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      In my entire scientific life, extending over forty-five years, the most shattering experience has been the realisation that
         [Kerr’s] exact solution of Einstein’s equations of general relativity provides the absolutely exact representation of untold numbers of massive black holes that populate the universe. This ‘shuddering before the beautiful’, this incredible
         fact that a discovery motivated by a search after the beautiful in mathematics should find its exact replica in Nature, persuades
         me to say that beauty is that to which the human mind responds at its deepest and most profound.
      

      SUBRAHMANYAN CHANDRASEKHAR

      The conditions in the star are very extreme; but the ultimate things to be dealt with – electrons, atomic nuclei, X-rays –
         are the same in the star as in the laboratory, and we can apply our laboratory knowledge of them. Calculate ‘according to
         the laws of physics as known to terrestrial experiment’; and then turn to the man with the telescope and ask, ‘Is that anything
         like the stars you come across in the sky?’
      

      ARTHUR STANLEY EDDINGTON

      The thought that the laws of the macrocosmos in the small reflect the terrestrial world obviously exercises a great magic
         on mankind’s mind; indeed its form is rooted in the superstition (which is as old as the history of thought) that the destiny
         of men could be read from the stars.
      

      MAX BORN
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      NOTE ON CHANDRA’S ENGLISH

      Writing in English, Chandra often – sometimes deliberately – used idiosyncratic spellings and forms of expression. These I
         have retained so that we may better hear his voice and experience his feelings.
      

   
      
      PROLOGUE

      
         

         
         Or, if there were a sympathy in choice,

         
         War, death, or sickness did lay siege to it,

         
         Making it momentary as a sound, 

         
         Swift as a shadow, short as any dream,

         
         Brief as the lightning in the collied night,

         
         That, in a spleen, unfolds both heaven and earth,

         
         And ere a man hath power to say, ‘Behold!’

         
         The jaws of darkness do devour it up: 

         
         So quick bright things come to confusion.

      WILLIAM SHAKESPEARE, A MIDSUMMER NIGHT’S DREAM (ACT I, SCENE 1)

         
      

      Ever since the evocative term ‘black hole’ was coined in 1967, these mysterious voids in the universe have assumed an almost
         mystical appeal. The attraction of a vast emptiness that imprisons not only matter but also light is quite literally inescapable.
      

      Imagine that you are an astronaut, seduced by the grandeur of a black hole into straying too close. Trapped by its immense
         gravitational field and the tornado-like swirling of space around it, you sweep feet first over the horizon. As you fall what
         you see is truly awesome. Just before you slip over the edge, the whole universe of stars and galaxies appears to rush together
         into one bright spot. The intense gravity of the black hole funnels the light from distant objects into a tighter and tighter
         cone, like tunnel vision. All the while you are entranced by the firework display of atoms snared by the black hole’s immense gravity. They dance in a cosmic traffic jam, bumping into each together, becoming hotter
         and hotter until they too blaze with the brightness of a million suns as they stray too close and plunge with you into nowhere.
         Then you start to feel the irresistible attraction of the collapsed star deep inside, at once unimaginably small and infinitely
         dense. As the collapsed star sucks you deeper and deeper into the black hole, the gravitational pull grows stronger and stronger.
         You stretch like a piece of toffee, longer and longer and thinner and thinner, until you are torn apart. The potent gravitational
         force around the black hole means that light takes longer and longer to reach distant observers. They see you poised on the
         edge of the black hole, forever frozen in space and time.
      

      A black hole is a well in space, the final resting place of a collapsed star. For decades, scientists resisted the very idea
         as a theoretical freak that couldn’t actually exist, an ugly solution to the most beautiful theory ever created, Albert Einstein’s
         general theory of relativity. But astronomers now know that the universe is littered with these monsters and that a giant
         black hole sits at the centre of our own Galaxy. What’s more, we can actually observe black holes by detecting the X-rays
         emitted by particles as they spiral towards the event horizon before plummeting in.
      

      Having taken their place in the fabric of nature, black holes have opened our minds to staggering and sometimes frightening
         speculation: to questions such as whether they are spawning baby universes, of which ours may be one; or whether they might
         open a short cut to a distant part of the universe, or even be portals for time travel; and to just how we might devise an
         experiment to create a black hole in a laboratory here on Earth.
      

      Many scientists now believe that black holes hold the key to understanding how our universe has evolved and how nature behaves
         at its most extreme level. At the very edge of space and time, black holes are the engines that power the brightest objects
         in the universe: quasars, brighter than a trillion suns. Black holes have pushed our knowledge of the cosmos to its limits.
      

      Black holes may ultimately reveal the microstructure of matter and the fate of the universe itself. For it is in these gravitational
         plugholes that atoms are crushed into their basic building blocks, even possibly right out of existence; that the laws of
         physics as we know them may break down completely; and that the two great scientific theories of the twentieth century – general
         relativity (which describes the world of the very large) and quantum mechanics (which describes the very small) – meet head
         on.
      

      In recounting the epic story of the discovery of black holes, Empire of the Stars is a window through which we can glimpse humankind’s remarkable quest to understand how stars are born, live and die, and
         the way in which this knowledge has profoundly altered our scientific and cultural views of the world. It is the story of
         one man’s fight with the scientific establishment for recognition of his idea – an episode which sheds light on what science
         is, how it works and where it can go wrong.
      

      Fascinated by the stars from time immemorial, we have come to believe that their fate is ultimately ours. What is so extraordinary
         about the early research into the life history of stars is that it consisted almost purely of theoretical speculation, of
         the imaginings of scientists with the confidence to make grandiose assumptions about some of the largest objects ever known.
         With the experimental data on stellar evolution so meagre, scientists were forced to play God. The biggest assumption they
         made was that the science discovered by humans – ourselves the accidental products of the stars, and a mere fraction of the
         age of the universe – could be used to explore the evolution of stars thousands of trillions of miles distant: from their
         birth some billions of years ago, to their deaths untold billions of years in the future.
      

      What breathtaking chutzpah that was! Tracing the story of those pioneering astrophysicists is an intellectual adventure, with
         twists and turns that will take us into the deepest realms of theoretical science, including designs for manufacturing hydrogen
         bombs and the effect of the arms race on astrophysical research. It also sheds light on several epic conflicts: between concepts
         of classical and modern science embodied in the vastly different outlooks of physicists and astrophysicists, and between cultures
         at the twilight of the British Empire in the 1930s. All this led to a thirty-year delay before the notion of black holes was
         finally accepted, by which time just about everyone had forgotten about the role played by the man who had originally provided clear-cut evidence for their very existence.
      

      Subrahmanyan Chandrasekhar’s flash of inspiration came when he was an unknown nineteen-year-old, in the hot summer of 1930.
         In ten minutes, sitting in a deckchair overlooking the Arabian Sea, Chandra (as he was universally known) carried out some
         calculations that augured a disturbing fate for small, dense stars known as white dwarfs. At the time, scientists assumed
         that these were the final resting states of dead stars. Those which had been found were more or less the mass of the Sun but
         no bigger than the Earth. Chandra’s sums showed that there was an upper limit to the mass of these white dwarfs. But what
         would happen to a star that ended up more massive than that at the end of its life, after it had burnt up all its fuel? Unable
         to end its life as an inert rock, it might begin an endless process of collapse, crunched by its own gravity into a singularity
         – a minuscule point of infinite density and zero volume, many trillions of times smaller than the full stop at the end of
         this sentence and many trillions of times denser than the Earth.
      

      Only one person understood the full implications of Chandra’s discovery: Sir Arthur Stanley Eddington, the greatest astrophysicist
         in the world at that time. Eddington himself had flirted with the idea that a dead star might collapse indefinitely in this
         manner, so he should have been delighted with Chandra’s mathematical verification. Instead, without any warning, he used a
         meeting of the Royal Astronomical Society, on 11 January 1935, to savage Chandra’s result cynically and unmercifully. The
         encounter cast a shadow over both their lives and hindered progress in astrophysics for nearly half a century.
      

      As a teenager I read Eddington and was sufficiently taken by his writings to want to become a scientist. Although I didn’t
         understand much of what he described, it all sounded exciting. The sheer sweep of the subject matter – from atoms to the life
         and death of stars – was breathtaking, and the language vivid and gripping. Chandra’s writings were inspiring in another way.
         They exemplified how a superbly gifted scientist could use mathematics to study the nature of the stars.
      

      Yet the more I discovered about Chandra’s story, the more intriguing it became. For all his brilliance, his life was tinged
         with tragedy. As a young man growing up in India he had been a prodigy, recognised by many as a genius. He spent his youth
         absorbed in abstruse problems of mathematics and physics. Then he received a scholarship to Trinity College, Cambridge, where
         the great scientific minds of the day held court. It was on the way to England that he made his discovery about the fate of
         white dwarf stars. But to his shock, Eddington refused even to take it seriously and subjected him to public ridicule in a
         persecution that went on for years. Chandra never really regained his confidence. Despite a long and incredibly productive
         scientific career, no amount of recognition could ever satisfy him. I wondered what other great discoveries he might have
         made, had his early life not been blighted by disappointment. By all accounts he was a reserved, deeply private and highly
         serious man. Who was the real man behind that stern façade?
      

      And what of Eddington? Why did the greatest astrophysicist in the world choose to demolish the youthful Indian in such a vicious
         way? Eddington was famous for his sharp tongue. He was harsh and cynical with other scientists, too. But with Chandra, for
         reasons that seemed at first ‘mysterious’ (as a colleague of Chandra’s put it), Eddington’s criticisms took on a different
         and darker tinge.
      

      By the time I met Chandra, he was eighty-three. The occasion was a conference on creativity at the Chicago Academy of Sciences,
         where Chandra was to give the keynote lecture. In the ballroom-sized auditorium, it was standing room only. There was a buzz
         of excitement as a distinguished Indian man walked through the massive double doors. Here was a Nobel laureate, one of the
         most important scientists of the age, who had come to address the audience on matters of high scientific creativity. Despite
         his slight figure he was a man of enormous presence. Elegantly dressed and no more than five foot six in height, he carried
         himself with great dignity, though his shoulders were beginning to stoop. His sparse white hair was carefully combed across
         the top of his still handsome dark face, with its prominent forehead, piercing eyes and full mouth clamped tightly in an expression
         of iron determination.
      

      As he spoke, he looked up from his notes from time to time to reminisce with obvious delight about great scientists of the past whom he had known. The audience was spellbound. Afterwards
         I was able to exchange a few words with him and shake his hand. It was a thrilling moment. This was the man who had transformed
         our understanding of the heavens and been a great inspiration to me throughout my life. He spoke of the book he was writing
         on his intellectual hero, Isaac Newton, and of the recent exciting discoveries that had been made researching black holes.
         Thoughtlessly, I mentioned the Eddington episode – and his face clouded. He graciously shook my hand, and we agreed to speak
         again.
      

      Later reports of the altercation with Eddington make out that Chandra rapidly put it behind him and that the two men were
         actually firm friends. But even a cursory glance at Eddington’s scientific articles and the correspondence between the two
         reveals a very different story. Again and again, Chandra expressed deep anger, frustration and resentment, while Eddington
         clung stubbornly to his own view of the universe, ridiculing Chandra’s discovery as ‘stellar buffoonery’.1 Throughout his life, Chandra never missed an opportunity to recount the events of that fateful day at the Royal Astronomical
         Society, repeating that he had been right and Eddington wrong, even though Eddington refused ever to admit it. He was always
         careful to speak in glowing terms about Eddington the man. But in interviews he revealed how profoundly he had suffered.
      

      After that memorable meeting in 1993, I continued to puzzle over Chandra and his complex, tragic story. A couple of years
         ago I decided to explore it more deeply. Sadly, by this time Chandra was dead. But I was fortunate enough to meet Lalitha,
         his devoted wife of over fifty years. I also interviewed many of his colleagues, some of whom had studied under him. In Bangalore
         I met his cousin, the eminent astrophysicist V. Radhakrishnan, son of Chandra’s uncle, C. V. Raman, India’s first physics
         Nobel laureate. From their recollections and from letters and documents that Chandra and, later, Lalitha deposited at the
         University of Chicago’s Joseph Regenstein Library, little by little the real Chandra – the man behind the persona he built
         up around himself – began to emerge.
      

      An important step in getting to know Chandra was to experience the tropical heat and dust of south India, where he was born and grew up and lived until he was nineteen, when
         he finished his undergraduate schooling at Presidency College, Madras (now Chennai). Eager to do his doctoral degree at Trinity
         College, Cambridge, he travelled by sea to enter a remarkably different culture – a frenetic and highly competitive world,
         startlingly different from the comfortable, rather lethargic atmosphere of Madras. It was on that voyage that he made his
         great discovery.
      

      I walked across the burning sands of the Marina, the long beach that edges Chennai. In Chandra’s time it was elegant and fashionable.
         He would cycle there in the evenings with his brothers to escape the stifling heat, and gaze in wonder at the brilliant stars.
         As he remembered in a letter to his brother Balakrishnan, he sometimes came alone to the silent beach, to fling himself on
         the sand and pray to his God that he might be another Einstein.
      

       Empire of the Stars begins with Chandra’s traumatic confrontation with Eddington on 11 January 1935. From there we move back to Chandra’s earliest
         days in India – the only place where he ever felt at home – and the ground-breaking discovery he made on his way to England.
         There he was plunged into the thrilling atmosphere of European science in the 1930s, when dinner among the elite academics
         at high table at Trinity was dominated not by gossip or matters of personal advancement but by feverish scientific discussion.
         This was the time when Eddington and his colleagues and rival astrophysicists, James Jeans and Edward Arthur Milne, were laying
         the foundations of astrophysics, not through the study of real stars but, astonishingly, by using fiendishly complicated mathematical
         calculations to create theoretical models of how stars ought to be.
      

      At Niels Bohr’s Institute in Copenhagen, Chandra found the cut and thrust of scientific debate even more ferocious. It was
         there that ideas such as Heisenberg’s uncertainty principle, quantum mechanics and nuclear physics were hammered out. The
         phrase the assembled scientists most dreaded from the great Bohr was ‘very interesting’. ‘Very interesting’ meant ‘just not
         interesting enough’. Consumed by their magnificent obsession with understanding the workings of the universe, great and small,
         these men spent their days grappling with mighty problems of the essence of being.
      

      While many of these problems have been explored ever since, Chandra’s work lay dormant for three decades, only to be looked
         at anew when an entirely different development in world affairs – the race to design the hydrogen bomb – sparked renewed interest
         in the possibility of black holes. The explosive power that the scientists were looking for turned out to be the very same
         power that had created these massive holes in space, and the universe itself. Chandra, now living in the United States, and
         his discovery returned to their proper place at the forefront of scientific endeavour. Towards the end of his life, he received
         a Nobel prize for his achievement. But the price was terrible; his great discovery had been overlooked for almost forty years.
      

      This book is the biography of an idea, rather than of a man. Nevertheless, science is a human endeavour, driven by hopes,
         dreams and aspirations, especially at the highest level, where scientists are playing for the highest stakes. These people
         may be brilliant, some may even be considered geniuses. But as human beings they may also be seriously flawed. Such were Chandra
         and Eddington.
      

   
      
      
PART I


   
      
      1

      
      Fatal Collision

      
      It had been a momentous meeting of the Royal Astronomical Society at Burlington House, just off Piccadilly, that Friday 11
         January.1 In a mere forty-five minutes, two men’s lives were changed forever and astrophysics was set back more than thirty years.
         Yet, as the hundred distinguished members filed out of the hall, chatting excitedly, no one could put their finger on exactly
         what had happened. What is certain is that at 6.15 p.m., a shy, boyish twenty-four-year-old astrophysicist from Cambridge,
         Dr Subrahmanyan Chandrasekhar, rose to present a dramatic discovery that had been ignored for nearly five years.
      

      
      What Chandra had to say was entirely new and went against all the accepted tenets of science. He was aware that it might be
         met with frowns and criticisms, even downright opposition. A lot was at stake, both scientifically and personally. But he
         was not worried. He was sure he could hold his own in any scientific give-and-take. Young though he was, he had a maturity
         and a command of astrophysics far beyond his years. He had given his first lectures when he was just eighteen, at Presidency
         College in Madras. There he regularly held forth at physics colloquia normally dominated by mature research scientists. In
         India, his contemporaries spoke of him as a genius. Chandra had a full thirty minutes to argue the case for his ground-breaking
         discovery (most were only given half that time). Sir Arthur Eddington would then deliver the next paper.
      

      
      The two men could not have been more different. Chandra – a diminutive young Indian, fresh-faced and immaculately dressed
         – was cherubically handsome, so dark he was practically black. With a broad nose, full mouth and glistening black hair which
         swept over his forehead, he had the aristocratic bearing of a Brahmin. He radiated youthful innocence, in stark contrast to
         Eddington’s air of worldly superciliousness.
      

      
      Eddington – then fifty-two – was the holder of the prestigious Plumian Professorship of Astronomy and Experimental Philosophy
         and the recipient of practically every award science could bestow. A tall, etiolated figure with a lugubrious pale face, thin-lipped
         and sardonic, he kept a pince-nez carefully balanced on his narrow nose and stood ramrod straight. In his rumpled three-piece
         tweed suit with a fob watch in his breast pocket and an air of carefully cultivated dishevelment, he was the archetypal Oxbridge
         don. He carried himself like a representative of the British Empire in its grandest days. Eddington was renowned for his ruthlessness
         and rapier wit. Many of those present had come simply to see him perform. He never disappointed.
      

      
      Chandra’s great discovery concerned nothing less than the ultimate fate of the universe. What became of stars at the end of
         their lives, when they had finally burnt up all their fuel? Astrophysicists assumed that they shrank and shrank until they
         became white dwarfs, so small and dense that a star with the same mass as the Sun might shrink to be no bigger than the Earth.
         But what happened then? Chandra had already published two papers on white dwarfs a few years earlier, in 1931 and 1932. The
         problem they examined was one that Eddington had raised in his influential 1926 book, The Internal Constitution of the Stars. Nevertheless, the young Indian’s work was totally ignored.
      

      
      Chandra was just twenty when his first brief paper on white dwarfs was published, in 1931. He had written it just as he was
         embarking on his postgraduate career at Cambridge, with no time for corrections or improvements. In his next paper he laid
         out his arguments in a more polished form. But still the scientific establishment refused to pay any attention. There was
         no encouragement from anyone – not from Eddington, or from his thesis supervisor Ralph Fowler, or from his new friend Edward Arthur Milne, Rouse Ball Professor of Mathematics at Oxford. Were they trying
         to protect a young innocent from foolishly publishing an outrageous idea? Was it professional jealousy – were they trying
         to safeguard their own positions in the scientific cosmos? Or was there some other, more sinister factor, to do with Chandra’s
         colour and racial origin? Such a thought would be taboo today, but in those days the Raj still ruled India, and Englishmen
         still basked in the belief in their innate superiority. Could it be that these stalwarts of Empire found it unacceptable to
         be overtaken by a young man from one of the colonies and refused to accept that he might have anything to teach them?
      

      
      The train ride from Cambridge to London seemed interminable that freezing January Friday. It was not that Chandra was nervous
         about delivering a paper before such an august body as the RAS; he had already done so several times. All those presentations
         had been well received and duly published in the society’s proceedings, the Monthly Notices of the Royal Astronomical Society. But his new paper was different. In his previous work he had simply elaborated on other scientists’ research, mostly filling
         in details; no mean task, the sort of work that novices undertake to prove their technical worth. But this latest paper contained
         his own dramatic, ground-breaking discovery. Here was his chance to prove himself, the day when everyone would sit up and
         take notice. He was full of excitement and anticipation.
      

      
      Nevertheless, something was not quite right. The previous day, the assistant secretary of the RAS had told Chandra in confidence
         that Eddington would speak after him. From the title of Eddington’s paper, Chandra knew that it concerned his discovery. He
         wondered uneasily whether Eddington would be critical. When the two had met over dinner at high table the previous evening,
         Eddington had been evasive, refusing to reveal anything about his own talk. He had arranged, he said, for Chandra to have
         extra time to speak because he understood that the young man had so much to say. Chandra later recalled how he was ‘really
         annoyed because here was Eddington coming to see me, week after week, about my work while he was writing a paper himself and
         he never told me about it’.2 But perhaps some criticism at the well-attended RAS meeting from someone of Eddington’s stature would be taken as a mark of the work’s importance. Chandra had not the slightest inkling of what would actually happen.
      

      
      Huddled in his dark overcoat, collar turned up against the chill January winds, Chandra took a taxi from Liverpool Street
         Station to South Kensington, as he did every Friday before an RAS meeting, to have lunch with his friend William McCrea. Six
         years older than Chandra, McCrea was a cheery young man with dark hair and a trim moustache. A Reader in mathematics at Imperial
         College, he too had studied under Fowler. Having completed his Ph.D. in 1929 on the constitution of the Sun’s outer layers,
         he was a little more experienced than Chandra in the ways of academia, so Chandra naturally confided in him. McCrea tried
         to ease his friend’s anxiety. He gently reminded him that the RAS meeting was a wonderful opportunity for him to air his important
         and intriguing result, and that he would undoubtedly learn a great deal from the ensuing discussion.
      

      
      After lunch they walked briskly over to Burlington House and arrived at four, in time for tea. Chandra was eager to discover
         what research others were doing and to pick up the gossip. Suddenly, there was a commotion. Eddington appeared, moving through
         the crowded anteroom like Moses parting the Red Sea, giving an imperious nod here and there. McCrea knew Eddington slightly
         from his Cambridge days. Boldly, he stepped into his path and asked him about his lecture. Without breaking his stride and
         without so much as a ‘How are you?’ to Chandra, Eddington replied, archly, ‘That’s a surprise for you!’3 Eddington’s brusqueness shook Chandra. It reminded him of something that had happened the first time he had met the great
         man, back in 1931. Eddington was discussing a comment by his chief rival, Sir James Jeans, on his correlation between the
         mass of a star and its brightness. He suddenly sat bolt upright and barked that Jeans was ‘a damned liar’.4

      
      The white-walled meeting room was intimidatingly large and high-ceilinged. At 4.25 p.m. the audience began to filter in, crowding
         into the rows of seats in a sea of starched white shirts, ties and dark jackets. The seats were arranged in tiers, as in a
         theatre, with a narrow aisle down one side. On the stage at the front was a podium and a long table with chairs where the
         president and other leading figures sat, looking out over the audience. The walls were hung with portraits of past presidents of the society and great astronomers. There was a portrait of Newton over the
         president’s chair, and one of the English astronomer Sir William Herschel, the discoverer of Uranus, on the wall to the right.
         There was not a single window.5 As the sessions progressed, the room became increasingly stuffy. The first row was reserved for eminent figures such as Eddington,
         Fowler and Jeans. Milne, on whose theory of stellar structure Chandra had written several papers, was in the second row. Junior
         figures such as Chandra and McCrea were relegated to the seats high up at the back. At a lecture on whether there was air
         on Venus, someone was heard to murmur, ‘Never mind Venus, is there air in here?’
      

      
      The room was packed. Just about every major player in British astronomy and astrophysics was there. Not only were these monthly
         meetings of great academic interest, they were enjoyable social occasions too. The ferocious debates were a popular spectacle,
         making it well worth the trip. On the surface all seemed playful. The protagonists walked the boards like thespians making
         grand gestures and turning out exquisite literary flourishes, while ensuring that English understatement and indirectness
         prevailed. Each used his razor-sharp wit to snare his opponent or score points off them. In public, speakers such as Eddington
         gave no quarter, but in private everyone was assumed to be on excellent terms. This was not always the case, however. Some
         were particularly hurt by Eddington’s acid wit. A great deal of animosity seethed beneath the veneer of high manners. A reviewer
         of G. H. Hardy’s wonderful little book A Mathematician’s Apology wrote that it ‘is a reminder of a way of life where the participants did their best to hurt each other by day and dined together
         at night’.6

      
      At 4.30 the President, F. J. M. Stratton, called the meeting to order. Stratton, holder of the chair of astrophysics at Cambridge
         and director of the solar physics laboratory there, was an imposing figure both as a scientist and in person. He had an exemplary
         war record and in public life was known as ‘Colonel Stratton’. But to friends, this short, solid man with his rumpled suit
         buttoned to the neck, and happiest in the company of soldiers, was known simply as ‘Chubby’. Many of his former students held
         prestigious positions in astronomy.7

      
      Chandra remembered the first time he met Stratton. It was at a tea party in May 1933 in Eddington’s garden. Eddington had
         invited him specially to meet his close friend, the famous American astrophysicist Henry Norris Russell, who was visiting
         Cambridge from Princeton University. To Chandra’s relief, Russell was complimentary about his recent calculations on the shape
         of stars, work that drew on the research of their mutual friend Milne. Chandra wrote proudly to his father that he had ‘had
         a very pleasant time discussing with them “big guns”’.8 At the time, Chandra felt he had Eddington’s support, for why else would the great man have gone so far out of his way to
         be kind to him? Eddington and Russell were the leading figures in British and American astronomy. They controlled appointments;
         they could make or break a man’s career. After the party, Chandra had begun to feel more at home.
      

      
      One of the first formalities at the meeting was to award Milne the society’s gold medal for his research achievements. Chandra
         was delighted. Milne had been one of those most deeply offended by Eddington’s cutting wit, so much so that it had affected
         his career and personal life. Chandra recalled Milne telling him that he had no confidence in his own mathematical ability,
         because his university training had been interrupted by the Great War.9 Eddington had sniffed out this weakness. In every showdown they had, at the RAS or elsewhere, he homed in unerringly on the
         mathematical elements in Milne’s ideas. Just recently, during one of Chandra’s visits to Milne at Oxford, Milne had blurted
         out that his run-ins with Eddington had ‘sapped his energy’.10

      
      Six fifteen-minute papers preceded Chandra’s, followed by comments from the floor. Finally, at 6.15, Stratton called Chandra
         to the podium. By then the air in the room was so dank and heavy it was almost tropical, like that day in late July, almost
         five years earlier, when Chandra had set off from Bombay to make the long ocean journey from India to England.
      

      
      Nineteenth-century science held that stars form when the inward crush of gravity is balanced by the outward pressure of the
         star’s own gas particles and the radiation pressure they emit. But as a star grows older and burns up its fuel, it becomes
         dimmer, and gravity begins to take over, crushing the star into a dense ball. Could it be that stars eventually collapsed entirely? It was a tantalising mystery, and one that Eddington made every effort
         to play down. After all, it seemed to suggest that at least some stars did not end up as inert rocks. And this was a troublesome
         notion, indeed. Surely it was totally impossible for something as big as a star to disappear into nothingness. What on earth
         would become of it if that were the case?
      

      
      In 1926, a colleague of Eddington’s, Ralph Fowler, had proposed using quantum physics to resolve the situation. Fowler was
         the first theoretical physicist in England to grasp the deeper meaning of the new atomic physics, and he was unique in that
         he walked a thin line between astrophysics and physics. At that time, physicists looked upon astrophysics as a backwater.
         While physicists were concocting mind-boggling theories on the unpredictable world of quanta, astrophysicists remained resolutely
         classical. For physicists the most interesting question about stars was what made them shine – in other words, what were they
         burning? Where did they get their fuel from? Everyone assumed that stars generated their energy in the nuclei of their atoms,
         but no one knew exactly how. Nuclear physics was a subject that would remain murky until the discovery of the neutron in 1932.
         Astrophysicists, on the other hand, set this problem aside. Instead, they attempted to explore the structure of stars by creating
         models that avoided looking too deeply into the problem of what exactly stars are made of. Applying one of the remarkable
         new laws of quantum theory allowed Fowler to show that a star’s core can stem the gravitational contraction. It ceases to
         shrink and can die in peace, in keeping with the vision we have had of the universe since the beginning of time.
      

      
      But Chandra realised that Fowler’s solution was incomplete. What he’d left out – remarkably – was Einstein’s special theory
         of relativity, which says that the speed of light (not space or time) is constant. When Chandra applied relativity to Fowler’s
         results on the voyage from Madras, he came up with something extraordinary, something no one had done before. He calculated
         that there was an upper limit to the mass of a white dwarf. It took him just ten minutes to deduce this, but he spent the
         rest of the journey puzzling over its implications. He knew he was on to something, but ‘didn’t understand what this limit meant, and … didn’t know how it would end’.11 It was beginning to dawn on him that there was only one inescapable though almost unimaginable conclusion: that white dwarf
         stars with a mass greater than the maximum mass he had just discovered simply could not exist. Their own gravity would crush
         them until they disappeared into nothingness.
      

      
      Apart from his calculation of the limiting mass, Chandra’s discovery confirmed the scenario that Eddington had suggested in
         one of his books but dismissed as absurd: that white dwarf stars might not end up as inert rocks but could collapse completely.
         He had solved Eddington’s problem.
      

      
      Standing at the podium, dwarfed by the white domed ceiling, the dark-skinned young Indian gazed around at the sea of starched
         shirts, dark jackets and European faces. At last he had the audience he wanted. Everything rode on this moment. He now fully
         understood the magnitude of what he had achieved as a young man of nineteen on that sunny summer’s day, at sea in transit
         between two worlds, two civilisations, two cultures that could not have been more different.
      

      
      Chandra must have felt rather as Einstein had in 1905, the year the young patent clerk discovered special relativity while
         working at the Swiss Federal Patent Office in the intellectual backwater of Berne. Like Einstein, he was convinced that the
         great scientists of the day were ‘theorising out of their depth’.12

      
      Only he could see the truth. There he was, Subrahmanyan Chandrasekhar, a nonentity just as Einstein had been in that magic
         year. Like Einstein, he had lifted a corner of a great veil. In so doing he had revealed a majestic yet terrifying picture
         of the fate of the stars and of humanity.
      

      
      The young man loosened his collar a little and brushed a drop of sweat from his forehead. The windowless room was hot and
         still, sealed against the January winds which whistled outside the venerable building. Glancing at his watch, he turned to
         the last page of his paper and read out his conclusion in confident tones: ‘The life of a star of small mass must be essentially
         different from that of a star of large mass … For a star of small mass the natural white dwarf stage is an initial step towards
         complete extinction. A star of large mass cannot pass into the white dwarf stage and one is left speculating on other possibilities.’13 He had finished. He gathered his papers together and returned to his seat near the back of the hall. The walk must have seemed
         an eternity. Perhaps he daydreamed that this might be the moment that would launch him on a glorious career. He had given
         his all. He had done the best he could.
      

      
      The discussion was thrown open to the floor. Milne compared his own research programme on white dwarfs with Chandra’s, insisting
         that Chandra’s was but a small part of his own. Chandra listened with half an ear. He was waiting to hear what Eddington had
         to say.
      

      
      Ever theatrical, Eddington remained seated for a measured fraction of a minute, building up the dramatic tension. Then he
         rose from the front row. In one step he mounted the podium, turned, cocked his head and began with an arrogant flourish: ‘I
         do not know whether I shall escape from this meeting alive!’14 For the point of his paper was that the very basis of Chandra’s theory was downright absurd. There was no such thing as an
         upper limit to the mass of a white dwarf. There were gasps. Chandra was shocked. Could he have heard Eddington correctly?
         If so, he was claiming that Chandra was utterly wrong and all his work was for nothing.
      

      
      In essence Eddington was reverting to Fowler’s theory, in which there are no restrictions on the white dwarf’s mass – they
         always die a peaceful death rather than disappearing into nothingness. This was more to Eddington’s taste. Eddington applauded
         Fowler for getting astrophysics out of a mess, and derided Chandra for reopening a can of worms. This was no English game-playing:
         it was a direct slap in the face, and Chandra felt it in just that way.
      

      
      Nevertheless, Chandra had essentially solved the deeply important problem Eddington had proposed. Eddington would have had
         nothing to lose by saying, ‘Yes, I was only joking in 1926 when I proposed that stars might collapse to nothingness. But now
         this brilliant young man has shown that this actually exists in Nature. He and I are going to explore this unexpected result.’
         Great scientists such as Einstein and Bohr would surely have done so. Eddington’s reputation ranked alongside theirs. Had
         Eddington not been of great help to Chandra the previous year? To ease the burden of his extensive numerical calculations, he had pulled
         strings to procure him an advanced mechanical calculator. So what had happened? Why had Eddington revealed nothing of his
         disagreements – disagreements so strongly felt that he had presented them with an acidity and cynicism that went far beyond
         even the limits of the RAS’s monthly skirmishes?
      

      
      Chandra recalled the hours upon hours of conversation he had had with Eddington in Chandra’s own rooms: ‘I was telling him,
         “How can a star evolve? Massive stars must behave differently,” and so on – all this was being talked about.’15 Eddington had always appeared interested and thoughtful. Now he knew that Eddington’s sphinx-like face hid a duplicity of
         shocking proportions.
      

      
      Eddington’s true agenda was revealed when he said, ‘I think there should be a law of Nature to prevent a star from behaving
         in this absurd way!’16 In other words, ‘The hell with physics!’ With an awful feeling in the pit of his stomach, Chandra realised that ‘despite
         this man’s incredible physical insight, he has always operated with preconceived ideas’.17 While physicists were at that very moment happily taking on board quantum theory, with all its weirdness, contradictions,
         ambiguities and apparent impossibilities, astrophysics was, it seemed, bogged down in the past. Astrophysicists refused to
         follow the mathematics of their theories as they found themselves led inexorably into ever more seemingly implausible domains
         of physical reality. Instead, they insisted on ignoring results on the fate of the stars that upset their preconceived view
         of the universe as benign. There is an unwritten rule in science that when anything potentially observable is predicted to
         become infinite, it is a sure sign that the theory is breaking down. As Albert Einstein was fond of saying, ‘Only two things
         are infinite, the universe and human stupidity, and I’m not sure about the former.’ Astrophysicists such as Eddington simply
         refused to believe that something as big as a star could ever become infinitely tiny.
      

      
      Chandra must have been deeply frustrated. Looking around at the nodding heads and mesmerised expressions, it was clear to
         him that everyone in the audience believed Eddington, even his own friend McCrea. How could this be? Just a few hours earlier, McCrea had been agreeing with him. But now McCrea was whispering
         to Chandra that he ‘thought Eddington sounded plausible’.18

      
      What was happening? Why didn’t anybody speak up and tell Eddington that he was plain wrong? Chandra stood up to reply in his
         defence. He was dumbfounded when President ‘Chubby’ Stratton refused him any chance to respond. Instead, he brought down the
         curtain on Act I of the Chandra–Eddington confrontation with the curt words, ‘The arguments of this paper will need to be
         very carefully weighed before we can discuss it.’ And without further ado, he introduced the next presentation. Eddington’s
         ‘authority was so great, that people accepted him,’ Chandra recalled ruefully. ‘He made jokes about [my theory] and made me
         look like a fool.’19 ‘At the end of it, everybody came by and said, “Too bad.” “Too bad.”’20

      
      Although minutes were taken of that fateful RAS meeting, and each man’s presentation was duly published, there was no consensus
         on why Eddington had launched into this ferocious attack without any warning. The basis of his argument was not at all clear,
         yet no one in the audience questioned it. According to McCrea, Eddington was guided by instinct. If anyone other than Eddington
         had offered an argument based on this premise, McCrea and others would have had real doubts about its validity. But despite
         the flimsiness of Eddington’s arguments, the academic community chose to support him rather than an outsider. Such was the
         force of Eddington’s reputation and personality. In later years, Chandra always said bitterly that there was only one case
         in which Eddington was wrong and never admitted it: his own.21 He never forgot the laughter and guffaws that rose on cue during Eddington’s carefully orchestrated lecture.
      

      
      It was all the more incredible to Chandra because Eddington understood his discovery better than anyone else, Chandra included.
         Eddington’s insight and intuition were enormous, but he utterly refused to accept the physics. He stood by his preconceived
         conceptions of nature. Soon after 11 January, at Trinity, Eddington commented to Chandra, ‘You look at it from the point of
         view of the star. I look at it from the point of view of nature.’ Bewildered, Chandra asked, ‘Aren’t they both the same?’ Eddington replied firmly, ‘No.’ ‘Well, you see,’ Chandra remembered, ‘that sort
         of shows his attitude. Somehow, he felt that nature must conform to what he thought was right.’22 So did most other astrophysicists.
      

      
      On the train back to Cambridge that Friday evening, Chandra recalled Milne saying, ‘I feel in my bones that Eddington is right.’23 Chandra snapped back angrily, ‘I wish you felt it elsewhere.’ Privately, Milne was elated because his own theory of stellar
         structure was at odds with the concept of stars disappearing into nothingness. Something had to prevent complete collapse.
         He too had preconceived notions. Visiting Chandra in 1934, he had begun to accept Chandra’s results. ‘But when Eddington said
         that the formula [for the upper limit of a white dwarf’s mass] was wrong, Milne was all aglow.’24 Soon after, Milne wrote that regardless of whether Chandra’s theory was right, he would ignore it.25

      
      Arriving back at Trinity well past midnight, Chandra could not face his room. Instead, he went to the senior common room and
         stood in front of the great fireplace, gazing into the flames. Alone with his thoughts, he reviewed the day’s events. Until
         6.45 that evening, he had been full of elation, bursting with self-confidence. He had revealed in all its rigour a momentous
         scientific discovery. In the red glow of the coals he saw Eddington’s face, and his mind turned to the events that had all
         but obliterated his world. It had been ‘a totally unexpected occurrence, that came close to destroying my scientific confidence’.26 Had it all been for nothing – the sacrifices his family had made in sending him from India to Cambridge, the tearful farewells
         at the dockside in Bombay? He remembered his elation when he had made his shipboard discovery.
      

      
      Less than a year later he had heard that his beloved mother had died. Perhaps, he thought to himself, he was reading too much
         into it; but just two days after he received the news was the first time he met Eddington. Despite his deep grief, which he
         could share with no one, he could not postpone that meeting.27 He had been shown into Eddington’s study in his house next to the observatory. The great man sat at his desk with his back
         to french windows that looked out onto a beautiful garden. The room was wreathed with pipe smoke and laced with the sweet
         smell of apples. Eddington was always eating apples, which he chewed up entirely, core and all.28 Though Chandra felt empty inside, he had performed well.
      

      
      Now he stood in front of the fire, repeating to himself T. S. Eliot’s famous lines as he remembered them: ‘This is how the
         world ends. This is how the world ends: Not with a bang but with a whimper.’29 He had hit rock-bottom, but he would not concede. Sometimes Chandra and Milne sarcastically referred to Eddington as the
         Devil incarnate.30 What happened on 11 January 1935 was Chandra’s first experience of that manifestation of him.
      

      
      Chandra never forgot that moment of humiliation when he had confronted the devilish titan of astrophysics. He was convinced
         he was right. Yet what he could not understand was why Eddington should have attacked and humiliated him in such a vicious
         and unbridled manner. It was indeed extraordinary that a nineteen-year-old Indian youth had managed to make a discovery that
         had eluded the great minds of European astrophysics. To understand how that came about, we have to step back in time to India
         not long after the end of the Victorian age, when the Raj was beginning to show signs of weakness and young Indians dared
         to step forward and claim their heritage.
      

   
      
      2

      
      A Journey Between Two Worlds

      
      For Chandra and for many other ambitious young Indians of his generation, science offered the best way to break through the
         seemingly insuperable barriers erected by the British Raj. He wanted to express his patriotism by showing ‘that Indians could
         be accomplished in a way which the outside world [could] recognise’. ‘Certainly one of the earliest motives that I had’, he
         said later, ‘was to show the world what an Indian could do.’1 To the end of his life, Chandra never forgot the day – 27 April 1920, when he was just nine – that his mother told him ‘that
         a famous Indian mathematician, Ramanujan’, had died the day before, at the age of thirty-two.2

      
      Srinivasa Ramanujan’s story was like a fairy tale. He had been a lowly clerk in the Madras Accountant’s General Office. Then,
         in January 1913, he sent off a letter to G. H. Hardy, Eddington’s colleague at Cambridge, outlining some mathematical ideas
         and suggesting there were more to come. Hardy was intrigued and impressed. Six months later, Ramanujan had been lifted from
         his hand-to-mouth existence and transported to Trinity College, Cambridge, where his only commitment was to do mathematics.
         In March 1918 he was elected a Fellow of the Royal Society, a singular honour in the British scientific world. That autumn
         he became a Fellow of Trinity College, able to devote himself entirely to research for the next three years. Later, Ramanujan
         would be recognised as one of the century’s most original mathematicians. It was Hardy who had brought all this about. For Chandra, his countryman’s rags-to-riches tale inspired him and gave him the
         hope that he too could ‘break [his] bonds of intellectual confinement and perhaps soar the way Ramanujan had’.3

      
      Chandra was born on 19 October 1910, in Lahore. Now in Pakistan, in those days it was the capital of the Punjab province of
         British India. His father had been posted there as the assistant auditor general for the North West Railways. As the first
         son of the family, Chandra was given his grandfather’s name, Chandrasekhar, which means ‘moon’ in Sanskrit. The family moved
         on to Lucknow, and then, when Chandra was eight, returned to their roots in south India and settled in Madras.
      

      
      In contrast to Ramanujan’s early poverty, Chandra grew up in a freethinking, upper-class Tamil Brahmin household. There were
         always servants around. The only responsibility for him and his three brothers and six sisters was to study.4 Vidya, one of his sisters, recalls that ‘our home was really more like an educational institution. People seemed to be reading
         or debating or conversing about interesting subjects all the time.’5 The emphasis on the importance of learning was typical of Brahmins, for whom knowledge counted for far more than wealth.
      

      
      Ever since the 1850s, when India was established as the jewel in Britain’s colonial crown, the establishment of a British
         education system had been a cornerstone of colonial policy. As Lalitha, Chandra’s widow, points out, the ultimate aim was
         ‘not so much to educate Indians as to have an army of cheap clerks’.6 Nevertheless, the result was the development of an elite cadre of young Indian men, mostly Brahmins. For Indians, says Lalitha,
         education provided ‘a window to the West’. In fact, it was this very ‘exposure to Western culture that led to the [Indian]
         renaissance’, a national awakening in all spheres of creativity but most notably in science, sparked by the political movement
         to bring about India’s independence.
      

      
      Lalitha is the custodian of Chandra’s memory. Now in her nineties, she is a tiny, bird-like woman with an oval face, wavy
         grey hair and round-rimmed glasses perched firmly on her delicate nose. But in her youth, when she wore her hair smoothed
         into a long plait, she was a beauty. Her exuberance, ready smile and assertive speech still belie her years. Chandra’s story,
         she insists, is inextricably entangled with what was happening in India when he was growing up. ‘The reason for the emergence of scientists
         like Ramanujan, [Satyendra Nath] Bose and Chandra was the renaissance in India that commenced in 1910,’ she says emphatically.
         ‘You must start here. The country was ready for something to happen. It was a crucial time. Mohandas K. Gandhi was about to
         return from South Africa.’
      

      
      In 1910, the year that Chandra was born, Gandhi had been effectively in exile for more than two decades. After a conventional
         childhood, a friend had persuaded him that he should go to England to study law and become a barrister. For Indians, travelling
         ‘over the water’ meant becoming a virtual outcast. In later years Gandhi wrote of his terrible loneliness abroad in words
         that Chandra would echo three decades later: ‘I would continually think of my home and country. My mother’s love always haunted
         me. At night the tears would stream down my cheeks, and home memories of all sorts made sleep out of the question. Everything
         was strange.’7

      
      Gandhi mastered several European languages, learnt to dance and studied the violin. He read widely, probing Christianity,
         Hinduism, Theosophy and the emerging ideological movement of pacifism. But when he returned to India in 1891, he found his
         chances for employment almost non-existent. He decided to try life in South Africa. He spent the next two decades in Durban
         and Johannesburg, working as a lawyer, fighting the discrimination suffered by Indian settlers. There he discovered his life’s
         work: to bring about radical change in India by the methods of non-violent civil disobedience he had used so effectively in
         South Africa.
      

      
      The movement towards Indian independence had begun on 28 December 1885 with the first meeting of the Indian National Congress.
         But it was not until after the Great War of 1914 to 1918 that the struggle began in earnest. India’s role in the war inspired
         a new sense of pride and self-confidence. Half a million Indians travelled overseas to fight. What they saw in Europe fired
         their imaginations.
      

      
      When Gandhi returned from South Africa in 1915, he exchanged his life as a successful middle-class lawyer for that of an ascetic.
         He gave up his possessions and wore the simple homespun garments of an Indian peasant. Soon people were calling him the ‘Mahatma’, the Great Soul or Holy One. After the war, along
         with the inspirational poet Lokamanya Tilak, Gandhi led a resurgence of Indian nationalism combined with the rediscovery of
         traditional Indian mores and the first moves towards breaking down the caste system. His method was pacifist non-cooperation.
         Initially the representatives of the British Raj dismissed him. In 1917, the then Secretary of State, Edwin Samuel Montagu,
         described him contemptuously as a fringe figure who ‘dresses like a coolie, forswears all personal advancement, lives practically
         on air and is a pure visionary’.8 It was an accurate description but a fantastic underestimate.
      

      
      The British responded to the growing clamour for independence with a series of increasingly desperate laws, culminating in
         the detested Rowlatt Act, which made wartime restrictions on civil rights permanent. In the infamous massacre at the Sikh
         capital of Amritsar in the Punjab, a British Army contingent opened fire on an unarmed crowd of protesters, killing hundreds.
         That was the last straw. Multitudes who had patiently endured the yoke of imperialism flocked to the nationalist cause.
      

      
      Growing up in the southern city of Madras, young Chandra was at first insulated from the growing foment of political unrest
         around him. In his family the emphasis was very much on the importance of education and, specifically, on science. The focus
         on learning was the legacy of Chandra’s grandfather, Ramanathan Chandrasekhar, who had been professor of mathematics at Ankitham
         Venkata College in Vizagapatam (now Visakhapatnam), about 360 miles along the coast north of Madras. He died the year Chandra
         was born. But he left a library full of books on mathematics, including some he had written himself. Chandra treasured them
         throughout his life. Ramanathan also fathered ten children, two of whom were exceptionally brilliant.
      

      
      Chandra’s father, Chandrasekhara Subrahmanya Ayyar, was the eldest of Ramanathan’s children. An exemplary student at his father’s
         college, and then at Presidency College, he took the All India Examination and entered British government service in the Indian
         Audits and Accounts Office. There he worked in the railways section and travelled extensively to different parts of India. In those days it was a tremendous achievement to enter the Indian civil service, which offered great opportunities
         for advancement. But his children looked down on him. ‘The standards by which Chandrasekhar’s family measured success were
         by intellectual and cultural achievements,’ Chandra’s younger brother, Balakrishnan, wrote.9 They considered him ‘a relative failure’ because he had chosen the civil service route. It was a harsh judgement on a hard-working
         father.
      

      
      Nevertheless, it was he who had built up the family’s high standard of living. Ayyar, as he was known, was a strikingly tall,
         powerfully built man with a handsome round face, piercing eyes and a powerful, rather authoritarian personality. At home he
         dressed South Indian style in a shirt and veshti (a garment rather like a sarong). But for work he wore a Western shirt, tie, jacket and trousers. Like most Indians in British
         government service, he always wore a tightly wrapped turban to emphasise his reluctance to abandon the old ways completely.
         He was a brilliant exponent of Karnatic music, which he played expertly on the violin and for which he also developed a notation.
      

      
      But for all his achievements, from a very young age he found himself eternally in the shadow of his younger brother, Chandrasekhara
         Venkata Raman. Raman was the star of the family. In photographs, while Chandra’s father has a gentle cast to his face, Raman
         has a look of ferocious intelligence and no-nonsense determination. He raced through his education at an extraordinary speed,
         graduating from Presidency College at the age of seventeen with a degree in physics and finishing his MA when he was nineteen.
         Dogged by ill health, he gave up his studies in physics and, like Ayyar, joined the Indian Audits and Accounts Office. The
         brothers were posted to Calcutta, where they shared a flat, along with their wives. But Raman refused to give up his physics
         research and continued working on it in his spare time at the University of Calcutta. In 1917 he was offered a chair or professorship
         there and gave up his lucrative civil service posting to take up research full time. In 1930 he would receive the Nobel Prize
         for Physics. According to Chandra’s cousin Sivaraj Ramaseshan, there was bitter sibling rivalry between Ayyar and Raman. Not
         only did Raman seem to do everything better than Ayyar, but he had left the security of the civil service and eventually achieved world-wide fame. When the two brothers lived
         together in Calcutta, the atmosphere between them was brittle. Ramaseshan has studied their correspondence. ‘There is no doubt
         that C. S. Ayyar disliked C. V. Raman,’ he says.10

      
      Ayyar was a typical Indian father of his day. He showed little affection towards his children. He assigned professions to
         his sons and husbands to his daughters. But beneath his crusty exterior, he cared a great deal about Chandra’s emotional well-being,
         as is clear from their correspondence. Yet their relationship was far from smooth. Lalitha recalled that the ‘children were
         disappointed in Ayyar and, as grown-ups, did little to hide their frustrations with him. They were closer to their mother.’
      

      
      Sitalakshmi Balakrishna, Chandra’s mother, was an extraordinary woman. Her marriage to Ayyar had been arranged when she was
         fourteen, and she came from a typical Indian household with an overbearing mother-in-law and an unhappy aunt. Over the years
         she bore ten children, yet she always continued to study. With Ayyar’s help she learnt English, and went on to translate Ibsen’s
         A Doll’s House into Tamil. It became the standard text for high-school students.
      

      
      In those days, middle-class families in India began their children’s education at home. Early in the morning, before he went
         to the office, Ayyar gave Chandra instruction on most subjects. His mother taught him Tamil. Ayyar was particularly concerned
         that Chandra should speak English perfectly; English was the key to everything, from entering the Indian civil service to
         attaining every bright young Indian’s dream – study in England. Chandra’s parents were aware from early on that here was an
         extraordinarily brilliant child. He made lightning progress in mathematics. He was often to be found sitting alone in the
         library, devouring his grandfather’s mathematics texts. By the time he finished high school, at the age of fifteen, he had
         read them all. In later years, all ten children were to look back on their individualistic and free-ranging early education
         with gratitude. As Chandra’s brother Balakrishnan put it, it prepared them for school ‘without being cramped in the early
         years by a load of educational lumber in the head’.11

      
      The family did not really put down roots in Madras until 1923, when Chandra was thirteen. That December, Ayyar laid the foundation stone for Chandra Vilas, which was to be the family home.
         It was at 46 Edward Elliots Road in Mylapore, an affluent suburb of Madras, a world away from the squalor of neighbouring
         Triplicane where Ramanujan had grown up. In Chandra’s day the house was an elegant, whitewashed two-storey mansion, built
         in the neo-colonial style traditional in Madras at that time, with long shady verandas, roofed wooden balconies and decorative
         eaves over the windows. The garden was planted with huge-leafed mango and coconut trees. It was a cool and inspiring place
         to read and talk, a haven from the intense light and heat of the day.
      

      
      Ayyar had taken on the expense of providing a home for his family. But he was all too aware of the consequences. His family
         would no longer be with him when he was posted away from Madras. ‘A lonely life for earning a livelihood faced me,’ he recalled
         in his autobiography.12 By the time Chandra Vilas was completed in 1924, Chandra was already in his last year at the Hindu High School in Triplicane.
         Those were carefree days. The three eldest brothers – Chandra, Visvanathan, two years his junior, and Balakrishnan, four years
         younger – were inseparable. At first they used to take the tram to school together. Later they cycled. Today, Edward Elliots
         Road has become Dr Radhakrishnan Salai, a noisy, traffic-filled thoroughfare and a far cry from the idyllic setting in which
         Chandra grew up. Chandra Vilas still stands, though it is much reduced and run down, tucked along an alleyway off the main
         road. Still, one can imagine Chandra and his brothers riding their bicycles along Edward Elliots Road to school nearly eighty
         years ago.
      

      
      From 1925 onwards, Chandra’s bicycle ride took him along the Marina beach to the splendid pink-domed halls of Presidency College.
         He was fifteen, two years younger than everyone else, but he had already acquired a reputation for brilliance. ‘Chandrasekhar
         was born great and lucky – lucky at least to start with. From his early years he was recognised by all the people he came
         into contact with, including all the members of his family, as a mathematical prodigy or even genius,’13 recalled his brother Balakrishnan. At Presidency he became famous for answering every question correctly in examinations,
         even ones that were not required. He usually scored more than 100 per cent. He read voraciously, devouring mathematics and physics texts at a single
         reading. His tastes in literature ranged from Robert Louis Stevenson to Thomas Hardy and Shakespeare, and he also learnt German.
         One of his college friends, S. R. Kaiwar, recalled that he was ‘lightning-quick in comprehending, [and] could read a hundred
         pages in an hour quite easily. [He] was interested in everything around him.’ Chandra had time to enjoy a normal boyhood.
         ‘We laughed and joked a lot,’ remembered Kaiwar. ‘He wasn’t by any means a prude.’14 But he was prone to fits of gloom, sometimes withdrawing to his room to sit for hours in the dark.
      

      
      Family life helped greatly to nurture the young man’s brilliance. Conversations over dinner were not merely intellectual but
         focused on science. As Chandra later wrote, ‘The atmosphere of science was always at home.’15 By now his Uncle Raman had become one of India’s most eminent scientists. One day, Chandra overheard Raman talking to his
         father about Ramanujan. Chandra was fired. He yearned to follow in his footsteps and become a mathematician.
      

      
      After completing his first two years at Presidency College, Chandra had to choose what to study for his honours degree. He
         immediately opted for mathematics. But his father had other ideas – as far as he could see, there was no future in mathematics.
         He wanted Chandra to play safe, as he had, and join the civil service. Knowing he was determined to be a scientist, he pressured
         him to study physics, which at least had more practical applications. For Chandra physics was acceptable, but not the civil
         service. Unusually in Indian society, his mother supported him. ‘You should do what you like. Don’t listen to him; don’t be
         intimidated,’16 she told him. In the end, Chandra took his father’s advice and in later years he was grateful. He wrote to Balakrishnan from
         Cambridge: ‘I am ever so thankful to Babuji for having guided me properly in making the proper choice.’17†After all, Chandra continued, his physics research was so highly mathematical that ‘my “first love” is not killed’.
      

      
      Chandra often went to the Marina beach to think and dream. His hero Ramanujan had also strolled there to escape the hot, dusty streets of Triplicane. Chandra was consumed with the urge
         to make his mark on the world as a scientist, to discover something that would transform our understanding. ‘When I was in
         5th form and later, I used to go to the beach and pray God – actually prostrate on the ground (I blush to tell you so) – to
         mould my life like that of an Einstein or a Riemann,’ he later admitted to Balakrishnan.18

      
      Chandra, Balakrishnan and Visvanathan would sprawl on the sand, joke as boys do, and listen to Chandra holding forth on mathematics,
         science or literature. In those days the Marina was a highly fashionable resort. In the evening, automobiles sputtered along
         side by side with the increasingly rare horse-drawn shuttered carriages in which Muslim ladies could take the night air without
         being seen. The beach is one of the longest and broadest in the world, stretching southward several miles from Fort St George
         to the sixteenth-century Portuguese town of San Thomé. From the venerable pink-domed clock tower of Presidency College, it
         is a long walk across the burning sand to the shimmering blue waters of the Bay of Bengal.
      

      
      Established in 1840, Presidency College became the nucleus of the University of Madras, founded seventeen years later. In
         Chandra’s day, as now, it was the best college in South India. The lecturers, most of whom were British, encouraged students
         to study rather than learn by rote, which was the norm at other Indian colleges. Chandra still complained that the system
         was exam-oriented and stressed the solving of problems instead of the understanding of science. One of the teachers, H. Parameswaran,
         had done his Ph.D. at Cambridge. He was, Chandra recalled, ‘quite a competent experimental physicist [who] understood what
         research was’.19 Chandra himself certainly did. His career at Presidency College was enormously successful. ‘Everybody knows Chandrasekhar, he is a very famous man,’ Balakrishnan wrote excitedly to him in November 1930. Today there are photographs
         of Chandra proudly displayed in the hallways of the physics department, alongside Bohr, Einstein, Parameswaran and Raman.
         In his study, the present head of the department has four photographs on his desk: two of Chandra, and one each of Raman and
         Einstein.
      

      
      Most physicists and physics students struggle through physics texts equation by equation. Chandra could read them almost like novels, effortlessly grasping the essence and the details.
         As a teenager, Balakrishnan remembered, he had already absorbed some of the most daunting works in the Chandra Vilas library,
         such as Salmon’s Conic Sections, Hardy’s Pure Mathematics, Boole’s Differential Equations and Burnside and Paton’s Theory of Equations.
      

      
      But his studies did not exclude all else. As a student in India in the late 1920s, he could not fail to be drawn into the
         struggle for Indian independence, even though his contribution was primarily to make his academic mark, to show that an Indian
         could succeed in the Westerners’ world of science every bit as well as a Westerner. Chandra did not go so far as to join the
         Indian National Congress. But when Jawaharlal Nehru, its president, came to Madras in 1928 to speak at a mass rally on the
         Marina, Chandra was among the students who joined the crowd to listen to him, in defiance of the college principal’s injunction
         not to do so. In later years, Chandra remembered Nehru in a way that so many others had, as ‘a complex product of intellectual
         brilliance, physical attractiveness and stamina, human sensitivity and charm, which made him at once the hero to India’s youth’.20

      
      That summer, Raman offered his precocious nephew a priceless opportunity. He gave him a job in his laboratory in Calcutta,
         providing Chandra with first-hand experience of real scientific research. It was an extraordinarily exciting time. The previous
         February, Raman had discovered what quickly became known as the Raman effect, a way to glimpse a molecule’s structure from
         the way it interacts with light. Chandra was swept along in the euphoria over this ground-breaking discovery. No doubt he
         hoped that he too would achieve something similar one day. But his own experiments were disastrous. Broken equipment began
         to pile up. It became clear to everyone that his true calling was theoretical physics, especially when he began to give brilliant
         seminars to the others in the laboratory, lucidly explaining his uncle’s discovery.
      

      
      That spring, Raman had paid a visit to Chandra’s home in Mylapore, bringing with him a book with the tantalising title The Internal Constitution of the Stars, by Arthur Stanley Eddington. In it Eddington took the reader to the very frontiers of astrophysics. He laid out the key issues and ended with one of his unforgettable
         flourishes: ‘It is reasonable to hope that in a not too distant future we shall be competent to understand so simple a thing
         as a star.’21 Chandra was spellbound.
      

      
      A titan of science, Eddington had single-handedly established the field of modern astrophysics. By clarifying the relationship
         between a star’s mass, brightness and temperature, he began to make sense of its life journey from its birth, amid a vast
         cloud of interstellar gas and dust, to its death as a cold inert rock; he had worked out methods of analysing the movement
         and distribution of the stars; and he had also made vital contributions to our ideas about stellar composition and energy
         generation, presciently suggesting that stars shine by converting hydrogen into helium. Most importantly, however, Eddington
         was the first to apply general relativity to astronomy, having introduced the theory to the English-speaking world in popular
         books still read to this day.
      

      
      Eddington’s research papers were masterpieces of elegant prose. With the minimum of mathematics, of which he was a master,
         he derived results from first principles, linking the basic laws of physics to experimental data, always with a bon mot or
         superb metaphor. In The Internal Constitution of the Stars he shows how, although at first sight understanding the stars seems hopeless, it is not. Stars have a gravitational field
         and emit light which ‘manages to struggle to the surface and begin its journey across space. From these two clues alone a
         chain of deduction can start’, based on universal laws of nature.22 Eddington had a charmingly vivid and utterly unforgettable way of bringing astrophysics alive. Describing a photon of light,
         he wrote:
      

      
      
         You may picture a photon of radiation, barging first one way, then another, like a man in a rioting mob – absorbed by an atom
            and flung out again in a new direction. In this way a photon in the Sun will wander aimlessly round in the interior for a
            million years or more until, just by accident, it finds itself at the exit of the maze – shoots through – and makes a bee-line
            across space to the Oakridge reflector, where Professor Shapley photographs it.23

      

      
      The American astrophysicist Henry Norris Russell wrote of The Internal Constitution of the Stars that, ‘The book itself is a work of art … the product of a great teacher as well as a great investigator.’24 It was not only a journey through almost everything that was known about the stars; it also set out the key problems that
         remained to be solved. Eddington was an inspiration to everyone from professional scientists to blazingly ambitious and idealistic
         young men like Chandra.
      

      
      Working in Raman’s Calcutta laboratory, Chandra leaped at the opportunity to borrow his uncle’s copy and read it closely.
         He was fascinated by Eddington’s wide-ranging discussion of how atoms emit and absorb radiation according to quantum theory,
         and how stars can be described in mathematical terms as spheres of gas. Eddington’s discussion of quantum theory helped Chandra
         to understand Raman’s discovery.
      

      
      But then he came across the classic Atomic Structure and Spectral Lines, by the great German physicist Arnold Sommerfeld. By pure chance, that September 1928 Sommerfeld showed up in Madras to give
         a lecture. Full of youthful bravado and confidence, Chandra found out where he was staying and went and knocked on his door.
         What followed changed the course of his life.
      

      
      Born in 1868, Sommerfeld was involved in virtually every phase of theoretical physics, right up to his death in 1951. He was
         immensely talented both as a researcher and a teacher. His famous institute in Munich produced many of the pioneers in quantum
         physics, from Hans Bethe and Wolfgang Pauli to Werner Heisenberg, his prize student. As Heisenberg often said, if anyone deserved
         a Nobel prize it was Sommerfeld – though inexplicably he was passed over by the Nobel committee, one of its few serious omissions
         in physics. Sommerfeld’s Atomic Structure and Spectral Lines first appeared in 1919. It was regularly updated and became the bible for researchers. Chandra read the English translation
         of the 1924 edition.
      

      
      Chandra was totally unaware of the discoveries that had been made in atomic physics over the previous two years, discoveries
         that had utterly changed scientists’ views of matter at the microscopic level. An extraordinary new quantum world was unfolding
         in which electrons and light behaved in astonishing ways. The old images of electrons as particles and light as waves no longer
         held; both turned out to be waves and particles at the same time – a bizarre and unimaginable conclusion known as the wave–particle
         duality.25 From this, scientists extrapolated all manner of quantum weirdness. Electrons, they concluded, were spread across space and
         time, capable of being in several places at once. Stranger still, electrons appeared sometimes to be able to ‘sense’ and react
         to an experiment carried out on another electron far away, as if by ESP. The old certainties of classical physics – that scientists
         could calculate exactly the position and velocity of an electron and plot its path through time and space – had been overthrown.
         There was now a completely new way of looking at these properties in this volatile new world. In his clipped, precise English,
         Sommerfeld gently explained it all. He left Chandra with copies of two papers he had published earlier that year in which
         he showed the results of applying quantum theory to a gas of trillions upon trillions upon trillions of electrons squashed
         tightly together – in a metal, for example.26† It seemed that the quantum nature of electrons unexpectedly produced an outward pressure, which could hold the metal together,
         helping to explain why metals were not crushed by the massive inward pressure of gravity.
      

      
      Eager to learn everything he could, Chandra sought out the seminal articles that Sommerfeld had recommended. Chief among these
         were works by the brilliant young physicists Wolfgang Pauli, at Hamburg University, and Werner Heisenberg, at Leipzig, both
         of whom had started out as students of Sommerfeld and had gone on to become the instigators of the new quantum physics. Both
         were no more than a decade older than Chandra but were already legendary names. Chandra was particularly inspired by the research that underlay Sommerfeld’s work. He pored over articles by Paul (P. A. M.) Dirac, who worked in Cambridge, and Enrico
         Fermi, in Rome, who had shown the dramatic effects produced by the wave–particle duality when electrons are cramped together
         in a gas.
      

      
      The way physicists try to understand a concept is to use it to solve a problem. This is what Chandra did. Although only seventeen,
         he had already homed in on the area in quantum physics he wanted to pursue – the quantum properties of a gas of electrons
         – which was soon to lead him to his ground-breaking discovery about white dwarf stars. From his reading of Eddington’s book,
         he explored how light, electrons and atoms interact in a star. He combined this with what he had learned from Sommerfeld,
         and within a week or two he had written his first paper. It was published in the Indian Journal of Physics in 1928.27

      
      The precocious youth was convinced that his results were important enough to merit publication in the Proceedings of the Royal Society. He was aware that a paper for the Proceedings had to be submitted by a Fellow of the Society. As it happened, he had recently read Ralph Fowler’s newly published Statistical Mechanics and noticed that Fowler was a Fellow. Boldly, he decided to take a chance and send him a copy of his newly written paper.
         It was January 1929.
      

      
      That same month there was a meeting of the Indian Science Congress (modelled on the British Association for the Advancement
         of Science) in Madras. Raman, who had by now achieved worldwide fame, presided. The meeting was packed to the rafters. Chandra,
         a fresh-faced eighteen-year-old, rose to address the venerable gathering and presented a summary of his paper. It was his
         first professional presentation at a scientific meeting. Professor Parameswaran announced that the young man was only in his
         second year at college and added proudly that, ‘he had written the paper without any guidance or advice from anyone’.28 There was thunderous applause.
      

      
      Chandra’s brother-in-law, A. S. Ganesan, who was a physicist, had left his copies of the Monthly Notices of the Royal Astronomical Society, running from 1925 to 1929, in the well-stocked library of Chandra Vilas, the family home. Glancing through them in early
         spring 1929, Chandra came across a paper in which Fowler proposed that quantum physics might offer a solution to Eddington’s paradox that a white dwarf might collapse completely,
         instead of ending up as an inert rock. He was excited to see that it used the new way of studying a gas of electrons which
         he had learned from Sommerfeld and had already applied successfully in his first two published papers. ‘Right there, there
         was something which I could do. So that is how I started, you see,’ he later recalled.29 It was this that convinced Chandra that Cambridge was the place for him. That was where the action was.
      

      
      That June, Chandra sent his father a letter outlining his work in progress. At eighteen, he was working on five papers at
         the same time.30 In one he elaborated on the paper he had sent to Fowler and which he had submitted to the Indian Journal of Physics.31 He waited impatiently, hoping desperately that Fowler would reply. Finally he heard from him.
      

      
      When the paper from the unknown Indian lad landed on Fowler’s desk, he read it with growing interest. He made a few suggestions,
         to which Chandra agreed. Chandra immediately withdrew the paper he had just submitted to the Indian Journal and incorporated its results into the one he had just sent to Fowler. Fowler was hugely impressed. To Chandra’s great excitement
         and pride, his work came out ‘as a fairly big paper’ in the October issue of the Proceedings of the Royal Society.32

OEBPS/images/9780748130207.jpg
EMPIRE OF
THE STARS

Arthur I. Miller






