even penciled in for Apollo 17
, before the missions got shuffled around after the Apollo 13
 accident [6].
If anything, interest in the Marius Hills has increased since the Apollo days. That’s because volcanic structures of this type are also found on Earth, where they’re usually associated with lava tubes—hollow underground channels left behind by flowing lava. If the same sort of tunnels occurred on the Moon, they could be very useful for future long-stay missions—as Junichi Haryana of Japan’s Institute of Space and Astronautical Science explained in 2009:Lava tubes provide ready-made protection from the harsh lunar environment: meteorite bombardment, radiation from space, and the large changes in temperature through the lunar day. [13]



Professor Haryana was speaking after the Japanese lunar orbiter
                
               Kaguya
 found strong evidence of just such a lava tube in the Marius Hills area. Kaguya photographed a “skylight”—a place where the ceiling of a lava tube appears to have collapsed, rendering it visible from above. The resulting hole is 65 meters wide and 88 meters deep—much too deep to be an impact crater. The skylight’s existence has since been confirmed by NASA’s Lunar Reconnaissance Orbiter
—making the Marius Hills a prime site for future lunar exploration.
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10. Thematic Tours
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The best time to view any lunar feature, with a few exceptions, is when it’s just inside the terminator and the shadows are long. That begs the question—what do you do at Full Moon? This time of month has one advantage, at least, in that you can explore the whole disk at once. That makes it a good time to try out some theme-based—as opposed to location-based—tours, and this chapter presents six of them, each encompassing six related sights. You may not be able to see then too clearly at Full Moon, but if you’ve seen them at other times you can use your imagination!
Lunar History Lesson
It was Giovanni Riccioli
                
               who introduced the idea of naming lunar craters after famous astronomers, in his ground-breaking map of 1651. This tour (see Fig. 10.1) looks at the craters associated with six people who played key roles in the history of our understanding of the Moon itself.[image: A446776_1_En_10_Fig1_HTML.jpg]
Fig. 10.1Six craters named after important figures in the history of lunar science (Background image: NASA)





The first important breakthrough was to recognize the scientific predictability of the Moon’s behavior. While early Greek philosophers like Pythagoras
, who lived in the 6th century B.C.E., were aware of its mathematical regularity, they interpreted this in terms of mystical perfection rather than scientific logic. The real hero was 
                Anaxagoras
                
               (c. 510–428 B.C.E.), whose contribution was explained by Isaac Asimov
                
               in the following terms:Whereas Pythagoras
 had emphasized mysticism, Anaxagoras
 was a rationalist. He explained—accurately—the phases of the Moon
 and eclipses of both Moon and Sun in terms of the movements of those bodies. [1]




Riccioli
 gave Anaxagoras
                
               one of the most prominent craters in the northernmost part of Moon (see Itinerary Five: The Imbrium Basin). It’s not especially large, at 60 km in diameter, but it’s very young, making it bright and sharply defined, with a ray system emanating from it. That makes it easy to find around Full Moon.
The next key figure is another ancient Greek, Hipparchus

                
               (c. 190–120 B.C.E.). He might even be described as the “father of astronomy,” in the modern sense of a quantitative science as opposed to a speculative branch of philosophy (see Fig. 10.2).[image: A446776_1_En_10_Fig2_HTML.gif]
Fig. 10.2A fanciful depiction of Hipparchus, drawn in the 17th century (Wellcome Images, CC-BY-4.0)





As well as being an astronomer, Hipparchus was a pioneer of the practical mathematical discipline of trigonometry. He used it to produce a detailed model of the Moon’s behavior, including numerical tables that allowed accurate prediction of its phases and eclipses.

Riccioli
 gave Hipparchus
                
               a large crater (150 km in diameter) near the center of the Moon’s visible face (see Itinerary Four: Around the Sea of Clouds). Despite its size and prime location, however, Hipparchus is not always easy to find. That’s because it’s very old and eroded, and overlain by smaller, newer craters.
For two millennia, all the way from ancient Greece to the Middle Ages, people made the strange assumption that everything in the night sky had to move in a perfect circle. It’s not obvious why they did this, because it made things a lot harder than they needed to be. Even quite basic observations show that the Moon, for example, is closer to Earth at some times than at others. That means its orbit
                
               can’t be a simple circle centered on the Earth. Instead, the early astronomers had to come up with ever more complex systems of interlocking circles to explain, not just the motion of the Moon, but that of all the planets too.
The breakthrough was made by the German astronomer Johannes Kepler

                
               (1571–1630), who realized that all that complexity could be swept aside if orbits
 actually took the form of slightly distorted circles called ellipses. Riccioli
 wasn’t a big fan of this idea—he was almost 30 years younger than Kepler, but very old-fashioned in his ideas. Accordingly he “punished” Kepler
                
               by giving him a small, isolated crater in the middle of Oceanus Procellarum. Fortunately that isolated position—together with the fact that Kepler is a young crater with a bright ray system—make it one of the Moon’s most prominent craters around Full Moon (see Itinerary Six: The Ocean of Storms).
The first person to make a serious attempt at producing a map of the Moon was the Polish astronomer Johannes Hevelius

                
               (1611–1687). He assigned names to features based on vaguely similar places on Earth, but only a few of these designations—such as the lunar Alps
                
               and Apennine
                
               mountains—are still in use today. Most of Hevelius’s names were replaced by those devised by his Italian counterpart Riccioli a few years later. Riccioli
                
               didn’t ignore Hevelius completely, though—he gave him a 100 km diameter crater on the western edge of Oceanus Procellarum (see Itinerary Six: The Ocean of Storms).
Southwest of Hevelius
 is the crater that Giovanni Riccioli

                
               (1598–1671) chose to name after himself. It’s huge—150 km in diameter—but by no means easy to see, due to its proximity to the edge of the visible disk (again, it’s covered in Itinerary Six: The Ocean of Storms).
The actual name that Riccioli
                
               gave to his crater was Ricciolus Societas Iesu, or “Riccioli of the Society of Jesus.” This refers to the religious teaching order that he belonged to, more commonly known as the Jesuits. This affiliation introduced a distinct bias into Riccioli’s nomenclature, as Arthur C. Clarke
                
               points out:An extraordinarily large number of craters bear the names of fellow Jesuits, but it is only fair to point out that they were mostly men of scientific distinction. Even today, any large gathering of astronomers will contain a substantial number of Jesuits. [2]



Another of the large craters mentioned in Itinerary Six, Grimaldi
, was named after a close colleague of Riccioli
                
               who was also a Jesuit. In fact you could give yourself quite an interesting tour of the Moon just by visiting Jesuit locations. Other impressive craters bearing the names of Jesuit scientists include Furnerius
 and Petavius
 (see Itinerary Two: The Far East) and Clavius
 and Moretus
 (see Itinerary Three: The Southern Highlands).
Riccioli
                
               didn’t come close to naming all the Moon’s craters—but he did name all the big, easily visible ones. That meant that later scientists, no matter how great they were, had to be content with relatively small or obscure craters. For example, Isaac Newton

                
               (1642–1727) was just 9 years old when Riccioli produced his map—yet within half a century he had become the single most famous scientist in all of Europe. A significant part of his achievement was connected with the Moon—his explanation of the Moon’s orbit
                
               in terms of the gravitational pull of the Earth, and of the Earth’s tides
                
               in terms of the gravitational pull of the Moon.

Newton
 does have a crater on the Moon, but it’s difficult to see because it’s close to the lunar south pole (see Itinerary Three: The Southern Highlands). Nevertheless it’s quite large—80 km in diameter—and at over 6 km in depth it’s the deepest crater on the visible face of the Moon. It made a big impression on the travelers in Jules Verne
                
              ’s novel Around the Moon (1870), who identified it using the Mappa Selenographica produced by Beer and Mädler in 1830s—the first lunar map to assign Newton’s name to that crater.

The Apollo Landing Sites
This is the most popular lunar tour of all, for obvious reasons. Some Apollo sites are easier to pinpoint that others, but you shouldn’t have any difficulty finding their general locations—even at Full Moon (see Fig. 10.3).[image: A446776_1_En_10_Fig3_HTML.jpg]
Fig. 10.3The six Apollo landing sites (Background image: NASA)







                Apollo 11
                
               was the first and most famous of the landings. “Tranquility Base” can be found in the south-west corner of Mare Tranquilitatis
, as described in Itinerary One: Around the Sea of Tranquility. Between landing and take-off, Neil Armstrong and Buzz Aldrin were on the Moon for less than 24 h on July 20-21, 1969. During that time they only spent two and a half hours on their EVA outside the lunar module.
They put up a flag, made some speeches, spoke to President Nixon in the White House—who called it “the most historic telephone call ever made” [3]—and collected a few random rock samples from the immediate vicinity of the lunar module. Tragically, many people imagine that all the later missions followed the same pattern—when actually they were increasingly sophisticated in their scientific achievements.
The 
                Apollo 12
                
               site was described in Itinerary Four: Around the Sea of Clouds. Basically you have to locate Lansberg
—the second of two smaller craters south-west of Copernicus
—and then go a short distance (roughly one Copernicus diameter) to its south-east. Pete Conrad and Al Bean were on the Moon for almost 32 h on November 19-20, 1969, with two EVAs totaling over 7 h.

Apollo 12
’s great achievement was to land within walking distance of the earlier, unmanned Surveyor 3
 spacecraft—which the astronauts proceeded to visit on their second EVA. They used bolt cutters to remove Surveyor’s sample scoop and camera, which they brought back to Earth.


                Apollo 14
                
               was also covered in Itinerary Four. It’s one the hardest Apollo sites to locate precisely, lying to the north of the crater Fra Mauro
. Although it’s a hundred kilometers in diameter, it’s difficult to see because it’s so ancient and eroded. It’s probably easier to find the area by reference to Apollo 12
 (cf. Fig. 10.3). Apollo 14—the first of the landing sites to be chosen primarily for its geological interest—is roughly two Copernicus
 diameters east-south-east of Apollo 12.
Amongst other things, Apollo 14
 may have had the most interesting pair of Moon-walkers of any of the landings. Alan Shepard was already in the history books as the first American in space, back in 1961—while Ed Mitchell later made a very different name for himself as an investigator of ESP and UFOs
. They were on the surface for 33 and a half hours on February 5-6, 1971, with two EVAs totaling over 9 h.

Apollo 14
 was the last mission in which the astronauts had to walk everywhere, without the benefit of a lunar rover
. In what turned out to be a misguided attempt to help them, NASA’s geologists had provided them with a detailed map showing features of particular interest, which they had to consult regularly (see Fig. 10.4).[image: A446776_1_En_10_Fig4_HTML.jpg]
Fig. 10.4
Apollo 14
 astronaut Ed Mitchell consulting a geological map (NASA image)





Unfortunately, once they were out on the surface the astronauts found the map extremely difficult to interpret—which inevitably led to arguments. As Mitchell explained later:As you can tell, we had a disagreement. We have different interpretations. We were really having trouble, on that terrain, figuring out where the heck we were. We knew where we were within a hundred meters, but not the micronavigation that those characters [i.e. the geologists] wanted us to do. It was frustrating. We wasted time. And that continued. That's what slowed us down the whole rest of this thing, trying to be a little more precise about where the heck we were. [4]



The first of the Lunar Rover
 missions was 
                Apollo 15
                
              , which was on the surface for two and three-quarter days between July 30 and August 2, 1971, with three EVA periods totaling 19 h. Of all the landing sites, this one is probably the most interesting to look at from an Earth-based observer’s perspective. It’s at the north end of the awe-inspiring lunar Apennines
                
              , east-south-east of Archimedes
 crater (see Itinerary Five: The Imbrium Basin).
As described earlier, the Apollo 15
 astronauts—Dave Scott and Jim Irwin—found the so-called “Genesis rock
” on their second EVA. This was an important discovery as far as NASA’s geologists were concerned, because it was formed very early in the history of the Solar System. The Genesis rock
 is mainly composed of a type of mineral called plagioclase—something the astronauts had been trained to recognize, based on its characteristic reflections and a crystallographic phenomenon called twinning. As a result, they knew immediately that they’d found something important:
Irwin: Oh, man!

Scott: Oh, boy … look at that.

Irwin: Look at the glint!

Scott: Aaah.

Irwin: Almost see twinning in there!

Scott: Guess what we just found? I think we found what we came for.

Irwin: Crystalline rock, huh?

Scott: Yes, sir. You better believe it.





                Apollo 16
                
               visited another area of high geological interest, near the crater Descartes
 (see Itinerary One: Around the Sea of Tranquility). This isn’t especially easy to find, but if you imagine a line projecting south from the western edge of Mare Tranquilitatis
, and another one west from the northern edge of Mare Nectaris
, then the place where they intersect is close to the Apollo 16
 site. It’s the only Apollo landing site in the lunar highlands, and its interest to geologists came from photographic analysis of the area which led them to believe the rocks there had been formed by volcanic activity.
Astronauts John Young and Charlie Duke spent three days at the Descartes
 site between April 21 and 24, 1972, including three EVAs totaling over 20 h. When Young first stepped out onto the surface, his rather unusual words were: “There you are, mysterious and unknown Descartes
 highland plains. Apollo 16
 is gonna change your image” [6]. It’s not clear what prompted him to say this, but it turned out that he was absolutely right. The rock samples the astronauts collected showed no evidence whatsoever of volcanic activity—they were all the product of impacts, just the same as the previous Apollo sites.
The final Apollo mission, 
                Apollo 17
                
              , was also covered in Itinerary One. Its landing site lies between Mare Tranquilitatis and Mare Serenitatis
—if you look for the open gap in the mountains between the two, then it’s just to the east of this gap, in a rocky valley called Taurus-Littrow. This too was a three-day mission—between December 11 and 14, 1972—and included three EVAs totaling 22 h. In addition to mission commander Gene Cernan—a test pilot by profession, like all the previous Moon-walkers—the lunar module crew included one of NASA’s professional geologists, Harrison Schmitt.
As with Apollo 16
, the landing site was chosen because it was believed to have a volcanic origin—which this time turned out to be true. As described earlier, Schmitt made the dramatic discovery of a patch of “orange soil,” containing millions of tiny glass beads. These were indeed formed by volcanic activity—though not as recently as some geologists had hoped. As Schmitt later explained:It was volcanic material, but it was volcanic glass that had been spewed out of some fire-fountain-like eruptions 3.5 billion years ago that somehow had been protected from mixing with anything else, even though it was now at the surface. [7]




Robot Firsts
Compared to the high-profile Apollo landings, unmanned probes are easy to overlook. Nevertheless, they’ve managed to rack up a number of impressive achievements. This tour looks at six significant robot “firsts” (see Fig. 10.5). Interestingly enough, they all come from countries other than the United States.[image: A446776_1_En_10_Fig5_HTML.jpg]
Fig. 10.5Landing sites of six unmanned spacecraft, all of which represented “firsts” in one way or another (Background image: NASA)





The very first human-made object to hit the Moon was the Soviet Union’s 
                Luna 2
                
               on September 13, 1959. The impact point was at the eastern end of Mare Imbrium, about a crater diameter east of Archimedes
 (see Itinerary Five: The Imbrium Basin). The 390 kg spacecraft crashed into the surface at high speed—but that’s exactly what it was designed to do. Instead of the sophisticated scientific instruments you might expect, its only “payload” was a kind of grenade, which blasted out stainless steel fragments all inscribed with the letters CCCP. In the Cyrillic alphabet used in Russia, this stands for СОЮЗ СОВЕТСКИХ СОЦИАЛИСТИЧЕСКИХ РЕСПУБЛИ, or “the Union of Soviet Socialist Republics.”
The first controlled landing was also achieved by the Soviet Union. 
                Luna 9
                
               touched down on February 3, 1966, just north of the crater Cavalerius on the eastern edge of Oceanus Procellarum (see Itinerary Six: The Ocean of Storms). The actual lander was quite small—only 84 kg—but it was able to send back the first ever photograph taken on the lunar surface (see Fig. 10.6).[image: A446776_1_En_10_Fig6_HTML.jpg]
Fig. 10.6The first image ever taken by a spacecraft on the lunar surface—Luna 9
 in 1966 (NASA image)





Of course, the Soviets were never able to match the greatest achievement of all—Apollo 11
’s manned landing in July 1969. That didn’t stop them continuing to notch up robot firsts, though. The next one was 
                Luna 16
                
              , which landed on September 20, 1970 in Mare Fecunditatis (see Itinerary Two: The Far East). At 1880 kg this was considerably larger than Luna 9
—and it had a trick up its sleeve. A day after landing the upper part of the spacecraft blasted off again, carrying a hundred-gram sample of lunar soil that had been collected with a robotic scoop. It brought the sample all the way back to Earth, where it was safely recovered on September 24, 1970.
The next Soviet probe, Luna 17
, landed on November 17, 1970 just south of Sinus Iridum
 (see Itinerary Five: The Imbrium Basin). In general design the spacecraft was similar to Luna 16
—but this time its payload was the 840 kg rover 
                Lunokhod
                
               1. This went on to spend almost a year exploring the lunar surface, during which time it traveled over 10 km—sampling the soil at different locations and sending back more than 20,000 TV pictures.
Starting with Luna 2
 all the way back in 1959, numerous spacecraft have been deliberately crashed into Moon—for a variety of different reasons. In the case of Luna 2, it was simply to let the world know that “the Union of Soviet Socialist Republics” got to the Moon before anyone else did. In the case of NASA’s Ranger probes of the 1960s, the aim was to take close-up photographs of the lunar surface, while the used-up third stages of Saturn
 V rockets were smashed into the Moon in the 1970s in order to calibrate the seismometers left behind by the Apollo missions.
More recently, several lunar orbiters
                
               have been deliberately crashed into the Moon at the end of their life—including Japan’s Hiten
 in 1993 and NASA’s Lunar Prospector
 in 1999. However, the Indian Space Research Organisation still managed a “first” of its own in 2008 with its Chandrayaan-1
 orbiter. This time the impactor wasn’t the orbiter itself, but the small, 29 kg, Moon Impact Probe

                
               (MIP) that it fired at the lunar surface.
On November 14, 2008, six days after entering orbit
                
              , Chandrayaan-1
 launched MIP on its way toward the lunar south pole (see Itinerary Three: The Southern Highlands). During the 25 minutes of its descent, before finally impacting close to the crater Shackleton, MIP
                
               used its onboard instruments to look for evidence of water ice—which it duly found. The discovery was confirmed independently by the Chandrayaan-1 orbiter itself, which remained operational till August 2009.
The most recent “robot first” is China’s Chang’e 3

                
              , which soft-landed on December 14, 2013, a short distance east of Sinus Iridum
 (see Itinerary Five: The Imbrium Basin). The spacecraft consisted of a 1200 kg lander plus a 140 kg rover called Yutu. Technically, neither the soft-landing nor the rover were “firsts”—but previously such feats had only been achieved by Russia and America, as part of a gradual step-by-step program. Soft-landings had been preceded by hard landings, and rovers by static landers. So China’s “first” was to do the whole thing, successfully, on its very first attempt (Chang’e 1 and 2 were orbiters, not landers).

What Might Have Been
To date, only one program—NASA’s Project Apollo—has succeeded in putting humans on the Moon. That’s not to say no-one else has ever thought about doing it, though. There were numerous “lunar landing” proposals before Apollo, and there have been others since. This tour looks at a selection of just six of them (see Fig. 10.7).[image: A446776_1_En_10_Fig7_HTML.jpg]
Fig. 10.7Hypothetical landing sites of six proposed lunar missions that never got off the ground (Background image: NASA)





Before joining NASA, the great rocket scientist Wernher von Braun
                
               worked for the U.S. Army—which had its own plan for a Moon landing in the form of Project Horizon
. The official report, to which von Braun was a major contributor, was issued in 1959. It considered a number of specific landing sites, mainly in the area around Sinus Aestuum
, south-east of the crater Eratosthenes
 (See Itinerary Five: The Imbrium Basin). Project Horizon
 wasn’t just about a mere landing—the report talks about “a manned military outpost on the Moon” that would be operational before the end of the 1960s:Initially the outpost will be of sufficient size and contain sufficient equipment to permit the survival and moderate constructive activity of a minimum number of personnel (about 10–20) on a sustained basis. It must be designed for expansion of facilities, resupply, and rotation of personnel to insure maximum extension of sustained occupancy. It should be designed to be self-sufficient for as long as possible without outside support. [8]



Around the same time, the Army’s great rival—the U.S. Air Force, not the Soviet Union—had its own Lunar Expedition plan, or Lunex
 for short. The project report indicates an intended landing site in the vicinity of Kepler
 crater (see Itinerary Six: The Ocean of Storms). As with Project Horizon
, Lunex envisaged a permanent military outpost on the Moon, rather than the scientific exploration and flag-planting of the eventual Apollo program.
There was yet another proposal from the late 1950s—this time from the other side of Atlantic. Armstrong-Whitworth, a private company based in Britain, had plans—on paper, at least—to land an entirely British-built spacecraft, called the Pyramid
                
              , near the crater Piazzi Smyth
 in Mare Imbrium
 (see Itinerary Five: The Imbrium Basin).
Of course, the most serious challenge to America came from the Soviet Union, which developed at least two competing plans for a Moon landing. One of them, by the designer Vladimir Chelomei, had a planned landing site in Mare Fecunditatis
 (see Itinerary Two: The Far East). That’s the one included in this tour, because it’s not clear where the rival Soviet landing would have been. Arguably the more credible of the two proposals, the latter came from Sergei Korolev
                
              —the man responsible for the Soyuz spacecraft, which is still in service today. Before it was canceled, his LK lunar lander had progressed to an advanced stage of design (see Fig. 10.8).[image: A446776_1_En_10_Fig8_HTML.gif]
Fig. 10.8The proposed Soviet LK lander (left) and Apollo lunar module (right), drawn to the same scale (NASA image)





Korolev
                
               wasn’t the only person whose project was canceled by a shortsighted government—the same thing happened to the later Apollo missions, which were originally intended to go all the way up to Apollo 20. Of the three canceled missions, Apollo 18

                
               in particular has gained a certain degree of notoriety, due to a mixture of conspiracy theories and science fictional treatments (including the 2011 film of that title). The real Apollo 18, however, was notionally destined for the crater Copernicus
 (see Itinerary Six: The Ocean of Storms).
Since the end of the Apollo program, NASA has carried out several paper studies on a return to the Moon. One of the first of these, dating from 1992, would have involved a longer stay mission called the “First Lunar Outpost
                
              ,” with a proposed location in Mare Smythii (see Itinerary Two: The Far East).

Sci-Fi Classics
The most productive period for Moon-based science fiction occurred between the end of the Second World War (during which the V-2 had demonstrated the viability of rocket propulsion) and the advent of the real-world Apollo program in the late 1960s. Two of the greatest writers of this period were Arthur C. Clarke
                
               and Robert A. Heinlein
                
              —and this tour looks at some of the locations featured in their most famous Moon-based novels (see Fig. 10.9).[image: A446776_1_En_10_Fig9_HTML.jpg]
Fig. 10.9Sites associated with six classic science fiction novels, three by Arthur C. Clarke and three by Robert A. Heinlein (Background image: NASA)





Arthur C. Clarke
                
              ’s best known novel has to be 
                2001: A Space Odyssey
                
                
               (1968), written in conjunction with the film of the same name. One of its most memorable sequences sees the protagonist (of the earlier part of the story), Heywood Floyd, arriving at Clavius Base—a large, permanently occupied and almost self-sufficient lunar outpost inside the vast crater Clavius
 (see Itinerary Three: The Southern Highlands). Sadly, the existence of such a base turned out to be a hopelessly optimistic prediction for 2001, which now lies many years in the past.
Arguably much more exciting than 
                2001: A Space Odyssey
                
                
               is Clarke’s earlier novel A Fall of Moondust (1961), which sees a motley group of tourists trapped underground following a Moonquake
                
              . The novel’s setting is the fictional “Sea of Thirst”—a kind of lunar dust-bowl inside the otherwise perfectly real Sinus Roris
 (see Itinerary Five: The Imbrium Basin).
Also within the area covered by Itinerary Five is the setting for Clarke’s 1955 novel Earthlight. This centers around an astronomical observatory located inside the crater Plato
                
              , with some of the action also taking place in the neighboring Mare Imbrium. The latter also serves as the site of the first manned landing on the Moon in Clarke’s earlier novel Prelude to Space (1951).
A similar choice was made by Robert A. Heinlein
                
               in his short novel The Man Who Sold the Moon (1950), which places the first lunar landing in Mare Imbrium
 “west of Archimedes
.” Again, this falls within the region covered by Itinerary Five: The Imbrium Basin. This is a particularly rewarding area for the telescopic tourist, as Fig. 10.10 shows.[image: A446776_1_En_10_Fig10_HTML.jpg]
Fig. 10.10The eastern part of Mare Imbrium
, with Plato
                        
                       crater near the top (with the Alpine Valley
                        
                       to its east), and the slightly smaller Archimedes
 further south (Author’s photograph)






The Man Who Sold the Moon forms part of Heinlein’s “Future History” series, portraying a possible sequence of future events from his own present (in the mid-20th century) into the 21st century and beyond. By the end of The Man Who Sold the Moon, plans are underway to set up a permanent “Luna City” on the Moon—a location that recurs in later stories in the series. One of the most famous of these is Heinlein
                
              ’s 1966 novel The Moon is a Harsh Mistress, in which Luna City is identified as lying beneath Mare Crisium (see Itinerary Two: The Far East).
Heinlein
                
               also acted as technical consultant on the 1950 movie 
                Destination Moon
                
              , which portrays the first lunar landing as taking place inside the crater Harpalus
 (see Itinerary Five: The Imbrium Basin). While he was working on the film, Heinlein produced a short novelization of it aimed at a better informed, more thoughtful audience than the film itself (and which has stood the test of time much better).
Heinlein
                
              ’s novelization handles the subject of a first voyage to the Moon in a very different way from the near-contemporary The Man Who Sold the Moon, which focuses primarily on the day-to-day problems of cash flow and project management. The movie novelization, in contrast, dwells much more on the (to most people, far more interesting) technicalities of rocketry and space travel. In this sense, it draws quite strongly on Heinlein’s earlier novel Rocketship Galileo

                
               (1947)—but that novel placed the lunar landing on the far side of Moon
                
               (see Chap. 11: The Dark Side of The Moon).

Lunar Mysteries
Until the middle of the 20th century, the far side of the Moon
 just referred to was the biggest lunar mystery of all. It was never seen from Earth, and no-one had the slightest idea what it looked like or what might be found there. That, however, is a subject for the next chapter. Right now, what we need is a tour of “near side” mysteries that we can do from Earth with a telescope. Fortunately, there’s no shortage of these—some from science fiction, others from “non-fictional” speculation. This tour covers six that we’ve already come across in previous chapters (see Fig. 10.11).[image: A446776_1_En_10_Fig11_HTML.jpg]
Fig. 10.11The sites of the six lunar “mysteries” described in this section (Background image: NASA)





For Earthbound observers, the lunar south pole (see Itinerary Three: The Southern Highlands) is almost as mysterious as the far side. It’s very difficult to see because of the viewing angle, and some craters are permanently dark because the Sun never reaches inside them. This area is a focus of current scientific interest because it’s known to contain water ice, but the film Apollo 18

                
               (2011) suggested there’s a much more sinister presence there, too—in the form of Rock Aliens.
Also covered in Itinerary Three was the bright, rugged crater Tycho
. That’s the location of one of the Moon’s best known fictional mysteries—the enigmatic Tycho Monolith portrayed in both the book and movie versions of 
                2001: A Space Odyssey
                
                
               (1968).
An alien presence of a completely different type is found in Stephen Baxter
                
              ’s novel Moonseed (1998). The eponymous “Moonseed”—consisting of a mass of self-reproducing, devastatingly destructive alien nanomachines—is found in Schröter’s Valley
                
               near the crater Aristarchus
 (see Itinerary Six: The Ocean of Storms).
Moving away from fiction, perhaps the best studied of all Moon mysteries—among amateur astronomers, at any rate—are the so-called Transient Lunar Phenomena, or TLPs
                
              . Consisting of brief flashes of light or other temporary changes in the Moon’s appearance, these occur at various locations around the visible disk. One of the best documented TLPs was observed in the 1950s inside Alphonsus
 crater (see Itinerary Four: Around the Sea of Clouds).
The subject of TLPs is a controversial one—but nothing like as controversial as the artificial structures that fringe researchers like Richard Hoagland
                
               claim to have found in NASA images of the Moon. One of the most notorious of these is the so-called Shard, in the Sinus Medii
 area (see Itinerary Four: Around the Sea of Clouds). Long before Hoagland, however, the 19th century astronomer Franz von Gruithuisen
                
               claimed to have observed a whole city in the same general area of the Moon (see Fig. 10.12).[image: A446776_1_En_10_Fig12_HTML.jpg]
Fig. 10.12A drawing by the astronomer Gruithuisen of the lunar “city” he claimed to have seen through his telescope (Public domain image)





Our final lunar mystery comes from the world of comic books: the Blue Area of the Moon, which has appeared on and off in Marvel Comics
 ever since 1963. This is supposedly the remains of a high-tech city created by an alien race in the far distant past. There’s some inconsistency—from reboot to reboot—in descriptions of its location, but in its earliest appearances it seems to have been portrayed as lying close to the crater Luther in Mare Serenitatis (see Itinerary One: Around the Sea of Tranquility).
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11. The Dark Side of the Moon
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The term “the dark side of the Moon” is usually taken to mean the side that always faces away from Earth—which was “dark” in the sense that nothing was known about it prior to the space age. This led to all manner of speculations—both fictional and non-fictional—and some of the more interesting ones are described in this chapter. In a more literal sense, the “dark side of the Moon” is the side away from the Sun—which is where the Earth is during a solar eclipse
. That subject is also covered in this chapter—together with the less spectacular but easier-to-observe phenomenon of lunar eclipses
.
The Face We Never See
Some people—the usual pedantic types—get very upset by the phrase “dark side of the Moon.” That’s because, over the course of a month, the whole Moon (with the exception of some small regions near the poles) gets just as much sunlight as any other. As with the Earth, the Moon has a recurring cycle of days and nights (although the full cycle takes a month, rather than just 24 h). At Full Moon we see the daylight side; at New Moon we see the night side.
There’s still a big difference between the near and far sides, though. It may help to think of someone standing in, say, the Sea of Tranquility on the near side. For them, “Full Earth” corresponds in time to our “New Moon” (as explained in Chap. 1: Plan Your Trip). In other words, it occurs in the middle of the night from their point of view, when the Sun is shining on the far side. Due to its larger size and greater reflectivity, that “Full Earth” is much brighter than a Full Moon is on Earth. So for the person standing in the Sea of Tranquility, it won’t be completely dark even though it’s the middle of the night. For the same reason, we can often see the New Moon—illuminated not by the Sun but by Earthshine
.
This just doesn’t apply to the far side—for someone living there, the Earth might as well not exist at all. They can’t see it during the day, and they can’t see it at night—for the simple reason that it’s perpetually below their horizon. So when it’s dark on the far side of the Moon
, it really is dark.
The far side is “dark” in another sense, too. Before the advent of space travel, it was completely unknown to people on Earth. There’s an analogy here with another term the purists hate: “the Dark Ages.” That refers to the period of European history immediately following the fall of the Roman Empire, when people almost completely stopped writing books and constructing magnificent public buildings, monuments and engineering works. To refer to this situation as “dark,” in the sense of ignorant and uncivilized, is a subjective judgment that’s frowned on by academics—but no-one can deny that it’s “dark” in the alternative sense that we know so little about it.
It’s the same with the dark side of the Moon. Until it was first photographed in 1959, people could only speculate about what it was like. During the 19th century it was even suggested that it might harbor a sea and atmosphere. It wasn’t just crackpot theorists who toyed with this idea, but serious astronomers. Here’s what John Herschel
 had to say on the subject in 1870:The lunar atmosphere would rest upon the lunar ocean, and form in its basin a lake of air … It by no means follows, then, from the absence of visible indications of water or air on this side of the Moon, that the other is equally destitute of them, and equally unfitted for maintaining animal or vegetable life. [1]



The same year, 1870, saw the publication of Jules Verne
                
              ’s novel Around the Moon. He carefully avoided the issue of the “dark side” by having his travelers arrive at Full Moon, when that side really was dark. This makes it just as impossible for them to view the far side as it is for an Earth-based observer. In the story, the situation inevitably leads to both frustration and speculation:It was precisely this unknown hemisphere which was hidden from their sight. That face which a fortnight sooner, or a fortnight later, would have been magnificently lighted up by the solar rays, was lost in absolute obscurity. … It is generally admitted, from selenographic observations, that the invisible hemisphere of the Moon is perfectly similar in composition to the visible hemisphere. … The same nature and the same world, arid and dead, might be predicted. However, if the atmosphere had taken refuge on this face! If, with the air, water had given life to these regenerated continents! … What interesting questions were to be solved! What solutions might have been drawn from the contemplation of this hemisphere! What delight, to cast a glance upon this world, which the human eye had never seen! The disgust of the travelers may be conceived, in the midst of this dark night. All observation of the lunar disk was impossible. [2]



Throughout the early 20th century, the Moon’s far side
                
               held a huge attraction for science fiction writers because it was the closest place to Earth that was still completely unknown—and hence might, possibly, harbor alien life. A typical example from the early days of pulp magazines is Edmond Hamilton
                
              ’s “The Other Side of the Moon,” published in Amazing Stories Quarterly in 1929. In this version of the far side, the protagonists discover a huge domed city built by intelligent turtle-like creatures (see Fig. 11.1).[image: A446776_1_En_11_Fig1_HTML.gif]
Fig. 11.1Illustration from a pulp magazine story called “The Other Side of the Moon” (Public domain image)





Although the characters arrive at Full Moon, they find the “dark side” isn’t as dark as it’s supposed to be—thanks to artificial lighting:And in this mighty city about us, this great turtle city that lay now beneath the darkness of the Moon night, two weeks long, even as the Moon’s Earthward side lay in the lunar day of two weeks, the Moon creatures could change their night to dusk, at least, lighting it by their great glowing circles inset in their buildings. Shielding it from the awful cold of space, from the airless void, by the giant transparent roof far above it, which we knew must cover all the Moon’s far side
                    
                  , a great air-tight shield which made existence here in their city possible by means of an artificial air supply. [3]



A science fiction trope that emerged a little later was the bizarre—but surprisingly popular—idea of putting secret Nazi bases on the dark side of the Moon. This can be traced as far back as 1943, when the Second World War was in full swing and the Nazis were still in power in Germany. In A.E. van Vogt
                
              ’s short story “The Beast,” which first appeared in the November 1943 issue of Astounding Science Fiction, the protagonist crashes on the far side only to discover a network of “Nazi strongholds on the Moon” [4]. Sadly, when van Vogt
                
               revised and expanded the story for book publication 20 years later, he updated the Nazis to the far less sinister-sounding “East German communists.”
This misses the point, though. Just because the Nazis were defeated on Earth, that doesn’t mean some of them might not have escaped to the Moon (in fact, to a certain kind of conspiracist logic, it makes it more likely). This particular view first cropped up in Robert A. Heinlein
                
              ’s 1947 novel Rocketship Galileo

                
              . The titular spacecraft—piloted by a group of Americans who believe they are the first to reach the Moon—lands just beyond the visible face “some place west of Oceanus Procellarum
 and near the equator” [5]. It’s not long, however, before they discover that the Nazis got there first—with an ominous purpose in mind:The plans were simple—the conquest of the entire Earth. The Nazis were few in number, but they represented some of the top military, scientific and technical brains from Hitler’s crumbled empire … When they achieved spaceflight, they had an answer. They would sit safely out of reach on the Moon and destroy the cities of Earth one after another by guided missiles. [6]



65 years after Heinlein
                
              ’s novel, much the same idea recurs in one of the best sci-fi movies of recent years, the tongue-in-cheek 
                Iron Sky
                
               (2012). Here’s the blurb from the back cover of a DVD edition:In 1945 the Nazis flew to the dark side of the Moon, and established a secret hideout, where they’ve been preparing for their grand return. The year is 2018, and the Americans return to the Moon in search for powerful energy source, helium-3
. They end up landing too close to the secret Nazi fortress, and although the big Nazi weapon Götterdämmerung is not yet ready to be deployed, soon the skies are full of iron, as the Nazi war machines take a pre-emptive move against the threat from Earth. [7]



From a science fiction writer’s perspective, if there’s one thing that’s even more appealing than a secret Nazi base it’s a mysterious alien artifact. This doesn’t have to posit the scientifically improbable notion of native lunar life—it might be the work of passing alien travelers who left behind enigmatic traces of their visit. The most famous artifact of this type is the monolith from 
                2001: A Space Odyssey
                
                
              , which was dug up in Tycho
 crater on the near side (see Itinerary Three: The Southern Highlands). However, a far-side counterpart of the monolith is the strange alien “Death Machine” in the novel Rogue Moon (1960) by Algis Budrys
                
              . As one of the characters explains:Earlier this year, the Air Force obtained one radioed photograph from a rocket which it attempted to put into a lunar orbit
                    
                  . The rocket came much too close, and crashed somewhere beyond the edge of the visible disk. […] All this showed was that there was something on the Moon whose extent and nature were not determined by the photograph, but which resembled no lunar or terrestrial feature familiar to human knowledge. We have, since then, measured its extent as best we can, and can say it is roughly a hundred meters in diameter and twenty meters high, with irregularities and amorphous features we cannot accurately describe. [8]



On the very first page of Budrys
                
              ’s novel, he explicitly states that it’s set in 1959. On October 6 that year a spacecraft really did fly past the Moon and photograph its far side
                
              . It was only a fleeting visit—the spacecraft didn’t enter lunar orbit—but it was the first time anyone had ever seen the Moon’s hidden face. The feat—like most space “firsts” in those days—was the work of the Soviet Union, with a probe named Luna 3
 (see Fig. 11.2).[image: A446776_1_En_11_Fig2_HTML.gif]
Fig. 11.2A postage stamp commemorating the flight of Luna 3
 in 1959. The inscription in Russian reads “The Soviet technoplanetary station photographed the invisible side of the Moon” (Public domain image)





The pictures sent back by Luna 3
 were blurry and indistinct, but they showed no traces of mysterious alien artifacts—or anything else out of the ordinary. If anything, the far side was less remarkable in appearance than the near side, in that it was almost completely devoid of the characteristic dark “seas” that make the visible face so interesting to look at. By contrast, the whole of the far side
                
               looks like the Southern Highlands—a heavily cratered wilderness.
Further, more detailed, photographs by subsequent orbiters confirmed this impression. The far side is now just as thoroughly mapped and photographed as the near side. The reason for its rather different appearance is believed to have arisen because the far side has a significantly thicker crust than the near side. This means that huge impacts, early in the history of the Moon, weren’t able to penetrate far enough to release the volcanic lava that produced the near-side seas. The fact that this thicker crust is located on the side away from us isn’t a coincidence—the Moon was lined up that way as a result of the original tidal locking
                
               process (see Chap. 1: Plan Your Trip).
The only two lunar seas on the far side are Mare Moscoviense
 (Moscow Sea) and Mare Ingenii
 (the Sea of Ingenuity). They’re both small, at around 300 km across. That makes them smaller than Mare Nectaris
 on the visible face, which is dwarfed by its neighbors Mare Tranquilitatis
 and Mare Fecunditatis.
Because the Russians were the first to photograph the far side, they got to name its most prominent craters before anyone else had a chance. Three of the most striking, for example, are named after the Russian rocket pioneer Konstantin Tsiolkovsky
                
              , the designer of the Soyuz spacecraft Sergei Korolev
                
              , and the first man in space Yuri Gagarin. Most people, however, would agree that all three of them are fully deserving of the honor bestowed on them.
Not all the “new” craters were named after Russians (see Fig. 11.3). The center of the far side is marked by a sharply defined crater named Daedalus
, after a character from ancient Greek mythology. The pioneering science fiction writer Jules Verne
                
              —who was French, of course—was awarded a prominent, dark-floored crater that would rival Ptolemaeus
 in size if it had been on the near side. Finally, one of the biggest of all the Moon’s craters was named after Project Apollo. At over 500 km across, the Apollo crater is so big that it would make an impressive lunar sea if it had been filled with lava.[image: A446776_1_En_11_Fig3_HTML.jpg]
Fig. 11.3
Lunar Reconnaissance Orbiter
 photograph of the far side
                        
                       of the Moon, with some of the main features labeled (Background image: NASA)





The fact that the far side is no longer as “unknown” as it used to be hasn’t completely removed its fascination. From the point of view of the ordinary inhabitants of Earth—as opposed to government-controlled space agencies—it’s as hidden from sight as ever. That fact isn’t lost on conspiracy theorists, who envisage all manner of sinister activities on the Moon’s “dark side.”
The spoof documentary 
                Alternative 3
                
              , shown on British television in 1977, played up to these ideas. After showing a map of the near side, with all the manned and unmanned landing sites marked by Soviet and American flags, the host goes on to show a second map with a tight cluster of flags from both nations:But our researches show another pattern of landings, on the far side
                    
                   of the Moon—the dark side—the side hidden from us on Earth. Are we to assume that this remarkable grouping of American and Soviet landings is mere coincidence? [9]



Freezing the frame and inspecting it closely shows that the flag cluster is located on the eastern rim of Mare Smythii—which indeed is just on the far side, beyond the portion of that sea that is visible from Earth. The suggestion, of course, is that the global authorities have set up a clandestine Moon base there.
Other works have suggested less sinister uses for the far side, such as the setting up of mining colonies there. That’s the premise of the 1969 film 
                Moon Zero Two
                
              , and its novelization by John Burke
                
              . While the near-side Moon bases are portrayed as slick and tourist-friendly, 
                Moon Zero Two
                
              ’s far side is closer to the Wild West of the 19th century:Farside 5 was one of the most spartan of the frontier trading posts. It consisted of only three interconnected domes, with a clump of radio masts and two ranks of solar power panels. Nobody had been sent out to work on modern murals or to set up an exhibition of contemporary design here. [10]



In the real world, mining on the far side
                
               of the Moon is a genuine possibility—not just for ordinary minerals, but for the valuable isotope helium-3
, as mentioned in the 
                Iron Sky
                
               blurb quoted earlier. Despite the tongue-in-cheek nature of that film, the prospect of helium-3
 mining is a perfectly serious one—we will come back to it later on, in Chap. 14: The Future of Lunar Tourism.
Another potential use of the lunar far side is for astronomy, as Arthur C. Clarke
                
               explains:The Moon might have been designed as the ideal site for an astronomical observatory. Its almost total absence of atmosphere means that seeing conditions are always perfect … and the slow rotation means that objects can be kept under observation for two weeks at a time. These advantages, great though they may be for the optical astronomer, will be even more overwhelming for the radio observer, who can also find another bonus on the Moon. At the center of the far side, he will be permanently shielded from all the electrical noise and interference of civilization by 2,000 miles [3,200 km1] of solid rock. [11]



In passing, it’s worth noting that this provides us with yet another justification for that much-maligned term “dark side of the Moon.” Astronomers always want the darkest of dark nights, and that’s exactly what they’d get there—not just in visible wavelengths, but hidden from all the artificial electromagnetic radiation—radio, TV, cell phones—emanating from Earth as well.
In their 1992 novel Assemblers of Infinity, Kevin J. Anderson
                
               and Doug Beason
                
               portray the far side of the Moon
 as a place where both helium-3
 mining and a vast radio telescope are in operation. The latter is located inside the 100-km diameter crater Daedalus
:For all practical purposes, Daedalus
 crater was the most remote spot in the Solar System. Centered 180 degrees from the Earth-facing side and only four degrees below the lunar equator, Daedalus never saw or heard Earth, never received stray radio waves that might diffract over the lunar horizon and ruin delicate astronomical measurements. Here in the orbital shadow, Daedalus crater was the perfect spot to station a very low frequency array to study portions of the radio spectrum that were drowned out on Earth. [12]




Daedalus
 crater really is being considered as the prime site for a Moon-based radio telescope. Not only is it bang in the center of the far side, but it has a three-kilometer-high rim for added defense against stray radio signals. A major proponent of the idea is the Italian astronomer Claudio Maccone
                
              , who believes that Daedalus should be given a special protected status to ensure it remains a permanent quiet zone for radio astronomy: “The far side is in my opinion a unique treasure that should be preserved for the sake of humankind” [13].


              Solar Eclipses

            
In its most literal sense, the “dark side of the Moon” is whichever side happens to be facing away from the Sun—its night side, in other words. Except for the technicality of altitude, it’s not a place that requires a spaceship to get to—it’s where the Earth is during a solar eclipse
.
Viewed from an outside perspective, an eclipse is caused by the precise alignment of three celestial bodies: the Sun, Moon and Earth, as shown in Fig. 11.4.[image: A446776_1_En_11_Fig4_HTML.gif]
Fig. 11.4Schematic diagram (not to scale) showing the geometry of a total solar eclipse
 (Public domain image)





In approximate terms, this alignment occurs at every New Moon. The fact that the Moon’s orbit
                
               around the Earth is tilted relative to the Earth’s orbit around the Sun, however, means they don’t form a perfect straight line every month. On the occasions when they do, the Moon casts a shadow onto the Earth’s surface, as shown in the diagram (the technical terms “umbra” and “penumbra” will be explained later, in the context of lunar eclipses
).
As far as a viewer on Earth is concerned, this alignment means that the Moon appears to pass across the face of the Sun. Most eclipses are partial, in the sense that only part of the Sun is covered by the Moon. A total eclipse is a much more dramatic spectacle, because the Sun is briefly blocked out completely, and the sky becomes as dark as night. Eclipses of this type aren’t as rare as many people think—they happen every year or two—but they’re only visible from a very localized part of the Earth’s surface. That means that if you want to see one, you’ll almost certainly have to travel in order to do so.
By a strange coincidence, both the Moon and the Sun appear pretty much the same size in the sky. That’s because, although the Sun is some 400 times larger than the Moon, it’s also roughly 400 times further away. This creates an ideal situation from an astronomer’s point of view, because it means the Moon completely blocks out the blazingly bright body of the Sun, while leaving the tenuous surrounding atmosphere—called the corona—clearly visible. Even more dramatically, filaments of denser solar material, called prominences, can sometimes be seen shooting out into the corona.
Although solar eclipses
 are “caused” by the Moon, from an observational standpoint they’re all about the Sun. As Stephen James O’Meara
                
               puts it:The brilliant light of the corona visually enhances the darkness of the New Moon’s face, making observations of any lunar features invisible at a glance. [14]



Having said that, O’Meara adds that “a long exposure will clearly show eclipse Earthshine
,” since only a tiny fraction of the Earth’s surface is darkened by the eclipse. Nevertheless, most people will be far too interested in the—possibly once-in-a-lifetime—spectacle of the eclipse to bother about the Moon!
It’s also a bad idea to try photographing an eclipse, unless you know exactly what you’re doing. Total eclipses only last a few minutes, and immediately before and after the visible portions of the Sun are as fiercely bright as ever. That makes observing an eclipse something that always needs to be approached with caution. Everyone knows you can destroy your eyesight by looking straight into a laser beam—and looking straight at the Sun for more than a fraction of a second is just as bad.
It’s not just eyes that risk being damaged by the Sun, but cameras and other optical equipment too. This fact was highlighted during the second manned lunar landing—Apollo 12
, in November 1969—which was the only one not to transmit a live TV feed back to Earth. That was because one of the astronauts, Al Bean, accidentally pointed the camera at the Sun while he was setting it up.
The only safe way to look at the Sun during an eclipse—or at any other time—is to use equipment specially designed for the purpose. One low cost option—which also allows you to take photographs of the Sun very simply and perfectly safely—is the kind of “solarscope
” depicted in Fig. 11.5. This projects the view from a small, specially designed telescope onto a screen inside a protective box.[image: A446776_1_En_11_Fig5_HTML.jpg]
Fig. 11.5Front and back views of a simple “solarscope
”—one of the safest ways of viewing the Sun (Author’s photographs)





What would an observer on the Moon see during a solar eclipse
? The answer is a small dark shadow moving across the face of an otherwise “Full Earth.” This is the Moon’s own shadow, of course—the projection of a long tube of darkness extending all the way from the Moon to the Earth. Bizarre as it may sound, this “tube” featured as a means of transport in one of the first ever works of science fiction, Kepler
                
              ’s Somnium (1608). As science writer Brian Clegg
                
               explains:Kepler has his fictional hero cross an insubstantial bridge of darkness, used by lunar demons to make the journey over to the Earth during eclipses. [15]



The demons themselves explain the process in the following way:If the sharp point of the Moon’s shadow touches the Earth, which often happens, our allied squadrons fall upon the Earth. As long as men can see the Sun’s eclipse, we cannot do otherwise—so it is that solar eclipses
 are so much feared. [16]



The “fear” of eclipses that Kepler
                
               refers to is common in cultures that consider them to be capricious, supernatural events. In reality, of course, the exact opposite is true—eclipses are as explicable and predictable as clockwork. Europeans have understood that for a very long time. By the 2nd century B.C.E., for example, Hipparchus
 had constructed a mathematical model of the Moon’s orbit
                
               which allowed eclipses to be predicted with great accuracy (see Chap. 3: A Brief History of the Moon).
It’s not necessary, however, to understand all the intricacies of orbital theory to work out that eclipses are predictable occurrences. You just need to look for regular patterns in the record of such events. That seems to have been what Thales of Miletus
 did, way back in the earliest days of classical Greece, when he reputedly foresaw the solar eclipse
 of 585 B.C.E. He probably only predicted it to the nearest New Moon—not to a specific time of day—but it was still a major step toward proving that eclipses are scientific phenomena rather than supernatural ones.
This understanding gives scientifically savvy people a certain power over more superstitious types—or at least, it does if they’re the protagonists of a certain type of adventure fiction. Perhaps the best known example occurs in H. Rider Haggard
                
              ’s 1885 novel King Solomon’s Mines, set in the heart of Africa. Although most modern printings reproduce a later revised edition, the text of that first edition can be found in the Oxford University Press “World’s Classics” series. It includes the following scene, in which three British explorers (John Good, Henry Curtis and the narrator, Allan Quatermain) are discussing how they might produce a “sign” to impress the locals:As soon as they were gone, Good went to the little box in which his medicines were, unlocked it, and took out a note-book, in the front of which was an almanac. “Now, look here, you fellows, isn’t tomorrow the fourth of June?”
We had kept a careful note of the days, so were able to answer that it was.
“Very good; then here we have it—‘4 June, total eclipse of the Sun commences at 11.15 Greenwich time, visible in these islands, Africa, etc.’ There’s a sign for you. Tell them that you will darken the Sun tomorrow.”
[…]
“Suppose the almanac is wrong,” suggested Sir Henry to Good, who was busily employed in working out something on the fly-leaf of the book.
“I don’t see any reason to suppose anything of the sort,” was his answer. “Eclipses always come up to time; at least, that is my experience of them, and it especially states that it will be visible in Africa. I have worked out the reckonings as well as I can, without knowing our exact position; and I make out that the eclipse should begin here about one o’clock tomorrow, and last till half-past two. For half an hour or more there should be total darkness.” [17]



In the more commonly reprinted versions of the novel, this scene is amended to feature a lunar rather than solar eclipse
, as explained in an editorial note in the Oxford edition:After King Solomon’s Mines was published, it was pointed out that Haggard
                    
                  ’s description of the Sun’s eclipse was inaccurate both as to its duration and its being observable in Britain and Africa at the same time. Haggard consequently changed his account of the eclipse of the Sun to one of the Moon. [18]



That all sounds fair enough—but what, exactly, is an “eclipse of the Moon”?


              Lunar Eclipses

            
Most people—even those with no other knowledge of astronomy—have heard of a solar eclipse
. A lunar eclipse
                
              , on the other hand, is a much less talked about phenomenon. From a geometrical standpoint, it’s essentially the opposite of a solar eclipse. The latter occurs during a New Moon, when the Moon lines up precisely between the Sun and the Earth. In contrast, a lunar eclipse
                
               occurs at Full Moon, when the Earth lines up precisely between the Sun and the Moon. This means the Moon gets caught in the Earth’s shadow, as shown in Fig. 11.6.[image: A446776_1_En_11_Fig6_HTML.jpg]
Fig. 11.6Schematic diagram (not to scale) showing the geometry of a lunar eclipse
                        
                       (NASA image)





As shown in the diagram, the Earth’s shadow has two parts, called the umbra and penumbra (it’s the same with the Moon’s shadow during a solar eclipse
, as shown earlier in Fig. 11.4). From a viewpoint inside the umbra, the Earth blocks the entire face of the Sun, while inside the penumbra only part of it is blocked. This means that a penumbral eclipse is less dramatic than an umbral one, in which the entire Moon is consumed by the Earth’s shadow.
From an observer’s perspective, lunar eclipses
 have two great advantages over solar ones: they last for hours rather than minutes, and they can be seen from the whole hemisphere of the Earth that is facing the Moon (these, of course, are also the reasons why a lunar eclipse works in King Solomon’s Mines and a solar eclipse
 doesn’t). Lunar eclipses occur no more frequently than solar eclipses—but the chances you will be able to observe one from your backyard are much higher.
It has to be admitted, though, that a lunar eclipse
                
               just isn’t as spectacular as a solar one. As Patrick Moore
                
               puts it:A lunar eclipse
                    
                   is not so exciting as a total eclipse of the Sun; there are no prominences or coronal rays, and everything happens much more slowly. Yet the passage of the Moon through the dark cone of shadow cast by our own world has a quiet fascination all its own. [19]



You might think the Moon would disappear completely during a total (umbral) eclipse, but surprisingly that’s not the case. Sunlight still manages to get through to it, despite being completely blocked out by the body of the Earth. This is because light rays passing through the Earth’s atmosphere get bent, or refracted, just as they are when passing through the lens of a telescope. The light that makes it through tends to be predominantly red in color, which can sometimes give the Moon a dramatic blood-red hue (see Fig. 11.7).[image: A446776_1_En_11_Fig7_HTML.jpg]
Fig. 11.7The Moon sometimes takes on a distinctly red hue during a lunar eclipse
                        
                       (NASA image)





If this was the type of eclipse that occurred in King Solomon’s Mines, the local tribesmen might have found it just as impressive as Haggard
                
              ’s original choice of a solar eclipse
!
There’s another reason why a lunar, rather than solar, eclipse makes an interesting choice in this context. There’s a real-world precedent for such a feat of prediction, involving no less a figure than the great explorer Christopher Columbus
                
              —if the anecdotes are to be believed. Victorian folklorist Timothy Harley recounted the story as follows:It is well known that Columbus found his acquaintance with the calculations of astronomy of great practical value. For when, during his last expedition, he was reduced to famine by the inhabitants of the newly discovered continent, who kept him and his companions prisoners, he, aware that an eclipse was at hand, threatened to deprive them of the light of the Moon, if they did not forthwith bring him provisions. At first they did not care; but when the Moon disappeared, they brought abundance of supplies, with much entreaty of pardon. This occurred on the first day of March, 1504, a date which modern tables of lunar eclipses
 may fully verify. [20]



Ultimately, the only difference between solar and lunar eclipses
 is one of perspective. Seen by someone on the Moon, what we refer to as a lunar eclipse would be a solar eclipse
. It wouldn’t be quite the same as a solar eclipse
 on Earth, though, because that peculiar coincidence of sizes wouldn’t apply. The Sun looks the same size in the Moon’s sky as it does in the Earth’s, but the Earth looks much bigger—by a factor of four. So rather than just covering up the Sun’s disk, the Earth would hide the corona as well.
There’s another difference, too. The refraction of sunlight through the Earth’s atmosphere would mean that an observer on the Moon would see a red ring running all the way round the Earth—and more dramatically, the surrounding lunar landscape would look eerily red as well.
No-one has ever witnessed a solar eclipse
 from the surface of the Moon, but when they were returning from it in November 1969 the Apollo 12
 astronauts saw the Earth eclipse the Sun from the perspective of their spacecraft (see Fig. 11.8).[image: A446776_1_En_11_Fig8_HTML.jpg]
Fig. 11.8The Sun eclipsed by the Earth, photographed by the Apollo 12
 astronauts (NASA image)





A commentary on the event was provided by Al Bean—the same person who, a few days earlier, had destroyed Apollo 12
’s TV camera by pointing it at the Sun:Fantastic sight. What we see now is—the Sun is almost completely eclipsed now, and what it’s done is illuminated the entire atmosphere all the way around the Earth. … It really looks pretty. You can’t see the Earth. It’s black just like the—space. … You can’t see any features on it. All you can see is this sort of purple-blue, orange, some shades of violet, completely around the Earth. [21]
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Footnotes
1The Moon’s diameter is actually 3,470 km.
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While the Earth’s own Moon is the only one that can be explored in detail with a ground-based telescope, it’s not the only one that can be seen. Even a small backyard telescope can be used to view the four largest moons of Jupiter
, and larger telescopes have detected a host of moons orbiting around of the various planets of the Solar System. Looking like tiny dots of light to an Earth-based observer, almost everything we know about these mini-worlds comes from space probes. Nevertheless, with a bit of imagination they make fascinating destinations for the telescopic tourist—as this chapter shows.
Moons Plural?
At one time there was no ambiguity over the word “Moon.” It referred to the Earth’s natural satellite and to nothing else—for the simple reason that it was the only one anyone knew about. However, with the discovery of similar satellites around other planets, the word “moon”—lower case m—was extended to encompass them too.
It’s an awkward situation, and science fiction writers have done their best to get people to refer to our own satellite as “Luna,” after the Roman goddess of the Moon. That’s based on the perfectly sound reasoning that virtually every other sizeable body in the Solar System is also named after a Roman deity. Sadly, it’s an argument that’s fallen on deaf ears, so we’re stuck with “the Moon” (singular, upper-case) and “moons” (plural, lower-case).
To date, there are over 180 known moons in the Solar System—most of them small, irregularly shaped rocks a few tens of kilometers across. More interesting, however, are the so-called “regular moons”—the ones that are large enough for gravity to have pulled them into a roughly spherical shape. Our Moon is just one of these.
The largest regular moons—those over 1000 km in diameter—are shown in Fig. 12.1, on the same scale as the planets Earth, Venus, Mars and Mercury, and the dwarf planet Pluto.[image: A446776_1_En_12_Fig1_HTML.jpg]
Fig. 12.1Some of the Solar System’s largest moons—and smaller planets—all shown on the same scale (Wikimedia Commons user primefac, CC-BY-SA-3.0)






Ganymede
, Callisto
, Io
 and Europa
 are the four regular moons of Jupiter
—and all but the last of them are bigger than our own Moon. Also in the category is Saturn
’s largest moon, Titan
, which like Ganymede is bigger than the planet Mercury.
Moving down the list, at about three-quarters the size of our own Moon we come to Triton, Neptune
’s largest moon—which is bigger than the dwarf planet Pluto. The other moons illustrated in Fig. 12.1 are all between a quarter and a half the size of our Moon. These are Saturn
’s moons Rhea, Iapetus, Dione and Tethys; Uranus
’s moons Titania, Oberon Umbriel and Ariel, and Pluto’s own satellite Charon.
Much of what we know about the Solar System’s moons—even the very existence of the smaller ones—comes from space missions. Nevertheless, it’s possible to see many of the larger moons with an Earth-based telescope—albeit not in any great detail.
The first “new” moons were discovered very soon after the invention of the telescope, when Galileo
                
               observed the four regular moons of Jupiter
 in 1610. This was a hugely important moment in the history of astronomy—the first time that new objects, other than transient phenomena like comets, had ever been discovered in the Solar System. Jupiter
’s moons were special in another way, too. They were the first Solar System bodies that orbited around anything other than the Earth or Sun—dealing a near-terminal blow to the medieval view that the Earth had a special, privileged place in the universe.
Because no-one had discovered a previously unknown, permanent resident of the Solar System before, there was no precedent for naming the four new moons. This was a challenge Galileo fumbled rather badly. He decided to call them “the Medician Stars,” after the Grand Duke Cosimo Medici—a former student of his, who was now in a position of considerable political power in the part of northern Italy where Galileo lived.
The absurdity of this choice is reflected in an amusing scene in the novel Galileo’s Dream (2009), by Kim Stanley Robinson
                
              , in which Galileo
                
               finds himself transported to the moon Europa
 in the far future:“Do you know where you are?”
“This is one of the four moons orbiting Jupiter
. I named them myself; they are called the Medician Stars.”
Her smile was wicked. “That name didn’t stick. It’s only remembered now as a notorious example of science kissing the ass of power.”
Affronted, Galileo said, “It was nothing of the sort!”
She laughed at him. “Sorry, but from our perspective it’s all too obvious. And always was, I’m sure. You failed to consider that major planetary bodies are not best named for one’s political patrons.”
“What do you call them, then?”
“They are named Io
, Europa
, Ganymede
 and Callisto
.” [1]



Those four names were suggested by Galileo’s German contemporary Simon Marius
                
              —who in turn had a prominent lunar crater named after him (see Itinerary Six: The Ocean of Storms). It’s a much more intelligent choice than Galileo
                
              ’s, being based on mythological characters who had legendary associations with the god Jupiter
. As with the classical planets, the names include a mix of genders—Ganymede
 was male, while Callisto
, Io
 and Europa
 were female. Collectively, however, they’re still referred to as the “Galilean moons,” in honor of their discoverer.
The five largest moons of Saturn
 were all discovered later in the 17th century. Like Jupiter
’s moons, they were named after a mixed-gender group of mythological figures: Titan
, Rhea, Iapetus, Dione and Tethys.
The two largest moons of Uranus
 were observed by William Herschel
                
               soon after he discovered that planet in the 1780s. They weren’t given names for several decades, though, until Herschel’s son John suggested they should be called Titania and Oberon—not after mythological characters but Shakespearean ones.
The same literary approach was used for all subsequently discovered moons of Uranus
, with names like Ariel, Umbriel and Miranda. However, there was a return to mythology when Neptune
’s largest moon was discovered in 1846, just weeks after the planet itself. It was called Triton, after the son of the god Neptune
.
As increasingly powerful telescopes were built, more and more planetary moons were discovered. By 1877, even Earth’s apparently moon-less neighbor, Mars, was found to have two tiny, asteroid-like satellites orbiting around it. They were called Phobos and Deimos, after the mythological companions of the god Mars.
At the start of the Space Age, some 30 moons were known to exist in the Solar System. Since then, at least 150 more have been added to the list—most of them discovered by spacecraft rather than ground-based telescopes. Several space missions have had close encounters with the moons of the outer planets—including Voyager 1
 and 2
                
              , launched by NASA in 1977. The latter is a strong contender for the title of second most impressive space achievement of all time, after the Apollo 11
 Moon landing. It managed to fit in close encounters with four different planets and at least a dozen of their moons (see Fig. 12.2).[image: A446776_1_En_12_Fig2_HTML.gif]
Fig. 12.2The path of Voyager 2
 through the Solar System (NASA image)






Voyager 2
 flew past Jupiter
 in July 1979, four months after Voyager 1
 had done so, and captured close-up views of all four of the Galilean moons. Just over two years later it reached Saturn
, in August 1981. That’s where Voyager 1
’s planetary encounters had ended, nine months earlier, with a spectacular close pass of the moon Titan
. Although Voyager 2
 didn’t match that feat, it made up for it with close encounters of some of Saturn
’s lesser known moons: Tethys, Enceladus and Hyperion.
That wasn’t the end of it, though. Voyager 2
 went on to rendezvous with Uranus
 in January 1986, where it had close encounters with the moons Ariel and Miranda, and photographed several others from a distance. Finally it reached Neptune
 in August 1989, where it made a special detour to fly past the moon Triton. That was quite a feat of astrodynamics in itself, since Triton’s orbit
                
               is tilted at 50 degrees to the main plane of the Solar System—in which the spacecraft had spent all its time up to that point.
How do you follow an act like Voyager 2
? For NASA, there could be only one answer—by putting a spacecraft into orbit around one of the multi-mooned outer planets. The obvious first target was Jupiter
, and the first spacecraft to go into orbit around that planet—in December 1995—was called Galileo
                
              , after the first person to have observed Jupiter’s natural satellites.
Galileo
                
              —the spacecraft, not the 17th century scientist—spent almost eight years scrutinizing Jupiter
 and its moons with an array of scientific instruments. It was positioned on a highly elongated orbit
                
               that took almost 12 weeks to complete. As far as Jupiter
’s moons were concerned, all the best action happened on the innermost portion of each orbit. These were carefully arranged to include close flybys of all four Galilean moons, as well as a smaller inner moon called Amalthea.
When the spacecraft’s fuel began to run low, NASA decided to end the mission in spectacular fashion—as space scientist Fred Taylor explains:Galileo
                    
                   ended its saga with a final plunge into the planet’s atmosphere, on Sunday, 21 September 2003, having circled Jupiter
 just 34 times in eight years. Rather than being switched off, and left to drift in space, the usual fate for redundant spacecraft, it was purposely destroyed to eliminate any chance of an impact in the future with one of the big moons, which might introduce contamination from the Earth. [2]



The logic here reflects what might be called “an abundance of caution.” As will be seen later in this chapter, some of Jupiter
’s moons are known to have liquid water beneath the surface. That means there was a tiny risk that any Earth microbes on the spacecraft might have started breeding there, contaminating a world that might or might not already harbor life of its own.
NASA followed up the success of Galileo
                
               with its Saturn
-orbiter Cassini. Between July 2004 and September 2017 it made over hundred close flybys of Saturn’s known moons—as well as discovering several previously unknown ones. Nevertheless, it was still rather overshadowed by another spacecraft, which had hitched a ride to Saturn with it. This was the European Space Agency
                
              ’s Huygens—and it wasn’t an orbiter, it was a lander.
The spacecraft’s unusual name comes from the Dutch astronomer Christiaan Huygens, who discovered Saturn
’s largest moon, Titan
, in 1655. He was a contemporary of the Italian Giovanni Cassini
                
              , after whom NASA’s spacecraft was named. Cassini was the person who discovered the next four of Saturn’s moons (Iapetus, Rhea, Tethys and Dione), as well as seeing Saturn’s rings clearly enough to discern structure within them.
As Cassini
                
              ’s space-faring namesake approached Saturn
, it released the Huygens probe which then headed straight for Titan
. It landed there on January 14, 2005, after sending a series of remarkable pictures back to Earth on its way down. To this day, it remains the only spacecraft to have landed on a moon other than our own.
We’ll come back to Huygens and Titan
 later on—but for the moment, it looks like we’ve strayed quite a long way from the subject of this book. Multi-billion-dollar spacecraft are all very well—but what can the average telescopic tourist expect to see?
Unless you’re very lucky as to equipment and dark-skies location, a telescope in your backyard is likely to struggle to see Uranus
 and Neptune
—let alone any moons orbiting around them. You can forget about the smaller moons of Jupiter
, and most of Saturn
’s, too. It’s not all bad news, though. Jupiter’s Galilean moons can be seen quite easily—after all, your telescope is better than Galileo’s—and so can Titan
 and Saturn’s rings. So those are the subjects we’ll focus on in the remainder of this chapter.


Jupiter
’s Galilean Moons

Jupiter
 is easily visible in the night sky for several months every year. It’s a long way away—five times further from the Sun than the Earth is—but it compensates for that with its sheer size. Jupiter’s diameter is a massive 140,000 km—more than a third the distance from the Earth to the Moon. That means that if it’s above the horizon at night, it will be one of the brightest objects in the sky.
Like all the planets, Jupiter
 isn’t always located in the same constellation. In fact, that’s how they got their name—planetai asteres comes from the ancient Greek for “wandering stars.” Seen from Earth, all the planets (and the Sun and Moon too) seem to move at different speeds through the 12 signs of the Zodiac.
In the case of Jupiter
, it takes about 12 years to complete an orbit
                
              —with the neat result that it appears to shift position by one constellation per year. At the time of writing, in 2017, it’s in Virgo. That means that in 2018 it will be in Libra, followed by Scorpio in 2019 … and so on.
To the naked eye, Jupiter
 looks like a bright dot of light. Actually it’s a tiny disk, with a maximum size (when Jupiter and Earth are at the closest points of their orbits
) of about a sixtieth of a degree—or a thirtieth the size of the Full Moon. The four Galilean moons—Io
, Europa
, Ganymede
 and Callisto
, in order of increasing distance—are bright enough that they would be faintly visible to the naked eye if they weren’t lost in the glare of Jupiter.
Even a modest backyard telescope will render the Galilean moons visible, as well as showing Jupiter
 as a disk with characteristic colored bands. Looking through the telescope’s eyepiece, you shouldn’t have any difficulty seeing both the disk and the moons at the same time. Unfortunately, photographing them that way is much harder. If you use a short exposure, you may get a good view of Jupiter—but the moons will be barely visible, if at all.
There are actually two problems here. The first is the obvious one—that the moons are only very faint sources of light. The other is that they’re so small, they may only register in a single pixel each—which doesn’t make for a very impressive picture. The easiest way to make the moons show up clearly is to take an overexposed photograph—but then you won’t be able to see any detail in the image of Jupiter
 (see Fig. 12.3).[image: A446776_1_En_12_Fig3_HTML.jpg]
Fig. 12.3Two photographs of Jupiter
, on the same scale and taken within minutes of each other. The lower image is massively over-exposed, but it clearly shows the positons of the four Galilean moons (Author’s photographs)





Because the moons are in constant motion—and because they all look like identical dots of light—it’s by no means obvious which is which. It’s no good counting outwards and expecting the innermost to be Io
 and the outermost Callisto
, because we’re viewing the system edge on. When Callisto is at the “nine o’clock” or “three o’clock” points of its orbit
                
              , then it will indeed be the outermost of the four. But what about “seven o’clock” or “five o’clock”? It will look quite close to Jupiter
 then—and may even be right on top of it at “six o’clock,” and hidden behind it at “twelve o’clock.”
In the days before the internet, there wasn’t a quick and easy solution to this problem—but now there is. There are several websites and mobile apps that will show you the exact arrangement of the Galilean moons at any given time. Consulting one such website [3], and entering the time at which the photographs in Fig 12.3 were taken—around midnight U.K. time on March 25, 2017—reveals that the Moon to the left of Jupiter
 is Europa
, while those to its right are Io
, Ganymede
 and Callisto
, in that order.
The reason we see the Galilean moons so close to “edge on” is that they orbit
                
               around Jupiter
 in essentially the same plane as the Earth and Jupiter—and all the other planets—orbit around the Sun. However, the rate at which planets and moons move around their orbits
 varies considerably, in accordance with a mathematical relationship first worked out by Kepler
                
               in the 17th century—his third law of planetary motion.
For a moon orbiting a planet, Kepler’s third law means that the square of its orbital period is proportional to the cube of its distance from the planet, divided by the mass of the planet. That last factor is particularly important when comparing the moons of different planets. For example, the distance between Io
 and Jupiter
 is slightly larger than the distance between our Moon and the Earth, which might lead you to think that its “month” was of a similar or slightly longer duration. However, because Jupiter is so much more massive than the Earth, Io
 only takes about 42 h, rather than 27 days, to complete an orbit
                
              . Even Callisto
, four and a half times further out, has a “month” of less than 17 days.
Before they were photographed from close quarters by space probes like Voyager and Galileo, the only thing people knew with certainty about the Galilean moons is that they were “worlds” of near-planetary size. As such, they were snapped up eagerly by science fiction writers—for whom an unknown, unexplored setting not too far from Earth was irresistible (see Fig. 12.4).[image: A446776_1_En_12_Fig4_HTML.gif]
Fig. 12.4Magazine illustration for Isaac Asimov
                        
                      ’s story “The Callistan Menace,” from 1940 (Public domain image)





The story illustrated here—one of the first to be written by that master of 20th century science fiction, Isaac Asimov
                
              —is “The Callistan Menace,” from the April 1940 issue of Astonishing Stories. It’s a fairly typical adventure story, of the kind that might at one time have been set on Earth’s own Moon, or in an unexplored part of Africa, before advancing knowledge pushed it further afield. Here’s the magazine editor’s blurb for the story:What was on Callisto
, the tiny moon of vast Jupiter
, that was deadly enough to make seven well-armed, well-equipped space expeditions disappear? And could the eighth expedition succeed where those others had failed? [4]



Asimov
                
              ’s portrayal of Callisto
 is only marginally non-terrestrial—perhaps like an early, prehistoric version of Earth:The surface of the lake was broken into boiling foam, and from it there reared the fore-parts of what appeared to be giant caterpillars. They squirmed out upon land, dirty-gray bodies dripping slime and water. They were some four feet long, about one foot in thickness, and their method of locomotion was the slowest of oxygen-conserving crawls. [5]



An important literary influence on the young Asimov
                
               was the writer Stanley G. Weinbaum
                
              —barely remembered today, but hugely popular in the 1930s. When a collection of his stories was put together in the 1970s under the title A Martian Odyssey, Isaac Asimov wrote the book’s introduction. As he explains there:Weinbaum
                    
                   had a consistent picture of the Solar System (his stories never went beyond Pluto) that was astronomically correct in terms of the knowledge of the mid-1930s. He … took the chance (though the theory was already pretty well knocked-out at the time) of making the outer planets hot rather than cold so that the satellites of Jupiter
 and Saturn
 could be habitable. [6]



That collection includes two stories set on the Galilean moons. First comes “The Mad Moon” (1935), set on the innermost moon Io: “The feverish little moon, bathed in warmth by the giant Jupiter
 only a quarter-million miles [400,000 km] away”. Weinbaum
                
               draws attention to the ever-changing illumination on Io
, as it races around Jupiter—sometimes direct from the Sun, almost 800 million kilometers away, at other times reflected light from Jupiter or from the next moon out, Europa
:It was as hot as the Venus hotlands because of its glowing primary, and subject to a half-dozen different forms of steamy daylight—sun day, Jovian day, Jovian and sun day, Europa
 light, and occasionally actual and dismal night. And most of those came in the course of Io’s 42-h revolution, too—a mad succession of changing lights. [7]



It’s Europa that provides the setting for the next story, “Redemption Cairn” (1936). Weinbaum
                
               guessed correctly that Europa would be tidally locked to Jupiter
, just as the Moon is to Earth:The small world received only a fourth as much heat as steamy Io, and would not have been habitable at all, except for the fact that it kept its face always towards its primary. [8]



A few notable exceptions like Weinbaum
                
               and Asimov
                
               notwithstanding, science fiction writers prior to the Space Age tended to ignore Callisto
, Io
 and Europa
 in favor of the largest of the Galilean moons, Ganymede
—which takes center stage in literally dozens of early sci-fi novels and short stories.
One of the most highly thought-of science fiction writers of the 20th century, Philip K. Dick
                
              , seems to have had a particular fascination with Ganymede
. He often used the adjective “Ganymedean” to add an exotic touch, in the same way that a 19th century writer might have used “Chinese” or “Tibetan.” It even features in the title of one of Dick’s novels, The Ganymede Takeover (1967), co-written with Ray Nelson. As the title suggests, the story is set on a future version of Earth that has been taken over by the ruling species of Ganymede
—described as “legless, armless, pink and very much like a large worm in appearance” [9].
A more amusing portrayal of a Ganymedean life-form can be found in Dick
                
              ’s 1964 novel Clans of the Alphane Moon—in the form of protagonist Chuck Rittersdorf’s neighbor, the improbably-named Lord Running Clam:Turning, Chuck saw a yellow Ganymedean slime mold that had silently flowed under the door of the conapt and was gathering itself into the heap of small globes which comprised its physical being.
“I rent the conapt across the hall,” the slime mold declared.
Chuck said, “Among Terrans it’s customary to knock.”
“I possess nothing to knock with.” [10]



As for Ganymede
 itself—as opposed to its inhabitants—Dick
                
              ’s contemporary Robert Silverberg
                
               provided an imaginative portrayal of it in his early novel Invaders from Earth (1958). The protagonist, Ted Kennedy (this was before the politician of that name had become famous), gets his first glimpse of the place in a video recording brought back by an exploratory mission:Kennedy found himself staring at an alien landscape, oddly quiet, oddly disturbing. Bleak whiteness confronted him: the whiteness of an almost endless snowfield, beneath a pale blue sky. Jagged mountain ranges, rock-bare and snow-topped, loomed in the distance. Clouds of grey-green gas swirled past the eye of the camera.
“This is the surface of Ganymede
,” came the attractively resonant voice … “As you can see, frozen ammonia-methane snow covers the ground in most areas.” … Suddenly the camera whirled dizzyingly upward for a look at the sky. Kennedy was jolted. Jupiter
 filled a vast segment of the sky, a great heavy ball hanging like a brooding giant just above. [11]



At the time Silverberg
                
               wrote that description, there wasn’t enough scientific evidence to say one way or another whether it was accurate or not. It’s quite an intelligent guess, in fact—but still completely wrong. Data from real space missions show that none of Jupiter
’s moons has an atmosphere of the kind Silverberg portrayed.
On the other hand, they’re interesting in ways that no science fiction writer ever foresaw. That’s partly because the moons are composed of a significant fraction of water, and partly because tidal forces
 from Jupiter
 generate a lot of internal heat. Putting all that together means that the most interesting action lies below the visible surface.
Fig. 12.5 shows cutaway views of the Galilean moons, as deduced by NASA from Galileo
                
               data. Reading clockwise from top left, the four moons are: Io
, Europa
, Callisto
, Ganymede
. Blue layers represent liquid water, while ice is shown in white, rock in brown and metallic cores in gray. It’s important to emphasize, however, that these pictures are only hypothetical—a “best guess,” in other words.[image: A446776_1_En_12_Fig5_HTML.jpg]
Fig. 12.5Hypothetical cutaway views of Jupiter
’s four Galilean moons—see text for explanation of the color coding (NASA image)






Callisto
—the furthest out of the four moons—is the only one that is believed to lack a metal core. It’s also shown as being the least differentiated in its internal structure, with a fairly uniform mixture of ice and rock. Callisto’s surface—which is probably mostly ice—is by far the most heavily cratered of the Galilean moons, looking rather similar to the far side of our own Moon
                
              .
The other three moons probably have a dense core of iron and nickel, much the same as the Earth itself. These cores are surrounded by layers of rock—and, in the case of Europa
 and Ganymede
, a planetwide ocean of liquid water beneath a frozen, icy surface. That surface looks fresher—with fewer visible craters—the closer a moon is to Jupiter
. That reflects the fact that the further in a moon is, the stronger the tidal stresses
                
              —and hence the more geologically active it is. This sequence reaches its peak with Io
, as planetary scientist David Rothery explains:Thanks to tidal heating
                    
                  , Io
 is the most volcanically active body in the Solar System, surpassing even the Earth. Nine eruption plumes were discovered by the Voyager probes, of which the largest was 300 km high and more than 1,000 km wide. … Io lacks any visible impact craters, because it is continually being resurfaced by volcanism that rapidly buries craters. [12]



After the Voyagers had uncovered some of the mysteries of Io
, it made a big-screen appearance as the setting for the 1981 film 
                Outland
                
              , directed by Peter Hyams. Given how much was known about Io by that time, the film is disappointingly unrealistic (the setting is really just an excuse to rework the classic Western High Noon as a sci-fi film).
Three years later, Hyams revisited Jupiter
’s moons for the movie adaptation of Arthur C. Clarke
                
              ’s novel 
                2010: Odyssey Two
                
                
              —the sequel to 
                2001: A Space Odyssey
                
                
               from the 1960s. Thanks to Clarke’s involvement, the later film is much stronger on scientific accuracy than 
                Outland
                
              —and draws much more heavily on the real-world Voyager data, as Clarke explains in the introduction to the novel:When 2001 was written, Io
, Europa
, Ganymede
 and Callisto
 were mere pinpoints of light in even the most powerful telescope; now they are worlds, each unique, and one of them—Io—is the most volcanically active body in the Solar System. [13]



In the novel itself, a Chinese team is the first to land on Europa
, in a spacecraft named Tsien. Heywood Floyd—the same protagonist as in 
                2001: A Space Odyssey
                
                
              —gives a commentary on the landing for the benefit of viewers on Earth:The satellite is almost entirely covered by ocean, averaging 50 kilometers deep. Because it’s so far from the Sun, Europa
’s surface temperature is extremely low—about 150 degrees below freezing. So one might expect its single ocean to be a solid block of ice. Surprisingly that isn’t the case because there’s a lot of heat generated inside Europa
 by tidal forces
—the same forces that drive the great volcanoes on neighboring Io
. So the ice is continually melting, breaking up and freezing, forming cracks and lanes like those in the floating ice sheets in our own polar regions. It’s that intricate tracery of cracks I’m seeing now … Tsien has landed right beside one of these white streaks. [14]



Sadly, the Chinese astronauts don’t last long on Europa
—soon falling victim to a strange, seaweed-like life-form that breaks through the ice from the ocean beneath. In this context, there’s an intriguing snippet in Clarke’s “Acknowledgements” at the end of the book:The fascinating idea that there might be life on Europa, beneath ice-covered oceans kept liquid by the same Jovian tidal forces
 that heat Io
, was first proposed by Richard C. Hoagland
                    
                   in the magazine Star and Sky (“The Europa Enigma,” January 1980). [15]



This is now a widely accepted idea, often mentioned in the mainstream media, so there’s no obvious reason to give Clarke’s statement a second thought. But wait a moment—isn’t that name “Richard C. Hoagland” familiar from somewhere? He’s the person who’s become notorious for hyping up pareidolia
 like the “Face on Mars” and the skyscraper-like “Shard” on the Moon (see Itinerary Four: Around the Sea of Clouds). It just goes to show—“crackpots” aren’t always wrong!
Beneath Europa
’s icy surface, that hidden ocean may contain as much as twice as much liquid water as all of Earth’s oceans put together. Coupled with Europa’s tidal heating
                
              , and by analogy with similar conditions on Earth, that makes it one of the strongest candidates in the Solar System as a potential habitat for extraterrestrial life. Quoting David Rothery again:There are ecosystems in Earth’s deep oceans that survive on the chemical energy emerging from hydrothermal vents. These do not depend at all on sunlight, which plants use to power their metabolism. It is entirely feasible that something similar exists round vents on Europa’s ocean floor, where they might be chemosynthetic microbes at the base of the food chain, and larger, possibly multicellular, predators feeding on them. [16]



In light of such speculations, it’s good to know that NASA is planning a future mission, called Europa Clipper
, to obtain more data on this subject. With a penciled-in launch date of 2022—although that’s far from certain—the spacecraft is designed to orbit
                
               Jupiter
 for more than three years, during which time it will perform at least 45 close flybys of Europa
 with an array of scientific instruments. Here’s what NASA scientist Robert Pappalardo says about the mission:We’re really trying to get at Europa’s potential habitability, the ingredients for life: water, and whether there’s chemical energy for life. We do that by trying to understand the ocean and the ice shell, the composition and the geology. And mixed into those is the level of current activity at Europa. [17]



Next time you see media coverage about the possibility of life on Europa
—and it’s something that comes round again and again—just remember that Europa is a real place that you can see with a telescope from your backyard. It’s one of those four tiny dots orbiting Jupiter
.


Titan
 and Saturn
’s Rings
One of the characteristics of the Solar System is that the planets are increasingly widely separated the further out they are. Thus although Saturn
 is the next planet after Jupiter
, it’s almost twice as far from the Sun. That means it takes even longer to complete an orbit
                
              —almost 30 years—so from an Earthbound perspective the planet spends two or three years in each zodiacal sign. So, for example, it’s in Sagittarius between 2018 and 2020, before moving on to Capricorn in 2021.
Seen in the night sky, Saturn
 isn’t as bright as Jupiter
, both because it’s further away and because it’s smaller in size—about four-fifths the diameter of Jupiter. Nevertheless, Saturn’s rings—which are highly reflective and therefore very bright—help to make up for this. Although they’re not visible to the naked eye, their added brightness does make Saturn more noticeable in the sky. The rings really come into their own, though, when viewed at higher magnification. For people with a modest backyard telescope, they provide what must be the second most dramatic spectacle after the Moon (see Fig. 12.6).[image: A446776_1_En_12_Fig6_HTML.jpg]
Fig. 12.6A typical view of Saturn
, as seen through a small telescope (Author’s photograph)





Looking closely at the image in Fig. 12.6, you can see that actually there are two distinct rings visible. These are called the A and B rings. The broader, brighter ring closer to the planet is the B ring, while the narrower, fainter one further out is the A ring. Between the two is a narrow gap called the Cassini division, after Giovanni Cassini
                
               who first discovered it in 1675.
More powerful ground-based telescopes show a fainter C ring inside the B ring, while spacecraft like Voyager and Cassini have found many more rings. The complete ring system extends at least four times further out than the outer edge of the A ring.
Seen through an Earth-based telescope, the appearance of Saturn
’s rings changes noticeably over time. That’s not because the rings themselves are changing, but because our viewing angle is. The photograph in Fig. 12.6, which was taken in 2016, shows the rings very clearly. At that that time, the Earth was seeing Saturn
 from a favorable orientation with respect to its polar inclination of about 27 degrees. However, our view of the planet changes over the course of a cycle lasting about 15 years. At the “worst” point of this cycle, Saturn and its rings are seen exactly edge-on—the next time this will occur is in 2025.
When Saturn
’s rings were first discovered, they were assumed to be solid objects. As scientific understanding grew, however, it was realized that a solid ring would be dynamically unstable. The problem was ultimately solved by the 19th century Scottish physicist James Clark Maxwell
                
               (a name that means nothing to most people, although quite a few professional scientists would put him on the same level as Galileo and Einstein). In his first major work—at the age of 28 in 1859—Maxwell
                
               showed that Saturn’s rings must consist of countless independent fragments—effectively miniature natural “satellites”:Every particle of the ring is now to be regarded as a satellite of Saturn
, disturbed by the attraction of a ring of satellites at the same mean distance from the planet, each of which however is subject to slight displacements. The mutual action of the parts of the ring will be so small compared with the attraction of the planet, that no part of the ring can ever cease to move round Saturn as a satellite. [18]



It’s now known that the particles making up Saturn
’s rings are composed almost entirely of water ice (see Fig. 12.7). That’s one of the reasons why they reflect light so well, making them look extremely bright when viewed through a telescope.[image: A446776_1_En_12_Fig7_HTML.jpg]
Fig. 12.7Artist’s impression of Saturn
’s rings seen from close quarters (NASA image)





The icy nature of Saturn
’s rings played a key role in one of Isaac Asimov
                
              ’s best short stories, “The Martian Way” from 1952. This concerns human colonists on Mars who are struggling to find enough water to survive—until they hit on the idea of “scavenging” some of the ice from Saturn’s rings. Through the eyes of his protagonist, here’s how Asimov imagined the rings would look from a viewpoint inside them:From the position of the scavenger fleet just inside the outer rim of the outermost ring, the rings broke up and assumed their true identity as a phenomenal cluster of solid fragments rather than the tight, solid band of light they seemed.
Below him, or rather in the direction his feet pointed, some 20 miles [32 km] away, was one of the ring fragments. It looked like a large, irregular splotch, marring the symmetry of space, three quarters in brightness and the night shadow cutting it like a knife. Other fragments were further off, sparkling like star dust, dimmer and thicker, until, as you followed them down, they became rings once more. [19]




Saturn
’s rings are also described with cinematic vividness by Arthur C. Clarke
                
               in the novel version of 
                2001: A Space Odyssey
                
                
               (1968), as astronaut Dave Bowman approaches Saturn in the spaceship Discovery:The immense system of rings now spanned the sky, and already the ship was passing over its outermost edge. As he looked down upon them from a height of some 10,000 miles [16,000 km], Bowman could see through the telescope that the rings were made largely of ice, glittering and scintillating in the light of the Sun. He might have been flying over a snow-storm that occasionally cleared to reveal, where the ground should have been, baffling glimpses of night and stars. As Discovery curved still closer towards Saturn
, the Sun slowly descended towards the multiple arches of the rings. Now they had become a slim, silver bridge spanning the entire sky; though they were too tenuous to do more than dim the sunlight, their myriads of crystals refracted and scattered it in dazzling pyrotechnics. [20]



Given that the novel was written in conjunction with a blockbuster movie, directed by Stanley Kubrick, it’s puzzling that this scene was omitted from the big-screen version. Instead, the equivalent sequence takes place in the vicinity of Jupiter
, instead of Saturn
. Here’s how Clarke explained the discrepancy:Stanley and his special-effects team spent a great deal of time working on Saturn
 before it was decided to stick to Jupiter. There can be little doubt that Saturn, with its glorious system of rings, is the most spectacular of all the planets, and personally I was rather sorry when we abandoned it. But the more accurately we reproduced this extraordinary world, the less believable it seemed. [21]



Another person who appears to have been unhappy with Kubrick’s ditching of Saturn
 was the man in charge of 2001’s special effects, Douglas Trumbull. He went on to direct his own film, 
                Silent Running
                
               (1972), which was set in and around Saturn’s rings.
As well as the rings, looking at Saturn
 through a telescope may also reveal one or more of its moons. In principle, all five of the largest moons—Titan
, Rhea, Tethys, Dione and Iapetus—should be visible through a small telescope. As with Jupiter
’s moons, you’ll need to check on the web to find out which is which at a particular time.
Of all of Saturn
’s moons, Titan
 is by far the easiest to see. It’s still not as easy as any of Jupiter
’s moons, though—despite being almost as big as Ganymede
—because of its much greater distance.

Titan
 takes about 16 days to complete an orbit
                
               around Saturn
, at a distance from it of 1.2 million km—some ten times further out than the inner edge of the A ring. Its orbit lies in the same (tilted) plane as the rings, which means that—unlike Jupiter
’s moons, which are always seen more or less “edge on”— it may be well away from the mid-line of Saturn.
There’s one completely unique thing about Titan
, among all the moons of the Solar System. It’s the only one to have any significant atmosphere. In fact, its atmosphere is even thicker than our own, with a surface pressure about one and a half times the Earth’s. Titan’s atmosphere would be completely unbreathable for us, however. It’s over 98 percent nitrogen, and the rest is mainly methane. The result is decidedly smoggy.
The discovery of an atmosphere around Titan
 in the middle of the 20th century made it a popular setting with the science fiction authors of that time. As with Ganymede
, writers like Philip K. Dick
                
               used it as convenient symbol for an exotic location. For example, the eponymous Game-Players of Titan in Dick’s 1963 novel of that title belong to a telepathic species called Vugs:They were a silicon-based life form, rather than carbon-based; their cycle was slow, and involved methane rather than oxygen as the metabolic catalyst. [22]



When visiting Earth, Dick’s Vugs have a tendency to adopt just as improbable names as the Ganymedean Lord Running Clam in his Clans of the Alphane Moon. One of them, for example—described as “particularly trying, in a nit-picking manner” [23]—calls itself U. S. Cummings. Strange as it may seem, that’s a name we’ll encounter again before the end of this chapter.
The first close-up images of Titan
 were taken by Voyager 1
 on November 12, 1980. Following a carefully tailored trajectory, the spacecraft came within just 4,000 km of the surface—less than Titan
’s diameter away. Unfortunately, though, Voyager’s instruments weren’t able to penetrate the cloudy atmosphere to see the surface features below.
That deficiency was put right by the Cassini-Huygens
 mission, launched in 1997. In the same year—seven years before the spacecraft arrived at its destination—Stephen Baxter
                
               produced a science fiction novel called Titan. In it, he imagined what Cassini-Huygens might discover, based on extrapolation of the Voyager findings:You have to understand that Titan is not like Earth. Its bedrock is water ice, with a little silicate. We may see plate tectonics, for instance, and even volcanoes. But if so they are driven by ammonia-water volcanism, deep in the icy mantle. We call it cryovolcanism. We’re going to see a lot of unfamiliar processes—and the weather is shit … Cold. And overcast. Smoggy, as you can see. [24]



This description is still pretty accurate today, both as to Titan
’s climate and the presence of cryovolcanism—a distinctly different process from the more familiar rock-lava volcanism found on Earth and Io
.
The main interest of Baxter
                
              ’s novel lies in its depiction of a crewed mission to Titan
 as a follow-up to Cassini-Huygens
. This involves a minimum of “sci-fi” speculation—it’s a no-frills, one-way trip using technology that existed at the time the novel was written—and taking place in a time-frame that’s now in the past. When Baxter’s astronauts reach their destination, Titan is described through the eyes of his protagonist, Paula Benacerraf:She looked around. It was dark. Darker than she’d expected, like a late, murky evening … The ground was a plain, slightly undulating, thick with slush … She said, “I’m in the hatchway. The command module has sunk into the surface through several inches, before the slush compacted to stop it. I can’t see any exposed ice. The basic color of the slush is a deep orange, or brown, but it’s laced with purples and blacks. Organics, I guess. It looks like nothing so much as mud.” [25]



Later, Benacerraf is caught in a shower of Titanian rain:It wasn’t like rain on Earth. It was methane rain. The biggest drops were blobs of liquid a half-inch [12 mm] across. They came down surrounded by a mist, of much smaller drops. The drops fell slowly, perhaps five or six feet [1.5 to 1.8 meters] in a second. It was more like being caught in a snowstorm, with the flakes replaced by these big globules of methane liquid. [26]



Despite being written years before Cassini-Huygens
 arrived at Titan
, Baxter
                
              ’s descriptions aren’t too wide of the mark. Titan really does experience methane rain of the type he describes, for example. Towards the end of the book, however, he goes full-on sci-fi with a vision of Titan
 in the far future. When one of the human characters encounters a local life-form, he greets it with “U. S. Cummings, I presume?” [27]—a nodding reference to Dick
                
              ’s novel of three decades earlier.
When Cassini-Huygens
 finally arrived at its destination in January 2005, it found Titan
 to be every bit as intriguing as Baxter
                
              ’s portrayal of it. The Cassini orbiter was equipped with an imaging radar that could penetrate through the moon’s dense clouds to see the surface below, while the Huygens lander provided a series of panoramic photographs as it descended by parachute before coming to rest on the surface (see Fig. 12.8).[image: A446776_1_En_12_Fig8_HTML.jpg]
Fig. 12.8Composite image of the surface of Titan
, taken by the Huygens lander from an altitude of about 8 km (NASA image)





The Huygens images of Titan
’s surface were like nothing any spacecraft had seen before. As planetary scientist David Rothery puts it:And what a surface was revealed! If you did not know that the surface “rock” is actually water ice, and the few fluffy low altitude clouds were condensed methane and/or ethane, you might think you were looking at a part of the Earth. Titan experiences methane rainfall, which collects in streams and rivers to erode valleys, which drain into lakes. [28]




Titan
 is the only body in the Solar System, besides the Earth, that is known to have large bodies of liquid on its surface. Rather than water, however, this liquid consists of methane—an organic compound. That sounds very exciting, because on Earth the word “organic” is usually associated with the products of living organisms. Technically, however, it just refers to any substance that contains the chemical prerequisites of life.
Nevertheless, Titan
—like Jupiter
’s moon Europa
—remains one of the most promising sites in the search for life beyond Earth, as “astrobiology
” experts Athena Coustenis and Thérèse Encrenaz explain:
Cassini-Huygens
 discoveries reveal that Titan
 is rich in organics from high atmospheric levels down to the surface, most probably contains a large liquid water ocean beneath its surface and has ample energy sources to allow for chemical evolution. [29]



That subsurface ocean may harbor life, just as the one on Europa
 is speculated to do—but there’s another possibility too. Life may be able to exist in the absence of liquid water. That’s not true on Earth, but Titan
’s methane lakes might be home to a completely different form of biology. To quote from Coustenis and Encrenaz again:To date, methane-based lifeforms are hypothetical; they have not been detected anywhere in our Solar System … At Titan’s low temperatures, and in the absence of any liquid water, which as we have seen would be frozen on the surface, a methane-based organism would need to resort to liquid methane or its by-products such as ethane.



It may sound like science fiction, but this is real science. It’s not light-years away, either. Next time you’re gazing at Saturn
’s rings through your telescope, have a look round and see if you can spot Titan
. You should be able to!
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If the word “moon” is just a synonym of “satellite”—and a satellite is any object which orbits
 around a planet—then there’s nothing to stop us putting up artificial moons at more convenient distances from Earth than the natural one. Giant orbiting space stations were a staple of science fiction long before the first artificial satellites were sent into space. Today, we have one medium-sized space station and thousands of smaller satellites in Earth orbit
              
            , many of which are easily visible to ground-based observers if you know where to look. This chapter provides a quick tour of the past, present and future of artificial moons.
Brick Moons and Space Wheels
The idea of creating an artificial “moon,” closer to the Earth than the natural one, goes back a surprisingly long way. It’s the subject of a short story called “The Brick Moon,” written by Edward Everett Hale
                
               in 1869. The eponymous “moon” is 60 meters in diameter, and made up of a cluster of 13 hollow brick spheres. It’s put together on the ground using conventional building techniques, before being launched into orbit using a water-powered flywheel.
The brick moon settles into Earth orbit
                
              , several thousand kilometers above the surface (see Fig. 13.1). It was originally intended to be an unmanned navigation aid, but due to an accident (and to make the story more interesting) it ends up with 37 people on board. From the perspective of Earthbound observers, it’s a new heavenly body—with a predictable trajectory and visible through a telescope, as the story’s narrator explains:We trained the glass on the fated spot. I bade Polly take the eye-glass. She did so, shook her head uneasily, screwed the tube northward herself a moment, and then screamed, “It is there! It is there! A clear disk—gibbous shape—and very sharp on the upper edge. Look! Look! As big again as Jupiter
! [1]


[image: A446776_1_En_13_Fig1_HTML.gif]
Fig. 13.1Illustration of Edward Everett Hale
                        
                      ’s short story “The Brick Moon” (public domain image)





Surprisingly—in view of the complete lack of preparation—the people on the new “moon” survive perfectly happily. That’s not realistic, of course—but neither is the water-powered launch mechanism, or the brick moon’s orbital dynamics. In the real world, the latter obey very strict mathematical rules—as Arthur C. Clarke
                
               summarized in a famous article in Wireless World magazine in 1945:A rocket which achieved a sufficiently great speed in flight outside the Earth’s atmosphere would never return. This “orbital” velocity is 8 kilometers per second and a rocket which attained it would become an artificial satellite, circling the world forever with no expenditure of power—a second moon, in fact. … There are an infinite number of possible stable orbits
, circular and elliptical, in which a rocket would remain if the initial conditions were correct. The velocity of 8 km/sec applies only to the closest possible orbit, one just outside the atmosphere, and the period of revolution would be about 90 minutes. As the radius of the orbit increases the velocity decreases, since gravity is diminishing and less centrifugal force is needed to balance it. [2]



Clarke went on to point out that eventually, at a radius of 42,000 km, the orbital period would be increased to exactly 24 h—the same as the Earth’s rotational period. This means that a satellite orbiting above the equator at that altitude would always remain over the same spot on Earth.
This, Clarke suggested, would be the ideal place to put a communications satellite. This was a clever insight, and it’s precisely this principle that underlies today’s geosynchronous satellites
. It’s the reason why your satellite TV dish can remain pointing at a fixed point in the sky, rather than having to track a moving satellite. Arthur C. Clarke
                
               wasn’t the first person to predict the existence of geosynchronous orbits
, but he was the first to propose their use for communications—and they’re sometimes called “Clarke orbits” in his honor.
Despite this, Arthur C. Clarke
                
               remains much better known as a science fiction writer, of course. In his 1952 novel Islands in the Sky, he portrayed a near-future in which the Earth is encircled by numerous inhabited space stations. They’re at different altitudes for different purposes: high geosynchronous orbits
 for communications, moderately high (a few thousand kilometers) for weather observation and low (a few hundred kilometers) for the docking and refueling of interplanetary spacecraft.
Clarke’s first-person narrator, a teenager named Roy Malcolm, wins a trip to “Inner Station” in the latter category. Before he goes, however, he takes time out to observe one of the higher-altitude meteorological stations through a home-made telescope, which he describes as follows:When the Moon was half-full it would show all the bigger lunar mountains, as well as Saturn
’s rings and the moons of Jupiter
. But tonight I was after something else—something not so easy to find. I knew its approximate orbit, because our local astronomers’ club had worked out the figures for me. … In the field of the telescope was a handful of stars—and something that was not a star. I could just make out a tiny oval shape, far too small to show any details. [3]



When he eventually gets to the Inner Station—a self-contained world of a hundred people—Roy discovers it has a closer connection to the Moon than he’d expected:Most of the material in the station had actually come from the Moon. The Moon’s low gravity made it much more economical to ship equipment from there instead of from the Earth—despite the fact that Earth was so much closer. [4]



This is a valid point. One of the main reasons for the enormous expense of space travel is the sheer difficulty of getting off the Earth’s surface and into orbit. That’s much less of a problem on the Moon, both because of its low gravity and its lack of atmosphere to provide aerodynamic drag. To visualize the difference, compare the 4,700 kg ascent stage of the Apollo lunar module—which was all that was required to get two people off the Moon’s surface and into orbit
                
              —with the 150,000 kg Titan
 II rocket needed to launch a two-seat Gemini capsule into Earth orbit.
On the Moon, you don’t even need a rocket to get into space. There’s a simpler and cheaper alternative—hypothetically, at least—in the form of an electromagnetic gadget called a “mass driver
.” Science writer Brian Clegg
                
               explains the basic principle in the following way:A mass driver
 uses a series of electromagnets to accelerate a payload along a track to such a speed that it can be catapulted into space. … To escape the Moon without subsequent thrust being applied, a ship would have to be accelerated to around 2.3 kilometers per second. This sounds a lot, but it could be achieved with a 27 km long track, providing an acceleration of 10 g—just about acceptable for humans. [5]



Ahead of time as ever, Arthur C. Clarke
                
               envisaged just this type of electromagnetic launcher in Islands in the Sky. In the novel, the mass driver
 (which isn’t the term Clarke uses, for the simple reason that it hadn’t been invented in 1952) is used to launch small payloads into lunar orbit
                
              : “that magnetic thing that shoots fuel tanks up to rockets orbiting the Moon.” It’s located inside Hipparchus
                
               crater (see Itinerary Four: Around the Sea of Clouds), as the narrator observes with his own eyes:Then I saw it—a thin bar of light stretching in a dead straight line across the darkened plain. I was looking at the floodlights of the launching track, ranged like the lamps along an arterial road. By their illumination, space-suited engineers would be checking the great electromagnets and seeing that the cradle ran freely in its guides. [6]



Returning to the Inner Station, as portrayed by Clarke—its long-term residents have become accustomed to the zero-gravity conditions, but for the benefit of passing visitors one section of the space station has been made to rotate, in order to provide artificial gravity. This section takes the form of a giant wheel—a common sci-fi trope of the 1950s and 60s. The idea actually comes from a serious, non-fictional proposal by Wernher von Braun
                
               (see Fig. 13.2).[image: A446776_1_En_13_Fig2_HTML.gif]
Fig. 13.2A wheel-like space station, as conceived by Wernher von Braun
                        
                       in 1952 (NASA image)





The “wheel in space” concept also provided the 1968 film 
                2001: A Space Odyssey
                
                
              —on which Arthur C. Clarke
                
               worked closely with director Stanley Kubrick—with one of its most iconic images. In the accompanying novel, Clarke provides the following description:Space Station 1 revolved once a minute, and the centrifugal force generated by this slow spin produced an artificial gravity equal to the Moon’s. This, it has been discovered, was a good compromise between Earth gravity and no gravity at all; moreover, it gave Moon-bound passengers a chance to become acclimatized. [7]



Actually there’s no such thing as “centrifugal force”—just the human body’s natural inertia, which tries to keep it moving in a straight line. Inside a rotating space station, the body is prevented from doing this by the station’s outer hull, which presses “up” against the feet in much the same way that the surface of the Earth does. Subjectively, therefore, the effect is almost indistinguishable from gravity.
In the real world, the year 2001 has come and gone—and there are no enormous wheel-like space stations in Earth orbit
                
              . It’s simply too difficult to launch large chunks of civil engineering into space, and then fit them together into aesthetically pleasing shapes. Instead of a few giant wheels, we have thousands of small, discrete objects in orbit—mostly unmanned satellites at relatively low altitude—doing a whole load of different tasks (see Fig. 13.3).[image: A446776_1_En_13_Fig3_HTML.gif]
Fig. 13.3A selection of NASA’s many Earth satellites, with the Moon as backdrop (NASA image)





This plethora of artificial satellites is good news for ground-based observers, because many of them are easy to see with the naked eye or binoculars
—or a small telescope, just as Edward Hale
                
               imagined in “The Brick Moon” and Arthur C. Clarke
                
               in Islands in the Sky.

Satellite Watching
Seen in the night sky, the typical satellite looks like a bright star moving at a steady speed—slower than a meteor, and without the flashing navigation lights of an aircraft. The trick lies in knowing where to look—which is far simpler these days than Hale
                
               and Clarke imagined it to be. There are numerous mobile apps and websites—heavens-above.com being a particularly popular one—which will show you all the satellite passes visible from your part of the world. You do have to be careful about entering your location and time zone accurately, though—satellites are very meticulous about schedule-keeping, and so you have to be too!
You can have particular fun looking out for Iridium flares
. Most people have heard of Iridium satellite phones, and these get their name from the orbiting network of Iridum satellites that supports them. Although these are communications satellites, they don’t sit in geosynchronous orbits
. Instead, there’s a “constellation” of 66 satellites whizzing around in low Earth orbit. The thing that makes then stand out from all the thousands of other satellites in similar orbits is a peculiarity of the Iridium design. They have large, mirror-like antennas, which occasionally catch the sunlight and reflect it down to Earth. This produces a brief flare of light, lasting from 5 to 20 seconds, which can sometimes be extremely bright—up to 30 times as bright as the planet Venus.
Unless you’re very lucky, you probably won’t see an Iridium flare
                
               by chance—but it’s easy to use a site like heavens-above.com to find out when to look for one. With an ordinary satellite, all the website has to do is look at the satellite’s path across sky, work out whether it’s illuminated by the Sun or not, and then tell you when and where to look for it.
In the case of an Iridium satellite, however, the calculation is more complicated than that. The satellite not only has to be in a suitable position, but its antenna has to be pointing in the right direction as well, in order to produce a good reflection. Fortunately, with dozens of Iridium satellites orbiting the Earth 14 times per day, you should be able to see at least a couple of bright flares in any given week.
More ambitious and inspirational than unmanned satellites—and closer to the old science fiction stories—are inhabited space stations. NASA first ventured into this area with Skylab in the 1970s, using repurposed hardware originally destined for the later Apollo landings that had been canceled.
Skylab’s Russian counterpart, called Salyut, went through seven iterations, before leading on to the more ambitious Mir space station—the first to be put together in orbit
                
               from separate modules, rather than being launched into space as a single unit. Mir remained in orbit for 15 years, for most of which it was continuously occupied by rotating personnel. By the time Mir was deorbited in 2001, its huge successor—the International Space Station
                
              , or ISS—was already in service.
A joint venture between NASA, Russia and several other countries, the ISS
                
               has been continuously occupied since November 2000. It’s gradually been expanded over the years, and now measures some 110 by 70 meters—the same length as a football field, and 40 percent wider. Much of that area is taken up by solar arrays—which is good news for viewers on Earth, because the panels shine very brightly when they’re caught in sunlight.
Another important factor for prospective observers is the ISS
                
              ’s orbit. If it had been a purely American venture, it would probably have been launched from Cape Canaveral into an orbit that was quite close to the Earth’s equator, similar to that of the Hubble Space Telescope (HST). That would have made it invisible from many parts of the planet—including most of Europe, Canada and even the northern part of the United States (see Fig. 13.4).[image: A446776_1_En_13_Fig4_HTML.gif]
Fig. 13.4Orbit
                        
                       of the ISS
                        
                       compared to that of the Hubble Space Telescope (Wikimedia Commons user Luan, CC-BY-SA-3.0)





However, an HST-type orbit would have been difficult to access from the Russian launch site at Baikonur, so a more highly inclined orbit, at 51.65 degrees to the equator, was used instead. As a result, most of the inhabited portions of the globe have a chance to see the ISS
                
              .
As with an unmanned satellite, the ISS
                
               just looks like a bright, fast-moving star to the naked eye. Once again, the best way to see it is to plan ahead using an app or website. The space station always travels at the same speed, so when you’ve seen it a few times it’s much easier to spot in future. It takes about 7 minutes to pass from horizon to horizon, but you’ll rarely see it for that long. That’s because it needs a conjunction of three different circumstances in order to be visible:	A line of sight from your house to the ISS

	A dark sky overhead (i.e. the Sun is below your horizon)

	The ISS is illuminated by the Sun (i.e. the Sun is above their horizon)





The first two items are obvious, but the last one less so. However, just like the Moon, we only see the ISS
                
               by virtue of reflected sunlight. For that reason, it’s most often seen soon after local sunset—and it may even blink out of existence as you watch, when it passes out of daylight into night.
Seeing the ISS with the naked eye can be a fascinating experience—but only because you know what you’re looking at. Visually it’s just a tiny, unspectacular dot—as shown in Fig. 13.5. This sequence was photographed using a hand-held camera, and it’s made more interesting by the presence of the gibbous Moon in the same frame.[image: A446776_1_En_13_Fig5_HTML.jpg]
Fig. 13.5A sequence of photographs, taken with a hand-held camera, showing the ISS
                        
                       passing the Moon (Author’s photographs)





By using a longer lens—or even attaching the camera to a telescope—and getting the exposure just right, it’s technically possible to resolve something of the space station’s structure. Viewing the ISS at high magnifications is trickier than a normal astronomical object, though, because of the speed with which it moves across the sky. According to Stephen James O’Meara
                
              , the best option—for live viewing, at least—is a pair of image-stabilized binoculars
, with which “you may be able to discern a shape to the craft, and perhaps resolve its solar panels” [8].
A different approach—and one of the most popular ways to snap the ISS
                
              —is to set a camera up on a tripod and take a long exposure photograph. The space station then appears as a white streak across the sky, contrasting with the much shorter streaks produced by the slowly moving background of stars.

Space Habitats of the Future
Unlike the commercially operated space stations envisaged by Arthur C. Clarke
                
               in Islands in the Sky, the ISS
                
               is almost completely given over to scientific research. The most obvious exception to this rule is the small number of “space tourists” who have forked out large sums to visit it. One of these, Richard Garriott
                
              , was mentioned earlier in this book (see Itinerary One: Around the Sea of Tranquility). He was the “more money than sense” guy who had already splurged $68,500 on a piece of space junk (Lunokhod
 2, sitting derelict in Mare Serentitatis), before paying $30,000,000 for a ten-day visit to the ISS in 2008.
The reason space tourism
 is so horrendously expensive is that—to date—it’s a market where demand vastly outstrips supply. Yes, there are plenty of companies that talk about it, but how many actually deliver it? One of the few that can be taken seriously in this context is Bigelow
                
               Aerospace, founded by Robert Bigelow in 1998. Significantly, Bigelow’s original background was in the tourist market; an earlier company he founded was the hotel chain Budget Suites of America.
Bigelow
                
               is one of the few space entrepreneurs—Elon Musk
                
               of SpaceX
 is another—who has actually put hardware into orbit. The Bigelow Expandable Activity Module, or BEAM, was added to the ISS
                
               in 2016. It’s nothing short of an inflatable space habitat—albeit a small one, with an internal volume of just 16 cubic meters. Bigelow
                
               has plans to launch much larger versions in future, to form the world’s first commercial space station. It won’t be a rotating space wheel—but it might be a hotel.
A space station is an “artificial moon” in the literal sense of the term, because “moon” is simply a synonym of “satellite”—i.e. something that orbits
 round a planet. But a space station isn’t a real place, in the way that the Moon is—it’s not a permanent structure where people could live out their entire lives. Such structures—which are currently no more than hypothetical concepts—are usually referred to as “space habitats.”
One of the first people to give serious consideration to this subject was a man named O’Neill—though not the same O’Neill who claimed to have discovered a bridge on the Moon (see Itinerary Two: The Far East). The one in question here was Gerard O’Neill
                
              , who was a professor of physics at Princeton University at the time of the first Moon landings. As a classroom exercise, he asked his students to think about the pros and cons of space colonization. Everything took off from there, as Brian Clegg
                
               explains:What began as a teaching exercise soon blossomed to fill all of O’Neill’s spare time—and then his professional life too. … He began to make detailed plans for all that would be required to set up living environments in space. Not limited outposts like space stations, but permanent colonies, large scale and with a whole eco-system on board so that they would not have to depend on being constantly supplied from Earth. [9]



O’Neill
                
               decided that the best place for a large space habitat wouldn’t be close to the Earth, like the ISS
                
              , but in the same orbit as the Moon and lagging 60 degrees behind it. That may sound like an arbitrary choice, but it’s known to be a particularly stable location—technically referred to as “Lagrangian point 5,” or L5 for short. It can be thought of as the third point of an equilateral triangle, with the Earth and Moon as the other two corners. Another advantage of the L5 location is that it simplifies the transport of resources from the Moon (O’Neill was a champion of the mass driver
 concept, too).
Gerard O’Neill
                
               sold his vision so well that it was picked up by NASA. In 1975, in conjunction with Stanford University, they came up with a concept that combined O’Neill’s ideas with the older notion of a rotating space-wheel. The result was the so-called Stanford torus
: a ring 1,800 meters in diameter, which rotates at a rate of one revolution per minute to generate close to Earth-normal gravity at its outer edge. “Ground level” inside the habitat would consist of the entire circumference of the torus—enough space for 10,000 residents (see Fig. 13.6).[image: A446776_1_En_13_Fig6_HTML.jpg]
Fig. 13.6Artist’s impression of the “Stanford torus
” space habitat (NASA image)
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Despite its success, Project Apollo left many people with the impression that going to the Moon was a one-off political stunt. So why should we ever go back there? As this chapter will show, there are plenty of reasons for doing so, both scientific and commercial. There’s even the intriguing possibility that the Moon might become a popular tourist destination one day. At the very dawn of the Space Age, the Hilton chain hyped up the idea of a hotel on the Moon, and it might happen yet—the perfect place for some real lunar sightseeing!
Return to the Moon
The most depressing thing about the human exploration of the Moon is that it all happened such a long time in the past. Back in 1979, just ten years after the first lunar landing, Arthur C. Clarke
                
               was already lamenting this fact:No one had ever dreamed that the first chapter of lunar exploration would end after only a dozen men had walked upon the Moon. Yet it was not the first time that ambition had outrun technology. In the Antarctic summer of 1911-12, ten men reached the South Pole, and five returned. They used only the most primitive of tools and energy sources—snowshoes, dog sleds, their own muscles. Once the pole had been attained, it was abandoned for nearly half a century. And then, in the 1957-8 International Geophysical Year, men came back with all the resources of modern technology … For 20 years now, summer and winter, men and women have been living at the South Pole. So it will be with the Moon. [1]



Sadly—unless something remarkable happens—it looks like the Moon will be abandoned for longer than the “nearly half a century” that Clarke ascribes to the South Pole. That’s not to say that people haven’t thought about going back to the Moon. There were numerous feasibility studies during the 1980s and 90s—including one involving an extended stay in Mare Smythii
 (see Itinerary Two: The Far East)—but they never left the drawing board.
The first and only genuinely funded program emerged in the first decade of the 21st century. Called Project Constellation
, it was the result of the NASA Authorization Act of 2005. This made specific provision for “a program to develop a sustained human presence on the Moon” with the aim of “returning Americans to the Moon no later than 2020” [2].
Constellation would have been an ambitious but perfectly feasible follow-on to Apollo, and detailed mission profiles and spacecraft designs were produced for it—including a four-person lunar lander called Altair (see Fig. 14.1).[image: A446776_1_En_14_Fig1_HTML.jpg]
Fig. 14.1Artist’s conception of the Altair lunar lander, planned as part of the now-canceled Constellation program (NASA image)





Unlike Apollo, Constellation wasn’t just about short visits. It would have involved the creation of a permanently occupied lunar outpost, similar in scale to the International Space Station
                
              —but 400,000 km away on the surface of the Moon, rather than 400 km away in low Earth orbit
                
              . The base would have been located near the lunar south pole, as illustrated earlier in Fig.​ 6.​8 (see Itinerary Three: The Southern Highlands).
Tragically, the Constellation program was canceled in 2010 by then-President Barack Obama, who was quoted as saying “I just have to say it pretty bluntly here: we’ve been there before” [3]. Of course, politicians as a whole aren’t renowned for their brains, but Obama’s words here are so utterly ignorant they defy belief.
Obama’s blinkered view wasn’t lacking in precedents, though. Even at the time of the Apollo missions, Arthur C. Clarke
                
               wrote the following:A critic of the space program suggested that as soon as the first astronauts came safely back from the Moon, we should wind up the Apollo project … To match it one must imagine Columbus
                    
                   saying: “Well, boys, there’s land on the horizon—now let’s go home.” [4]



To an outside observer, the American space program can be a frustratingly contradictory thing. Its Apollo Moon landings rank among the greatest achievements in history, with the most ambitious of its unmanned space probes—like the Voyagers described in Chap. 12: Other Moons to Visit—not that far behind. On the other hand, there are so many promising might-have-beens that never actually materialized—all the way from Apollo 18
                
               to Project Constellation
. What happened to them?
It all comes down to a long-standing dichotomy, as science writer Brian Clegg
                
               explains:The physicist Freeman Dyson … drew a contrast between what he saw as the “real NASA” and the “paper NASA.” Real NASA was driven by politics and finance. It was cautious, more inclined to cancel than commission, and struggled to manage its complex portfolio, leading to failed projects. The paper NASA, by contrast, was free-ranging, full of great ideas and truly inspiring. This picture of contrasting NASAs is still as true today as it was when Dyson made the observation in the 1960s. There has never been a time since Apollo when paper NASA hasn’t been planning returns to the Moon … but the real NASA, the one set about by politics and budgetary restraints, struggles to get anything novel off the ground. [5]



As things stand now, NASA may not even succeed in returning humans to the Moon before someone else beats them to it. At least three other countries, Japan, Russia and China, have shown a greater degree of enthusiasm in this direction—and there’s no doubt they have the brains and technology to make it happen. Another possibility—and one that looks increasingly viable in light of current trends—is a purely private venture. One thing is certain, however—there’s no shortage of reasons for setting up a lunar base.

Why Build a Moon Base?
In 2007, before the Constellation program was canceled, NASA came up with a list of “181 Things to Do on the Moon.” As NASA strategist Jeff Volosin explained at the time:Folks around the world have been thinking about returning to the Moon, and what they would like to do there. So we consulted more than a thousand people from businesses, academia and 13 international space agencies to come up with a master list of 181 potential lunar objectives. [6]



A casual observer looking down NASA’s list might say it contains quite a lot of repetition—or at any rate, near-repetition—making that 181 figure look something of an exaggeration. If the items are lumped into broad categories, we end up with a much shorter and punchier list:	Astronomy and astrophysics

	Solar science

	Earth observation

	Geology

	In-situ resource utilization

	Medical research

	Environmental studies

	Lunar transportation systems

	Lunar heritage preservation

	Public engagement and inspiration

	Development of commercial opportunities





The various possibilities for astronomical science on the Moon have already been touched on (see Chap. 11: The Dark Side of the Moon). As for geology—meaning the geology of the Moon itself, or more properly “selenology”—that’s an equally obvious area for scientific research. Closely related to it, and more practical, is the idea of “in-situ resource utilization.” That means extracting and exploiting materials from the Moon’s own environment in order to reduce reliance on Earth—something that’s essential for any permanent lunar settlement. The same is true of other “dull but necessary” subjects like medical research and environmental studies.
The next item on the list, “lunar transportation systems,” is more interesting. It covers not just surface transport, such as lunar rovers
, but also the problem of getting from the surface of the Moon into space. This includes the novel option of an electromagnetic “mass driver
,” as described in Chap. 13: Artificial Moons. As long ago as 1978, NASA was giving serious consideration to the possibility of building launch systems of this type on the Moon (see Fig. 14.2).[image: A446776_1_En_14_Fig2_HTML.jpg]
Fig. 14.2Artist’s impression of a lunar mass driver
, or “electromagnetic cannon,” produced for a NASA workshop in 1978 (NASA image)





Continuing down the list, another interesting-sounding item is “Lunar heritage preservation.” That includes historic landing sites, of course—but also natural sites as well. The need to preserve the “radio-quiet” nature of the far side has already been mentioned (see Chap. 11: The Dark Side of the Moon). There’s also plenty of spectacular natural scenery—The Alpine Valley
                
              , the Straight Wall
, Copernicus
 and Tycho
 craters—that ought to be protected for cultural rather than scientific reasons.
Another non-scientific, but equally important, item on the list is “public engagement.” To ensure the Moon’s long-term future, ordinary people have to have a stake in it, too—a subject we’ll return to when we talk about lunar tourism at the end of this chapter.
The final item on the list—commercial opportunities—is arguably the most important of all. Whatever you think about capitalism, you have to admit that things that make people rich are more likely to end up happening than things that don’t. The Moon has quite a number of mineral resources that can compete with Earth’s—including culturally and industrially valuable commodities like gold, platinum, palladium and cobalt. This means the hackneyed sci-fi concept of “lunar mining
” is a perfectly viable one (see Fig. 14.3).[image: A446776_1_En_14_Fig3_HTML.jpg]
Fig. 14.3Artist’s impression of lunar mining
 in action (NASA image)





Looking to the future, the Moon’s most valuable resource may turn out to be its supply of helium-3
. This has already been mentioned in several previous chapters, but its significance hasn’t been properly explained yet. In essence, it all comes down to nuclear physics. Like most elements, helium occurs in different forms called isotopes, with atomic nuclei having the same number of protons but different numbers of neutrons.
Virtually all the helium on Earth consists of the isotope helium-4, with two protons and two neutrons. Helium-3
, consisting of two protons and just one neutron, is hardly ever found here. It’s created inside the Sun, which then blows it out into space as a constituent of the solar wind. As a general rule, the solar wind isn’t a pleasant thing—it contains a lot of hazardous radiation—so it’s a good thing that the Earth’s magnetic field prevents the bulk of it from ever reaching us. That does, however, leave us very short of helium-3
.
Things are different on the Moon, which has no significant magnetic field of it own. That means that, over the course of billions of years, helium-3 has gradually built up all over its surface. Why is that important? Brian Clegg
                
               explains:
Helium-3
 has the potential to be much more useful than the more common helium-4 in … nuclear fusion reactors, which are likely to be among our main energy sources at some point in the future. Fusion reactors use the same types of mechanism as the Sun (though on a much smaller scale) and do not produce the same level of dangerous waste as our current fission reactors. Helium-3 would be a great fuel for fusion reactors, but it is practically nonexistent on the Earth. All the evidence is that it is more readily available on the Moon. [7]



Prospective “helium-3
 mining” operations on the Moon have been a feature of numerous science fiction stories. Kevin J. Anderson
                
               and Doug Beason
                
              ’s 1992 novel Assemblers of Infinity has already been mentioned in this context (see Itinerary Two: The Far East). Here’s an imaginative description from that story:The helium-3
 processing plant looked like a lunar rover
 thrown together by a committee of abstract artists … Triangular heat radiators the size of old ship sails jutted up and out at an angle, giving the impression of a stegosaurus lumbering across the crater floor. The front of the helium-3
 processor opened up in a cylinder of diamond-tipped teeth used for scooping and grinding the top layer of moon dirt, or regolith; at the opposite end, a jumble of hot debris was deposited like excrement. [8]



Of course, only a tiny fraction of the lunar “regolith” (that’s a technical term for rock-dust) is made up of the elusive isotope. As Anderson
                
               and Beason
                
               put it, “the ten metric tons of dirt it’s processing should yield a hundred milligrams of helium-3
” [9].

Helium-3
 also features prominently in the 2012 movie 
                Iron Sky
                
              , even being mentioned in the DVD blurb quoted earlier (see Chap. 11: The Dark Side of the Moon): “The Americans return to the Moon in search for the powerful energy source, helium-3
.”
In the film itself, the audience is left in no doubt that the U.S. government understands the political and strategic importance of controlling the Moon’s supply of helium-3
. In response to a claim by the Defense Secretary that “The United States has no military activity on the Moon,” a United Nations delegate responds: “What about natural resources activity? We know how the U.S. sometimes mixes the two up. Is there any chance that you are looking for helium-3
 up there?” [10].
As it happens (this is a work of fiction, remember), the Nazis have already got their hands on all that helium-3
. Toward the end of the movie, a character named Vivian Wagner—the commander of an American spacecraft—discovers the Nazi’s helium-3 plant and reports back via video conference:
Vivian Wagner: What’s helium-3?

President: Helium … did you say helium-3?

Vivian Wagner: Yes, there’s like 15 to 20 giant towers that appear to be full of the stuff.

Defense Secretary: That’s ours.

President: It is? Why?

Defense Secretary: Helium-3 will make the U.S. independent of all energy needs for the next thousand years.

President: Yes, it’s ours. [10]



One real-world advocate of helium-3
 is Harrison Schmitt, the geologist-astronaut who landed on the Moon in 1972 as part of the Apollo 17
 crew (see Itinerary One: Around the Sea of Tranquility). In March 2017, the magazine Scientific American summarized Schmitt’s views as follows:For decades, he has championed the potential economics of lunar mining
 for helium-3
, an isotope that could be crucial for certain forms of nuclear fusion. The lunar surface has soaked up vast quantities of helium-3
 from billions of years of bombardment by the solar wind, Schmitt explained, and drawing on that resource is how a lunar settlement could support itself. … For example, he said, helium-3
 mining would produce by-products including water, hydrogen, carbon and nitrogen. These useful substances exist in only the most minuscule traces in lunar soil—but such an enormous amount of surface material would have to be processed to harvest helium-3
 that they would accumulate in significant amounts. [11]



So there’s no shortage of reasons to set up a Moon base. The next question is—where should it be located? It turns out there are quite a few factors to take into account. Several of them are discussed in Alan Binder
                
              ’s 2008 novel Moonquake, which centers around a fictional lunar base, set up by NASA for the primary purpose of geological research.
The first issue mentioned by Binder
                
               is safety—the crew needs an efficient and reliable way to evacuate the base in case of emergency. The simplest solution is to have some way for the crew to launch themselves back into space, and rendezvous with an orbiting station, all within a few hours—something that was always an option during the Apollo missions. The practicalities of spacecraft dynamics mean that, for this to be possible at all times, the base has to be located either close to the Moon’s equator or near one of its poles.
Binder
                
              ’s second consideration is the need for a continuous line of sight to Earth, for ease of communications. That rules out the far side—and also the poles and the most eastern and western locations, all of which are hidden during parts of the month by libration
. Finally, for the specific type of base Binder is talking about, it has to be close to an area of geological interest and “the availability of lunar resources for the in-situ manufacturing of construction materials, life support products, and rocket propellants” [12].
Binder
                
              ’s overall solution was to go for the Fra Mauro
 area, near the Apollo 14
 landing site. That’s essentially because his priority was geology—and, a cynic might say, it had to be an area prone to Moonquakes
 or he wouldn’t have had a story to tell.
Other people might have different priorities, though. Today a more likely choice might be close to the South Pole—despite the occasional loss of communications with Earth—due to the high probability of finding water there (see Itinerary Three: The Southern Highlands). Another option might be to build the base inside pre-existing lava tubes, such as those in the Marius Hills (see Itinerary Six: The Ocean of Storms).
Yet another possibility is the lunar far side—an option that would necessitate a Moon-orbiting relay satellite to allow regular communications with Earth. However, that would be counterbalanced by the fact that helium-3
 is likely to be more abundant on the far side, because the near side is partly shielded from the solar wind by the Earth. Also, as discussed earlier (see Chapter 11: The Dark Side of the Moon), the far side is the perfect location for a radio telescope—as illustrated conceptually in Fig. 14.4.[image: A446776_1_En_14_Fig4_HTML.jpg]
Fig. 14.4Artist’s conception of a lunar observatory with a radio telescope dish sitting inside a crater (NASA image)






A Trip to the Lunar Hilton


As long ago as August 1958, a Chicago newspaper reported that “the Hilton chain is dickering with the idea of opening the first hotel on the Moon” [13]. It’s not clear whether this was truth or rumor at the time, but that’s hardly relevant now. The idea of a “Lunar Hilton
” was out in the public domain—and it caught on.
Just three years after that newspaper article, one of the characters in Arthur C. Clarke
                
              ’s novel A Fall of Moondust is described, in a throwaway remark, as having “a lunch engagement at the Lunar Hilton
” [14]. Several years later, in a non-fiction essay written in 1978, the same author mused “Why shouldn’t I stay at the Lunar Hilton in my eighties?” [15].
A “Moon Hilton” is also featured in the 1969 film 
                Moon Zero Two
                
               and its novelization, which portrays it as a suitably futuristic-looking place:The hotel lobby was designed in bright, clamorous primitive style. The clashing colors of the glass bricks provided a garish contrast to the black and white Moonscape outside. … In the center of the hall, belted by a circular seat, a slowly revolving globe of the Moon winked with little informative lights. [16]



By this time—whether or not it had been in from the start—the Hilton chain was happy to play along with the idea, at least in terms of lip service. In 1967, its then-president, Barron Hilton, told the Wall Street Journal “that he was planning to cut the ribbon at an opening ceremony for a Lunar Hilton
 hotel within his lifetime” [13].
Talk, of course, is cheap—and this was probably nothing more than a publicity gimmick on Hilton’s part. Talk is cheap for space agencies too—but at least they’re aware of the practicalities of the situation. In 2016, the head of the European Space Agency
                
               described his ideas for an international “Moon village” that might be operational by 2030.
Unlike the International Space Station
                
              , ESA’s Moon base wouldn’t put a premium on science—it would serve many other functions too, including recreational use by fare-paying tourists. That was an aspect the UK’s Daily Mail tabloid picked up on, when it reported the announcement under the blazing headline “Would YOU holiday on the Moon? ESA
                
               reveals plans for lunar resort that will let tourists bask in constant sunshine” [17].
As exciting as that sounds, the unfortunate fact is that, as mentioned earlier (see Chap. 13: Artificial Moons), space tourism
 will remain the province of the ultra-rich for many years to come. Nevertheless, it’s a sector that may take the first steps toward lunar tourism in the not-too-distant future. In February 2017, Elon Musk
                
              ’s SpaceX
 company announced ambitious plans “to fly two private citizens on a trip around the Moon late next year” [18] (see Fig. 14.5).[image: A446776_1_En_14_Fig5_HTML.jpg]
Fig. 14.5Early in 2017, SpaceX
 CEO Elon Musk
                        
                       (pictured here) announced plans to fly fare-paying passengers around the Moon (Free image, courtesy of Openclipart user j4p4n)





What SpaceX
 is talking about is essentially a sightseeing cruise—it won’t land on the Moon, or even go into orbit around it, but simply fly a long elliptical trajectory that will take it within convenient photo-op range of the Moon. Even so, the 2018 timeframe is a challenging one, because the trip will necessitate the use of several critical pieces of hardware that haven’t flown in space yet. On the other hand, It’s by no means a pipe-dream, because the necessary technology is only one step up from what SpaceX
 already uses on a regular basis.
Currently, SpaceX
’s most ambitious space operation involves resupplying the ISS
                
               using unmanned Dragon capsules launched by Falcon 9 rockets. The trip around the Moon will require a larger rocket—the Falcon Heavy—which was in an advanced stage of development, but not actually flown, at the time of the announcement. The same is true of the crewed version of the Dragon capsule, which will ultimately be used on a regular basis to fly astronauts to and from the ISS.
As well as the huge price tag—which is undisclosed, but probably more than the $30,000,000 Richard Garriott
                
               is reputed to have paid for his visit to the ISS
                
               (cf. Chap. 13: Artificial Moons)—the SpaceX
 offering differs from regular tourism in another important way. Most vacations don’t call for months of intense physical and operational training beforehand. To quote spaceflight expert Libby Jackson:Professional astronauts undertake at least two years of intensive training for any upcoming mission and I imagine the passengers will need similar amounts. They will need to know how to operate key parts of the spacecraft so that if there are any emergencies or issues in communications with mission control they could keep themselves and the spacecraft safe.
Space tourists who have visited the International Space Station
                    
                   have had very little interaction with the spacecraft they are passengers in, but they have still had good levels of training in the essentials such as what to do in the event of a fire or rapid depressurization of the spacecraft. Even if the intention is to fly in autopilot, the tourists would, I imagine, receive training in these areas and even more if they are to go without a professional pilot to accompany them. [19]



Looking further to the future, the ultimate in lunar tourism is—needless to say—a visit to the surface. But are there really enough attractions to justify the trip? Lunar tourism is what Arthur C. Clarke
                
              ’s novel A Fall of Moondust is all about, and here’s what he says on the subject there:Tourists wanted variety and you couldn’t give them the same thing over and over again. The novel scenery, the low gravity, the view of Earth, the mysteries of Farside, the spectacular heavens, the pioneer settlements (where tourists were not always welcomed, anyway)—after you’d listed those, what else did the Moon have to offer? [20]



In the novel, the answer to that question is a cruise across the vast dust-bowl of the Sea of Thirst—but that’s just one of Clarke
                
              ’s fictional inventions. Other writers have suggested that tourists would want to look round the wonders of the equally fictitious underground cities that future lunar colonists might inhabit. The protagonist of Robert A. Heinlein
                
              ’s short story “The Menace from Earth” (1957) works as a tour guide in just such a city—as does one of the main characters in Isaac Asimov’s
                
               1972 novel The Gods Themselves.
The year before that novel was published, Asimov
                
               wrote a non-fiction article called “A Tourist’s Guide of the Moon,” which appeared in the April 1971 issue of Penthouse magazine. In it, Asimov, drew attention to what many amateur astronomers might see as the Moon’s most unmissable attraction—its view of space:What’s there to see on the Moon? Miles and miles of dirty beach? The fenced off site where Neil Armstrong’s footprints will be visible in perpetuity? The original American flag? Two weeks inside a dome made up to resemble an American apartment house? Is that all? No, it isn’t all! Far from all! There’s a show put on by the skies of Luna that’s nothing like anything ever seen here on Earth.
Just to be on the Moon and take one good look at its night sky, even with a space helmet on, or from behind the protective glass of a lunar observatory—will reveal at once that what we call a night sky on Earth is nothing but a pale washed-out substitute. There are no clouds on the Moon, no mists, no fog, no city lights; nothing to hide the stars, nothing to dim them, nothing to drown them out. There is no atmosphere to absorb starlight, so that each star shines nearly half a magnitude brighter than it does on Earth, and keeps its brightness from zenith all the way to horizon. This means that many stars, just under the threshold of visibility seen from Earth, are bright enough to be clearly visible in the skies of the Moon.



There’s no doubt the Moon has its share of bucket-list attractions for tourists—and it’s equally certain that thousands would clamor to go there, if only they could. That’s the big problem with lunar tourism—the near-impossibility of getting there in the first place. Patrick Moore
                
               expressed this clearly, back at the beginning of the 21st century:So far as lunar tourism is concerned, we must wait for the development of really cheap, safe, transport vehicles between Earth and Moon. I am confident that tourism will begin long before 2100, and it will be interesting to see who will be the first to climb Mount Huygens, take pictures of the Straight Wall
, and explore the shadowed depths of the polar craters. [22]



Moore
                
              ’s optimism was much more measured than that of Jules Verne
                
              ’s irrepressible Michel Ardan—who proclaimed, in From the Earth to the Moon (1865):The distance from the Earth to its satellite is really very unimportant, and quite unworthy of preoccupying a serious mind. I shall not go too far, I think, in asserting that trains of projectiles will soon be established, in which the journey from the Earth to the Moon may be comfortably made; there will be neither shock, nor shaking, nor accident to be feared, and the goal will be reached rapidly, without fatigue, in a straight line … Before 20 years have passed, half the Earth will have visited the Moon. [23]



With reference to this passage, an editorial note at the end of the Wordsworth Classics edition makes the following observation:In arguing for the future ease of space travel, Ardan develops the metaphor of the space train. As the dream of the simplicity and frequency of future space travel caught on in later space fiction, the engraving which accompanied this chapter became iconic. [24]



The engraving in question, by Henri de Montaut, is shown in Fig. 14.6. In the absence of such “space trains,” however—or a similarly convenient form of transport—most people will have to be content to visit the Moon as telescopic tourists![image: A446776_1_En_14_Fig6_HTML.gif]
Fig. 14.6Symbolic illustration of a “space train,” from Jules Verne
                        
                      ’s From the Earth to the Moon (Public domain image)






References
1.
Arthur C. Clarke, 1984: Spring (Granada, London, 1984), p. 106

2.
John F. Connelly, Constellation Program Overview (NASA, October 2006), https://​www.​nasa.​gov/​pdf/​163092main_​constellation_​program_​overview.​pdf


3.
Brian Clegg, Final Frontier (St. Martin’s Press, New York, 2014), p. 115

4.
Arthur C. Clarke, The View from Serendip (Del Rey, New York, 1978), p. 79

5.
Brian Clegg, Final Frontier (St. Martin’s Press, New York, 2014), p. 85

6.
Patrick Barry, “181 Things to Do on the Moon” (NASA, February 2007), https://​science.​nasa.​gov/​science-news/​science-at-nasa/​2007/​02feb_​181


7.
Brian Clegg, Final Frontier (St. Martin’s Press, New York, 2014), pp. 120-1

8.
Kevin J. Anderson & Doug Beason, Assemblers of Infinity, Part 1, in Analog Science Fiction & Fact, September 1992, p. 22

9.
Kevin J. Anderson & Doug Beason, Assemblers of Infinity, Part 1, in Analog Science Fiction & Fact, September 1992, p. 24

10.

Iron Sky: Dictator’s Cut (DVD, 4Digital Media, 2014)

11.
Leonard David, “Red Planet versus Dead Planet: Scientists Debate Next Destination for Astronauts in Space” (Scientific American, March 2017), https://​www.​scientificameric​an.​com/​article/​red-planet-versus-dead-planet-scientists-debate-next-destination-for-astronauts-in-space/​


12.
Alan Binder, Moonquake (Ken Press, Tucson AZ, 2008), pp. 30-2

13.
Matt Novak, “What Happened to Hilton’s Hotel on the Moon?” (BBC, November 2014), http://​www.​bbc.​com/​future/​story/​20120712-where-is-hiltons-lunar-hotel


14.
Arthur C. Clarke, A Fall of Moondust (Pan Books, London, 1964), p. 42

15.
Arthur C. Clarke, The View from Serendip (Del Rey, New York, 1978), p. 70

16.
John Burke, Moon Zero Two (Pan Books, London, 1969), p. 23

17.
Cheyenne Macdonald, “Would YOU Holiday on the Moon?” (Daily Mail, March 2016), http://​www.​dailymail.​co.​uk/​sciencetech/​article-3504974/​Would-holiday-moon-Esa-reveals-plans-lunar-resort-let-tourists-bask-constant-sunshine.​html


18.
SpaceX, “SpaceX to Send Privately Crewed Dragon Spacecraft Beyond the Moon Next Year”, http://​www.​spacex.​com/​news/​2017/​02/​27/​spacex-send-privately-crewed-dragon-spacecraft-beyond-moon-next-year


19.
“How Soon Can We Fly to the Moon as Space Tourists?” (BBC, March 2017), http://​www.​bbc.​co.​uk/​news/​science-environment-39117034


20.
Arthur C. Clarke, A Fall of Moondust (Pan Books, London, 1964), p. 13

21.
Isaac Asimov, “A Tourist’s Guide of the Moon” (Penthouse, 1971), https://​omni.​media/​a-tourists-view-of-the-moon


22.
Patrick Moore, Patrick Moore on the Moon (Cassell, London, 2006), p. 150

23.
Jules Verne, From the Earth to the Moon & Around the Moon (Wordsworth Classics, Hertfordshire, 2011), p. 134

24.
Jules Verne, From the Earth to the Moon & Around the Moon (Wordsworth Classics, Hertfordshire, 2011), p. 422




Index

A

Alphonsus

Altazimuth mount

Alternative 3

Anaxagoras

Anaxagoras (crater)

Anderson, K.J.

Apollo 8

Apollo 10

Apollo 11

Apollo 12

Apollo 13

Apollo 14

Apollo 15

Apollo 16

Apollo 17

Apollo 18 (canceled mission)

Apollo 18 (film)

Archimedes

Aristarchus

Aristillus

Armstrong Whitworth Pyramid

Arzachel

Asimov, I.

2001:A Space Odyssey

Astrobiology

Autolycus


B

Bailly

Baxter, S.

Beason, D

Bigelow, R.

Binder, A.

Binoculars

Bova, B.

Brahe, T.

Budrys, A.

Burke, J.


C

Callisto

Caroline Herschel

Cassini, G.

Cassini-Huygens

Catadioptric telescope

Chandrayaan-1

Chang'e 3

Childress, D.H.

Chown, M.

Chromatic aberration (CA)

Clarke, A.C.

Clavius

Clegg, B.

Clementine

Columbus, C.

Copernicus

Copernicus, N.

Cuvier


D

da Vinci, L.

Daedalus

Descartes

Deslandres

Destination Moon

Dick, P.K.

Dorsa Smirnov

DSLR camera


E

Earthshine

Elger, T.G.

Equatorial mounting

Eratosthenes

Europa

Europa Clipper

European Space Agency (ESA)


F

Far side of the Moon

Farmer, P.J.

First Lunar Outpost (FLO)

Flammarion, C.

Flamsteed

Focal length

Fra Mauro

Furnerius


G

Galilei, G.

Galileo (spacecraft)

Ganymede

Garriott, R.

Gassendi

Genesis rock

Geosynchronous satellites

Google Lunar X-Prize

Goto mount

Great Moon Hoax

Grego, P.

Gribbin, J.

Griffith, G.

Grimaldi


H

Haggard, H.R.

Hale, E.E.

Hamilton, E.

Harpalus

Heinlein, R.A.

Helium-3

Hell

Herodotus

Herschel

Herschel, C.

Herschel, J.

Herschel, W.

Hevelius

Hevelius, J.

Hipparchus

Hipparchus (crater)

Hiten

Hoagland, R.

Hypatia


I

International Space Station (ISS)

Io

Iridium flares

Iron Sky


J

Jodrell Bank

John Herschel

Jules Verne

Jupiter


K

Kaguya

Kepler

Kepler, J.

Korolev, S.


L

Lacus Mortis

Langrenus

Lansberg

LCROSS

Le Monnier

Libration

Linné

Lovecraft, H.P.

Lucian

Luna 2

Luna 3

Luna 9

Luna 10

Luna 13

Luna 15

Luna 16

Luna 17

Luna 20

Luna 21

Luna 24

Lunar eclipses

Lunar geological timescale

Lunar Hilton

Lunar mining

Lunar Orbiter (LO)

Lunar Prospector

Lunar Reconnaissance Orbiter

Lunar Rover

Lunex

Lunokhod


M

Maccone, C.

Mare Cognitum

Mare Crisium

Mare Fecunditatis

Mare Frigoris

Mare Imbrium

Mare Ingenii

Mare Moscoviense

Mare Nectaris

Mare Nubium

Mare Serenitatis

Mare Smythii

Mare Tranquilitatis

Marius

Marius, S.

Marvel Comics

Mass driver

Maxwell, J.C.

McDonald, I.

Messier

Moltke

Mons Bradley

Mons Hadley

Mons Huygens

Mons Pico

Montes Alpes

Montes Apenninus

Montes Carpatus

Montes Caucasus

Montes Jura

Moon Impact Probe (MIP)

Moon Zero Two

Moonbase 3

Moonquakes

Moore, P.

Moretus

Musk, E.


N

Neptune

Newton

Newton, I.


O

Oberth, H.

Oceanus Procellarum

2010:Odyssey Two

O'Meara, S.J.

O'Neill, G.

O'Neill's Bridge

Orbits

Outland


P

Pareidolia

Petavius

Phases of the Moon

Piazzi Smyth

Picard

Pickering, W.H.

Pictet

Planitia Descensus

Plato

Plato (crater)

Plutarch

Posidonius

Proclus

Project Constellation

Project Horizon

Ptolemaeus

Ptolemy, C.

Pythagoras


R

Ranger 7

Ranger 9

Reflector telescope

Refractor telescope

Riccioli

Riccioli, G.

Rilles

Ritter

Robinson, K.S.


S

Sabine

Saturn

Schickard

Short

Silent Running

Silverberg, R.

Simak, C.D.

Sinus Aestuum

Sinus Iridum

Sinus Lunicus

Sinus Medii

Sinus Roris

SMART-1

Solar eclipse

Solarscope

Space: 1999

Space tourism

SpaceX

Stacking

Stanford torus

Straight Wall

Surveyor 1

Surveyor 3

Surveyor 6

Surveyor 7

Sutton, J.


T

Thales of Miletus

Thebit

Theophilus

Tidal forces

Tintin

Titan

Transient Lunar Phenomena (TLP)

Tsiolkovsky, K.

Tycho


U

UFOs

Uranus


V

Vallis Alpes

Vallis Schröteri

van Eyck, J.

van Vogt, A.E.

Varley, J.

Vendelinus

Verne, J.

Von Braun, W.

Von Gruithuisen, F.

Voyager 1

Voyager 2


W

Wargentin

Webcam

Weinbaum, S.G.

Wells, H.G.

Wilkins, J.

Wilson, D.

Wyndham, J.




OEBPS/A446776_1_En_2_Fig7_HTML.jpg





OEBPS/A446776_1_En_2_Fig1_HTML.jpg





OEBPS/A446776_1_En_11_Fig6_HTML.jpg
Umbra

Ponumbra

Penumbra





OEBPS/A446776_1_En_7_Fig7_HTML.jpg





OEBPS/A446776_1_En_5_Fig8_HTML.gif





OEBPS/A446776_1_En_14_Fig1_HTML.jpg





OEBPS/A446776_1_En_5_Fig2_HTML.jpg





OEBPS/A446776_1_En_8_Fig3_HTML.jpg





OEBPS/A446776_1_En_1_Fig5_HTML.jpg





OEBPS/A446776_1_En_10_Fig12_HTML.jpg





OEBPS/A446776_1_En_6_Fig5_HTML.jpg





OEBPS/A446776_1_En_4_Fig6_HTML.jpg





OEBPS/A446776_1_En_9_Fig6_HTML.jpg





OEBPS/A446776_1_En_13_Fig5_HTML.jpg





OEBPS/A446776_1_En_7_Fig1_HTML.gif
Apollo 12

Ranger7  Apollo 14

Hipparchus

Ptolemaeus

Arzachel

Straight Wall






OEBPS/A446776_1_En_10_Fig4_HTML.jpg





OEBPS/A446776_1_En_4_Fig5_HTML.jpg





OEBPS/A446776_1_En_8_Fig4_HTML.jpg





OEBPS/A446776_1_En_10_Fig3_HTML.jpg





OEBPS/A446776_1_En_10_Fig9_HTML.jpg
2001: A Space
Odyssey






OEBPS/A446776_1_En_3_Fig4_HTML.gif





OEBPS/A446776_1_En_2_Fig8_HTML.jpg





OEBPS/A446776_1_En_7_Fig2_HTML.jpg





OEBPS/A446776_1_En_3_Fig9_HTML.jpg





OEBPS/A446776_1_En_8_Fig9_HTML.gif
oizKu

105 K

EzTT

EX

Lunokhod 2.
UssR)
1573

Apollo 17
Lunar Rover
ush)
(1972)

Apollo 15
Lunar Rovar
Ush)
[971)

Apollo 16
Lunar Rover
usw)
11572)

Lunokhad 1
UssR)
(1970197

Yutu
(china)
[2013-2014)





OEBPS/A446776_1_En_3_Fig3_HTML.gif





OEBPS/A446776_1_En_13_Fig6_HTML.jpg





OEBPS/A446776_1_En_1_Fig6_HTML.jpg





OEBPS/A446776_1_En_2_Fig2_HTML.jpg





OEBPS/A446776_1_En_9_Fig5_HTML.jpg





OEBPS/A446776_1_En_7_Fig8_HTML.jpg





OEBPS/A446776_1_En_14_Fig2_HTML.jpg





OEBPS/sidebar.gif





OEBPS/A446776_1_En_6_Fig6_HTML.jpg





OEBPS/A446776_1_En_1_Fig3_HTML.gif
/

L) o
9 \"”9‘;ﬂ~-’—n;~'.”'q/

(&






OEBPS/A446776_1_En_3_Fig5_HTML.gif
Une domi-heure ne s'était pas écoulée que Barbicane, relovant la téte,
montrait & Michel Ardan une page couverte de signes algébriques, au
milieu desquels se détachait cette formule générale :

oo

« Et cela sigaifie?..., demanda Michel
— Cela signifie, répondit Nicholl, que : un demi de v deux moins v zéro
carré, égale gr multiplié par r sur  moios un, plus m prime surm multi-
plié par 7 sur d moins z, moins r sur d moins r...
— X sur y monté sur z et chevauchant sur , s'écria Michel Ardan en
éclatant de rire. Et tu comprends cela, capitaine?
— Rien n'est plus c






OEBPS/A446776_1_En_5_Fig4_HTML.jpg





OEBPS/A446776_1_En_5_Fig7_HTML.jpg





OEBPS/A446776_1_En_2_Fig3_HTML.gif
Is it just for

looking at

How much
space do
I have?





OEBPS/A446776_1_En_14_Fig3_HTML.jpg





OEBPS/A446776_1_En_3_Fig2_HTML.jpg





OEBPS/A446776_1_En_9_Fig1_HTML.gif
Kepler Copernicus

Aristarchus






OEBPS/A446776_1_En_8_Fig8_HTML.jpg





OEBPS/A446776_1_En_12_Fig1_HTML.jpg





OEBPS/A446776_1_En_11_Fig8_HTML.jpg





OEBPS/A446776_1_En_8_Fig1_HTML.gif
Harpalus

Alpine Valley

Lunokhod 1

Apollo 15

Mons Huygens

Eratosthenes






OEBPS/A446776_1_En_14_Fig5_HTML.jpg





OEBPS/A446776_1_En_9_Fig8_HTML.jpg





OEBPS/A446776_1_En_4_Fig2_HTML.jpg





OEBPS/A446776_1_En_8_Fig10_HTML.gif
JuLy 1950

CiENEEFICTION
7 ‘%_ zfcmrs } .

by Robert A. Heinlei





OEBPS/A446776_1_En_5_Fig9_HTML.jpg
MARE
CRISIUM

Langrenus

Vendelinus

Petavius

Furnerius





OEBPS/A446776_1_En_7_Fig6_HTML.jpg





OEBPS/A446776_1_En_12_Fig3_HTML.jpg





OEBPS/A446776_1_En_10_Fig6_HTML.jpg





OEBPS/A446776_1_En_13_Fig3_HTML.gif





OEBPS/A446776_1_En_8_Fig6_HTML.jpg





OEBPS/A446776_1_En_12_Fig8_HTML.jpg





OEBPS/A446776_1_En_2_Fig5_HTML.jpg





OEBPS/A446776_1_En_1_Fig10_HTML.jpg





OEBPS/A446776_1_En_11_Fig1_HTML.gif
THE OTHER SIDE OF THE MOON 531

Chretesof ot gl

e i vt sk





OEBPS/A446776_1_En_4_Fig7_HTML.jpg





OEBPS/A446776_1_En_6_Fig4_HTML.jpg





OEBPS/A446776_1_En_11_Fig3_HTML.jpg
i

Q,






OEBPS/A446776_1_En_14_Fig4_HTML.jpg





OEBPS/A446776_1_En_4_Fig9_HTML.jpg





OEBPS/A446776_1_En_5_Fig5_HTML.gif
NEW WORLDS
Aclenca Cn

No.22 16

Y The Sentinel

by Arthur C. Clarke





OEBPS/A446776_1_En_2_Fig4_HTML.gif
(a) Refractor

Eyepiece —l . el
B

(b) Newtonian Reflector Eyzpierel

) Secondary

mirror

Primary
mirror

(c) Maksutov-Cassegrain

Eyepiece, Secondary
= ieror
Primary
mirror

Corrector
plate





OEBPS/A446776_1_En_1_Fig8_HTML.gif
Moon m=—,






OEBPS/A446776_1_En_1_Fig2_HTML.gif
SCOOPL.. Report from Space

0 ﬁ






OEBPS/A446776_1_En_10_Fig1_HTML.jpg





OEBPS/A446776_1_En_9_Fig3_HTML.jpg





OEBPS/A446776_1_En_10_Fig7_HTML.jpg





OEBPS/A446776_1_En_10_Fig10_HTML.jpg





OEBPS/A446776_1_En_3_Fig7_HTML.gif
APOLLO SPACECRAFT






OEBPS/A446776_1_En_13_Fig2_HTML.gif





OEBPS/A446776_1_En_6_Fig8_HTML.jpg





OEBPS/A446776_1_En_7_Fig4_HTML.jpg





OEBPS/A446776_1_En_4_Fig3_HTML.jpg





OEBPS/A446776_1_En_13_Fig1_HTML.gif





OEBPS/A446776_1_En_5_Fig6_HTML.jpg
Proclus






OEBPS/A446776_1_En_7_Fig9_HTML.jpg





OEBPS/contact.gif





OEBPS/A446776_1_En_12_Fig6_HTML.jpg





OEBPS/A446776_1_En_7_Fig3_HTML.jpg





OEBPS/A446776_1_En_1_Fig7_HTML.jpg
Mare
Serenitatis.

-+






OEBPS/A446776_1_En_6_Fig2_HTML.jpg





OEBPS/A446776_1_En_4_Fig4_HTML.jpg





OEBPS/A446776_1_En_6_Fig1_HTML.gif
Schickard






OEBPS/A446776_1_En_10_Fig8_HTML.gif
1| [TR\s






OEBPS/A446776_1_En_1_Fig1_HTML.gif





OEBPS/A446776_1_En_6_Fig7_HTML.jpg





OEBPS/A446776_1_En_11_Fig4_HTML.gif
Qrbit of the Moon






OEBPS/A446776_1_En_12_Fig5_HTML.jpg





OEBPS/A446776_1_En_6_Fig3_HTML.jpg





OEBPS/A446776_1_En_10_Fig11_HTML.jpg
Blue Area
(Marvel Comics)

Rock Aliens
(Apollo 18)





OEBPS/A446776_1_En_9_Fig4_HTML.jpg





OEBPS/A446776_1_En_10_Fig5_HTML.jpg





OEBPS/A446776_1_En_12_Fig4_HTML.gif
THE CALLISTAN MENACE

Asimoy

 moon of vast Jupiter, that
Von wel-armed, wollsauipped






OEBPS/A446776_1_En_BookFrontmatter_Figa_HTML.png
@ Springer





OEBPS/A446776_1_En_3_Fig8_HTML.jpg
LRRR“" *~—Djscarded Cover
\PSEP

50m





OEBPS/A446776_1_En_12_Fig7_HTML.jpg





OEBPS/A446776_1_En_4_Fig1_HTML.gif
Posidonius

=
Lunokhod2 4/ .

Apolio 17 _[(fMAISSSEIEEE S

Apollo 11

Apollo 16 ‘
4K

Theophilus





OEBPS/A446776_1_En_10_Fig2_HTML.gif





OEBPS/A446776_1_En_9_Fig7_HTML.jpg





OEBPS/A446776_1_En_5_Fig1_HTML.gif
Picard

Petavius

Furnerius





OEBPS/A446776_1_En_11_Fig5_HTML.jpg





OEBPS/A446776_1_En_11_Fig2_HTML.gif
COOTOIPA®HPOBANIA _

o
=
=
=|
=
&)
o
=|
=
v
e
=|
=
=)
=
x|
&
=
=
=3
=
=
ot
=
=
S






OEBPS/A446776_1_En_8_Fig2_HTML.jpg
Aristillus

Autnlycu§
Ty

\ | Lu

Archimedes





OEBPS/A978-3-319-60741-2_CoverFigure.jpg





OEBPS/A446776_1_En_8_Fig5_HTML.jpg





OEBPS/A446776_1_En_14_Fig6_HTML.gif





OEBPS/A446776_1_En_2_Fig6_HTML.jpg





OEBPS/A446776_1_En_4_Fig8_HTML.gif





OEBPS/A446776_1_En_13_Fig4_HTML.gif





OEBPS/A446776_1_En_8_Fig7_HTML.jpg





OEBPS/A446776_1_En_9_Fig2_HTML.jpg





OEBPS/A446776_1_En_11_Fig7_HTML.jpg





OEBPS/A446776_1_En_1_Fig4_HTML.jpg





OEBPS/A446776_1_En_3_Fig1_HTML.gif
MOON EARTH

GEOLOGICAL GEOLOGICAL
PERIODS PERIODS

present Cenozoic

Mesozoic

. Paleozoic

Copernican
1
Proterozoic

2

Eratosthenian

Imbrian

Nectarian

Pre-Nectarian Hadean

billion years ago





OEBPS/A446776_1_En_3_Fig6_HTML.gif
WONBER

STORIES

EARTHLIGHT
By ARTHUR €. CLARKE






OEBPS/A446776_1_En_7_Fig5_HTML.jpg





OEBPS/A446776_1_En_12_Fig2_HTML.gif





OEBPS/A446776_1_En_5_Fig3_HTML.jpg





OEBPS/A446776_1_En_1_Fig9_HTML.jpg





