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PROLOGUE


KOLAR WAS BLEAK AND DUSTY WHEN THE BRITISH FOUND gold there. It was not really a discovery. The villagers had occasionally mined gold there, but their methods were primitive and unproductive. The Englishmen brought technology to Kolar. John Taylor, a British entrepreneur, set up a mining company in the village in 1880 and created a bustling township 90 kilometres to the east of Bangalore. Taylor was a competent engineer and an enterprising man. In a few decades Kolar Gold Fields (KGF) became a prosperous town with some of the best infrastructure in India: a first-rate school, a hospital with state-of-the-art facilities, a plush club into which only Europeans were allowed, luxurious bungalows and tree-lined streets, all lit up by a power station at Shivanasamudra, a waterfall 140 kilometres away. The mines at KGF were deep and technologically sophisticated. Their reputation spread around the world.


On a winter morning in 1951, three young visitors came from Bombay and met chief surveyor V.M. Sundara Rajan, seeking permission to go down the mines and set up scientific experiments. Sundara Rajan would later become the first Indian to head a full mine at KGF. Short in height and soft-spoken, he had risen through the ranks through sheer hard work, endearing himself to his colleagues and bosses through his technical competence and perpetual smile. His visitors were in their twenties, more students than scientists, and they had driven from Bangalore after attending the Indian Science Congress there. One of them, B.V. Sreekantan, was working for a Ph.D at the Tata Institute of Fundamental Research (TIFR) in Bombay. He was planning an important experiment and needed help from the managers of KGF. He had brought along two of his scientist friends for moral and intellectual support.


Sreekantan was tall and lanky, sporting thick glasses and a calm demeanour. With him was Raja Ramanna, who would later become the architect of India’s first nuclear test in 1974 at Pokhran but was then working at TIFR after finishing a double master’s degree in physics and music theory. The third visitor, Bibha Chaudhury, was a young physicist who had just finished her Ph.D with the Nobel Prize-winning Patrick Blackett in Manchester. Sreekantan had been sent to KGF by Homi Bhabha, the director of TIFR. Bhabha wanted to use the mines at KGF to investigate the behaviour and composition of cosmic rays, a stream of particles that come to earth from deep space. Cosmic rays were discovered in 1912 and christened in 1925, but their precise composition was a mystery. As a young scientist working in the United Kingdom (UK), Bhabha had demonstrated how cosmic ray particles that hit the upper atmosphere change as they fall to the surface of the earth. After he came back to India, Bhabha sent up detectors into the atmosphere in balloons to measure the intensity of cosmic rays at high altitudes. He was keen to see how cosmic rays interacted with the solid earth, for which it was useful to go down and look for subatomic particles below the ground. Cosmic rays were supposed to hold secrets to the composition of matter. No cosmic ray experiments had been done in the world at depths below 100 feet. Nowhere in the world were mines as deep as in KGF. Few mining towns in the world offered as luxurious a life as in KGF.
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Homi Bhabha was comfortably settled in British academic life when he came to India for a vacation in 1939. By then a scientific theory had been named after him – Bhabha Scattering, his explanation of how cosmic ray particles behaved when they hit the earth. It would later become part of quantum theory textbooks. Bhabha was an ambitious man, an aristocrat who liked science as well as music and painting, a physicist who was also a connoisseur of the arts. His prime intent in the 1930s was to build a career as a scientist in Britain. Bhabha’s dreams were shattered when World War II broke out when he was in India. He could not go back to Cambridge after his holiday.


The physicist soon found himself in an unusual situation in his home country. India was not a run-of-the-mill British colony. It had been economically exploited like all other British colonies, but unlike most others India had home-grown wealthy people. It had scientists, some of whom had become famous in the world by 1940. C.V. Raman had won a Nobel Prize in 1930 for his work on light scattering. Meghnad Saha developed his equation on the ionization of elements in stars in 1920, arguably a Nobel-class discovery. The research of S.N. Bose in the 1920s helped to lay the foundations of a field called quantum statistics. S.S. Bhatnagar made breakthroughs in magnetochemistry, proving that Indian science was not all physics. No other British colony had scientists of this quality. However, despite the presence of such stars, Indian science was not in good shape. Scientific institutions in India were small, badly run, and short of funds and ideas. Top scientists squabbled, sometimes in public. The bureaucracy stifled innovation.


After he decided not to return to England, Bhabha met C.V. Raman at the Indian Institute of Science (IISc) and got a job as a reader. Within a short time, he realized that science at the institute was old-fashioned. The research being done in all Indian institutions was outdated. It was not within his powers to change the culture of research in the country. But he could, if he tried, set up a model scientific institution where he could flourish. He owed it to himself and his country to build such an institution.


Bhabha was born into a rich Parsi family with good connections. Parsi families are usually related to each other. They also helped each other, and were not likely to let down a young man destined to be a star in the country. Bhabha persuaded the Sir Dorabji Tata Trust to fund a new scientific institute. He knew the managers of the trust; Sir Dorabji Tata had married Bhabha’s aunt. Bhabha was a close friend of Rustom Choksi, trustee and later director of the Tata Trust. Choksi had tilled the ground for his friend at the trust, briefing the management about the value of a new scientific institute, but hard negotiations were required to wrest a long-term commitment from them. As soon as it became clear that the Tatas would fund an institute, Bhabha hired scientists and started work in a bungalow on Peddar Road in Bombay owned by his aunt. He called it the Tata Institute of Fundamental Research (TIFR). Sreekantan was among the first to join him as a student.


Students at TIFR saw Bhabha as a larger-than-life figure. He wore a three-piece suit to work and spoke English in the clipped accent of the Indian elite. He kept himself aloof but behaved with dignity and poise towards everyone. Younger scientists would look at Bhabha with awe as TIFR grew and his reputation soared. When Sreekantan reached the institute in 1948, its office consisted of a few rooms in the Peddar Road bungalow. A year later they would move to the Old Yacht Club. A decade later, Bhabha would build a full-fledged institution in a romantic location overlooking the Arabian Sea.
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Sreekantan’s first meeting with his mentor did not go well. He had called up Bhabha at the Taj West End in Bangalore and was asked to come to the hotel at 9 a.m. the next day. Bhabha turned up two hours late and went straight to the restaurant for breakfast. He never returned to the hotel lobby. Sreekantan left the hotel feeling hungry and frustrated. Bhabha later sent him a letter, asking him to apply for a Ph.D at TIFR. He was admitted for a Ph.D there after some gruelling interviews.


Sreekantan was a curious mixture of attitudes and abilities when he arrived at TIFR. Brahmin families in southern India had no compunctions about leading dichotomous lives: English and Sanskrit, rituals and rationality, science and religion, the classics and communism, rural roots and an urban mindset, physics and electronics. The last two didn’t always mix well in some minds. Modern physics requires the ability to think in the abstract. Electronics demands the ability to work with equipment. One requires deep thought, the other hands-on training. Sreekantan did not mix physics and electronics. He studied them one after the other – a master’s degree in physics at the Central College in Bangalore, and a year’s training in electronics at IISc.


The Central College in Bangalore where he studied physics had excellent teachers and facilities. It also had its fair share of nationalism – studies were punctuated with frequent surges of street protests. College had instilled in Sreekantan an aversion to the British and their ways. Central College students were active in the Quit India Movement, and they organized themselves spontaneously and joined protests in large numbers. They believed that the British were stifling Indian aspirations and creativity. ‘The British had a system by which they did not want India to develop at all,’ Sreekantan said. ‘They wanted to keep India as backward as possible, and whatever administrative steps they took were towards maintaining law and order. They did not do anything to improve the condition of India, except for their own purposes, like the Railways and the telegraph.’ British scientists had worked hard as individuals to lay a foundation for science in India, but the British government had done little to help Indian scientists. Sreekantan would go to TIFR with this mindset, hoping to do his bit to improve Indian science.


By 1948, when Sreekantan formally joined TIFR as a student, Bhabha had started conducting experiments on cosmic rays with balloons. Scientists had discovered only two elementary particles in cosmic rays when Sreekantan started work. They suspected that many more lurked in the cosmic radiation, particles that could turn out to be important for understanding the ultimate structure of matter. Bhabha had sent clusters of balloons up to altitudes of 25 kilometres but with poor-quality detection equipment, devices that were difficult to build and impossible to buy. When they met first, Bhabha asked Sreekantan to develop a cloud chamber, a sealed box of supersaturated water vapour or alcohol in which particles left a trail of condensation as they passed through it. Sreekantan had never seen a cloud chamber before.


It was a familiar situation for scientists in India and other economically underdeveloped countries. Scientific research required advanced equipment, and advanced equipment required money and industrial experience to build. Money was not easy to come by, but some experience could be built through persistence. After two months of reading and a few brainstorming sessions with Bhabha and others, Sreekantan finished the design of a cloud chamber. He needed cheap components to make the instruments. TIFR had no money to import them.


At that time, merchants were selling surplus equipment from the World War in Mohammed Ali Road, in a flea market called Chor Bazaar. These machines had started reaching there soon after World War II, and the students bought them cheaply to look for useful parts: wires, dials, valves, electric plugs, pieces of glass. With them, Sreekantan and his colleagues – a close collaborator was the cosmic ray physicist S. Naranan – built transformers, capacitors, resistors. They also built oscilloscopes, amplifiers and recorders. An oscilloscope dial when imported cost Rs 25. When cannibalized from old parts it cost 10 paise. Sreekantan had help: highly skilled technicians who could work magic with old machine parts. A glass blower called H.L.N. Murthy, who was the first person Bhabha brought with him when he moved from Bangalore to Bombay, became an important part of TIFR, a living legend of sorts, as critical to developing equipment as its scientists. Murthy was so useful to TIFR that Bhabha once sent him abroad for medical treatment on the pretext of getting him trained. Using such expert technicians and old parts, TIFR scientists built vacuum technology, cloud chambers, and Geiger counters. ‘Lack of foreign technology was an advantage,’ said Sreekantan. ‘From 1948 to 1960 we had to develop everything ourselves. It gave us more confidence. Abroad, they were used to buying everything.’


Sreekantan understood his instruments intimately when he went to KGF. For the first time, an Indian scientist could study how cosmic rays behaved as they went through the earth. All he needed was permission from the mining company.
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Sundara Rajan took the young scientists to meet Arthur Taylor, the son of John Taylor and managing director of the mining company. It was a brief meeting. Sreekantan got permission to set up his laboratory in the mines. He got a fully furnished bungalow with domestic staff for free. He was given free membership to the KGF Club and the freedom to come and go in the mines whenever he wanted. ‘I don’t know why, but we were treated like officers,’ said Sreekantan. He had 50 boxes of equipment, which he brought from Bombay to Bangalore by train and then to KGF in lorries. He set them up in the mines and started his experiments.


Sreekantan lived at KGF for three years, measuring the intensity and distribution of cosmic ray particles as they went through the earth. He submitted his thesis on ‘the intensity and angular distributions of muons at different depths’. It was a small but useful advance in the study of cosmic rays. He got his Ph.D in 1954. TIFR experiments in Kolar didn’t end with Sreekantan’s Ph.D, as Bhabha had a larger purpose for them. ‘We proved that we could do fundamental research in India,’ said Sreekantan. He had become part of the first generation of scientists in independent India.


In the years immediately after Independence, it was necessary for scientists to first prove to themselves that it was possible to do research in India. The British did not seed big scientific institutions in the country. Philanthropists had done so, but they provided only the initial funding, and there was no mechanism to fund scientific research on a regular basis. India was a poor nation, left to fend for itself, largely illiterate, with a rapidly increasing population. There were frequent food shortages and famines. It was not easy to decide the country’s priorities: whether to invest in primary education and healthcare, or to create economic growth and improve food productivity, or to establish world-class research institutions. The connections between all these activities were not clear to politicians and bureaucrats. What kind of research should Indian scientists do?


Policymakers knew that research was necessary to create economic growth, but the role of fundamental research in national development was not clear to all of them. Meanwhile, Europe, the United States (US) and Japan were rapidly forging ahead in science. Europe and Japan had emerged from a destructive war and were rebuilding their countries through science and technology. So the end of World War II diverted attention and money from defence to scientific research, rapidly creating sophisticated infrastructure in the universities of Europe and the US. Private companies expanded the frontiers of technology by developing equipment of exquisite precision. Such equipment was not available to Indian scientists. It was not a short-term problem. India spent comparatively little on science till the end of the last century. In 1990, when India’s investment on research and development (R&D) was $2.7 billion a year, a large multinational like General Electric spent nearly $2 billion on R&D. If India had to do science, Indian scientists had to learn the art of building equipment and how to improvise with meagre resources. Western scientists had done so long ago, when science was still being developed, in an era when research was not so competitive and international. In the modern age there were no prizes in science for reinventing the wheel, but Indian scientists found that they needed to be innovative followers before they could become leaders.


At TIFR, Bhabha set a trend for others to emulate. He had worked at the Cavendish Laboratory in the midst of the great revolutions in physics, when atomic physics was developed based on the new science of quantum mechanics. He had seen how science was done at the highest level and had high aspirations for himself. But when he came back, he didn’t always try to compete directly with his European counterparts. Instead, he looked for projects where India had an advantage. In the 1940s and 1950s India’s advantages were not money, outstanding institutions, a scientific tradition, or deep expertise. All of them had to be built over time. India’s purported advantages were its location, its history, its youth, its diversity, its culture. Were there experiments which could be performed only near the equator? Could the country’s varied landscape, with its mountains and deserts and forests, be exploited for the benefit of science? Were there scientific experiments that could be conducted in deep mines? Would the quietness of the countryside be an advantage when setting up cosmic listening posts? Bhabha didn’t always ask these questions directly. But, through his own choices, he made them a part of his scientists’ ways of thinking.


He hired the best scientists and gave them freedom to work as they pleased. Within a decade, he also gave them a dream environment to work from.
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The new location for TIFR was a piece of land overlooking the sea and surrounded on the other three sides by residences for naval officers. A few shacks existed on the barren piece of land. The Indian Navy was against building a scientific institution on its premises. Bhabha had approached the defence secretary to release the land, which belonged to the central government, but no answer had come for a year. The approval came when Bhabha, who shared a close friendship with Prime Minister Jawaharlal Nehru, told him about the plan for the institute. Later, at a ceremony for laying the foundation stone of the new building, Nehru would speak of the intense wrangling between the defence minister and the prime minister for the release of the land – Nehru held both the portfolios at that time.


At the new TIFR campus by the sea, in a building designed by the Chicago architect Helmuth Bartsch, Bhabha set about creating an environment that would attract the best in the world, even if it meant providing luxuries that were then considered unnecessary in India. When scientists moved to the new building in 1962, it was by far one of the best places to work at in the country. Bhabha had the entire building air-conditioned, not just his own rooms or those of the senior scientists. Those who worked there, including a large number of distinguished visitors, found the air conditioning a big relief in the humid weather of Mumbai. He filled the corridors with works of art, most of which were originals procured at great cost. He believed that art would inspire science and used a small portion of the institute’s budget to buy paintings. Bhabha was the first collector in India to recognize the value of contemporary Indian art. Over the years, the TIFR art collection grew to be among the richest in the country.


The first distinguished scientist whom Bhabha brought to TIFR was K.S. Chandrasekharan, the Indian mathematician at the Institute of Advanced Study in Princeton, where he was working alongside many brilliant minds, including Albert Einstein. Chandrasekharan joined TIFR in 1949 and created the mathematics department, which for over three decades was one of the crown jewels of TIFR and Indian science. Chandrasekharan and Bhabha had deep connections in the world of mathematics and physics, and they persuaded leading scientists and mathematicians to visit TIFR and give lectures. The visitors included the French mathematician Laurent Schwartz, a Fields Medallist who pioneered the theory of distributions; Paul Dirac, the British physicist who made so many contributions to physics that he is considered in the same class as Albert Einstein; the German-American physicist Hans Bethe; Fields Medallist and British mathematician Michael Atiyah. ‘They came for two months at a time,’ said M.S. Narasimhan, a Ph.D student of Chandrasekharan who later became one of India’s prominent mathematicians. ‘These days nobody comes for that long. Paul Dirac taught a course in quantum mechanics. Students used to transcribe their lectures, meet the scientists the next day and put the lectures in order.’ It was like a dream come true for the students. The American mathematician David Mumford, another Fields Medallist who visited TIFR in the late 1960s, described the atmosphere there in an article about events that changed his life.1


‘The intellectual stimulation was intense: It felt as though half the world’s algebraic geometers were there and the other half came through for a visit. There were always large numbers of brilliant graduate students and willing, highly skilled note-takers who fed the manuscript to a legion of typists, transforming with ancient Remington typewriters my often confused and garbled lectures into a polished set of lecture notes – almost overnight. It was a highly interactive place: we talked continuously over lunch in the cafeteria, tea and coffee breaks, walks in the lush gardens amid the astonishing hoopoes and brilliantly coloured parrots.’


Into this atmosphere came Govind Swarup, a radio astronomer from Stanford. He was young, irrepressible and ambitious. He had the blessings of Bhabha and M.G.K. Menon, a 34-year-old scientist-leader who had returned earlier from the UK to the new institute. But, within a short time, Swarup found that doing science in India was not as easy as he had imagined. The TIFR campus was serene and inspiring, but science required a few things beyond inspiring campuses and buildings. For him to practise radio astronomy at the cutting edge, Swarup needed a regular and generous supply of research funds. He needed a well-developed private industry. He needed skilled engineers.


When he came to TIFR, Swarup was already becoming known in the global radio astronomy community. The way he tackled the Indian situation would make or break his promising scientific career.
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Before Govind Swarup came back to India, a 25-year-old scientist had returned from the US, nursing dreams of building a new India. Chintamani Nagesa Ramachandra Rao had gone to Purdue University for a Ph.D in chemistry. He came back to join IISc, reputedly India’s premier scientific research institution. He found that he had returned to an institute that was bureaucratic, poorly funded, and full of colleagues at peace with low levels of activity. Rao had to quickly figure out how to conduct research in this environment and compete with the best in the world. He had no equipment, no money, no significant financial support from his department head or institute director. But Rao was ambitious and persistent. He would not lose hope easily.


Rao came back to India in 1959. Swarup came back in 1963. M.M. Sharma, a 27-year-old chemical engineer who had become a star at Cambridge University even as a Ph.D student, came back to an impecunious Bombay University in 1964. Obaid Siddiqui, a 30-year-old Ph.D from the University of Glasgow, had come to TIFR in 1962 to set up a molecular biology division, against the wishes of some physicists who did not want a biology programme at TIFR. U.R. Rao, a cosmic ray physicist, left the University of Texas in 1966 to help Vikram Sarabhai start a space programme.


The influx of well-trained scientists into India continued through the 1970s. They spurned good opportunities abroad and returned to a struggling country, worked in difficult circumstances, under severe financial constraints, and with low salaries. That was the mood of the nation in those days: return to the country after an education abroad and work hard to build a new nation. They were joined by some home-grown scientists, those who came from small villages and did their Ph.D from Indian institutions and chose to stay and work in India. As this new generation of scientists set about building science and technology in the country, politicians were setting up monumental hurdles on their path, giving unbridled powers to low-level bureaucrats to decide what scientists could do or not do, what equipment they could import or not. To be an experimental scientist in India in the 1960s and 1970s was both a privilege and a curse. Scientists had the privilege of building a new country after Independence. They had the misfortune to be mired in a set of rules and procedures, of severe foreign-exchange shortages and travel restrictions. They had to work with non-competitive industries, with no capacity to make the precision components needed for science.


Scientists in such environments had to find unusual ways of approaching research. Normal methods – expensive equipment, abundant travel, a retinue of students – would not succeed under abnormal constraints. They had to find inexpensive ways of making equipment, improvise like Sreekantan with cannibalized parts, find problems that were worthy of attack but could be solved with limited budgets. They had to scale down their ambitions periodically. Theorists could work with small amounts of money, if they ignored irritants like travel restrictions. Experimental scientists needed advanced equipment. Most Indian scientists gave up easily under such circumstances, but a few broke free from a mindset shaped by international trends and redefined their roles in Indian rather than global terms. They knew what the value of science to a newly independent nation. India needed to build top-notch scientific institutions, develop industries that were competitive, and use science to solve social problems. These scientists also understood the need to train research students in large numbers, young minds who could spread around the country and create an intellectual foundation for the country.


This is their story.


 


1David Mumford, ‘Passages to India’, Hyderabad Intelligencer (special issue of the International Congress of Mathematicians), 51–54, Springer, 2010.
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THE TELESCOPE IN OOTY


CLOUDS HAD BEEN GATHERING SLOWLY SINCE MORNING. THE WIND picked up through the day, signalling a turn in the weather. Govind Swarup sat in the library at TIFR, watching the sea glittering in the intermittent sun, worrying about his future. Swarup had moved from Stanford University to TIFR two months earlier, but was yet to start work. He had no ideas.


It was 10 June 1963. The monsoon would arrive later in the afternoon but the sun shone in the morning through scattered clouds. The institute library was kept cool through air-conditioning, a rare luxury in a government office in the 1960s. The TIFR laboratories were new. Scientists had moved into the building a year ago and were still basking in its expansive presence. It stood at the end of a cul-de-sac, the sea on one side and naval offices on the other, a vast lawn in front and manicured gardens on the left, with a path down the sloping gardens to a promenade by the sea where scientists could go for walks after lunch. The first-floor library, overlooking the garden and the sea, was a great vantage point to watch the parrots, the ships passing by, and part of the Bombay skyline. ‘India begins at the gates of TIFR,’ Swarup would start saying soon after he came to Bombay. He had arrived in India at the end of March and joined TIFR on 2 April. It was now June and he could think of no research project.


Swarup’s move to India had been smooth and swift. Homi Bhabha had answered his proposal with a telegram. ‘We are starting an astronomy group. Letter follows with offer.’ In the letter, Bhabha promised substantial help if Swarup proved himself worthy. Within a few months, while Swarup was still at Stanford, Bhabha wrote to him again offering a promotion, explaining that he had underestimated the young man’s potential. Swarup had started his life in Bombay with a minimum of fuss. The institute had provided him with a spacious three-bedroom apartment on Peddar Road, 10 kilometres from the TIFR campus. M.G.K. Menon, Bhabha’s deputy and later successor, had ordered Swarup’s laboratory equipment in advance. Swarup was busy for a few weeks settling down with his wife and two young children. As the summer wore on and he started thinking about work, the challenges of doing experimental science in India slowly dawned on him.


Swarup was an intensely practical man, as fond of physics as he was of whisky, not easily prone to melancholic moods that disrupted work. But he was in low spirits that day. He had a laboratory in TIFR and a set of antennas to build a radio telescope, a project he would soon start with other young astronomers. It would be a small project with modest scientific goals. The antennas were not good enough for him to build sophisticated telescopes, of the kind that had begun sprouting in America and Europe, powerful instruments that were tackling big problems in astronomy. Swarup was longing to solve one of the biggest problems of that era: finding evidence for the origin of the universe. After two months at TIFR, he wasn’t sure how he could solve any problem in radio astronomy.


Swarup was a rising star at Stanford University when he wrote to Bhabha for a job in TIFR. He had plotted his return for a year, making plans with three other Indians in the US, all young astronomers with rising reputations. His life and work were going smoothly in America. As a research associate at Harvard, he had discovered a new type of radiation emitted by the sun. As a doctoral student at Stanford he had published several research papers, at least two of which were destined to be cited for a long time. Stanford University had offered him a job as soon as he finished his Ph.D, and he had eased quietly into the American academic life. He had a handsome salary at the university, a laboratory with sophisticated equipment, a great intellectual environment, a generous supply of research funds and the balmy weather of the California coast. India had only Homi Bhabha. Yet he wanted to return to his home country. India was now independent and science was needed for its development. Swarup was disturbed by India’s defeat by China in the war of 1962, by the country’s lack of scientific expertise, by the backwardness and superstition that had seeped into Indian society. Around the world, space research was inspiring young people to study science. It was less than six years after the launch of Sputnik 1, the first artificial earth satellite sent to space by the Soviet Union, and just six months after US President John F. Kennedy delivered his famous ‘We chose to go to the Moon’ speech. Indians were reading about these developments with awe. They lived in a poor country but couldn’t stop dreaming.


Developing science, thought Swarup, was a good way of tackling superstition and building a modern nation. Swarup’s wife Bina didn’t believe that the US was a good place to bring up their children. ‘I was very clear that I didn’t want them to grow up in a mixed culture,’ said Bina. ‘Either we stay and bring them up just like American kids. Or we come back.’ They had chosen to come back. The day before Swarup left the US, Bina had stopped him from meeting Bill Hewlett, the founder of Hewlett-Packard and one of the wealthiest Americans alive. Hewlett was aghast that a professor at Stanford was returning to India, and wanted to meet the foolish young man. ‘My wife didn’t let me meet Hewlett,’ said Swarup, ‘because she thought I would change my mind.’


Swarup didn’t have an exalted view of his home country. He had seen the red tape; he had heard the white lies. He had left India in a huff after spending a year in Delhi as a researcher, frustrated by bureaucratic indecision on importing a set of antennas that he needed. He was then 27 years old, without a Ph.D degree, and working at the National Physical Laboratory (NPL) as a research associate. Memories of Indian bureaucracy were fresh in his mind after six years in the US. He knew that money wouldn’t be easy to get in India. He had to think of a project that could be executed with Indian resources and yet was capable of making an international impact. He wanted instruments that would help him probe the farthest reaches of the universe and compete with the best astronomy projects in the world. He needed inspiration. He had been in India for more than two months.
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In the late 1940s, when Swarup was a student, Nobel Laureate C.V. Raman had come to his college to deliver a lecture. Raman had spoken for three hours, quoting Thomas Edison, saying that 99 per cent perspiration and 1 per cent inspiration could get one of them a Nobel Prize. ‘I thought to myself,’ said Swarup, ‘we are in a hot country and perspiration is no problem. But how do we get inspiration?’


Swarup was then in Allahabad University studying physics as a main subject. He had lived a privileged life in his childhood and adolescence, disturbed only by the vicissitudes of the freedom movement. He grew up in a family of landlords and businessmen in the town of Thakurdwara in the foothills of the Himalayas, where his grandfather had built a large house and his father a 200-acre farm 50 kilometres away. His father had also built the first movie theatre in Delhi, called Krishna Talkies, where the Hindi talkie Muflis Ashaq was shown in 1932. He had spent his high-school years in Moradabad, a town 170 kilometres to the east of Delhi, living through the Quit India movement, soaking in the nationalism that was growing around the area. He had absent-mindedly joined a Quit India procession one day and had to run away when someone fired at the children, injuring himself while jumping over a wire fence. The incident sowed in his mind the seeds of nationalism. It would grow over the years and bring him back from America.


In the 1940s, nationalism had none of the darker tones it acquired later in the twentieth century. The prevailing mood in the country was hatred for the British. Children who went to school in the 1940s developed an antipathy for British ways, for the English language, for everything that they considered foreign. Swarup had won a Rudyard Kipling novel as a prize for coming first in English at school, but his classmates dutifully burnt the book after he received the prize. Although he read and wrote English fluently, Swarup struggled to speak the language well at college and had to work hard to learn its cadences. During his intermediate education, at Ewing College in Allahabad, he would talk in English to the superintendent at the railway station, practising each sentence in advance. He would speak in English when he met K.S. Krishnan, one of C.V. Raman’s best students and a professor at Allahabad University, also practising what he had to say several times.


Swarup first met Krishnan when he went to the physicist’s house to invite him for a lecture. The famous man had come to his college and dazzled the students with a lecture on fluorescent tubes, thus giving Swarup his first real contact with scientific apparatus. Krishnan had inspired Swarup when he moved to Allahabad University, kindling his interest in physics and introducing him to experimentation and working with his hands. ‘Krishnan taught me electricity and magnetism in B.Sc first year,’ said Swarup. ‘Catch someone from TIFR teaching in Pune University now, or someone from Pune University teaching in Ferguson College. It doesn’t happen any more.’ He got Swarup to think about complicated problems and made him solve them with rudimentary equipment. In the best Raman tradition, Krishnan believed that good science could be done with very little money. He would train his students to think likewise.


Allahabad University was an intellectual powerhouse in the 1950s. Physicist Meghnad Saha had left the university but K.S. Krishnan had risen to international eminence. Poets Harivansh Rai Bachchan and Firaq Gorakhpuri taught in the English department. Historian Ishwari Prasad taught in the department of political science. Swarup used to go for walks with a student of Ishwari Prasad, who would tell him about medieval Indian history. He read the novels of Premchand, who wrote about farmers and the middle class, stories about how the rich became richer by standing on the shoulders of the farmers. Premchand was a nationalist sympathetic to the working class. He satirized the British and the Indians who supported the British, and his books influenced Swarup’s outlook in life. Hard work, low costs, improvisation. That was how the farmers lived their lives. Two decades later, he would learn that these ideas were useful while doing science in a poor country.


After Swarup finished his degree, Krishnan sent him to Australia on a two-year fellowship in astronomy. Australia was then at the forefront of the emerging field of radio astronomy. The leading astronomer there was Joseph Pawsey, who was the first scientist to show that temperatures reached a million degrees in the corona, the outermost layer of the sun’s atmosphere. Until then astronomers did not believe that such high temperatures were possible in the sun, and Pawsey’s observations had brought new possibilities to solar physics. Pawsey had assembled some smart young people in his group who would later go on to become distinguished astronomers. One of them, R.N. Bracewell, was to become Swarup’s Ph.D adviser at Stanford. It was Pawsey who advised Swarup to choose Stanford over MIT and Harvard, when all three universities offered him admission, telling him that Stanford would provide a good background in electronics, valuable for building telescopes in India.


Swarup worked under Joseph Pawsey during his fellowship in Australia. He studied astronomy, learning to develop telescopes and supporting equipment. He also learnt to dig and work with his hands, things he did not do in his privileged life in India. Another Indian, R. Parthasarathy, had also gone with him to Australia on the fellowship. The two Indian students teamed up to build 32 antennas, which were to be used as an interferometer2 for observing solar radiation. Since Australia didn’t need the antennas, Swarup requested Pawsey to donate them to India.


Pawsey readily agreed. Swarup and Pawsey thought that the antennas would kick-start a radio astronomy programme in the newly independent country, but the Indian government wanted Australia to bear the cost of shipping. Foreign exchange was more precious than gold at that time, and the government was not willing to spend it on a set of devices given free by a rich country. Swarup came back to India and waited for a year for the antennas, and then left the country to join Harvard as a research associate. Indian doggedness ultimately triumphed over Australian logic; Australia agreed to pay for the shipping, and the antennas made their way to NPL in Delhi a few years later. When Swarup returned to TIFR from the US, they were lying in Delhi waiting to be used, still in their original packaging. He could use them to build an array of solar antennas but he had outgrown such simple equipment by then. He needed more sophisticated devices.


Astronomy was in ferment at that time, with a fierce tug of war raging between the reigning champion, the Big Bang Theory, and its competitor, the Steady State Theory proposed by the British physicist Fred Hoyle, who had argued that the universe always looked the same. The Big Bang Theory, which posited that the universe began 13.7 billion3 years ago with a rapid expansion from a tiny spot, was the favourite to win this tug of war. Swarup reasoned that the evidence for the Big Bang was likely to lie far away in the depths of the cosmos, from where light took so long to reach the earth that it was like watching the universe early in its life. He was keen to study the early universe to see if it looked different from its current state. He could have worked on it at Stanford, or at the National Radio Astronomy Observatory in the US from where he had an offer, or in any American or European institution with good facilities. Instead he was now in TIFR with no clear ideas about what to do. On that Monday morning in June, as the monsoon winds picked up speed outside, Swarup sat in the library and wondered whether he was right in coming back to India.


After an extended session of brooding, Swarup started reading a paper in the journal Nature that was in front of him. The paper announced the discovery of quasars, huge and radiant objects far away in the universe. As he read the research papers, Swarup realized in an instant what he could do. He then took a decision that would not be an easy feat to execute even in twenty-first-century India. It was near impossible in 1963, when the country had no money or instrumentation capabilities, no previous experience with radio telescopes, no background in electronics or in complicated structural engineering projects. Swarup decided to build a radio telescope four times larger than any in the world. It would be built on a mountain, on sloped and windy terrain that would require complex engineering. He would develop all the technology from scratch and train the engineers who were going to build it.


Bhabha had promised more money if his ideas were good. Swarup’s main task was to persuade Bhabha.
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On a clear night in 1609, the Italian scientist Galileo Galilei pointed a telescope at the night sky and looked at the planets and the stars. Galileo was not the first person to make a telescope or point it to the skies, but his device was superior to those made before him. His mind was also receptive to unfamiliar facts and ideas. The telescope was simple by modern standards: a hollow tube with lenses at both ends. He had built it himself using trial and error to figure out where to put the lenses. When he pointed the telescope at the night sky, Galileo began seeing objects that nobody believed existed. Within a short time he had discovered sunspots, the moons of Jupiter, an exploded star, and other phenomena in outer space. Modern observational astronomy was born.


Over the next three centuries, scientists and engineers kept improving on Galileo’s invention. British scientist Isaac Newton made a different kind of telescope, using curved mirrors instead of lenses to focus light. This was the world’s first reflecting telescope and an ancestor of the sophisticated optical telescopes we use today. Reflecting telescopes changed the course of astronomy. It was hard to make larger and larger lenses and even harder to support them on a frame. Mirrors had no such limitation. Lenses needed to be open on both sides while mirrors could be supported on one side. Despite this advantage of mirrors, reflecting telescopes became popular only when good silvering techniques were developed in the mid-nineteenth century. By the end of the nineteenth century, astronomers had started suspecting that the universe was bathed in radiation other than light. They had deduced it from basic physics and not physical evidence. Objects glow with light only when heated to specific temperatures. But all stuff in the universe – the stars, the planets, a building, an ice cube, an animal, this book – give off radio waves at any temperature. Light from the stars was easy to capture, but capturing radio waves and interpreting the information in them required the use of sophisticated electronics. In the early twentieth century, some astronomers had tried to look at radio waves from the sky with primitive equipment. They had failed. But a few accidental discoveries and World War II brought new technology to astronomers.


In 1931, Karl Jansky, a young scientist at the Bell Laboratories in New Jersey, built an antenna capable of receiving radio waves from the sky. His bosses at Bell Labs had asked him to look out for natural radiation that could interfere with transatlantic communication. Jansky had built his antenna using criss-crossing copper pipes and erected it on a wooden platform, and then placed the platform on Ford Model T car tyres to rotate it. It was a primitive piece of equipment; it could capture only radio waves with a wavelength of 14 metres. Jansky listened to the sounds of the waves using earphones and recorded the undulations with a pen. He could identify most of the sounds as coming from the earth but he also heard a faint hiss at the same time every day. The signal repeated itself every 23 hours and 56 minutes, falling behind by two hours every month and returning to the same time of the day exactly a year later. It was a regularity that was characteristic of signals from the stars. After listening to the signals for a few months, Jansky figured out that the radio waves were coming from the centre of the galaxy. It was an extraordinary finding at that time, the first hint of the enormous potential of radio astronomy. The New York Times understood its significance and reported the discovery on its front page, adding in smaller print below the headline that there was no evidence of interstellar signalling. In the 1930s and 1940s the public was waiting to hear about signals from aliens.


Jansky wanted to investigate the signal more deeply but his work did not impress his bosses in Bell Labs. Of what use would a signal be from the centre of the galaxy? Bell Labs was more interested in transatlantic communication. Other astronomers were not impressed with it either, and Jansky could not continue his astronomy research at Bell Labs. He died in 1959 at the age of 44. He would most likely have won a Nobel Prize had he lived longer. Later, when radio astronomy developed as a full-fledged field, scientists created a unit for measuring the intensity of radiation in honour of Jansky. It is a tiny unit, so tiny that a cell phone gives off more than 1 million billion Janskys per second. Sometimes radio astronomers deal with cosmic radiation in milli-Janskys, waves that have one-trillionth the energy of cell phone radiation. Even at this intensity, radio waves from the depths of space pack enough information to provide us with monumental discoveries.


Although astronomers did not immediately appreciate Jansky’s finding, a young man in Chicago sat up and took notice. Grote Reber, a 26-year-old electrical engineer and amateur radio enthusiast, recognized that Jansky had made a momentous discovery. Reber decided to build a dish himself in his backyard and look for radio signals from space. He was basing his instincts on a principle discovered by the German physicist Max Planck, who said that the power of radiation emitted by objects, any object, would trace a certain curve when plotted against the temperature of the body. Jansky had observed the signal at 20.5 megahertz, an extremely low frequency. If the Planck curve was correct, as everyone believed, radio waves from the galactic centre would be more intense at higher frequencies and therefore easier to detect. Reber, with no one to guide him, built an antenna that could collect radiation at 3,300 megahertz. He did not find the anticipated signal. He built his equipment all over again and looked at 910 megahertz. No signal. Reber rebuilt his instrument one more time, and looked at 160 megahertz. He found it this time. Through his two failed attempts, Reber discovered that he was dealing with a kind of radiation not known to be present in outer space: a type that was emitted not when a body was hot but when electrons spiralled around a magnetic field. It was later called the synchrotron radiation. Space is dominated by synchrotron radiation below 1,000 megahertz, and it would turn out to be important for Govind Swarup when he built the telescope.


Jansky and Reber were pioneers of radio astronomy, the equivalent of Galileo and Newton for optical telescopes. Reber continued his observations with his radio antennas, and for a decade through World War II he was the only radio astronomer in the world. Telescope-building picked up after the end of the war. By then British and American astronomers had detected radio waves from the sun. Within two decades of the end of the war, a large number of sophisticated radio telescopes had come up around the world. The Dwingeloo telescope, with a diameter of 25 metres, was built in the Netherlands in 1956. After just one year it was dwarfed by the 76-metre telescope at the Jodrell Bank Observatory in the UK. In 1961 the Australians built the 64-metre Parkes Radio telescope that, among other things, was used by the Apollo moon mission as an uplink antenna. In 1962, a 90-metre parabolic dish came up in the Green Bank observatory in Virginia in the US.


By the time Swarup moved to TIFR in 1963, radio astronomy was a well-developed field. Scientists had measured radio waves from the sun, the moon and the planets. Through radio waves, they had discovered that Venus was seething hot, that the sun’s corona had a temperature of a million degrees, and that our galaxy had a mysterious halo. In 1951, Harvard physicist Edward Purcell and his student Harold Irving Ewen discovered emission from neutral hydrogen from deep space, spectral lines that are dense with information. Ewen was completing a Ph.D project to detect neutral hydrogen signals from far away, radiation that is emitted when an electron in the hydrogen atom flips its spin from one way to the other. His project was begun under the assumption that it would be a failure, making him the butt of jokes from fellow Ph.D students. Ewen’s discovery gave astronomers a powerful technique to probe the universe, as atomic hydrogen emissions come to the earth in all directions from long distances, carrying enormous amounts of information about their origin and what lies in between. The spectral lines Ewen photographed using radio waves was the spectrum of non-ionized hydrogen, hydrogen with its atoms intact and not with its electrons ripped off. Neutral hydrogen in the early universe was full of interesting stories and finding it would occupy a lot of Swarup’s time later in his career.
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Swarup read two papers that day in the library. One of them was written by Maarten Schmidt, an astronomer from the California Institute of Technology (Caltech), and it had announced one of the biggest discoveries in astronomy of the last century. Schmidt had discovered a distant object that looked like a point source through an optical telescope but appeared strange when analysed using a spectroscope. Light splits into spectral lines when it passes through a spectroscope, the lines shifting towards the red or blue side of the spectrum depending on whether the emission source is moving away or towards the observer. It is like the increase or decrease of pitch when a whistling train approaches or speeds away from a railway platform. The object that Schmidt found was moving away from us, but the spectral lines appeared eerie. They had shifted so much that they didn’t seem to come from any known element in the universe. After a while Schmidt realized that he was looking at the spectrum of just one element, hydrogen. The lines had shifted so much towards the red that they looked strange, but this shift meant that the object was far away: actually 3 billion light years away. Schmidt was then faced with another mystery. Seeing an object that far away was impossible unless it was very bright, so bright that it would have to be like several billion suns shining at once. Scientists did not know any object that could produce such intense energies, and Schmidt’s discovery turned astronomy on its head. The distant object was called a quasar, short for quasi-stellar objects. Many more quasars have been discovered since 1963, several of which are more powerful and farther away than the one Schmidt observed. Astronomers have discovered quasars that shine brighter than the entire Milky Way, with some shining thousands of times more than the 100 billion stars of our galaxy. They have also figured out the source of this energy: gas spiralling into a black hole.


In another paper in the journal, British astronomer Cyril Hazard had described observations of the same quasar using a well-known technique called lunar occultation, which measures the diameter of an object by observing how long it takes to disappear behind the edge of the moon. Hazard observed the quasar as it moved in and out of the moon’s shadow, thereby getting an image that had a higher resolution than when observed directly. Swarup read both the papers carefully. As he read them, he realized that he could use lunar occultation to look at the most distant objects in the universe, provided he could build a large enough radio telescope. The larger the collecting area of a dish, the more sensitive the telescope would be and the farther he could see. So, in one stroke, Swarup could consider building a telescope that was sensitive and had a high resolution.


Radio telescopes were by then sprouting up around the world and a large community of astronomers was growing around them. In 1963 there were large scientific groups working in the UK, mainland Europe, the US and Australia. They had big telescopes, good engineering expertise and generous funding. The largest of these telescopes, at the Green Bank Observatory in the US, was 90 metres in diameter. Swarup wanted to build a parabolic-cylindrical telescope 500 metres long and 30 metres wide, and put it on a mountain slope along with a mechanism to steer it. The purpose of the slope was to make the telescope parallel to the earth’s spinning axis. The large size of the dish was to collect as many radio waves as possible. The steering mechanism was to track an object as it moved across the sky. If the slope of the terrain was parallel to the earth’s axis, the telescope could follow an object across the sky for nine hours if it was rotated at the same speed as the earth. No large telescope in the world could follow an object continuously for nine hours. Swarup told Bhabha about his idea, and Bhabha asked him questions. What will happen when you put such a large machine on a slope? How do you stop the telescope from sliding down? Swarup could answer them as he had thought about the problems in advance. He was planning to write a project proposal but Bhabha dismissed the idea. ‘Bhabha told me, young man, don’t waste your time writing a proposal,’ said Swarup. ‘Form a group. Once you have a group we will approve your project.’


Bhabha had no qualms about supporting a young astronomer with no experience in handling large projects. ‘I was only 34,’ said Swarup. ‘He supported an ambitious idea. He did not ask me whether it had been done elsewhere.’


But as Swarup was to find out, writing a proposal was easy, assembling a team was hard.
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Swarup had to find a site for the telescope, possibly in southern India – to be as near the equator as possible – and on a hill with the right slope. He went around looking for maps. There were no good maps available for the public; the Survey of India maps were classified documents. Swarup was trying to work with maps made by one of his friends when Bhabha took him to the Survey of India office in Delhi and got him what he needed. Swarup selected a few locations, went around to see them with one of his students, and chose Ooty as the site for the telescope. Bhabha approved his choice.


Swarup was working alone at that time. When he planned his return from the US, other astronomers were supposed to come back with him. Two of them, Kochu Menon and M.R. Kundu, decided not to return immediately. Swarup had to manage the telescope project on his own. He selected two project associates from the Bhabha Atomic Research Centre (BARC) training school: V.K. Kapahi and J.D. Isloor. In the 1960s, the BARC training school was the refuge of bright young science and engineering students who wanted a job quickly rather than taking the long road to a Ph.D. Kapahi would become Swarup’s first student at TIFR. Swarup got two more scientists to join his group from NPL in Delhi: N.V.G. Sharma and M.N. Joshi. The antenna package from Australia was then lying unopened at NPL. TIFR got it to Bombay and Swarup started work on a solar observatory in Kalyan, about 50 kilometres from Bombay. These students and astronomers would form the core of the scientific team that later worked on the Ooty telescope.


Bhabha had set the contours of the project soon after Swarup told him about his idea. To reduce expenses and to make sure that the telescope was aesthetically pleasing, they had decided at first not to give the project to consultants. Consultants build telescopes like bridges, the British astronomer Martin Ryle had warned Swarup. To Ryle, the famous Lovell Telescope in Jodrell Bank looked like a bridge. To put together a construction team, TIFR advertised for mechanical engineers but received only 11 applications. Swarup had to approach a consulting firm, the fledgling Tata Consulting Engineers (TCE), which had been collaborating with the American design company Ebasco Services for building industrial pilot plants in India. ‘They asked us if we could build a telescope at Ooty,’ said Ranga Rao, who was then an engineer with TCE. ‘We said yes.’


Events were actually not so simple. Rao had met Bhabha along with Bill Charlie, the engineering manager of Tata Ebasco and the only American in the company. Rao and Charlie were nervous at the meeting. ‘We were a bit shaky about the project. We asked Bhabha whether he could give us fifty thousand dollars and get the design checked in the US. Bhabha told us, “If I could give fifty thousand to you, I might as well give it to Ebasco or someone in the US and get it done with. I wouldn’t need you.” We didn’t know what to do and I almost got up,’ said Ranga Rao. Bhabha then made them sit, saying that he would undertake the responsibility for failures, if any, if TCE pledged to put their best people on the job.
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