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‘This planet was utterly unlike the dead cinders we had encountered so far. This was something else, something unique, something vibrant...


This was a living planet.


Bruyningh and I stood together, silently looking at the planet for a long time. Long enough to see it rotate and the clouds move. I think it was there and then that we, without realising it, stopped speaking about ‘the planet’. From then on, it was ‘the world’. ’


From Worlds Apart: Natural Histories of Furaha and Earth by Souren Nyoroge
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This scene shows Fuscus Filius Bruyningh, on the left, and Souren Nyoroge, on the right, in high orbit around Furaha. At the time, the two men already knew another well but were not yet close friends. Bruyningh had been the force behind the expedition to Furaha, but he was undecided about what to do afterwards. Nyoroge, at heart not an adventurer, had never been enthusiastic about coming and only developed a passion for Furaha much later. Their friendship evolved well after both men came into their own, when Nyoroge had matured into Furaha’s first great naturalist and Bruyningh had set up the Institute.












Jua and The Outer Solar System


Five Gas Giants, Many Tiny Moons


The Jua system is a very typical solar system for a G-class star, as far as the number of planets and their composition is concerned. However, the presence of a planet with Earth-like life, a Gaean, is extremely rare.


Jua


The star Nu Phoenicis received its common name Jua, a Swahili word, from the crew of the space vessel Ngonjera, as that crew largely came from East Africa. The Horizonists who later founded the settlement spoke various European languages and might easily have decided to change all earlier Swahili names. They did not, however, and so Nu Phoenicis retained the name Jua, which in Swahili means nothing other than ‘star’. In that respect it resembles Earth’s sun whose formal name Sol is simply the Latin word for ‘sun’.
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The star Jua and its nine planets are shown at the same scale as far as their sizes are concerned. The planets of the outer and inner systems are shown in two rows before the star Jua.








Outer Planets


The outer planets are all gas giants with small rocky cores at their centre, hidden underneath layers and layers of gases compressed to fluids at unimaginable depths.


The innermost of these cold giants, Jitu, is often the closest to Furaha, depending on where it is in its orbit. Jitu is Swahili for ‘giant’, which is fitting for the largest planet of the system. Jitu circles Jua at a distance of about seven astronomical units (an astronomical unit is defined as the distance between Earth and Sol). Jitu has no distinguishing colours or features, not even from up close.
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The planets of the outer system are much larger than those of the inner system. The planets are shown from the innermost planets on the far left to the outermost on the far right. From left to right their names are Jitu, Ubaridi, Sititiko, Makamasi and Peke.
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This is an image from one of the dozen or so moons and moonlets that orbit Ubaridi (‘coldness’). Ubaridi is the second largest planet in the Jua system, but is much more photogenic than Jitu, the largest. Ubaridi has bands with swirling colours, much like Jupiter in the Sol system. The particular moon this image was taken from, Mchanga, is a cinder, meaning it is mostly a ball of dead rock. Mchanga has just enough of an atmosphere to prevent the sky being all black.








Next follows Ubaridi (meaning ‘coldness’), famous for the swirling colourful bands in its atmosphere.


Sititiko is the next planet out. Like Jitu, its lack of features ensures it does not attract much attention. Still, it is home to many ballooning life forms, known as ballonts, but these ballonts suffer from the common lack of interest of life in gas giants: all ballonts look alike.


Makamasi has an odd greenish tint, and there is no doubt that this hue is what earned its name, as the crew of the Ngonjera dubbed it ‘nasal mucus’. As said, the Horizonists who later settled on Furaha should perhaps have paid more attention and renamed this planet, but they did not.


Peke is small as gas giants go, cruising at a distance of 75 to 90 astronomical units away from Jua. Its name means ‘isolation’ – the Ngonjera crew was certainly right with that name!
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The elliptical paths of the outer planets span a vast distance, with Peke cruising at a distance to Jua equal to 90 times the distance between Earth and its sun. The inner system is also shown, spanning only about 1.5 AU.












The Inner Solar System


Three Cinders, One Cinderella


The whole inner solar system spans less than two astronomical units, meaning it is much smaller than the outer system. Just compare its scale to that of the outer system described previously – the entirety of the inner system is just a tiny circle there. This shows how large a typical solar system is, and yet the Jua solar system is not even a large one.


Furaha is further away from Jua than Earth is from Sol, but Jua is a bit hotter than Sol. Furaha is, like Earth, comfortably situated in the middle of the ‘habitable zone’. This is also known as the ‘Goldilocks’ zone, where everything is right to bear life: neither too hot nor too cold, but just right.


Discovery of The Jua System


The following quotation was taken from Capitaen Han Lebrouillard’s book Going Out, which tells the story of what it is like to explore space in a spacer’s jargon.




When you’ve been in a safe system for some time you get the urge to explore a fresh system again. It’s no easy decision: far sensing may show you there are planets in a hab, but that’s about it. They’re all probably just cinders or cubes. But you don’t really know and, in the end, curiosity gets you. So, you say your goodbyes and you drift far enough out of the well to release space-time mooring and fire your Feng. Then you wait for the Boing. It’s only when the Boing says you’ve moored again, and only then, that you find out if the wait was worth it.





As told by an old hand, planet scouring sounds easy, but it is not. Even old spacers welcome the ship’s traditional ‘Boing’, announcing that the moorings have successfully rehooked space-time mooring. Hearing the Boing is a big relief, because no-one knows beforehand how long a trip will take and you do not, and cannot, find out until the wait is over. Greater distances take longer, but there is a large error margin in a trip’s duration, both in external and in internal ship time. The ‘spacer’s nightmare’ concerns the tiny chance that a trip may last years or even decades, instead of a few months. After six or nine months on a ship, the uncertainty affects everyone, even born spacers. The spacer phrase ‘waiting for the Boing’ sums up the slow dread of space travel.


The crew of the vessel Ngonjera had chosen the Jua system without much prior consideration. ‘Boing!’ said the ship on entering local space near the star Nu Phoenicis and the crew ran to get a look at the first data the ship was gathering.


The Planets


The first data packets to percolate back showed a bunch of joves, or large Jupiter-like planets. Because of their large gravity wells, joves are usually the first planets to be found. The Jua system proved to be one of those rare systems in which the joves were all in the outer system; no hot Jupiters close to Jua wrecked the inner system here.


The first terrestrial planet they found was Majivu, closest to Jua. Then, in quick succession, the ship found two more inner planets: Mkaa and Mwayu. All three were just ‘cinders’: dead, dry and boring.




[image: image]




The inner planets are much closer together than those of the outer system. Furaha orbits Jua farther away from Jua than the distance between Earth and its sun. The light from Jua takes almost 12 minutes to reach Furaha.








Majivu


This planet circles Jua at about one third of an astronomical unit, so its surface is hot enough to melt lead, not that there is any. All traces of an atmosphere blew off aeons ago. The planet’s rotation around its axis is becoming tidally locked to its orbit, so in a few million years Majivu will always present the same face to Jua. But for now, it rotates. Its surface roasts one week, only to freeze the next. With its overall grey exterior, it is no wonder that the Ngonjera’s crew called it Majivu, meaning ‘ashes’.


Mkaa


The next planet out proved to be a brown cinder. Mkaa is too hot wherever it is not too cold. As the universe is full of such places, the crew spent little time studying this planet, after naming it Mkaa, meaning ‘charcoal’.
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The four inner planets are here shown to scale. The one on the right is Majivu, a planet so close to Jua that its surface is hot enough to melt lead. The next one to the left, Mkaa, may be less hot than Majivu but is just as dead. Mwayu is a proper planet, with a thin atmosphere and a rather Mars-like appearance. The left-most planet is Furaha, a planet with abundant water in fluid form.
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This image shows the surface of Mwayu, one of the three cinders encountered by the vessel Ngonjera. It is somewhat attractive, but you would not want to live there. Mwayu might possibly be terraformed, and the Fogg Corporation expressed an interest to do just that for a while, but so far, their plans have not come to fruition.








Mwayu


This planet is the last of the inner cinders. The phrase ‘outer cinders’, by the way, usually refers to the various lifeless dry moons circling gas giants. The Ngonjera’s crew was perhaps a little harsh in dismissing this planet out of hand, as exemplified by the name Mwayu, meaning ‘yawn’. After all, it has an atmosphere, albeit a thin and unbreathable one. It also has interesting plains, deserts, stones and sand. Lots of sand. So much sand, in fact, that for once a descriptive term such as ‘desert planet’ is correct.


Furaha


Only then did the ship find the biggest terrestrial planet, the one farthest out from Jua. Sensors showed nitrogen, as well as free oxygen, so the crew immediately knew they had a ‘cinderella’ on their hands. Cinderella is the name spacers give to a potential Gaean, as at that stage you do not know whether you are dealing with a maid or a princess. Still, it was by far the most exciting find of the entire system.


The Ngonjera’s crew quickly decided to float towards the cinderella’s well. Not long afterwards, incoming spectra told tales of carbon dioxide, with absorption lines hinting at an active biochemistry, so hopes ran higher and higher.


Only when the optical telescopes made out white clouds, shiny seas and bright continents did the crew realise that they had found the spacer’s dream. Their cinderella was a true Gaean: a planet with a proper biosphere, in which life is more than a microscopic contaminant.







One Famous Space Farer’s Nightmare


Space travel is not for everyone. Some people take it very badly, in fact. Souren Nyoroge, the unwilling traveller who became the first and best cataloguer of Furahan life, found space travel extremely depressing, as is evident from the following excerpt of his famous book Worlds Apart: Natural Histories of Furaha and Earth.




There is no way to grasp the nothingness of space. It cannot be done. The size of Earth can just be imagined, but holding its image next to that of a Jovian forces you to realise that your entire world, a tiny universe unto itself, is small. Indeed, it is as nothing. It IS nothing. In turn, that stupendous Jovian is nothing compared to the magnificence of the sun. And we know that our bright sun is nothing but a speck next to a red giant.


You ask me to describe the size of nothingness between stars, to catch it in words? I cannot, and neither can you. Waiting for time and space to come together again made me feel I was nothing. The emptiness first impressed me, but gradually it wore me down and then depressed me. I questioned whether we should be out there, but what does there even mean if there is nothing?


To those who have been there and know space, I admit without hesitation that I was afraid. So very afraid. To those who mock me I say, go and look into the nothingness yourself, and only then return and speak to me about fear. Who measures up to nothingness? It is all hubris...












Closing In on Furaha


Orbit, Moons, Tides


A Year on Furaha


Furaha is further from Jua than Earth is from Sol. It is 1.44 times further, to be precise. Furaha also takes longer to complete one orbit of Jua, so one Furaha year lasts 1.60 Earth years. For Earth travellers, it may be confusing that a 30-year-old Furahan citizen would be 48 years old on Earth. During the long Furahan year, the planet rotates 551.1 times around its axis, so there are 551 days in a Furahan year. Luckily for humans on Furaha, a Furaha day lasts only slightly longer than an Earth one, so human biological clocks adapt easily to the new rhythm.


Seasons


While Furaha’s orbit is of course elliptical, as it is for all planets, its ellipse is so close to a circle as to make little difference. This also holds for Earth, so for both planets the seasons do not depend on a changing distance from the sun, as they do on many other worlds. Furahan and Terran seasons instead depend on the degree of tilt of the planet’s axis. The planet’s axis points towards or away from the sun depending on where the planet is in its orbit and that is what causes seasons.


The polar zones are smaller on Furaha than they are on Earth, which is one reason Furaha’s ice caps are not very impressive. Another reason is that there are no big land masses on or near a pole, as is the case for Antarctica and Greenland on Earth. When present, such masses help form a stable ice core. Still, floating sea ice forms a modest ice cap each winter on either polar ocean on Furaha. The sea ice disappears nearly completely every summer.
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The half of the planet lit by Jua, its day side, is shown with lighter colours then the dark night half. The axis of Furaha is tilted 18.3 degrees compared to the plane in which it circles Jua, less than Earth’s 23.5 degrees. One result of this is that seasons tend to be less pronounced than on Earth. Another result is that the part on the planet where the sun can be directly overhead, meaning the tropics, is narrower. The tropics’ borders are marked by red lines.


The polar zones, shown as blue circles, are also relatively small. At the summer solstice (top left) the North pole is maximally tilted towards Jua, so the North polar zone stays lit all day, while it is dark in the South polar zone all day. Half a year later, at the winter solstice, the opposite occurs. At the halfway points, day and night last exactly the same time: these are the spring and autumn equinoxes.








Earth and Furaha as Siblings


Furaha is the larger of the two planets: Earth’s radius is 6378km and Furaha’s radius is 6941km, or 1.09 times larger. Some therefore call Furaha Earth’s big brother, but size is not everything. Furaha formed about one gigayear after Earth did, so it may with equal reason be called Terra’s younger sister. Its mass is 1.36 times larger than that of Earth, resulting in a surface gravity of 1.15 times the one Terrans enjoy at home. That is not a big difference, although some say that people on Furaha are more likely to develop back problems because of the higher gravity.
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Ice-covered areas in the North show that it is winter in the Northern hemisphere. Sea ice links up with ice extending from the continent Imparia Septentrionalis.
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Winter in the Southern hemisphere may show temporary Southern polar ice and always shows ice and snow over Meralgia.








Furaha’s larger radius means that its surface area is 1.29 times bigger than Earth’s. While the proportions of land to sea are roughly similar, in Terra’s case most of the land is found in the form of a few very large continents along with lots of small islands. On Furaha, there are several intermediately-sized land masses. It is probably for that reason that no-one on Furaha ever bothered to decide whether a specific mass should be called a small continent or a big island, or even to count the number of continents.


Moons: ‘Candle’ and ‘Spark’


Furaha has two moons, named by the crew of the Ngonjera. The names suggest that the crew members were not impressed. The larger one is named Mishunaa (meaning ‘candle’). It takes 11.9 Earth days for Mishunaa to circle Furaha. Its diameter is just over half that of the Earth’s moon, Luna, and is closer to Furaha than Luna is to Earth. Seen from Furaha, its angular diameter is nearly 0.4 degrees, which is not much smaller than the 0.5 degrees Luna spans as seen from Earth. The disc of a full Mishunaa moon is still only about 60 per cent the area of a full moon as seen from Earth, so nights tend to be darker on Furaha than they are on Earth.


Poor little Cheche, the other moon, circles Furaha in 22.7 Earth days. It is 7 per cent further away from Furaha than Luna is from Earth, so its angular diameter is only 0.1 degree. The disk of a full Cheche moon is only 4 per cent the area of a full Earth moon, so it does not cast much light during Furahan nights. No wonder the Ngonjera crew called it ‘spark’!
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These models show Furaha and postdiluvian Earth along with their moons. The size difference is well visible, as are the different sizes of the tropical and polar zones, indicated with red and blue parallels. To facilitate the size comparison, moons are shown perched on top of their parent planet. Earth’s moon Luna is much larger than either of Furaha’s moons, Mishunaa (‘candle’) and Cheche (‘spark’).








Tides


Tides are simply masses of sea water moving around the surface of a planet because of the gravitational attraction of a sun or moon. The tidal force of a planet or sun increases more quickly the nearer it is to the planet with seas. It also increases with its mass, but less strongly so. This is why a small nearby moon can have a stronger effect on tides than the immensely larger, but much more distant, sun.


On Furaha, as on Earth, both the sun and Mishunaa cause tides. As on Earth, Furaha’s rotation around its own axis ensures a basic rhythm of two tides per Furahan day. To this rhythm are added the ‘monthly’ effects of the moons. Note that a ‘month’ for Mishunaa lasts just less than twelve days. As Mishunaa is smaller than Luna, its tidal effects are smaller than the effects Earth’s moon has on Earth’s tides. Cheche is so small that it contributes next to nothing to Furaha’s tides.






Life Adrift


Collide, Divide, Repeat


Universal Traits of Life


We still do not know how life starts on any planet. The discovery of prebiotic bubbling soups on numerous planets suggests that conditions conducive to life are not rare, so apparently life will emerge, given a lucky combination of factors over aeons of time.


We do know that life on Furaha followed the usual major steps of evolution. The first step is that life most readily evolves in a fluid. Furahan life took a long time to leave the oceans and adapt to dry land. The second principle holds that energy for life is either acquired from a non-living source, such as sunlight, or from existing life. The third principle holds that life starts with humble single corpuscles, such as bacteria, before complex multicellular life appears. The final principle is evolution: life forms with better genetic traits are likely to leave more offspring than their less endowed fellows.


Continental Drift and Climate


Furaha has a variety of continents that, as on Earth, drift on the underlying magma. Over many millions of years, parts of continents may split off, following their own course over the surface of the planet. At other times these fragments, or indeed entire continents, collide to form new continents.


This slow dance profoundly influences evolution. The position of the continents influences the world’s climate, which in turn strongly influences evolution. But it is not just the place of a continent, near a pole or straddling the equator, that influences climate. Continents can also block or divert oceanic currents, directing cold or warm water to parts of the planet that would otherwise not receive these streams. Mountain ranges can also have strong effects, causing clouds to produce rain on the mountains, leaving no water for rainless deserts beyond.


Collide and Mix


A second major mechanism by which continental drift influences evolution is that each continent functions as a raft carrying its own contingent of species. Some species are not strongly bound to their raft. Coastal fish may survive in open oceans, so they can trek between continents. Floating seeds and flying animals can also jump ship, provided there is land to be found within their range of endurance. But terrestrial species are locked to their raft and will evolve on their continent in isolation. When continents collide, species will come into contact with one another; many things can then happen. A small herbivore may find that its now much bigger world allows it to grow bigger. A top predator may find the new competition too powerful, so it either dies out or evolves quickly, perhaps to survive in a specialist niche. Entire groups may be wiped out following such a clash of species, leaving the fittest to continue.
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A Reconstruction of Furaha, 200 million years ago


Yellow areas show continental masses and blue lines show present-day coastlines. The two linked landmasses represent the Imparia continent. This landmass was, as its name suggests, one gigantic continent rather than two separate ones. A large portion of the continent was covered in shallow seas, because the climate was remarkably warm all over the globe. There is no evidence of glaciation even on rocks that were close to the North or South pole. Areas that were probably dry land are indicated with a green colour.








Break and Separate


If all continents were to collide every ten million years or so, the species they carry would remain recognisable variations on a common theme. This is not the case for continents that remain isolated longer. The longer the isolation lasts, the larger the divergences can be. Australia and New Zealand are good examples of relatively long isolation. Australia broke away from Gondwana about 100 million years ago, after which its marsupial mammal cargo was left to its own devices, missing the placental mammal revolution occurring in the rest of the world. Most other continents on Earth connected with their neighbours fairly recently, except for Antarctica. But Antarctica is too cold for a complex terrestrial ecology, so Earth cannot tell us what a truly long isolation may do.


On Furaha, two land masses remained isolated for very long periods, long enough to result in unique shapes. Meralgia was isolated for 160 million years and the Palaeogaeas have been isolated for an even longer, unknown period.
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Present day


This world map, using an Eckert IV projection, shows Furaha at present. Ochre areas indicate continental masses and blue lines demarcate present coastlines. See the ‘Geography’ pages for details on names.
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50 million years ago


The two large Imparia continents are closer to one another than in the present but are not fused completely: the breaking of Imparia took a very long time. The area named Arzakia is drifting north. It will become the southern part of Imparia Orientalis and the collision will form a large mountain range. Also, note that Meralgia and Auralgia are situated more to the east than at present but are still separate. Most of the Archipelago forms one land mass in this age.
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100 million years ago


The formation of Bogoria happened about 55 million years ago. Its two constituent plates are here seen as separate masses: Bogia and Oria. Oria contacted Imparia intermittently, depending on the sea level, so exchanges of species happened repeatedly in the last 100 million years. Auralgia probably saw some exchanges with Oria in this era too, but Bogia was isolated until its collision with Oria. Unfortunately, very little is known about the palaeontology of Furaha and so we can only guess at Bogia’s lost species.
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200 million years ago


Oria straddles the North pole at this time. Likewise, the Archipelago sits on the South pole, so both poles were covered by land. Auralgia and Meralgia were fused this long ago, forming the larger continent of Panalgia, that broke up some 160 million years ago. For Meralgia this was the last time it was part of a larger ecosystem. The Palaeogaea’s were isolated all this time and it is not known when their populations last were in contact with those of other land masses. The data on continental drift are quite sketchy for 200 million years ago and no reliable data are available for earlier periods.
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‘Travelling on Furaha reminded me of the lectures on Terran biotopes I attended as a student. But those virtual trips had not prepared me well for the physicality of the Furahan plains. I had thought that telepresence looked as real as anyone could ever need.


How little had I understood the subject of my studies! I had to stand out there, on the Furahan plains, before I started to realise my mistake. I had to see the horizon shimmer, to feel the heat of Jua on my skin, to hear the calls of the animals, and to smell a world. I smelled wet dust after the first drops of rain, I smelled the perfume of bobberpalms on a summer evening, and I smelled the tang of rusps. But before I could register all that, I had to be separated from mere theory to realise, finally, that truly understanding life requires living it. ’


From Worlds Apart: Natural Histories of Furaha and Earth by Souren Nyoroge
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Portraits such as this one were commissioned to commemorate dignitaries in the highest echelons of the Institute and its University. Commonly done in styles of old Earth, the portraits often provide stylised views of the individuals in question.


This portrait shows Profissimus Grover Uytterwaerde, the third Praeses Rector of the University of Furaha and the first biographer of Nyoroge. The text states, in classical Latin rather than the common Neolatin, that his age was 38 years in Furahan years (his Earth age would be 61 years). He holds a floating glow-globe, as an obvious symbol of power, and wears the robes and cap denoting Profissimus grade and a shawl indicating Rector function. The shawl is arranged to display his cartouche, betraying an obvious pride. For about 100 years people embellished clothing and objects with animal and plant cartouches to indicate their clan.












Arriving at Furaha


A Living Planet


Discovery


Once the Ngonjera’s crew had identified the fourth planet of the Jua system as the most promising one, the captaincy decided to take a closer look. And so the crew made their ship slipdrift towards that planet, until they reached a high orbit. They shut down the slipdrive and secured the ship as any decent crew would. Only then did they take a good look, first with their instruments and finally with their own eyes. The crew looked with wonder at the planet below: it was glorious.
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Uytterwaerde’s cartouche shows a stylised trilobite, meaning the wearer belongs to the Zoology Faculty. For contemporary citizen-scientists, the image would have conveyed faculty, grade and clan of the depicted person at a glance.








Similarities and Differences


The planet was a bit larger than Earth, with a higher surface gravity and a denser atmosphere. It was clearly geologically active, with rifts, fractures, volcanoes, subduction zones and all those other things that result from slowly drifting continental plates.


Well over half the planet’s surface proved to be covered by water. There was sea ice on one pole. The local day was a bit shorter than Earth’s, but there were more days in its year. The tilt of the planet’s axis was less that Earth’s. It had two moons, one of which was very small and orbited the planet at a considerable distance, while the other one was larger, but not nearly as large as Earth’s oversized moon. And so it went: small differences in one direction were offset by small differences in another.


Names and Emotions


The crew enthusiastically started naming major features on the planet. This is how such things always go: there are supposed to be procedures, but people do not bother. The crew of the Ngonjera did not care much for strict procedures anyway. Someone thought of home while looking at this alien planet, and before the matter could be given any serious thought, a continent was named Bogoria, after an East African lake. Apparently, the ship’s doctor was invited to come up with some fancy Latin names. This may explain why some continents have odd names, such as Auralgia (meaning ‘ear pain’) or Meralgia (meaning ‘leg pain’). The crew either did not realise what the names the doctor had chosen meant, or they went along with her jokes.


Rumours flew, and people argued, talked and partied. Before long, there was speculation that humans might live on the surface. But what about the local life forms? For all they knew, the planet could be another Finkelstein’s Folly, covered with frothy goo from pole to pole. Of course, there was the tiny chance of finding a rare world with complex animal life, such as Snaiad.


A Living Planet


At long last some robots went down. They sent back breathtaking vistas of white clouds in wide blue skies; the crew saw waves, rivers, deltas, lakes, swamps, mountains and forests. For a while they even dreamed – or feared – that there might be intelligence down there, something never yet encountered. As the robots went through their studies, no dangers emerged that technology could not handle. Then they followed the robots down themselves.
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