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For my sons,

Zackaria and Salahdin





PREFACE

My family and I gather around a crackling fire under a moonlit sky studded with distant suns. Tucked away amid lush green mountains, with pine trees stretching skyward and snow-dusted peaks lining the horizon, our ancestral village of Mangloor in north Pakistan still bears intimations of the way we used to live. Here, days are bounded by the rising and setting sun. Life is attuned to the rhythms of nature; our intimate connection with the natural world is ever-present.

Far from the blinding lights and industrial din of urban life, the shimmering band of the Milky Way stretches overhead in high-definition splendour. It holds us in an attitude of reverent awe. We are dwarfed by its expanse, our brief tenure on this planet overshadowed by its ancient presence. It is not hard to see why humans have always looked to the heavens for meaning, petitioning them to give context to our existence so that we may come to know where we belong and how we fit into their grand design. We have been met with silence. We do not know whether we ask the right questions or if we will ever find the answers. But something in our nature compels us to rise above the frailty of our human condition and seek a union with that which will outlast us by an eternity.

Imprinted in our genes is the code needed to survive and thrive within the parameters of this planet. Yet it remains a marvel of human existence that we can comprehend worlds far removed from our own − from the fiery demise of faraway suns to the baffling complexities of the subatomic. Our partaking in a much grander and more mysterious reality may be among the greatest privileges life has to offer. It was this I sought to express in a series of letters to my young sons, letters that have grown into the book you now hold − an appeal to take in the magnificent wonder of the world, to apprehend the nature of the reality we inhabit and the universe that, in all its entirety, has brought about our genesis.

Before long, nature will dissolve our essence as she has for all those who came before us, reclaiming the atoms in our bodies to create countless other entities. Yet it may be of comfort to know that the totality of our being is inextricable from the totality of the universe. We are a part of this cosmos, and we have a place in that story.





Our Cosmic Contemplations





CHAPTER 1 THE ANCIENT COSMOS

Under the silent, star-speckled darkness of an ancient night sky, our ancestors searched for the meaning of existence. Gazing into the depths of the cosmos, they wondered: what are those objects, and how do they relate to us? Following the trails of twinkling lights, they drew associations between what they observed overhead and the impact on their earthly lives, connecting the dots between the celestial and the terrestrial and tethering our ephemeral existence to the eternal theatre of the cosmos.

The stars served as their guides, charting paths for distant travels, dictating the sowing and reaping of crops and ushering in the rhythmic change of seasons. But the cosmos was far greater than a tool for navigation and timekeeping; it was also the abode of deities, steeped in myth, an eternal backdrop against which the fleeting epochs of humanity played out. It was with this mix of reverence and curiosity that we began our intimate relationship with the cosmos.



BABYLONIAN ASTRONOMY

Around the seventh century BC, in the alluvial plains of Mesopotamia between the Tigris and Euphrates, the Babylon-ians watched the skies with a purpose that was both sacred and practical. Their night sky was filled with messages from the gods, who wielded influence over mortal affairs and expressed their will through the mechanics of celestial bodies. The heavens spoke, and deciphering this cosmic dialogue became a sacred obligation entrusted to the priests, who were not just religious leaders but also the chief astronomers and interpreters. Night after night, they scoured the skies and charted the positions of stars and other celestial phenomena, then meticulously etched them in cuneiform script on clay tablets.

Recorded in these ‘Astronomical Diaries’, which span from around the seventh century BC to the first century BC, are the detailed movements of the Sun, Moon and stars; lunar and solar eclipses; and accounts of the fiery trails of comets and the flashes of meteors. But interpreting the goings-on above also required keeping tabs on what was happening below. Interwoven with these celestial observations are commentaries on more worldly concerns: notes on the weather, the surging and receding of rivers and even market fluctuations in the price of staple goods.

The priests relied on both historical precedence and associative reasoning, such that, if a certain cosmic event had once preceded a period of drought or famine, its recurrence was a sure omen of similar hardships ahead. Similarly, a new moon appearing earlier than expected was a forewarning of troubles because of the negative connotations of premature events.

Astrology and astronomy were, in those days, one and the same. With seventy cuneiform tablets bearing around 7,000 celestial omens, it’s palpably evident that Babylonian culture relied heavily on interpreting the skies. The lights up above commanded direct influence over both daily affairs and affairs of the state; they dictated the rise and fall of empires, warned of environmental catastrophes and even forecast the destinies of unborn children. Of all the heavenly oracles, though, the grandeur and precision of one body obscuring another was an especially potent sign: eclipses could be portents of doom, spelling the demise of kings. The Babylonians learned to be especially attentive to them.

Central to Babylonian astronomical practices was the sexagesimal (base-60) system of arithmetic notation. A scribe would use his stylus to mark a 1 by impressing it edgewise on a clay tablet and a 10 by pressing it flat, repeating this as needed to denote numbers from 1 to 59; but for 60 he would simply repeat the symbol for 1. With this innovation, large and complex numbers could be efficiently expressed without resorting to cumbersome notation, and there were no limits to the accuracy with which numbers could be represented. Astronomical observations could be recorded with unprecedented precision.

The Babylonians used this sophisticated system to trace the transit of planets. They partitioned the sky into 30-degree segments and to each they assigned one of the twelve zodiac signs, or constellations. As the planets traced their course along the ecliptic (the path the Sun appears to take across the sky), they would pass through these zodiacal signs, allowing their position to be accurately noted. In carving up the cosmos this way while reckoning time in hours, minutes and seconds, the priests made the heavens more mathematically manageable. That we continue to define time and angles in base-60 notation is an enduring legacy of this ancient era.

The Babylonians etched tablet after tablet with valuable and accurate data, creating one of the most extensive data collection exercises in history. The sheer volume of these astronomical records and the sustained commitment over hundreds of years were unparalleled until the later Greek astronomers.

Perhaps the greatest legacy of Babylonian astronomy was their system for predicting the next lunar eclipse. Using the Saros cycle, they knew that for any given eclipse there would be a near-identical one in timing, duration and intensity almost exactly eighteen years, eleven days and eight hours later. This recognition – that stars and planets moved in regular, repeating patterns – was revelatory. Keeping extensive records of their movements over long periods of time had given the Babylonians a powerful new tool. They could forecast the positions of heavenly bodies with far greater accuracy than ever before, and this became an apparatus of power and control for the rulers.

Since lunar eclipses that determined the fate of kings could now be predicted, the Babylonians weren’t entirely helpless in the face of divine displeasure. Impending disasters could be averted if known ahead of time. Hence, a stand-in king was appointed during the period when the reigning monarch’s life was seen to be in danger, and this anointed surrogate absorbed the ire of the gods, safeguarding the life of the king. Once the danger had passed, the substitute was stripped of all his regalia and often consigned to ‘go to his fate’, in other words, executed; the omen thus became a self-fulfilling prophecy.

The Babylonians’ predictive power over celestial phenomena marked humankind’s first attempt at devising a systematic framework for understanding the cosmos. It would richly influence the celestial pursuits of later civilisations, from the Hellenic world and the medieval Islamic empire to the contemporary West.



ANCIENT GREEKS

Early studies of the cosmos paved the way for the fervent intellectual discourse that flourished in ancient Greece, with its highly sophisticated tradition of philosophical and scientific enquiry. Placing emphasis on reason and rational observation, the Greeks promoted an impartial study of the natural world, striving to explain phenomena without recourse to the supernatural. This was the era that produced towering intellectual figures who would dominate philosophical and scientific thought for millennia.

It is to the ancient Greeks that we owe the word ‘cosmos’, which derives from the Greek word for ‘order’ and ‘ornament/decoration’. To them, beauty was synonymous with orderliness, and the elegant harmony with which the heavens operated epitomised this. Everything followed its prescribed course, never wayward, never faltering; the sun rose every morning to set again every evening, leaving none in any doubt that it would rise again the following morning. This dependability extended to the other heavenly bodies such that the constellations of stars in the firmament were as they had always been, across many epochs of humanity. Great kingdoms rose and fell, mighty empires conquered and crumbled, all the vanities and vagaries of humanity played out below heavens that remained unchanging.

Arguably, the most influential thinker in Western intellectual history was Aristotle. In the fourth century BC this student of the formidable Plato revolutionised virtually every arena of thought he engaged with. His works spanned such an extensive range of disciplines, from philosophy and logic to politics and metaphysics, that in today’s terms they would fill fifty substantial volumes. For Aristotle, happiness was rooted in a life of the mind, a life immersed in understanding the essence of existence and the world we inhabit, the ‘knowledge of things human and divine’. In this exalted pursuit, he aspired to imitate the gods, counselling that we ought ‘not listen to those who urge us to think human thoughts since we are human, and mortal thoughts since we are mortal; rather, we should as far as possible immortalise ourselves’. In the deepest sense, Aristotle succeeded in that: the Aristotelian worldview endured for thousands of years. In his impassioned desire to transcend the perceived limitations of human intellect, he outlasted his gods.

For Aristotle, science was far from amassing an inventory of facts; instead, it was the glorious art of arranging and integrating those facts into a coherent account of the world. His systematic methodology, coupled with his profound philosophical enquiries, gave him a distinctly unified outlook, which a tenth-century Byzantine lexicon would describe as someone who was ‘a scribe of nature, having dipped his pen in thought’.

When the ancient Greeks looked up at their night sky, they understood Earth to be the unmoving centre of the universe, with a celestial dome rotating around it. Since the position of most stars remained unchanged relative to their gaze, the Greeks called these ‘fixed stars’. Those that wandered across the sky against this backdrop of fixed stars they called ‘planets’.

Aristotle duly noted that during an eclipse the Earth casts a circular shadow on the lunar surface, and this must mean that our planet is a sphere. His cosmological system thus posited a spherical Earth at the centre of a spherical universe. Beyond Earth lay the Moon, the Sun, the planets and the fixed stars, with each heavenly body attached to a concentric sphere. These spheres and the bodies they carried were perfect and incorruptible; they moved in circles, the embodiment of perfection, and were made of a special element (aether) that was divine and distinct from the four earthly elements (earth, water, air and fire). Unlike the mortal realm, which was subject to decay and change, the heavens were eternal and unchanging.

Aristotle thought that the physical universe was vast but spatially finite. Outside of the bounded sphere of the cosmos, he believed there was nothing − no space, no time, no void, no ‘beyond’. Time, however, he considered to be eternal; the universe had always existed and would continue to exist; it had no temporal beginning nor an end. Beyond all this was the supreme cause of all motion: the ‘unmoved mover’. For the heavenly bodies to be swept along in their perfect spheres, and for birth and decay to permeate all earthly entities, there must be a cause or source. The ‘unmoved mover’ is incorporeal and eternal, not chained to the confines of space or the constraints of time, existing outside the universe.

The spherical universe centred on the Earth encapsulated humanity’s thoughts on the cosmos for many civilisations to come. The young prince Alexander of Macedon, whom Aristotle had tutored, became Alexander the Great and conquered much of the known world. Thus the Aristotelian worldview, along with the broader Greek astronomical tradition, was exported far and wide and, in its travels, encountered and assimilated with the rich observational astronomy of the Babylonians.

Around AD 150, Ptolemy expanded on the geocentric view with an elaborate mathematical model to explain celestial movements, drawing in part on the data inscribed in the clay tablets the Babylonians had laboured over. A stationary Earth sat at the universe’s centre, while the Sun, Moon, stars and planets orbited it in complex patterns. It was the motion of the planets that Ptolemy found especially baffling; they appeared to move in the same direction as the Sun (prograde motion), then halt and reverse their direction (retrograde motion). To account for this apparent zigzag motion, he introduced small circles that carried the planets (epicycles), which themselves moved on larger circles (deferents) around Earth. Although it wasn’t understood why they moved in this way, this description provided a mathematically consistent method to predict planetary positions.

Ptolemy’s seminal work, known as Almagest (derived from the Arabic al-mageisti, or ‘great work’), presented a detailed account of this worldview, distilling centuries of astronomical observations. It would remain the authoritative textbook on astronomy until the Renaissance. An epigraph in the Latin translation states: ‘I know that I am mortal by nature, and ephemeral, but when I trace at my pleasure the windings to and fro of the heavenly bodies I no longer touch the earth with my feet: I stand in the presence of Zeus himself and take my fill of ambrosia.’ We cannot say for certain who wrote these words, yet the sense of exaltation they convey is undimmed. The ancients experienced the rapture of contemplating the vaulted realm, and those moments of apprehension were enough to lift them so far above the confines of the human condition that they communed with the divine and supped with the gods. The sky has never lost this hold over us.

How early civilisations viewed the cosmos is something we are continuing to piece together from fragments of what they left behind. In 1901, off the coast of the Greek island Antikythera, sponge divers stumbled on the submerged ruins of a shipwreck and recovered a curious artefact hiding under centuries of ocean deposits. This relic was later identified as the Antikythera mechanism, dated to around the first century BC – a highly intricate mechanical device that would have been used as a hand-powered model of the geocentric solar system. It was operated by turning a hand crank, which drove a series of interlocking gears that, in turn, moved several dials and pointers on the instrument’s face. Astonishingly, this miniature assembly tracked the positions of the Sun and Moon, the phases of the Moon, and maybe even the movements of the planets along the ecliptic – the path they appear to follow across the sky.

In executing complex calculations to predict celestial positions, the Greeks were effectively tinkering with an early form of programmability. This ancient analogue computer hints at an astonishing level of sophistication − nothing comparable appears in the historical records for well over a millennium. Not only did the Greeks possess an advanced understanding of celestial dynamics, but they also had the technical know-how to apply this knowledge in a practical device.

The Greeks distilled their astronomical knowledge into treatises which were then translated into Arabic in the Arab-Muslim empires of the Middle Ages and widely disseminated − this would be the primary route via which ancient knowledge was preserved. Through this cross-cultural transmission, the Greeks’ view of the cosmos survived the vicissitudes of history to make its mark on later astronomical traditions.




ISLAMIC GOLDEN AGE

As the sixth century dawned, the fall of the Roman Empire plunged Europe into the shadows of the Middle Ages, marking a period of relative decline in scholarship across the continent. By contrast, the eighth to the thirteenth century marked the ‘Golden Age’ for the Islamic Empire. Stretching from the Iberian Peninsula in the west to the Indus river in the east, this burgeoning empire encompassed much of the Middle East and even parts of Central Asia. Here in the Islamic world, the astronomical wisdom of the Greeks, which had, in turn, learned from Babylonian discoveries, found its new custodians.

This was a culture of assimilating knowledge and preserving the scientific wisdom of civilisations that had been conquered. Many classic works of antiquity that might otherwise have been lost were translated from Greek, Syriac, Middle Persian and Sanskrit into Arabic, then copied and dispatched across the empire. Dubbed ‘the translation movement’ (Harakat al-Tarjama), this large, well-funded and sustained effort employed translators from diverse backgrounds and religious persuasions to develop an expansive inventory of educational literature. The House of Wisdom (Bayt al-H.ikmah) in Baghdad became the beacon of this intellectual activity.

Knowledge of the cosmos flourished in this vibrant landscape. The cultural and scientific hubs of Baghdad, Damascus and Samarkand became the seats for advancing the study of the skies. Grand observatories were founded; the first in Baghdad and later ones around present-day Iraq and Iran. Devices like the astrolabe (Greek for ‘star-taker’) found prominence across fields as diverse as astronomy, religion, navigation and time-keeping. Among those skilled in making them was al-‘Ijliyyah (now popularly known as Mariam al-Astrulabi), who apprenticed alongside her father under a renowned astrolabe maker in Baghdad. In addition to such portable tools, astronomers devised observational sextants, some extending up to 40 metres long, which were essential for deducing the angle of the Sun and the movement of the stars and planets. Scholars also advanced the maths underpinning these observations; Al-Khwarizmi established algebra as a distinct discipline, systematising its study and introducing new concepts and techniques, and Al-Battani extended the tables and formulas for spherical trigonometry, critical for calculating the positions and movements of celestial bodies on the celestial sphere.

Islamic scholars refined the solar and lunar models to greater accuracy than ever before, driven in part by the rituals of Islam. Practising the faith required knowing the precise times for daily prayers, the timing of dawn and dusk for the fasting month of Ramadan and the direction of Mecca for prayer and pilgrimage. So astrolabes were refined, new calendars were created and observational methods were improved. Intriguingly, the perceived conflict between religious faith and rational enquiry so entrenched in our modern narrative has not been a permanent fixture of human history. Science and spirituality can both lead to the sublime, and there have been extensive periods when both were not just allowed but even encouraged to coexist. This was one such period.

An important legacy of this era was the rigorous and methodical approach to scientific enquiry itself, championed by Ibn al-Haytham (Latinised as Alhazen). His revolutionary magnum opus on the science of light and vision, Kitāb al-Manāẓir or Optics, was replete with systematically designed experiments and geometrical proofs that would go on to influence seventeenth-century luminaries such as Kepler, Descartes and Huygens. In his later treatise Shukūk ‘alā Baṭlamyūs or Doubts on Ptolemy, written in the eleventh century, he laid bare some of the contradictions he found in Ptolemy’s Almagest and stressed the need to critically evaluate existing theories and harbour a healthy scepticism. He argued that hypotheses must be supported by logic and observation and that neither science nor those who practise it are immune from error. Thus, a scholar must challenge the readings of other scientists and ‘attack it from every side’, but also ‘suspect himself’ and question his own biases and assumptions. In so doing, Al-Haytham had planted an early seed in the development of what we now recognise as the modern scientific method. It was our slow uncovering of this new way of thinking that facilitated a move beyond intuition and superstition to a more reasoned understanding of the world. Ultimately, this capacity for rational enquiry enabled us to challenge our long-held assumptions about the cosmos.

Islamic astronomers critically examined the Ptolemaic geocentric model and found some discrepancies with their own observations. The Ptolemaic model had an intricate system of epicycles and deferents that came to be seen both as overly complex and insufficient for accurately explaining celestial phenomena. Back in the ninth century AD Al-Battani had pinpointed these inaccuracies and refined the lengths of the year and eclipse predictions. Subsequently, in the thirteenth century AD, Al-Tusi developed a mathematical technique, the Tusi couple, which he used to replace Ptolemy’s problematic equant for many planets. By showing that complex celestial movements could be explained without resorting to equants, he challenged a key component of the geocentric model.

This golden age of celestial enquiry eventually drew to a close. A constellation of factors was to blame: political fragmentation, economic challenges, the Mongol invasions bringing the destruction of libraries and madrasas, and internal strife within the Islamic world. With dwindling support for scientific endeavours and a discernible shift from rationalism to tradition and orthodoxy, the inclusive and freethinking religion that had nurtured a coexistence of intellectualism and belief was now profoundly changed.

Having preserved the wisdom of the ancients and advanced our thinking of the cosmos, the legacy of the golden era began to trickle into Europe, setting the stage for a new era of exploration. And while the Earth-centred narrative remained, the process of refining and rigorously examining that framework had exposed some cracks in the model, the unpicking of which would later lead to its unravelling.






CHAPTER 2 THE COPERNICAN REVOLUTION

Western Europe was emerging from the Middle Ages with a renewed vigour for learning – one that would shake the very core of long-held cosmological views. From the fourteenth to the sixteenth century, the Renaissance, which originated in Italy before spreading across the continent, saw an intense resurgence of intellectual, cultural and artistic traditions, and a keen interest in the revival of classical antiquity. Scholars pored over the texts and philosophies of ancient kingdoms, and it was this spirited enquiry that lit the fuse for challenging entrenched scientific doctrines.



The prevailing model of the cosmos at the beginning of the sixteenth century was still intuitively aligned with the experience of gazing up at the heavens and watching them wheel overhead in a silent, majestic arc. From this vantage, seeing the Sun’s daily journey across the sky, the Moon’s glide through the night and the procession of the stars, the Earth appears to be a fixed anchor in a sea of celestial motion. But though it had dominated human thought for over a millennium, the geocentric universe was an illusion.

The first big reckoning for this centre-of-the-universe narrative came in 1543 when Polish scholar Nicolas Copernicus put forward a radically new hypothesis of the cosmos. A true polymath of the Renaissance era, Copernicus’s intellectual pursuits spanned astronomy, medicine, economics and even Church law. He practised as a physician and served as a canon lawyer, while also delving into economic theories on the value of money. Yet, his enduring legacy came from his forays into astronomy, which would forever alter our view of the world.

Copernicus concluded that many issues with the Ptolemaic model could be elegantly resolved by positioning the Sun at the centre of the universe. Around this motionless sun, he arranged the known planets in their correct order, each tracing its path in a distinct orbital sphere, with the fixed stars occupying the outermost sphere. The apparent movement of the stars, formerly attributed to a rotating universe around a stationary Earth, was now explained by the Earth’s own rotation. In this revolutionary model, our planet was no longer immobile; it orbited annually around the Sun, spun daily on a tilted axis, and a third ‘motion of inclination’ kept the axis nearly parallel through the year.

With the planets performing circuits around the Sun, Copernicus’s model offered an elegant solution for the zigzag motion that had so perplexed Ptolemy. In Copernicus’s heliocentric (Sun-centred) scheme, the apparent retrograde motion is due to Earth overtaking a slower moving outer planet, so that the planet appears to move backward against the stars. The planets aren’t reversing their direction at all − their backward movement is an optical illusion.

Copernicus regarded geocentric models of the cosmos as akin to grotesque disfigurations of the human form, with arms, legs and torso all mangled to resemble a monster. In contrast, his heliocentric vision preserved the integrity and harmony of the human figure.

Nature’s manifest elegance, its regal simplicity, can help us gauge just how close to reality our theories of the universe are; whenever we’ve encountered inelegance, we’ve often concluded that we are some distance from the truth. Copernicus was led by the mathematical elegance of the Sun-centred universe.

He wasn’t the first to question the geocentric model; the Greek Aristarchus of Samos had proposed a heliocentric model as early as the third century BC, and Seleucus of Seleucia, in the second century BC, also argued that the Earth orbited the Sun. But these ideas didn’t find the cosmological consensus to become the dominant paradigm; with the authoritative back-ing of Aristotle, the Earth-centred universe prevailed. And although Copernicus moved away from the geocentric model, he retained the classical idea that the planets’ orbits must be circular and uniform. Constrained by the belief that heavenly movements must be governed by perfect circles, he still used epicycles to account for the irregularities in planetary motion.

Copernicus initially shared his ideas in the 1510s but only fully elaborated on them in his seminal work, On the Revolutions of the Celestial Spheres, published in 1543, the year of his death. Copies seem to have been quite widely circulated, but the work didn’t immediately spark the uproar we now associate with its reception, and Copernicus’s ideas didn’t upend our understanding of the universe until much later.

There were several reasons for this. While elegant, the model was not necessarily easier to use and didn’t initially make predictions more accurately than the Ptolemaic one. More importantly, concrete observational evidence was lacking: the maths had got there before everything else. That ‘the book of nature is written in the language of mathematics’ would prove to be apt here, as it has been many times since, but without supporting observations such a monumental shift in cosmic perspective was going to be difficult to accept.

Even notable astronomers such as Tycho Brahe acknow-ledged the model’s mathematical beauty and adopted some of its features, but continued to place a stationary Earth at the centre. Tycho was dubious that this ‘hulking, lazy body, unfit for motion’ could engage in the movement we normally associate with lighter, aethereal bodies, let alone possess a ‘triple motion’.



Even today, the reality that we are stationed on a planet spinning at 1,000 miles an hour and hurtling around the Sun at nearly 70,000 miles an hour is a disorienting one. Our intuition tells us we are on solid, unmoving ground. With no external points of reference, Earth’s constant, multiple movements remain imperceptible to us. Lacking conclusive evidence and challenging the long-prevailing worldview, while also at variance with intuition and certain biblical interpretations, the heliocentric model was going to have an uphill battle for acceptance. But the spark for the Copernican Revolution had been lit.

During the early seventeenth century, the efforts of astronomers like Johannes Kepler, with his three laws of planetary motion, further refined Copernicus’s vision. Kepler was convinced that mathematics was the route to understanding the cosmos. He viewed geometry as the language of God, believing that studying it and the mathematical rules that governed overhead phenomena was akin to communing with the mind of the divine. While the Ptolemaic and Copernican systems had clung to circular orbits as a manifestation of celestial perfection, Kepler gave the planets elliptical orbits (first law). This simplified the picture of how planets moved, eliminating the cumbersome epicycles that had cluttered previous models.

Kepler’s second law explained why planets appeared to move faster in the sky when they were closer to the Sun and slower when they were farther away, resolving the apparent irregularities in planetary speed with a universal principle. And his third law established the relationship between the time a planet takes to orbit the Sun and its distance from it. Together, these laws endorsed the heliocentric model with a precision that the geocentric system could not achieve.

Through these efforts, the Sun-centred universe was on firmer theoretical grounds. This dramatic repositioning of Earth − and, by extension, us − marked a paradigm shift in astronomy that also had far-reaching implications for philosophy and religion. As the German writer Johann Wolfgang von Goethe summarised some centuries later: ‘Of all discoveries and opinions, none may have exerted a greater effect on the human spirit than the doctrine of Copernicus. The world had scarcely become known as round and complete in itself when it was asked to waive the tremendous privilege of being the centre of the universe.’

Ripples became tidal waves felt not just in the study of celestial mechanics but deep in the core of a species that had grown up in a different reality. Dethroned from our long-held centrality in the cosmos, our notions of human exceptionalism were thoroughly challenged, bringing to a head one of the most well-known historical confrontations between science and religion. To become accepted as the predominant worldview, this extra-ordinary claim of heliocentrism would require indisputable, observational evidence. And that came from an Italian astronomer and his diligent observations of our largest planetary entity.


GALILEO

In 1610, Galileo Galilei was experimenting with his homemade telescope, a device that, until then, had been used primarily for terrestrial rather than celestial purposes. Galileo’s first telescope was a modest instrument, magnifying objects to three times, but with more experimenting he managed to enhance his device’s power, first to eight times and then to an astounding thirty times. It was with this improvised tool that he would forever change our understanding of the cosmos.

One evening, he turned his scope towards the heavens and, peering down the lens at the giant of our solar system, Jupiter, he noticed what appeared to be three small, seemingly stationary stars hovering nearby. Over subsequent nights, the positions of these ‘stars’ shifted in relation to Jupiter, though they never seemed to depart very far from the planet, with one of them even vanishing behind it. This dynamic hide-and-seek of objects that were supposed to be ‘fixed’ led Galileo to an astonishing conclusion: these were not stars at all but moons in orbit around Jupiter. Jupiter had its own moons. He went on to identify a fourth moon, completing his discovery of what are now known as the Galilean moons: Io, Europa, Ganymede and Callisto, Jupiter’s four largest satellites. This moon count has since skyrocketed to a staggering ninety-five − in fact, they’ve become so numerous that we’ve stopped naming them. But Galileo’s discovery held critical significance. This was the first direct observation of a celestial body orbiting another celestial body that wasn’t the Earth.

Other observations further reinforced the heliocentric model. When Galileo turned his attention to the brightest planet in the night sky, Venus, he noticed that it exhibited to us a full cycle of phases, not dissimilar to the waxing and waning of our moon. He could reconcile this with Venus orbiting around the Sun and the changing angle at which sunlight illuminated the planet as it did so.

Repeated observations of the Moon revealed a landscape of bright protrusions and shadowy depressions that Galileo thought were much ‘like the face of the Earth itself, which is marked here and there with chains of mountains and depths of valleys’, while the Sun was similarly blemished with discoloured sunspots. In other words, these were not the flawless heavenly bodies that Aristotelian cosmology had long proclaimed.

This entire body of evidence stacked up such an extra-ordinary case against the prevailing worldview that the alternative became impossible to ignore.
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