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Before Edmond Halley, comets were dreadful things, full of dire import. They foretold doom and destruction, the coming of plague, the death of a ruler, the fall of a kingdom. But the Astronomer Royal changed all that… and much more.





To Charlotte, Stella, and Oscar, in the hope that you will be able to see Halley’s Comet in 2061






[image: frn_fig_005.jpg]
© The Royal Society. A portrait of Edmond Halley, aged about 33, by Thomas Murray, painted in about 1690 and on display at The Royal Society in London. The plaque beneath the portrait states that he was clerk of The Royal Society from 1686 to 1698 and secretary from 1713 to 1721. Reproduced by kind permission of The Royal Society







PREFACE

The story of astronomy is endlessly fascinating. Thanks to our growing astronomical knowledge and in the space of only about 500 years, we have moved from a position of believing that the Earth was at the very center of a relatively small Universe to one in which we now know that our planet is no more than the tiniest of specks in an unimaginably massive (and perhaps infinite) Universe.

Edmond Halley was an important part of this story. He is rightly famous for his prediction that the comet of 1682 that he had observed would return about every 76 years. In doing this, he gave the clearest possible demonstration of the validity of Newtonian physics. His other colossal achievement was to bring about the publication of Isaac Newton’s Principia (which embodied the very physics that enabled his prediction), something that Newton on his own would never have managed. But his accomplishments went well beyond these two things, as this book aims to show.

Halley was somebody who fitted a huge amount into his long life, and his work on his many undertakings often overlapped. To give the reader a clearer idea of what he achieved in each field, some material (in particular chapter 3, on Halley’s Comet) is dealt with in a single section, even where this means covering later dates than those that appear in subsequent sections. For those who would like a strictly chronological list of dates, this is provided in appendix B. The book as a whole is nevertheless as chronological as I could make it, subject to this constraint.

The danger of a biography, which I hope I have avoided, is that it can descend into a hagiography. This is a particular difficulty with Halley because he genuinely was widely (but not universally) liked; however, it certainly doesn’t help that we know hardly anything about his personal life. Nor does it help that the biographies written within a few years of his death do not have a single unkind word to say about him. Probably the worst things that can be said of him are that he may possibly have plagiarized the work of others (see chapter 5), that some of his theories and mathematical calculations were erroneous, and that on occasion he was a little too willing to do Isaac Newton’s bidding.

A book that recorded every detail of what Halley did would be noticeably longer than this one, so I have restricted it to those of his accomplishments that I deem to have been particularly important or interesting.

I would like to thank many people for their assistance while I was writing this book. I am especially grateful to Nick Lewis, who read through each chapter as I wrote it and made numerous helpful comments. Nick was a particularly appropriate person for this task, as he graduated from the same university as Halley (Oxford) and in much the same subject. My daughters, Rachel Love Carney and Catherine Love Soper, and my wife, Dr. Elizabeth Emerson, also read through early drafts and between them put forward several useful ideas.

A huge thank-you must go to Rupert Baker, the librarian at the Royal Society in London. He not only gave prompt and helpful replies to all my e-mails but also pointed me in the direction of several primary source documents in the possession of the Royal Society. Ellen Embleton, also at the Royal Society, was supportive in digging out a number of illustrations for the book. I am also grateful to Royal Astronomical Society librarian Dr. Sian Prosser and History of Astronomy Society librarian James Dawson for their help.

I am deeply grateful to Professor Richard Ellis, who willingly read through a draft of this book and offered up a great deal of very helpful advice. My heartfelt thanks also go to Professor Robert Walker of Oxford University, who gave me a conducted tour of Halley’s haunts in Oxford. I owe a huge debt of gratitude to the late Dr. George Wilkins and his successor, Dr. Keith Orrell, for running the History of Science group at the Norman Lockyer Observatory during a span of many years. I have learned a lot from its numerous meetings.

A special word of thanks must go to Sandra Greaves, who kindly dug out some well-sourced information on the wonderfully named Admiral Sir Cloudesley Shovell, the possibility of whose grisly death had been predicted by Halley some years previously—see chapter 7. Thanks too to Ginny Dawe-Woodings, St. Paul’s school archivist, who supplied me with what little information the school had on Halley’s time as a pupil there.

Finally, I am particularly grateful to Jake Bonar at Rowman & Littlefield for spotting that a popular science Halley biography was well overdue and asking me to write it. I am also grateful for the help of Nicole Carty and the other members of the Rowman & Littlefield team.
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Map of Europe as it was in 1700, showing places visited by Halley. Reproduced by kind permission of Euratlas Maps







INTRODUCTION

Astronomy before Halley

Astronomy is the oldest of the physical sciences. It has a long and complex history that is not easy to summarize in only a few short paragraphs. The best place to start is with the ancient Greeks, who seem to have made the first serious attempts to give a physical explanation (albeit incorrect) of what exactly was happening in the night sky.

To almost all the ancient Greeks who considered the matter, it was obvious that the Earth was spherical in shape (not flat) and was both stationary and (more or less) at the center of everything. It was surrounded by an immense and very distant sphere, the celestial sphere, to which all the fixed stars were attached. This sphere rotated around the stationary Earth about every 24 hours, which explained why the stars drifted across the sky as the night went by.

But as well as these fixed stars, there were seven wandering bodies in the sky that moved independently of the celestial sphere. This was obviously the case because they were constantly changing their positions relative to the background stars on the celestial sphere. These seven wanderers were the Sun, the Moon, Mercury, Venus, Mars, Jupiter, and Saturn. (Our modern word “planet” is derived from the ancient Greek word for “wanderer.”) They were clearly in a different category from the fixed stars.

So ideally, the Greeks wanted to be able to explain the Universe in the way proposed by Plato (ca. 428–348 BCE), in which the Sun, the Moon, and the planets all moved around the Earth in perfect circles at uniform speed, as shown in figure I.1. Unfortunately, the reality refused to conform to the Platonic ideal. The Sun and the Moon more or less appeared to do so. However, the central problem was the fact that the planets didn’t appear to move around the Earth in the same direction all the time. Most of the time, they moved from west to east (relative to the background of the fixed stars), but from time to time, they appeared to move backward for a few weeks or months before resuming their original courses.
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Figure I.1. Plato’s ideal system in which the Sun, the Moon, and the planets all move around the Earth. Created by author



The ancient Greeks put forward various complicated explanations for this strange behavior, almost all predicated on the idea that the Earth was stationary and (more or less) at the center of the Universe. The idea of one ancient Greek, Aristarchus of Samos, who lived in the third century BCE, that the Earth orbited around the Sun, was not taken seriously. Earth-centered mathematical models culminated in the work of the ancient Greek astronomer Ptolemy (ca. 100–170 CE).

Ancient Greek astronomy came to an end with Ptolemy, and the baton was picked up by the Arabs and the Persians, who both preserved and extended the ancient Greek inheritance. The brilliant poet and mathematician Omar Khayyam (1048–1131), to give just one example, measured the length of the year to a remarkably high degree of accuracy. Many of the star names that we still use today (Aldebaran, Algol, Altair, Betelgeuse, and so on) are Arabic in origin. (The prefix “al” is simply the Arabic definite article.) And if it had not been for the Arabs, numerous valuable Greek manuscripts would have been lost.

But the big breakthrough did not come until Nicolaus Copernicus (1473–1543), who was born in Toruń in what is now part of Poland. He found a simple explanation for the strange movements of the planets. He realized that if the Earth was moving around the Sun, just like the other planets, then the reason why the planets sometimes appeared to move backward was simply because that corresponded to the period of time when they were being overtaken by the Earth in its orbit. Much the same illusion happens when a fast train overtakes a slower train going in the same direction. To someone on the fast train, the slow train seems to be moving backward.

Unfortunately, although his idea was conceptually far simpler than the complicated ideas of the ancient Greeks, his continued attempts to rely on uniform circular motion meant that his predictions of future planetary movements were little better, if at all, than those of the Ptolemaic system.

A further breakthrough came with the German astronomer Johannes Kepler (1571–1630). His painstaking use of the very accurate planetary observations of the Danish astronomer Tycho Brahe (1546–1601) led him to his three laws of planetary motion. These included the key discovery that all the planets, including the Earth, moved around the Sun in ellipses rather than circles. They enabled Kepler to predict future planetary positions to a previously unheard-of degree of accuracy and provided a compelling argument for the view that the Earth went around the Sun rather than the reverse.

Tycho Brahe also constructed an atlas of about 1,000 stellar positions, which Halley was later to make use of; however, Tycho’s measurements were made without the benefit of the telescope, which was not invented until a few years after his death. So in Halley’s time, there would be considerable scope to improve on Tycho’s measurements.

Kepler lived in the same period as Italian physicist Galileo Galilei (1564–1642), who took full advantage of the newly invented telescope. His discovery of the phases of Venus demonstrated conclusively that Venus orbited around the Sun rather than the Earth. His discovery of the four large moons of Jupiter (along with Simon Marius, a German astronomer who independently made the discovery at about the same time) clearly showed that not everything revolved around the Earth. Galileo was not the first person to view the night sky through a telescope, but he made a number of significant discoveries with it and was usually able to see their significance more easily than others.

So the world of Edmond Halley, which we are about to enter, was one where most educated people in Europe had now come to accept that the Earth rotated on its axis once every 24 hours and revolved around the Sun once every year. Increasingly, our Sun was correctly seen as just another star among many rather than being at the center of the Universe, as Copernicus and Kepler had imagined.

But were there any underlying and unifying laws of nature that lay behind the apparently random laws that Kepler had discovered? And could the use of experiment and observation in a wide range of other areas provide us with a better understanding of how the world operated?

Step forward Edmond Halley.





1HALLEY’S EARLY LIFE AND CAREER

Edmond Halley* was born on October 29, 1656,† in the tiny village of Haggerston. At that time, the village consisted of little more than a country house belonging to his wealthy father.1 Haggerston lay within the parish of St. Leonard’s church, Shoreditch—now a small part of the London Borough of Hackney. (The bells of St. Leonard’s were one of the six sets of church bells immortalized in the famous English nursery rhyme “Oranges and Lemons.”‡)

Halley’s parents had married in the upmarket church of St. Margaret’s, Westminster, next to the Abbey, early in September,2 less than two months before he was born. However, it seems likely that they had also married in a civil ceremony several months—or even years—beforehand, as the legal conducting of marriages at about that time had temporarily been taken away from the clergy.

Halley was the first of three children, but his sister Katherine3 seems to have died in infancy, and his brother Humphrey died in 1684 or possibly earlier. His father, also called Edmond, was a well-connected soap maker in Winchester Street* in central London who also owned significant amounts of property elsewhere in London. Of his mother Anne,† née Robinson, we are certain of nothing beyond her name.

At the time of Halley’s birth, Isaac Newton was a youth of 13, just beginning his education at Grantham Grammar School in Lincolnshire. Newton’s future rival, Robert Hooke, was a young man of 21. Johannes Kepler had been dead for the previous 26 years and Galileo Galilei for 14 years.

This was a tumultuous period in English history. The country had just emerged from a bitter civil war, lasting from 1642 to 1651, between Parliamentarians (“Roundheads”) and Royalists (“Cavaliers”).‡ King Charles I had been beheaded by the Roundheads in 1649, after which the army general Oliver Cromwell became the Lord Protector of what turned out to be only a temporary republic. The monarchy was restored under King Charles II from 1660, a couple of years after Cromwell died.

The young Edmond Halley was both bright and ambitious. At some unknown date,4 his father sent him to the prestigious St. Paul’s School, founded more than a century earlier by the then dean of St. Paul’s Cathedral in London on a site next to the cathedral. The school was closed down in 1665 because of the Great Plague of London, which killed an estimated 100,000 people, very roughly one-quarter of the total population of the city. Then, while the school was still empty, it—along with the cathedral—burned down in the Great Fire of London of 1666, when Halley was nearly 10. The Great Fire devastated a large part of the center of London. More than 13,000 houses and 80 churches were destroyed. Halley’s father’s house on Winchester Street was dangerously close to the area destroyed by the fire, only a few streets away, but had a lucky escape. Some of his other properties were not so fortunate.

After a brief spell when the headmaster (Samuel Cromleholme) moved to premises in Wandsworth in south London, probably taking many pupils with him, the school returned in 1671 to a new building on the St. Paul’s site, where Halley would have received much of his early education.5 Here, he acquired his language skills (Latin, Greek, and Hebrew6) as well as a sound foundation in geometry and astronomy. The curriculum at St. Paul’s seems to have been a particularly broad one because he also obtained some knowledge of the science of navigation,7 something that was to stand him in good stead in later years. At some stage, probably while at school, he also picked up a working knowledge of French, Spanish, and Italian.8 In a sign of things to come, he also became captain of the school at the age of 15. His mother Anne died late in 1672 while he was still at St. Paul’s, and his father later remarried. This second marriage, to a woman named Joane, was later judged by many to have been imprudent because of her unfortunate ability to spend her husband’s money.


OXFORD UNIVERSITY

In the summer of 1673, when he was 16, Halley moved on to Queen’s College at Oxford University. At Queen’s, although he was interested in all the sciences, he found he was confirmed in his earlier decision to pursue astronomy. Professional astronomers in the modern world tend to be either theoreticians or observers. Throughout his life, Halley effortlessly managed to be both. He was barely 19 when he wrote an original paper on how to compute some of the key elements of a planetary orbit. While at Oxford, he also observed an occultation of the planet Mars by the Moon (when the Moon passes in front of Mars as seen from the Earth). Both his paper and his observations were published in the Philosophical Transactions of the prestigious Royal Society.9

Halley conducted observations of the planets Jupiter and Saturn, using equipment he had brought with him to Queen’s and paid for by his doting father, and showed that they deviated from the positions predicted by the best available tables of the time, a problem he became determined to rectify. He was confident enough of his results that, in a letter of March 10, 1675, he felt able to write to the newly appointed (and first) Astronomer Royal,* John Flamsteed (1646–1719), about these errors.10




THE ROYAL GREENWICH OBSERVATORY AND THE LONGITUDE PROBLEM

Flamsteed was shortly to be placed in charge of the Royal Greenwich Observatory (in what is now part of southeast London) that was to be built later in 1675. This observatory might never have been built had it not been for the fact that King Charles II had a French mistress, Louise de Kérouaille. In 1674, Louise used her position to introduce Charles to the French astronomer Sieur de St. Pierre,11 who may have been another of her clients and who, more importantly, had claimed to be able to solve the vexed problem of determining longitude at sea.*
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Figure 1.1. The Royal Greenwich Observatory as it is today; it now functions as a museum. Photo courtesy of the author



The problem for ships at sea and out of sight of land, which Sieur de St. Pierre had claimed to be able to solve, was that they had no direct way of determining their longitude—in other words, their east–west position. Latitude, their north–south position, was relatively easy to calculate, assuming good weather. This could be determined by observing the angle above the horizon of either the Sun at midday or the Pole Star at night. (By no more than a fortunate coincidence, the Pole Star happens to lie almost directly above the North Pole, hence its name. So measuring its altitude in degrees above the horizon gives a very good indication of latitude.) But nobody had yet come up with a satisfactory way of determining longitude, even though this was becoming increasingly important for navigational reasons. Ships out of sight of land knew their positions fairly accurately in the north–south direction (latitude) but could only estimate their positions in the east–west direction (longitude) through the rather inaccurate dead reckoning method.*

St. Pierre proposed a method that depended on measuring the position of the Moon relative to the background stars—this position would be different at different longitudes, which could then be calculated.12 Charles II set up a committee (that included Robert Hooke and Sir Christopher Wren, both of whom will feature later in this story) to examine this proposal. The committee rejected it as unworkable for the simple reason that it was not at that time possible to predict the position of the Moon against the stellar background with sufficient accuracy. Instead, they recommended to Charles II that an observatory be set up and a suitable observer (Flamsteed) appointed to measure stellar and lunar positions more accurately, with the aim of trying to solve this longitude problem. Christopher Wren suggested the site at Greenwich and also acted as architect for the building. As a result of befriending Flamsteed, Halley was one of the members of the party that inspected the site in June 1675. Flamsteed laid the foundation stone on August 10, 1675. His brief was


the rectifying of the tables of the heavens, and the places of the fixed stars, in order to find out the so much desired longitude at sea, for the perfection of the art of navigation.13



In 1676, the Royal Greenwich Observatory was completed, and Flamsteed began work. Although he was a very capable astronomer, he was also a pedantic, narrowly religious, solitary, and rather vindictive man, and his initially warm relationship with Halley was to degenerate in later years. Flamsteed’s measurements of stellar positions were already being duplicated by the famous Polish astronomer Johannes Hevelius (1611–1687) in Danzig (Gdansk), but his results would act as a useful check on both men’s measurements.
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Figure 1.2. The celestial sphere of the fixed stars. Created by author



What they were attempting, to measure stellar positions more accurately, is illustrated in figure 1.2. For this purpose, it is useful to imagine that the stars really are fixed to a gigantic sphere centered on the Earth and rotating around the Earth about once every 24 hours. By projecting the Earth’s latitude and longitude coordinates onto this sphere, we get a celestial frame of reference against which the positions of the stars (in the celestial equivalent of latitude and longitude) can be measured. Angular distances between stars are measured in degrees and fractions of a degree. The Sun, the Moon, and the planets are all constantly moving against this background of fixed stars.

It was while he was still at Oxford that Halley spotted how he could make a valuable contribution to astronomy as well as making a name for himself. Flamsteed and Hevelius were observing and cataloging only the stars that could be seen from the Earth’s Northern Hemisphere (and specifically from about 51° and 54° north of the equator, respectively). There was no point in repeating their work. As Halley said, if he had done so, he “would only be cackling stupidly among such stately swans.” However, Flamsteed and Hevelius were unable to observe stars that were visible only from the Southern Hemisphere. All Halley had to do was to find a suitable observing spot south of the equator, get himself and his equipment there, and make accurate observations of the positions of a few hundred of the brightest Southern Hemisphere stars, something that had not been done before, and he would have achieved something genuinely useful.




ST. HELENA

After looking at a few possible sites, Halley decided on the small and remote tropical island of St. Helena in the South Atlantic. The island’s principal claim to fame today is that it was the location of Napoleon’s final exile from 1815 to 1821, more than 100 years after Halley’s visit. Critically, St. Helena was located 16° south of the equator. This was far enough south to be able to observe all the stars in the Southern Hemisphere, but it would also enable him to measure their positions relative to some stars in the Northern Hemisphere. The island was owned by the English, who had placed it under the control of the East India Company,14 which used it as a stopping-off point on the route between England and India. (The shortcut provided by the Suez Canal would not be available for another 200 years.)
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Figure 1.3. Map showing the location of St. Helena in the South Atlantic. Wikimedia Commons



Thanks to his time at Oxford, Halley had contacts in high places and was now able to make use of them. He passed on to Sir Joseph Williamson (1633–1701) and Sir Jonas Moore (1617–1679), both of whom held important positions in the English government, his plans to visit St. Helena. They in turn approvingly mentioned the matter to King Charles II. For his part, Charles then instructed the East India Company to provide Halley, his equipment,* and a friend, James Clarke,† with free transport to St. Helena on their ship the Unity. To help with general finances, Halley’s father provided him with a grant of £300 a year, a princely sum for those days. (For comparison, as Astronomer Royal, Flamsteed only ever received £100 a year from the government, with no allowance for any astronomical equipment—although he did also get his accommodation at the observatory thrown in free.)

So Halley left Oxford University before obtaining his degree and set sail for St. Helena in November 1676, arriving there in February 1677. Three months seems to have been a fairly normal time span for getting there. The time was not wasted, as it was on this voyage that he learned more of the seafaring and navigational skills that he would make ample use of later in life. It was only on his arrival that he was to discover that St. Helena was not the ideal observing spot that he had hoped for and that he had been led to expect. The problem was the bane of all observational astronomers—the cloudy weather. This meant that he was not able to obtain the positions of anything like the number of Southern Hemisphere stars that he had anticipated. Annoyingly, the cloud made its appearance over the island but not over the surrounding sea.

In a letter of November 1677 to his patron, Sir Jonas Moore, he complained that


now, when I expected to be returning, I have not finished above half my intended work; and almost despair to accomplish what you ought to expect from me. I will yet try two or three months more, and if it continue in the same constitution, I shall then, I hope be excusable if in that time I cannot make an end.15



This was not his only problem on the island. The governor, one C. Gregory Field, probably not realizing the importance of what Halley was attempting, was deeply unhelpful. This was in spite of having been instructed to provide Halley and his friend with accommodations while on the island as well as giving them all necessary assistance. Perhaps this imposition simply irritated him. Following several complaints about the “ill-living” of the governor, Field was removed from office at about the same time as Halley was leaving St. Helena.16

Notwithstanding these problems, Halley managed to plot accurate positions for 341 stars during a period of about a year, and he published these in his Catalogus Stellarum Australium in 1679, as soon as possible after his return home. He plotted these stars relative to more northerly stars that had been observed by the Danish astronomer Tycho Brahe and that could also be seen this far south. He even referred to his own catalog as a “supplement” to Tycho’s.

To curry royal favor, Halley added a new constellation to the southern skies, consisting of 12 stars: “Robur Carolinum,” or Charles’s Oak. (Constellations are no more than random groupings of stars that are thought to form a memorable pattern.) This was in honor of the occasion in 1651 when the then future king Charles II hid in an oak tree to escape the Roundhead troops led by Oliver Cromwell after Charles’s heavy defeat at the battle of Worcester. The constellation has not survived—today, its stars are incorporated into the modern constellations of Carina and Vela.

Halley was neither the first nor the last astronomer to try to gain royal approval by naming a celestial object after an appropriate ruler. Nearly 70 years earlier, in 1610, Galileo had used his telescope to discover the four large moons of Jupiter. At the time, he lived in Padua, near Venice, but wanted to move to Florence to work for the Medici family, the rulers of Florence. So he named the moons the “Medicean planets.” He got the job, but the name didn’t survive—today, the moons are simply named Io, Europa, Ganymede, and Callisto after characters in Greek legends.

Much the same trick was attempted by William Herschel in 1781 when he discovered the planet Uranus, which he wanted to name “Georgium sidus” after King George III. George was suitably impressed and granted Herschel a modest pension, but again the name has not survived.




TRANSIT OF MERCURY

Halley didn’t only catalog stellar positions. In October 1677, he also observed a transit of the planet Mercury as it passed across the face of the Sun. Transits of the inner planets Mercury and Venus come about because all the planets in the Solar System orbit around the Sun in much the same plane. In other words, you can draw the planets, their orbits, and the Sun on a flat piece of paper without too much inaccuracy. There is no need to attempt a three-dimensional model. However, if Mercury and the Earth orbited in exactly the same plane, then transits of Mercury would occur regularly about every 116 days, each time Mercury overtook the Earth in its orbit around the Sun. But more often than not, Mercury will pass either slightly above or below the Sun as seen from the Earth, so transits happen only every few years. (The very first successful prediction of a transit of Mercury, for November 1631, was made by Kepler in his Rudolphine Tables and was then observed by the French astronomer Pierre Gassendi.)

Halley probably already realized that such transits (whether of Mercury or Venus—and preferably Venus, which is both closer to the Earth and bigger) provided a way of accurately measuring the Earth–Sun distance for the very first time. He would later make a detailed proposal as to how this should be done, to be discussed in chapter 7. In Halley’s day, only relative distances within the Solar System were known with any certainty. So, for example, it was known that the average distance between Mercury and the Sun was 0.39 times the average Earth–Sun distance, but that was all. What we don’t know is whether this transit method was an original thought on Halley’s part, which is perfectly possible, or whether, perhaps more likely, he had already read of the idea in the writings of James Gregory, a brilliant Scottish mathematician who had died in 1675 at the tragically young age of 36. If the latter, it is a valid criticism of Halley that he never acknowledged any debt to James Gregory. He was, however, good friends with his nephew, David Gregory, another talented mathematician and astronomer, which implies there was no bad feeling in the Gregory family over Halley’s perhaps unacknowledged proposals.
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