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PROLOGUE





You are living, in company with almost every other human, on the surface of the planet Earth, the only planet in the vast universe known to host intelligent life of any kind.


It’s often said by astrophysicists that every one of us should feel a strong connection to the stars. Without generations of stars that burned, exploded, or collided before our planet was formed, the carbon that our bodies are made of, the iron in our blood, and the gold and silver of our precious objects would simply not exist.


In a very tangible way, those stars made it possible for us to be here to look at them. Without them, we could not possibly have evolved on our watery world. But truly exploring how we are linked to them – and how they have led to our own lives on planet Earth – can be an arduous task, even for the curious-minded among us. While there are many ties between us and the stars, such information is often forgotten or hard to find.


This book explores the ties that link us not just to the stars, but to the universe as a whole – our cosmic family. Without a planet to call home, we would not exist. Without a star, our planet would not exist. Without a galaxy, our star would not exist. And without the filamentary nature of structure in the earliest universe, our galaxy would not exist. Each of them paved the way for another generation – building up the groundwork for our tree of life.


Welcome to your cosmic family tree. Let’s explore some of the stories that this family has to tell us.
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A HUMAN PERSPECTIVE
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The view from home


As with any hunt for our own human ancestors, we begin our journey up the cosmic family tree with ourselves. How do we see the universe from where we stand? As both the children of this vast cosmos, and the only ones (to our knowledge) who are attempting to chart our cosmic lineage and understand the rules of the universe, our own perspective is a unique one. Our sense of what the ‘big picture’ is, as well as how we might fit into that picture, is very much affected by how the stars appear to us. As we have developed more advanced ways of viewing the night sky, our sense of just how big the picture truly is has only grown in scope.


Our view of the cosmos is almost always from the surface of our parent planet, Earth. A select few members of our human race have had the privilege of observing our planet from a loftier perch, but with the exception of those astronauts, all of humanity has observed the stars and planets from the ground. It’s at night, with our atmosphere protecting us from the freezing void of space, and our own star no longer flooding our planet with light, that we can see the first glimpses of our immediate cosmic family.


Many of us, on a clear night, will look up to find ourselves briefly captivated by the shining of a bright object in the sky. Some of the brighter lights we can see in the night sky are our Earth’s planetary siblings, formed out of the exact same cloud of dust and gas that generated our own home 4.5 billion years ago (more on this in Chapter 3). But even without the planets overhead to shine extra brightly, the night sky can be dazzling, especially if you happen to find yourself away from the lights of the city streets.


Without interference from artificial lights, thousands of stars are visible even to our unaided eye, but these skies are increasingly difficult to find. According to a 2016 study by Fabio Falchi, 99% of the US and European populations live under light-polluted skies. It’s easy to forget, or to have never seen, just how many stars are visible to us from Earth.


But just as the images from the International Space Station can remind us of the curvature of the Earth, photographers who have the means to travel to the few remaining truly dark places can capture the night sky in those remote spots, reminding the rest of us of what we’re missing.


Many photographers aim their lenses at the Orion Nebula. It’s both a very aesthetically pleasing part of the sky, and a very bright one, so it’s easy to capture a number of stars in the image. Looking at some of these photographs of the night sky, and then looking at the version above your own homes, it may seem that the images have been exaggerated somehow, or that the number of stars has been digitally increased. This isn’t the case – but a camera has an advantage that our own eyes can’t access. Our eyes are relatively small light-capturing devices, and we can’t increase the exposure time in the same way that you can on a camera to catch even faint light.


Many of these photographs of the night sky (see color plate 1), instead of being exaggerated, come instead from a very long time spent observing the sky with a much larger lens than our eye. The longer you point your camera at a specific part of the night sky, the fainter the starlight you’re able to capture. Once the light has been compiled together, we arrive at an astounding view of what our night sky looks like, beyond the limitations of light pollution and the small size of the human eye.


No special filters are required here; many of these photographs are taken by regular digital cameras – slightly fancier than the one in your phone. The astronauts on the International Space Station, for all they have a unique position from which they can take their photographs, have the same technique as the photographers on the ground. If you take a series of 10- to 30-second photos of the sky, you can then assemble your series of images into a single, much more detailed record. The stars that exist in all of the exposures should pop up more brightly in the assembled image, and anything that happens to show up in one 30-second window but not another, will fade.


To capture the faintest stars in an image where many thousands of other stars will appear, you have to take into account the rotation of the Earth. The Earth rotates every 24 hours, of course, and if you want to take images of a single set of stars over the course of several hours, they will be moving dramatically as the Earth rotates us into a different direction. To counteract this, many of the deepest images are taken by attaching the camera to a mount which can pivot as the Earth turns, constantly correcting for the spin of the planet. With this technique, you can take even more images to assemble together, allowing you to bring out the light from fainter and fainter stars as you spend more time taking photos.


The color of the sky


Images of our cosmic relatives also come to us from beyond our planet’s surface. Pictures from the Hubble Space Telescope, for instance, have revealed that the world beyond Earth is a vivid and highly detailed one. But this vividness can be a puzzle; fundamentally, these images are not being taken by a human eye, and in many cases they don’t represent what a human eye would see, if we could travel to experience these vistas (see color plate 2).


The human eye has a really unusual sensitivity pattern to light. We’re pretty good at seeing things in the yellow-green range, orange we can usually do, but once you get into reds and blues, our eye suddenly gets extremely bad at registering deep reds and dark purples, and our brain translates those colors into ‘black’, or more accurately, as ‘there is no light here that I can deal with’. To anything outside the range of visible light, we are completely blind. This odd sensitivity pattern means that it’s quite difficult to make a camera with exactly the same sensitivity as our eye. This is the same reason why it’s sometimes hard to get your own camera to pick up the colors you can see by eye. Most cameras have settings nowadays to help change the sensitivity towards a specific color, but they won’t perfectly replicate the eyeball’s experience.


If you want to make a color picture from an image coming from a space telescope, there is an additional challenge to overcome. All the cameras attached to telescopes are just photon* counters – if a photon makes it through the telescope and into the camera, it adds 1 to the number of photons that arrive from that patch of the sky. This means that the only images you can make are intensity maps – black and white images. For scientific purposes, astronomers are generally more interested in measuring the amount of very specific color slices of light that arrive to the telescope. In order to limit the kind of light that actually makes it to the telescope’s camera, filters are usually put in front of it. The filter works in the same way as red-blue 3D glasses and images: the red lens lets through only red light, and the blue lens lets through only the blue, so each eye gets a different picture, and your brain reconstructs the depth of the image.


An astronomical filter is usually constructed to let in light from a very specific physical process – for instance, the color of light that hydrogen produces when it is in a very hot environment. Hydrogen here produces a deep pink color, so instead of a red or blue filter, we’d have a deep pink one. This would let in only light that is produced by that hydrogen, and we can map the locations of that gas on the sky. This image is still entirely in black and white, but it is the astronomer’s map to untangling what’s happening in that part of the sky.


But to reconstruct a colorful image out of this black and white one is no simple task. Given that we’re detecting light at much better sensitivities than the human eye, and that we’re usually doing it in discrete chunks instead of one (very complex) curve as the eye does, putting these chunks of light back into a single image is a tricky business. Even when all the light is taken from the narrow range that we can see, it must still be reconstructed and tweaked to reflect the brilliance of the colors we’ve observed. Hubble has produced many beautiful images (such as the nebula in plate 2) labeled as ‘visible light images’. What this means is that the narrow ranges of colors that Hubble observed all fall within the range of light detectable by our eyes – but they have still been patched together, the colors of each set of data overlaying each other to build an image in full color. In this particular case it made a lovely and vivid image, but it is still only rendered with six colors, each color coming from its own black and white photograph of the sky. In other words, the images come out of the telescope as black and white, but each is assigned a color and then reassembled. While the general term for this style of image is ‘false color’, the colors here aren’t actually ‘false’. The deep pink glow of hydrogen will remain deep pink, and the glow of oxygen, a brilliant aqua, has stayed that color.


‘Exaggerated’ color images can be used to extend our sight much beyond what we can actually see. Perhaps a galaxy is rather unimpressive in visible light, but has a stunning brilliance in the ultraviolet or X-ray. To our eyes this is dark; but a black and white image from a telescope sensitive to that light can be added to our collection, allowing us to construct an image. In these cases, a color too blue for human eyes is often added as a vivid blue or purple, and a color too red for us is added as a bright red or purple. Sometimes these composites are scientifically instructive, but most of the time they are created to harness the power of an illustration, and are manipulated to reflect the beauty of the image.


Atmospheric problems


It’s easy to forget that from the ground, our view of our cosmic family is strongly influenced by the presence of our atmosphere. Even when the skies are clear, our atmosphere can pose some barriers to seeing the stars as clearly as we might like. We humans are not used to thinking of the atmosphere on our parent planet as much of a barrier, in part because we move so easily through it, and it’s transparent to the light most of us use to navigate through our world. But simply being transparent to light doesn’t mean that light doesn’t change as it encounters our atmosphere – and it usually does. If you’ve ever seen the stars twinkling overhead in the view from home, you’ve witnessed one of these transformations.


When the stars overhead appear to flicker and change in brightness, that’s the atmosphere at work. The stars themselves are quite stable, and aren’t changing the amount of light they produce and send towards our little planet. We can check this by waiting a few days – if you go out on a clear, still night, you should find that the stars hang quietly in the night sky, not a twinkle to be spotted. And if you were fortunate enough to observe the stars from space, you would see them as perfectly point-like pricks of light, no matter how twinkly they appeared from the ground.


Back on Earth, if the wind has picked up, you should be able to see the stars twinkling their hearts out. You might see something similar if you look to the stars near a low horizon (sorry, city dwellers). Even if the stars straight overhead seem stable, the ones closer to the horizon may appear unsteady.


Whenever light encounters a gas – and our atmosphere is all gas – the direction the light is pointed changes slightly. How much the light bends depends on a number of things, but the density of the gas is one of them. How densely packed the gas is depends strongly on its temperature, so warm air bends light to a slightly different angle than cool air does. The higher you are in the atmosphere above our planet, the cooler the temperature, but this isn’t a completely smooth transition from warm to cold. These temperature changes exist in little bubbles of air, packed against one another.


These little bubbles act like a series of lenses suspended above us, twisting and distorting the light on its way through. If the air is calm, these air-pocket lenses are relatively large, so the light travels through fewer of them, and has fewer deflections on its way down to the ground. Similarly, if the temperature isn’t changing rapidly from bubble to bubble, the light won’t have to go through as many changes in direction.


This is the same reason that stars overhead might appear to twinkle less than the stars at the horizon. Light from a star directly overhead is taking the shortest path through our atmosphere: straight down. A star close to the horizon is taking one of the longest paths possible, and so the number of air lenses it must travel through in order to reach our eyeballs is much, much higher. With more chances for the starlight to be bent into an unusual place, the likelihood that the starlight will flicker in and out of focus goes dramatically up – these atmospheric focusing problems are what we see as a twinkle in the night skies.


The technical term for this atmospheric interference with starlight is ‘seeing’. The better the seeing, the less twinkling the stars are doing. Even if it’s a perfectly clear night, you can still have bad seeing, usually due to wind high above us in the atmosphere. If you’re after extremely crisp images of objects far away from our parent planet, bad seeing can be a significant problem – with the atmosphere warping pinpricks of light into much larger, wobbly shapes, the images come out of the telescope much more blurry-looking than we would like. If you’re trying to distinguish two closely placed stars in the sky, bad seeing can blur them together so much you couldn’t tell them apart from each other. This is one of the main reasons that astronomers like space telescopes, even with the difficulty of placing them there. There’s no blurring of the distant starlight in space.


Beyond simply blurring light, which is a rather intangible influence of our atmosphere, the air which surrounds our parent planet also serves as a very effective barrier to small physical objects coming our way, and there’s no better example of this than a meteor shower.


Meteors


Meteors are little pieces of stuff – usually pebble-sized pieces of rock – that have the misfortune of running into our planet. The name meteor distinguishes them from objects in space, which are meteoroids, and bits of rock that actually survive the passage through the atmosphere and reach the surface, which are called meteorites.


Running into the atmosphere of our planet spells doom for most small objects. The change from the void of space to the relatively high density of the gases of our atmosphere means that these pieces of the solar system are rapidly slowed down, like an arrow burrowing into a straw target. As they slow, they donate energy to the gas surrounding them, which heats up and vaporizes the outer layers of the rock as it plunges groundwards. If the meteor is small, this process evaporates the entire meteor in the blink of an eye, and the flash of its glow fades from sight. This can happen at any time of day, but we associate them more with the night skies, because their luminous ends are much easier for us to spot when the light from the Sun isn’t there to compete. However, if the meteor is big enough, it won’t matter whether the Sun is up; the fireball that exploded over Chelyabinsk, Russia in 2013 was perfectly visible in the morning Sun.


There are particular times of year when the odds of spotting a meteor are much higher than normal – these nights are what we call a meteor shower. The odds go up because the Earth is passing through a particularly pebble-filled patch of our orbit, usually the remains of a comet which passed by many years earlier. As the comets, which are made of rock and ice, come close to the Sun, the ice melts, freeing the rock into space. These small rocks and other pieces of debris remain behind the comet’s path, the way a particularly muddy dog is easily traced through a house. When the Earth catches up with this path, we’re in for a very small atmospheric pummeling, and a fun light show in the night sky.


The aurora


A meteor shower is certainly a dramatic nighttime event in the skies, but it is outdone by the aurora – the Northern or Southern Lights. Our planet doesn’t have a monopoly on the aurora – other planets with magnetic fields surrounding them can also produce them. But even though we’re one of a family of planets with the aurora, ours certainly puts on a delightful spectacle.


There are only a few things you need to produce the aurora: dark skies, a magnetic field, and an active star. Our home planet comes equipped with a magnetic field, generated by the motions of the metals in the Earth’s core, so we’ve taken care of that one right away, and dark skies come every twelve hours or so. An active star is also a regular occurrence, and what we need from our star, the Sun, is a large volume of charged particles (an electron or proton will do – see pages 108 and 127).


If the Sun provides these high-energy particles so that they hit the Earth, our magnetic field deflects the majority of them away from the planet before they ever come in contact with the atmosphere. (This is good, because without a magnetic field, this is an effective way of losing an atmosphere.) However, if there are particles that come towards our planet aimed at the poles, the magnetic field is less able to keep them away from the atmosphere. Near the magnetic poles, the magnetic lines that normally run parallel to the surface turn and sink into the surface. This creates a divot in the magnetic shield, and particles can get stuck in there, like bits of leaves in an eddy. The solar particles end up smashing into the gas of our atmosphere. The energy donated to the atoms† of gas makes a glow, lighting up the skies with the aurora.


If you’re particularly keen to see the aurora, there are a few things you can keep an eye out for. As with all faint astronomical displays, it is easier to spot the aurora at night, and the darker your skies, the more visible they will be. The other factor is how close you are to the magnetic poles. The closer you are, the less of a donation of particles from the Sun is needed to see the lights. With very strong storms of particles, the aurora can be visible further from the poles, but these storms are few and far between.


If it’s starting to sound to you like all the good astronomical vistas from our parent planet are visible only when our illustrious Sun isn’t around, I can’t blame you, but there are certainly a few things that stick around during the day. The Moon is easily visible in the daytime sky, and if you know where to look, Venus is also bright enough to be seen while the Sun is up (various apps for your phone can point you in the right direction). There’s nothing special about the Moon and Venus here, they’re simply reflective enough to be visible – in principle, any kind of object in our skies could be seen from the ground during the day, assuming it can shine enough light down to the surface.




THOUGHT EXPERIMENT:


Sights by day


To put reflectivity in a more tangible context, let’s take one of the largest crafts we use to cruise the seas of our planet, and put it in space, to cruise a very different ocean. It’s made of metal, and fairly sizable, so if we put it in orbit around the Earth, it should have a good chance of being reflective enough to be visible from the ground.


A supercarrier, which is among the largest aircraft carriers, typically measures 77 meters wide by 333 meters long. An object of that size has an area of 25,641 square meters, or 2.56 square kilometers. In order to know how much light it would reflect (and thus, how bright it would appear), we have to know what it would be made of. On Earth, a lot of our marine craft are made of steel, but spacecraft don’t need to follow ocean rules exactly,‡ so we could consider making our supercarrier into an aluminum supercarrier. Aluminum is one of the most reflective metals out there, reflecting 91% of the light that hits it. It’s also quite light, which is nice if you need to get it into space from the ground.


We do have one point of comparison to work with – the International Space Station (ISS) is already in orbit, and sits at 72 meters wide and 108 meters across, counting all of its solar panels. The ISS is therefore about 7,800 square meters, or about 0.78 square kilometers. So a supercarrier would be 3.3 times larger in reflecting area than our current largest spacefaring residence. The ISS reflects around 90% of the light that hits it – this is on purpose, to help keep the space station cool, and at less than a square kilometer in size, and at 90% reflectance, we can see the ISS with the naked eye, if it is at its closest to the surface of the Earth.


Since we’re dealing with a much larger surface area, that’s a good hint that a supercarrier-sized object would also be visible to a watching public on the ground, and that’s true, as long as the material our spacecraft is made of is similarly reflective. With the larger surface area, we’d expect an aluminum space-supercarrier to reflect 3.36 times as much light as the ISS does.


In terms of spotting such a craft, this kind of object would be easily visible at night – it’s between 4.8 times (for steel) and 7.7 times (for aluminum) as bright as Venus. (If you can see any starlike object in the twilight or early morning sky, it’s Venus.) A spacecraft of this size would appear as an extremely bright star moving relatively quickly through the night sky. During the daytime, where the Sun dominates our sky, we’d still be able to see it. At more than five times brighter than Venus, this sort of spacecraft would certainly be visible from the ground. Any kind of spacefaring future for our species will likely fill the skies of our planet with plenty more bright objects like this.





Human visibility on planet Earth


The inverse is also true – while floating in space, it’s relatively easy to spot human activity on our planet. The easiest way, of course, is to look for the lights of our cities at night. The astronauts on board the International Space Station have taken some beautiful images of this, with the grid pattern of the roads in the US contrasted with the more tangled street patterns of older cities in other parts of the world.


If we were to go hunting for life on another planet, modifications of that planet’s surface would be a big thing to look for, if we had the resolution to go with. (This would be an ‘orbiting the planet’ hunt, and not a ‘searching from here on Earth’ hunt.) On Earth, we humans have not only illuminated the night, but we’ve carved into the fields, adjusted coastlines, and irrigated dry terrain.


But science fiction likes to take a different approach. Instead of searching for cities by their lighting, there’s a vaguely phrased ‘signs of life’ method, which often translates to hunting for signatures of warm bodies on the planet. If we turn this lens onto ourselves, we’re certainly visible through a heat-based search, but only if you’re close enough to the planet.


How many of the human-induced changes to our planet’s surface you’d be able to see from space depends entirely on the resolution you can achieve with your camera – how small an object can you spot? Resolution for an image depends on only three things: how close you are to the object in question, what wavelength of light you are looking at, and how many wavelengths of that light you can fit across your telescope. If you’re looking for warm bodies, you’d need a heat map. That means you’re looking in the infrared, from at least an orbital distance around the planet. How much can you see in the infrared?


In general, as you would expect, in infrared the poles of our parent planet show up as cold, and the equatorial regions as much warmer, but at this resolution, you can’t see any real details. Cities don’t show up here, let alone individual humans. This is due to the combination of the wavelength (the infrared is a longer wavelength than optical light, so the resolution drops), the distance the satellite is orbiting the planet (about 440 miles up), and the size of the collecting area of the satellite.


You can spot cities via infrared heat measurements; if you’re not in the desert, dense cities tend to be warmer than the surrounding areas. Part of this is that we’ve cut down all the trees to build the city; another reason is that we’ve paved it with heat-absorbing asphalt. If the city has a lot of trees planted, this city ‘heat island’ is less obvious. The resolution on these heat-island images is about 100 feet, which is still well too large to detect individual people. The resolution here is partially because the size of the mirror on this satellite is still only 16 inches across (not very big, in the scheme of things).


If you just want high resolution to capture the smallest details on the surface of our planet, the best bet is to bring a really large mirror and camera (increased collecting area = better resolution), or to swap over from infrared to the optical range, though clouds will become a problem if you do the second one. On Earth our cloud layer is not very thick, not very hot, and tends to move over time, so if you wait long enough you should be able to see what’s underneath any given cloud sooner or later, but if you’re observing a planet more Venus-like in its permanent cloud cover, the optical is not going to be your friend.


On Earth, however, it works fine; commercial satellites in orbit can now image the Earth down to a resolution of about a foot. (Or at least that’s as good as various militaries will allow them to disclose; super high-resolution imagery of the Earth’s surface is also used for military reconnaissance.) With optical high-resolution data, you can look for geometric patterns. Perfect circles, squares, rectangles, or triangles are unlikely to happen naturally, so if you spot widespread rectangles on the surface of the Earth, that usually means you’ve found a well-planned city or a farm, either of which indicates some kind of intelligence at work.


Of course, the further away from the planet you are, the harder this is to do – it’s not the sort of scanning you can do while cruising the galaxy at high speeds. To map the whole Earth at low resolution (between around 800-foot and 3,200-foot resolution, or 250–1,000 meters), the MODIS instrument on one of our Earth-orbiting satellites, orbiting at about 450 miles above the surface, takes two days. So it’s possible to detect signs of life on a planet via heat-based images if we’re looking for evidence of cities, but not if we’re looking for individuals, and not if you don’t want to spend a few days in orbit around the planet.


Still, if you built a very large-aperture, wide-angle telescope, and had it orbiting the planet in space, you just might be able to spot people outside. If you had a telescope that was 500 meters in diameter, you’d get resolution that’s 150 times better than what the Hubble Space Telescope can do. Even in the infrared, we’d be able to detect individual human beings if we gathered that much light – though to tell that anything was moving, you’d have to take a series of images and play spot the difference. (A series of extremely short exposures would also keep all your images from being blurred into unrecognizability, unless you’ve parked the telescope in geostationary orbit.) If you had an inkling of where to point your dish – and weren’t reliant on mapping the entire planet – the civilization we’ve dreamt that Earth becomes in the future may yet be able to spot intelligent life walking around on other planets.




THOUGHT EXPERIMENT:


No childhood pictures of the Earth?


Unlike a dig through your own family history, if we go looking for old pictures of the Earth from ground-level, we find ourselves very rapidly limited to the window of time after cameras were invented. To push earlier, we look to illustrations of life on Earth, which brings us shockingly early into human history; humans have been drawing their surroundings for an astoundingly long time.


If, however, we’re interested in photos of the Earth as a whole, then our window of opportunity declines even further, because we are limited to the slice of time between the present and our first Earth-monitoring satellites. The oldest photos of our planet from space are from 1946.§ By geological or astronomical standards, we’ve taken a rapid-fire burst of images, but we will never unearth a photo of our planet as it was 200 years ago, the way you might discover a photo of your human great-grandmother in the 1850s.


It’s an appealing idea to be able to see the Earth as it was, many years past. With a curious mind, we could wonder – is there any way that we could see the Earth in the past? Is there a way we could harness the delay that comes with light’s travel through vast distances to see the Earth hundreds or millions of years in the past? Geometrically, this is possible – reflected sunlight from our Earth could go out into space, be reflected off a gigantic mirror, and back towards us.
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1. A portion of the Apollo 15 lunar laser ranging retroreflector array, as placed on the Moon and photographed by D. Scott. (NASA/D. Scott)








We actually do use this bouncing time delay already (at a much smaller distance scale), because a few of the Apollo missions put mirror-like reflectors on the surface of the Moon (see image above). They’re not the standard type of mirror, but a special reflective surface called a retroreflector, which directs light back the way it came from, which normal mirrors don’t do. By firing high-powered lasers towards the surface of the Moon where the mirrors are situated, we can count the time delay for the round trip of the laser beam. This is primarily used to measure the distance between the Earth and the Moon to incredibly high precision. These measurements are one of the methods by which we know that the Moon is receding from us by a little more than an inch every year.


For a laser, this round trip from the Earth to the Moon takes a relatively quick 2.5 seconds or so to go the 478,000 miles (roughly) there and back. Even though we’re not dealing with large distances (on an astronomical scale) yet, there’s a hint of the problem we might face with our hunt for ancient photographs of our parent planet. We start to run out of photons.


Even a laser, which starts out with all of its light focused into a very small beam, will spread out at larger and larger distances. Red lasers are more prone to doing this than green lasers, simply because the wavelength of light is shorter for green lasers, and this spreading is partially a function of wavelength. (Purple lasers would be even less prone to spreading out.) However, over several hundred thousand miles, even the highest wavelength lasers we can manufacture are going to spread out, and by the time this light gets to the Moon, the laser is only able to faintly illuminate the surface, and only a tiny fraction of that light is going to be bounced off the reflector and back to Earth. The further away you put your mirror, the worse this problem gets, because light gets more and more spread out the further it’s traveled.


The Earth does reflect sunlight out into space, so we’re not in trouble there. However, this light begins to spread just as the laser light does, but since it’s coming from a larger area to start with, it’s never as compact and focused as the laser light. By the time that we get to any distance away from the Earth, this reflected ‘Earthshine’ is very dim indeed. We can see Earthshine if the Moon is up at night. The reason the dark part of the Moon isn’t 100% black is that it’s getting some reflected light from the Earth. By the time this Earthshine light travels for several hundred light years, one can well imagine that it has become very, very diffuse. And then, of course, it would have to travel several hundred light years back, becoming even more diffuse on the return journey. We’d also have to conveniently find a mirror out in space which has a clear light path between us and it – and if we just put it out there now, we’d have to wait a few hundred years for anything to come back our way.


But let’s say we managed to get a few photons back from our several hundred light years-distant reflector, which we can arbitrarily make sufficiently enormous that this would happen – would we be able to identify them? Part of the reason we like using lasers for our Moon experiment is because they’re all of a very particular color of light, so we can count up the returning photons at that color, relative to photons of any other color, which we know are unrelated to our experiment. The Earth is not a single color, and the atmosphere is incredibly complicated, so the set of photons that we would reflect would be a much more complex set than the laser beam we’re firing at the Moon.


On top of this, when the Earth is showing the most reflected light, it’s because the angle between us and the Sun is the smallest. So when the Earthshine is the brightest, we’re also most likely to be blinding our reflector with light from the Sun. The Sun is really, really bright. Stars in general tend to be a big problem for taking direct pictures of planets around other stars, because they’re so bright that they swamp out any of the reflected light from a planet, and we have to get really clever with how we block out the light from the star without blocking out anything else.


So, to make sense of our parent planet’s past we make do instead with the stories the Earth can tell us based on other measurements – without photographs, we have to rely on geology, planetary science, and theoretical models.







[image: ]





Even though the majority of our human history has seen us observing the cosmos from a grounded place, we nevertheless have had a perpetual reminder of our planetary family, in the form of our constant companion, the Moon. Our Moon, suspended as it is in our skies, is Earth’s closest family member, and the trigger for much of our human curiosity about the cosmos. In the next chapter we’ll move away from the Earth and look in more detail at our cosmic companion.




* The photon is the smallest quantity of light – one individual packet (or particle).


† An atom is the smallest uncharged particle in the universe, and combinations of atoms make up all the materials on our planet and in the rest of the universe.


‡ In fact, they probably shouldn’t. Other than being waterproof and airtight, which they definitely should still be.


§ https://www.nasa.gov/multimedia/imagegallery/image_feature_1298.html
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