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      Bernard de Fontenelle’s book of 1686, in this edition called A Discovery of New Worlds but with its original title translatable as Conversations on the question whether there are other worlds, is an early example of what is now a successful genre, a popular book on astronomy. But it has a distinctive seventeenth-century feature. It is written in the form of conversations that take place over five nights between a young teacher, Fontenelle himself, writing in the first person as a ‘philosopher’, and a titled lady, an anonymous Marquise. The couple flirt as they stroll under the starry evening sky through the parklands of the Marquise’s country estate near Paris, but the body of the work consists of astronomical explanations about the Universe by Fontenelle, responding to comments and questions by the Marquise, which move on the flow of the philosopher’s line of thought through the dialogue. This novel-like structure may have been one of the attractions of the book for its translator, Aphra Behn, one of the first English women authors and playwrights, and one of the main writers of ‘amatory fiction’, the chick-lit of the late seventeenth and early eighteenth centuries.

      Fontenelle’s Universe was driven by a force of gravity in the form envisaged by the French philosopher René Descartes, in his book The World, written in 1633. Descartes envisaged that around the Sun and each planet there exists a vortex in space, and that bodies that fall into a vortex are swirled around in an orbit. The term that Fontenelle uses for a vortex is un tourbillon, the French word for whirlpool or cyclone, translated and spelt as ‘tourbillion’ by Aphra Behn. In either form, tourbillon or tourbillion, the word is now obsolete in English (except as a highly specialized word for a twirly mechanism used in very expensive clockwork watches) but it is obviously related etymologically to words like ‘turbulence’.

      Fontenelle was writing a year or two before Isaac Newton put forward his theory of gravity (his major work, the Principia, was published in 1687), so he could not have considered Newton’s theory. In any case, Descartes’ theory survived in a senior conservative faction of the French scientific community for a long time after Newton’s theory had taken hold in the rest of the scientific world, even though more progressive, younger eighteenth-century French scientists, such as Pierre-Louis Maupertuis and Alexis-Claude Clairaut, adopted Newtonian physics at an early stage. They were aided in its promulgation in France by the writer Voltaire, who saw it as an exemplar of the rational analysis to which the Enlightenment aspired.

      According to Descartes’ Vortex Theory, the space between the planets or between the stars may be empty of matter but vortices still exist as features of space itself. For example, in the conversation of the Fifth Night, Fontenelle uses the idea that empty vortices extend out into space beyond the Solar System to explain how the Sun sweeps up comets from interstellar space. What astronomers believe now is quite close to this, in that comets have their origin in the zone at the boundary between the Solar System and interstellar space, a region called the Oort Cloud.

      The Vortex Theory addressed the philosophical problem that Newton swept aside in the Principia by the torrent of successful mathematical physics undammed by his theory of gravitation, namely the way that the force of gravity acts across empty space as ‘action at a distance’. Descartes conceived of gravity as being transmitted from one body to another by the succession of vortices that lie between. Newton described what gravity does, while Descartes asked what gravity was, a question still unanswered satisfactorily. Descartes’ question foresaw the modern basis both of General Relativity (which sees gravity as being transmitted by waves in the space between bodies) and Quantum Mechanics (which sees the forces between elementary particles as taking place by the exchange of other particles called bosons), namely that there is something that transmits the force of gravity across space from one body to another. So although Descartes’ theory was mathematically useless, it remains philosophically interesting.

      Fontenelle’s book is known now primarily for its main argument that the Universe is filled with planets that are inhabited. The argument follows a modern form and boils down to the following: stars are suns, like our Sun, and, even if we cannot see them because the stars are so distant, they have planetary systems, like our Solar System. Those planets will be inhabited, like the Earth. Fontenelle’s argument relies on what has become known as the Principle of Mediocrity, ‘We should assume ourselves to be typical of any class we belong to, unless there is some evidence to the contrary.’

      This argument that Fontenelle published in 1686 had been current for 2,000 years or more before, and it is still current more than 300 years later, although it is possible now to add considerably more detail, and some certainty to parts of the argument. For example, we know for sure that stars are indeed suns and the planets of the Solar System are worlds more or less like the Earth. We know of further planets (and similar worlds) in our Solar System beyond those known to Fontenelle, and we know that some of them are indeed very earth-like. We know even about planets that orbit around about 3,000 of the nearer stars. Most of them are big planets, since detecting smaller, earth-like planets is at the limits of our technology, but, extrapolating the evidence, some astronomers estimate that as high a proportion as a third of the stars in our Galaxy may have an earth-like planet.

      Although we have no conclusive evidence that there is any kind of life on any of these planets (apart from the Earth itself ), most scientists come to a similar conclusion to Fontenelle. They regard life as a natural phenomenon that came about as a result of universally applicable scientific principles on material that is similar to terrestrial material on the many planets that are earth-like. Putting the science in its simplest form, biochemistry and evolution operate on common chemical elements in the environments of those planets with a surface, liquid water and sources of energy like sunlight and volcanism – and produce life.

      In the fourth century BC, the Greek philosopher Epicurus made an argument similar to Fontenelle’s, not quite so specifically focused:

      
        
        There are infinite worlds both like and unlike this world of ours. For the atoms being infinite in number, as was already proved, are borne on far out into space. For those atoms which are of such a nature that a world could be created by them or made by them, have not been used up in one world or in a limited number of worlds... So that there nowhere exists an obstacle to the infinite number of worlds.

      

      

      In this argument Epicurus was followed by his pupil Democritus, and the populariser of his work, the Roman poet Lucretius. But his argument was opposed by his contemporary, the philosopher Aristotle:

      
        
        There must be only one centre [to the Universe]; and given this latter fact, it follows from the same evidence and by the same compulsion, that the world must be unique. There cannot be several worlds.

      

      

      Aristotle did not accept the Principle of Mediocrity. He thought that celestial matter and terrestrial matter were fundamentally different, being made of different elements. Terrestrial matter was made of a mixture of earth, fire, water and air, while celestial matter was made of fifth element, ‘ether’, or ‘quintessence’. It was the nature of quintessence to remain in the celestial regions, while the other four elements naturally gravitated to the ground, or near to it. It was impossible for quintessence to take up the properties common on the Earth, so the Earth was unique, and all that it contained, such as human beings, could not exist elsewhere. The planets were not worlds like the Earth, they were distinct celestial bodies that orbited around the Earth, and since they were made of material that was completely different from terrestrial material they were in no way like the Earth, and in particular not inhabited.

      Aristotle’s cosmology was taken up and given mathematical form in respect of the motions of the celestial bodies by a succession of astronomers, culminating with the Hellenic-Roman-Egyptian astronomer Claudius Ptolomaeus. He represented the Universe as a series of seven concentric crystal spheres carrying the Moon and the Sun, five planets (as we would call them now, namely Mercury, Venus, Mars, Jupiter and Saturn) and, circumscribing the planets, a crystal sphere containing the stars. The celestial bodies move eternally around the Earth with unchanging circular motion. There is just one centre to the rotating Universe.

      When Europe became Christianised, Hellenistic astronomical theories were adapted to Christian thought. A link between what Aristotle thought and Biblical writings was forged in the thirteenth century by intellectuals at the University of Paris. They were known as Thomists, because they were led by the Dominican friar Thomas Aquinas. There was a chain of being that stretched from our changeable world up to the eternal celestial bodies, which became progressively more perfect the further away they were from the Earth. All the planets moved in perfect circles. The lowest planet, the Moon, was a perfect sphere but it changed its shape and had grey patches (the features known in folklore as the Man in the Moon). The Sun was thought to be spotless. The planets, from Mercury, Venus, Mars and Jupiter to Saturn, moved progressively more slowly, indicating a progressive approach to eternal lack of change. Beyond the celestial spheres, it was thought, lay the completely motionless, utterly perfect, unchanging, eternal dwelling place of God: heaven.

      This world picture is one in which God’s attention is focused on mankind as the unique pinnacle of His Creation and it guaranteed continued theological interest in the question addressed by Fontenelle of whether other worlds existed and were inhabited. The issue, with its theological aspects, became a prominent battleground between science and Christianity, to such an extent that it could be briefly referred to in the phrase ‘plurality of worlds’, as used as the original French title of his book by Fontenelle, without further explanation. It is remarkable that Fontenelle, educated at a Jesuit college, says nothing about any of the religious aspects but his omission was compensated by his translator Aphra Behn, in a preface that devoted many pages to scriptural analysis intended to resolve astronomical conflicts between the Bible and science.

      Aristotle’s world picture, elaborated by the Thomists, held sway for centuries but fell with the scientific investigation of the orbits of the planets around the Earth. These orbits were not perfect circles after all, but complicated hierarchical orbits of circles whose centres themselves moved in circles; such a system was called ‘epicyclic’. After each improvement of the theory, however, the planets departed from predictions. To ‘save the phenomena’ and more accurately describe the motions of the planets the epicyclic system was elaborated but, however complex it was made, it proved to be inadequate. Searching for a system that would be more accurate, the Polish cleric, Nicholas Copernicus, in 1543, published his theory that the Sun was the centre of the Solar System. The planets orbited the Sun, including our world. This implied that our world was not unique, since it was a planet like others, although Copernicus never explicitly stated this. As a result, the Principle of Mediocrity is also called the Copernican Principle, after Copernicus’ theory.

      The Italian monk, Giordano Bruno took up the logic of the Copernican theory, suggesting that the Sun was a star. True it was brighter by far than the other stars, but that was because the Sun was so much closer than the nearest stars, as Fontenelle describes in the conversation on the Fifth Night. There could be innumerable stars that stretched off into the distant Universe, each with planets like ours. In 1591 Bruno put forward his ideas in a book De l’infinito universo e mondi (On the infinite Universe and its worlds). Bruno’s views on Christianity, including his opinions on the number of worlds in the Universe, were deemed heresies, but he refused to recant and in 1600 he was burnt at the stake by the Inquisition in the Campo de’ Fiori, Rome.

      Copernicus’ and Bruno’s ideas were developed by the astronomer Johannes Kepler late in the sixteenth and early seventeenth centuries. First, he realised that the planetary orbits were not at all circular, they were elliptical, and less than perfect in the Aristotelian sense. Furthermore, he became convinced that the Moon, the Sun, the planets and even perhaps the stars were worlds like ours and might be inhabited. He went on to speculate about the nature of the inhabitants of the Moon, suggesting that they would live in shady caves, because of the effect of the heat of the Sun during the Moon’s two-week-long ‘day’. Fontenelle runs with a similar idea about the putative inhabitants of the Moon in the conversation on the Third Night.

      When Galileo Galilei turned his telescope to the sky in 1610, he saw that the Moon was a rough sphere, with mountains and valleys, like the Earth and not distinctly different from it, as recounted by Fontenelle on the Second Night. Galileo saw that the planet Jupiter had four moons that orbited around it (Fourth Night), so there were in fact at least two centres of rotation in the Universe, not just the one, as Aristotle had thought. He saw spots on the Sun – it was not perfect. The present explanation is that the surface of the Sun is hot and gaseous and the spots are cooler depressions, active areas associated with arches and jets of gaseous material that look, as Fontenelle describes (Fourth Night), like erupting volcanoes.

      Like Bruno, Gallileo was tried by the Inquisition for putting forward his views ‘contrary to scripture’ but he recanted and was punished less severely than Bruno, placed under house arrest for the rest of his life. However, although some refused to look through the telescope and see what they did not want to see, direct observation of other worlds had in reality settled the argument as to whether other worlds existed.

      In his book, Fontenelle could describe little of the nature of the planets of the Solar System, usually just their size and how hot or cold they were (based on their distance from the Sun), but, in the century after Fontenelle, with telescopes of greater power, astronomers were able to investigate their environmental properties. To the modern reader, Fontenelle’s most startling statement on the Fourth Night about the planets is that Mars ‘contains nothing rare or curious that I know of... in short, Mars is not worthy the pains of a longer discourse’. His opinion was based on the science of the time, and it was not until 1781 that in Britain William Herschel could articulate the growing realisation that Mars had a ‘considerable but moderate atmosphere, so that its inhabitants probably enjoy a situation in many respects similar to ours’. Now Mars is seen as one of the most likely places in the Solar System where there may be life beyond Earth; for this reason Mars is the main target of twenty-first-century space exploration.

      Although science has confirmed that planets are ubiquitous, and most people still make the same argument as Fontenelle that they may have life on them, some scientists question whether extraterrestrial life is intelligent, like us, or even as complex as terrestrial animal life of any kind. There were some lucky flukes in the history of our Earth that have given our planet properties extraordinarily favourable for intelligent life, such as stability for long enough for it to develop. For example, by chance there was a massive collision between the embryonic Earth and another small planet early in the history of the Solar System. This gave the Earth not only the Moon but also a large iron core that has maintained a strong terrestrial magnetic field that has defended our atmosphere and the life it nourishes from destruction by solar particles generated by those disturbances characterized by Fontenelle as ‘solar volcanoes’. Without some accidents like this, it is argued, life would not have developed the complexity that we now see. This is supported by the observation that simple unicellular life (like bacteria, or the similar newly identified family of creatures called archaeons, a name that implies that they are viewed as the earliest forms of life) developed on Earth quickly after it formed (in the first ten per cent of its history), whereas complex multi-cellular life – eventually, animals – developed only recently (in the last ten per cent).

      In this view, the present constitution of life on Earth is rare. The flaw in the Principle of Mediocrity may be that it took human beings to formulate it and that fact in itself may guarantee that, although our planet and bacterial life may be mediocre, life like us may not be. There are probably many, many planets like ours, and some of them have life on them. But not many will have life like ours. There is a plurality of worlds, but not many have inhabitants with whom, as in this book, you can have an intelligent conversation.

      – Paul Murdin, 2012
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      TO MONSIEUR DE L ——

      Sir,

      You expect I should give you an exact account in what manner I passed my time in the country, at the castle of Madam the Marquise of —— but I am afraid this account will enlarge itself to a volume, and that which is worse to a volume of philosophy, while you, perhaps, expect to hear of feasting, parties at play and hunting matches. O, Sir; you will hear of nothing but planets, worlds and tourbillions, nor has there been any other things discoursed on. Perhaps you are a philosopher, and will not believe my discourse, so ridiculous as it may appear to the less learned; and possibly, you will be glad to hear that I have drawn Madam the Marquise into our party. We could not have made an advantage more considerable, since I always esteemed youth and beauty as things of great value. If wisdom herself would appear to mankind, with a design to be well received, she would not do ill to assume the form and resemblance of Madam the Marquise; and could she be so agreeable in her conversation, I assure you, all the world would run after her precepts. You must not expect to hear wonders, when I shall make you a relation of the discourse I had with this beautiful lady; and I ought to have as much wit as herself, to repeat all she said in the same graceful manner she expressed it; however, I hope to make you sensible of the readiness of her genius, in comprehending all things; for my part, I esteem her perfectly witty, since she is so with the most facility in the world. Perhaps you will be apt to say, that her sex must needs be wanting in those perfections which adorn ours, because they do not read so much. But what signifies the reading of so many vast volumes over, since there are a great many men who have made that the business of their whole lives, to whom, if I durst, I would scarce allow the knowledge of anything? As for the rest, you will be obliged to me. I know, before I begin to open the conversation I had with Madam the Marquise, I ought, of course, to describe to you the castle, whither she was retired, to pass the autumn. People are apt, on such occasions, to make very large descriptions, but I’ll be more favourable to you. Let it suffice, that when I arrived there, I found no company, which I was very glad of. The two first days there passed nothing remarkable, but our time was spent in discoursing of the news of Paris, from whence I came. After this, passed those entertainments which, in the sequel, I will impart to you. I will divide our discourse therefore into nights, because, indeed, we had none, but in the nights.

      

      THE FIRST NIGHT

      We went one evening after supper to walk in the park; the air was cool and refreshing, which made us sufficient amends for the excessive heat of the day, and of which I find I shall be obliged to make you a description, which I cannot well avoid, the fineness of it leading me so necessarily to it.

      The Moon was about an hour high, which shining through the boughs of the trees, made a most agreeable mixture, and chequered the paths beneath with a most resplendent white upon the green, which appeared to be black by that light. There was no cloud to be seen that could hide from us, or obscure the smallest of the stars, which looked all like pure polished gold, whose lustre was extremely heightened by the deep azure field on which they were placed. These pleasant objects set me athinking, and had it not been for Madam la Marquise, I might have continued longer in that silent contemplation; but the presence of a person of her wit and beauty hindered me from giving up my thoughts entirely to the Moon and stars. ‘Do not you believe, Madam,’ said I, ‘that the clearness of this night exceeds the glory of the brightest day?’

      ‘I confess,’ said she, ‘the day must yield to such a night; the day which resembles a fair beauty, which though more sparkling, is not so charming as one of a brown complexion, who is a true emblem of the night.’

      ‘You are very generous, Madam,’ said I, ‘to give the advantage to the brown, you who are so admirably fair yourself. Yet without dispute, day is the most beautiful thing in nature; and most of the heroines in romances, which are modelled after the most perfect idea fancy can represent by the most ingenious of mankind, are generally described to be fair.’

      ‘But,’ said she, ‘beauty is insipid, if it want the pleasure and power of charming; and you must acknowledge that the brightest day that ever you saw could never have engaged you in so agreeable an ecstasy, as you were just now like to have fallen into by the powerful attractions of this night.’

      ‘I agree to what you say, Madam,’ said I, ‘but I must own at the same time, that a beauty of your complexion would give me another sort of transport than the finest night with all the advantages obscurity can give it.’

      ‘Though that were true,’ said she, ‘I should not be satisfied; since those fair beauties that so resemble the day, produce not those soft effects of the other. How come it, that lovers who are the best judges of what is pleasing and touching, do always address themselves to the night, in all their songs and elegies?’

      I told her that they most certainly paid their acknowledgments to the night; for she was ever most favourable to all their designs.

      ‘But, Sir,’ replied the Marquise, ‘she receives also all their complaints, as a true confidant of all their intrigues; from whence proceeds that?’

      ‘The silence and gloom of the night,’ said I, ‘inspires the restless sigher with thoughts very passionate and languishing, which the busier day diverts a thousand little ways (though one would think the night should charm all things to repose) and though the day affords solitudes and recess, groves and grottoes, equally obscure and silent as the night itself; yet we fancy that the stars move with a more silent motion than the Sun, and that all the objects which the heavens represent to our view, are softer, and stay our sight more easily; and flattering ourselves that we are the only persons at that time awake, we are vain enough to give a loose to a thousand thoughts extravagant and easing. Besides, the scene of the universe by daylight appears too uniform, we beholding but one great luminary in an arched vault of azure, of a vast extent, while all the stars appear confusedly dispersed, and disposed as it were by chance in a thousand different figures, which assists our roving fancies to fall agreeably into silent thoughts.’

      ‘Sir,’ replied Madam la Marquise, ‘I have always felt those effects of night you tell me of, I love the stars, and could be heartily angry with the Sun for taking them from my sight.’

      ‘Ah,’ cried I, ‘I cannot forgive his taking from me the sight of all those worlds that are there.’

      ‘Worlds,’ said she, ‘what worlds?’

      And looking earnestly upon me, asked me again, what I meant?

      ‘I ask your pardon, madam,’ said I, ‘I was insensibly led to this fond discovery of my weakness.’

      ‘What weakness?’ said she, more earnestly than before.

      ‘Alas,’ said I, ‘I am sorry that I must confess I have imagined to myself, that every star may perchance be another world, yet I would not swear that it is so; but I will believe it to be true, because that opinion is so pleasant to me, and gives me very diverting ideas, which have fixed themselves delightfully in my imaginations, and ’tis necessary that even solid truth should have its agreeableness.’

      ‘Well,’ said she, ‘since your folly is so pleasing to you, give me a share of it; I will believe whatever you please concerning the stars, if I find it pleasant.’

      ‘Ah, Madam,’ said I, hastily, ‘it is not such a pleasure as you find one of Molière’s plays; it is a pleasure that is – I know not where in our reason and which only transports the mind.’

      ‘What?’ replied she, ‘do you think me then incapable of all those pleasures which entertain our reason, and only treat the mind? I will instantly show you the contrary, at least as soon as you have told me what you know of your stars.’

      ‘Ah, Madam,’ cried I, ‘I shall never endure to be reproached with that neglect of my own happiness, that in a grove at ten o’clock of the night, I talked of nothing but philosophy, to the greatest beauty in the world; no Madam, search for philosophy somewhere else.’

      But ’twas in vain to put her off by excuses, from a novelty she was already but too much prepossessed with: there was a necessity of yielding, and all I could do was to prevail with her to be secret, for the saving my honour; but when I found myself engaged past retreat, and had a design to speak, I knew not where to begin my discourse for to prove to her (who understood nothing of natural philosophy) that the Earth was a planet, and all the other planets so many Earths, and all the stars worlds, it was necessary for the explaining myself, to bring my arguments a great way off; and therefore I still endeavoured to persuade her that ’twas much better to pass the time in another manner of conversation, which the most reasonable people in our circumstances would do; but I pleaded to no purpose, and at last to satisfy her, and give her a general idea of philosophy, I made use of this way of arguing.
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