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VOICE Thy sea is so great and my boat is so small. 
NARRATOR (TIM PIGGOTT-SMITH) To be lost at sea. Weeks of wandering an empty ocean, a crew reduced by thirst, disease and starvation, a ghost ship 1,000 miles from land. These were the fears of every sailor since ships first ventured beyond the sight of land, but until 200 years ago there was no sure way of knowing the position of a ship on the high seas. The greatest scientific challenge of the age of sail was navigation, the search for longitude. In the early 1700s a carpenter named John Harrison was teaching himself clock-making. From humble origins he was to challenge the greatest scientific institutions of his time and transform the fortunes of the world's leading seafaring nation. With no formal education his clock-making technique was simple - he observed the village life around him. 
'JOHN HARRISON' (PATRICK MALAHIDE) I, from being a bell-ringer since a boy, had saw the bell swing in an enormous arc, 250 degrees or more. When I went to plan out the pendulum of my first time-keeper I knew that proper point in the swing where to best apply the force. I speak from strictly due experience, which is the best proof of usefulness notwithstanding what university men may write or do. 
NARRATOR The problems of the sailors and navigators of the 1700s seemed a far cry from the work of a country clockmaker. This is the training ship Eye of the Wind. The passengers and crew are exploring the techniques of early navigation. Will Andrews is Curator of Historical Scientific Instruments at Harvard. He and the crew are using a replica of a typical log and line of the early 1700s. 
WILLIAM ANDREWES (Curator of Historical Scientific Instruments, Harvard University) It was a triangle of wood which was called the log and onto that was tied the line. It was a knotted line, knots tied at intervals of about 48ft 3ins. The navigator would throw the line over the side of the ship and the first 50ft of line would be clear, but as soon as the marker on the line passed through the navigator's fingers, the navigator would shout turn and count the number of knots flowing through his fingers in the time it took a 28 second sandglass to flow through. This would give the speed of the ship in knots. 
NARRATOR Measuring the speed with knots was one of the techniques of dead reckoning. It was a crude method and it couldn't allow for currents or cross-winds which can so easily push a sailing ship off course, but then it was the only way to estimate distance travelled at sea. For centuries map-makers have used gridlines to indicate points on the surface of the Earth. This grid system evolved into lines of latitude and longitude. Latitude is represented by parallel horizontal lines circling the Earth with the Equator as the line of zero degrees latitude. Longitude is depicted by the vertical lines, or meridians, running from Pole to Pole. Any point on Earth can be defined by a degree of latitude and a degree of longitude. 300 years ago only latitude was measurable and only with great difficulty. Navigators knew that the height of the noonday sun varies according to how far north or south they lay. On the Equator the sun would be high in the sky. In the far north it remained low on the horizon. By measuring the angle between the sun and the horizon, latitude could be calculated - if the navigator could survive the hazards lurking in his own instruments. 
WILLIAM ANDREWES It's a cross start. This was actually designed for use on land and it was adapted for use at sea. One of its problems is if one has the staff held against one's eye and with the ship moving up and down you not only get blinded by the sun, but you also get badly bruised on the eye bone, so it's not the easiest of instruments to use. 
NARRATOR Nonetheless, navigators could sail a latitude, and did so, especially one which offered a favourable wind and current, but their east/west position, their longitude, remained dangerously elusive. Warning voices were raised, among them an official of the Royal Navy - Samuel Pepys. 
'SAMUEL PEPYS' It is most plain from the confusion that it is by God's almighty providence and the wideness of the sea that there are not a great many more misfortunes in navigation than there are. 
NARRATOR In October 1707 an event occurred which was to shake the nation into action. A fleet of British warships was returning home from battle with the French. They were just a day's sail from England and believed they were safely south and west of the treacherous Scilly Isles off the Cornish coast. Visibility was poor. As the ships sailed on a crash was heard on the lower decks of the flagship. The hull had been severed below the waterline. One by one four ships hit the rocks and one by one they sank. In a matter of minutes 2,000 men drowned. The Admiral, Sir Cloudesley Shovell, and the finest of England's fleet lost. There were days of mourning and official inquiries. How could such a tragedy have happened in England's home waters? The public outcry finally forced some action. In 1714 Parliament offered a reward to anyone who could solve the key problem of navigation: how to find longitude at sea. The prize was huge, enough to capture the imagination of the nation: £20,000, worth as much as £6 million today. In the remote Lincolnshire village of Barrow, beside the River Humber, John Harrison would soon hear of the reward from seamen passing through the port of Hull, just a ferry ride away from his home. 
'JOHN HARRISON' I suppose that the difference of longitude betwixt a ship at sea and the port it sailed from might be as nearly known as its latitude if the ship had along with it a machine or watch that would exactly point out what time it was at the home port. But it is said by all that the, the motion of the ship has rendered all such machines that have been tried so irregular as to be of no service to the seaman and the matter of the longitude, but question: would any of these machines that have been tried run so true as required if fixed on land? 
VOICE The only method for discovering longitude humbly proposed for the consideration of the public. 
SECOND VOICE Longitude explained or taking the time on tiptoe. 
NARRATOR In London a rush of half-baked pamphlets quickly flooded the bookstalls. One fantastic scheme was presented by Professors Whiston and Ditton. 
PROFESSOR'S VOICE All that would be needed is a straight row of 20 or 30 warships, somehow permanently anchored across the Atlantic. At midnight each night the ships would fire off large sky rockets which could be seen, or heard, for 100 miles around. With the explosions mariners will always know when it is midnight in Greenwich and will be able to determine their longitude by comparing Greenwich time to the local time on board their ship. 
NARRATOR Hogarth's etching shows a pack of longitude lunatics searching for weird solutions within their asylum walls. Finding the longitude in the public's mind had become the work of madmen. 
'JOHN HARRISON' Yeah, as surely as the properties of a circle and, and them of triangles, must hold good to eternity that has ever been my delight to search after and to come up to perfection if possible. 
NARRATOR Harrison's journals reveal that he fully appreciated the very small margin for error in the finding of longitude. The challenge was knowing the time at the home port with unprecedented accuracy while on board ship hundreds or thousands of miles away. The Earth turns a full 360 degrees in 24 hours, or 15 degrees each hour. If a sailor knew when it was noon at the home port and then had to wait one hour until noon on board his ship, he would know that the ship was 15 degrees west of Greenwich. If the sailor had to wait 2 hours for the sun to reach its high point, he was 30 degrees west, but an error in the clock of just one minute would put the ship 60 miles off course. 
'JOHN HARRISON' I judge that my intended sea clock will indeed require a regularity, a performance that has not been seen before, a nicety of 2 or 3 seconds a month. 
NARRATOR In the early 1700s clocks had simply not reached the necessary accuracy even on land. Today one of Harrison's first machines still keeps time above the stables of Brocklesby Park. Each Thursday morning the estate's carpenter winds the movement. 
ESTATE CARPENTER I've been coming here to wind this Harrison clock for 30 years or thereabouts. My predecessor, he was winding it for 50 years. As far as I know it's been very little trouble since 1722 when Harrison installed it. 
NARRATOR It was a wooden clock, like all of Harrison's early time-keepers. Its sturdy frame disguises extraordinary accuracy and innovative features. Harrison refined the mechanisms found in other clocks of the period. Tick by tick the gear wheels rotate as their driving weights descend. On each side of the toothed wheel the unique grasshopper escapement transfers its impulses at the start of each swing. All of this as the pendulum provides a constant measure of time. 
ESTATE CARPENTER Being a joiner myself I appreciate the quality of the timber that he used. The wood has a natural oil in it so the clock is virtually maintenance free. The materials that Harrison used are still in perfect condition. Considering the time, 1722, he, he didn't do a bad job really. 
ANDREW KING Harrison had to deal with the problems of friction. The oils of the early 18th-century were terrible. They'd dry out, they'd gum up very, very quickly. The main wood Harrison used to reduce friction was a tropical wood called lignum vitae. It's found in the, in the Caribbean and South America and it has natural resins in it which never, never dry. At the top of the clock in the last wheel of the wheel train instead of using a plain bush Harrison pivots the wheel on little, these little rollers made of lignum vitae which reduce friction enormously. It was the first time this had ever been done. 
NARRATOR But could a clock based on Harrison's methods work at sea? 
WILLIAM ANDREWES There are enormous problems in trying to make a precision piece of clockwork perform accurately at sea. There's the humidity, there are changes in atmospheric pressure, there's different gravity in different latitudes, there are enormous variations in temperature, from the cold North Sea to the blazing suns of the Caribbean. These affect the materials out of which the time-keeper is made. And then of course the most obvious of all is the rocking of the ship, the tremendous shocks that the ship receives when it moves from one wave to the other. All these things made it virtually impossible for a time-keeper to keep time at sea, or so they thought in the 18th-century. 
NARRATOR Hoping to learn if the moon and stars could help guide a ship at sea in Paris and at Greenwich observatories were built to chart the sky. Any nation which found a solution to accurate navigation could literally rule the economy of the world. There was already one known celestial clock. Using a primitive telescope, in 1610 Galileo had discovered four moons circling the planet Jupiter. He carefully charted their motions. When tables were eventually drawn to show their positions at 7 o'clock each night they became a precise celestial time-keeper. By the 1660s the Italian disciples of Galileo were close to perfecting his method of telling the time with Jupiter's moons. News of this breakthrough reached the Paris Observatory which became the home of the great Italian astronomer, Giovanni Domenico Cassini. Using eclipses of the moons of Jupiter to find longitude promised to revolutionise map-making and King Louis XIV set his new Italian astronomer to work hoping to provide better maps for his busy tax collectors. Cassini started by measuring the distance from the Paris meridian to the coasts. 
SUZANNE DEBARBAT (Paris Observatory) In 1671 an apparition of measuring the position of the French coast began. Cassini was observing the eclipses on the meridian line and astronomers were doing the same observations along the coast of France. The measurements of, by the astronomers made big difference in the coast and the area of France diminished of about 20%. 
NARRATOR When the stunned Louis XIV first saw the new, highly accurate map of his shrunken kingdom he is said to have exclaimed "I have just lost more territory to my astronomers than to all my enemies". But could the same system be used at sea? 
SUZANNE DEBARBAT It's impossible to do the same at sea because of the motion of the boat. To observe the eclipse of the satellites with good accuracy you need to be stable, which is not the case on a boat. 
NARRATOR But the problem of looking at the sky from a moving ship didn't seem to bother the distinguished members of the Board of Longitude. Despite all frustrations, they were committed to finding a celestial clock, guided by the opinions of the influential Sir Isaac Newton. 
'SIR ISAAC NEWTON' I have told the world oftener than once that longitude is not to be found by watchmakers, but by the ablest astronomers. I am unwilling to meddle with any other method than the right one. 
NARRATOR John Harrison never heard Newton's doubts, but he had a problem - how could he check the accuracy of his time-keepers within seconds a day? The village sundial wasn't good enough. 
ANDREW KING (Harrison Expert and Clockmaker) Harrison quite simply looked at the stars, but there were no time standards whatsoever, but it's quite possible to get to, to take star readings. As the world rotates the fixed stars come into your vision every day at a certain time, but they arrive 3 minutes 54 seconds earlier every day, and Harrison managed to take sightings from his house. 
'JOHN HARRISON' I fashioned a true way of setting my clocks and the apparent motion of the fixed stars with a very large sort of an instrument, about 25 yard radius, composed of the west side of my neighbour's chimney and the east side of my own window frames, by which the rays of a star are taken from my sight almost in an instant and counting the seconds of the clock beginning a little before the star vanish and so I observe at what second it vanisheth. 
NARRATOR In living room and workshop Harrison carried out scientific studies of remarkable accuracy and originality. Of the many factors which could degrade a clock's performance none was worse than the effect of slight changes in temperature on the speed of the movement. 
'JOHN HARRISON' But then the pendulum must be supposed always to retain the same length, but there is no wire of any metal whatever. We'll have to make a pendulum that what is continually altering its length, according to the degrees of heat or cold. After I discovered the wires to be longer and shorter by heat and cold, I prepared to try the different quantity that one metal altered in proportion to another. 
NARRATOR Then combining wires of the two metals to compensate for expansion, Harrison produced his gridiron pendulum. 
ANDREW KING He developed testing methods. These clocks were incredibly accurate. He tested one clock against another, which is totally unheard of in his own day. 
'JOHN HARRISON' Two clocks placed one in one room and the other in another in very cold and frosty weather and make one room very warm with a great fire whilst the other is very cold. 
NARRATOR There had to be absolutely no time difference between the two clocks whether hot or cold. 
'JOHN HARRISON' I can stand in the door step laggy hear the beats of both pendulums by which means I can have the difference of both clocks to the 20th part of a second. Less. And thus I prove the operation of my pendulum wires and adjust the same. 
ANDREW KING The very thought that you could produce a precision timekeeper for wooden clocks seems quite out, out of order as well and yet Harrison claimed that these clocks were accurate to, accurate to within a second a month. This is something that wasn't even thought of until the 1880s. Harrison was 150 years ahead of his time. It was incredible. 
NARRATOR: In 1730, for the first time in his life, Harrison ventured beyond the vicinity of Barrow travelling to London. He was convinced that he could really build a sea clock accurate and reliable enough to win the longitude prize. He presented his plans to the Astronomer Royal, Dr. Edmond Halley and Halley arranged an introduction to London's most famous clockmaker, George Graham. The visit was a success. That summer Harrison made the long walk home to Barrow with a new sense of purpose. From his journal we catch a glimpse of the provincial carpenter meeting England's most distinguished scientists. It seems that he was less than impressed by the work of the celebrated George Graham. 
'JOHN HARRISON' Dr. Halley advised me to go to Mr. Graham. Advice which went very hard with me for I thought it a step very improper to be taken, but he told me Mr. Graham was a very honest man and would do me no harm as by pirating anything from me. Mr. Graham began as I thought very roughly with me which occasioned me to become rough too, but we, we got the ice broke. Then we reasoned the cases more than once, there reasoning sometimes debating held from about 10 o'clock in the forenoon till 8 o'clock at night. I had along with me some drawings of the principle parts of my pendulum clock and also my intended time-keeper for the longitude. Our Mr. Graham proved indeed a fine gentleman. If truth be told I was taken aback by the poor little feeble motions of his pendulums. What a small force they had, like creatures sick and inactive, but I commented not on the folly in his watches. 
JONATHAN BETTS (Curator of Horology, The Old Royal Observatory) When Harrison knocked on the door here was a, a joiner's son from Lincolnshire with no formal education and here he was producing plans for a clock with wooden wheels of all things. You can imagine how Graham must have reacted to that, but there's no doubt that as soon as Harrison got out his drawings of his gridiron pendulum and showed George, George Graham that, he would have been incredibly impressed because we know that George Graham had been trying to design just such a temperature compensated pendulum himself some years before and had failed, so this must have been the turning point for Graham. This was no time waster. 
NARRATOR With Graham's support, development money began to flow. Harrison built his first longitude time-keeper, a sea clock known today simply as H1. One by one Harrison attacked the problems of adapting his clocks to go to sea. Working in brass for the first time he continued to use wheels of oak to engage rollers of lignum vitae, but most significantly Harrison replaced his long pendulum with two rocking balance arms with springs to maintain their oscillations overcoming the motion of the ship. 
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JONATHAN BETTS In this way he got round all of these problems and produced arguably one of the most remarkable marine time-keepers of all time. 
NARRATOR In 1736 Harrison accompanied his first sea clock on a preliminary testing voyage to Lisbon. The stormy 5 week journey was to be the only ocean trip of John Harrison's life. 
WILLIAM ANDREWES On the return voyage from Lisbon there were storms and the ship lost its position. The crew kept a rough idea of where the ship was by dead reckoning. Harrison was maintaining its location as best he could by the time-keeper and when land was sighted, the south coast of England was sighted, there was a dispute as to what point of land it was. They knew they were not far from the Scilly Isles where Sir Cloudesley Shovell's fleet had been wrecked. As land got closer the crew realised that Harrison was right. His time-keeper was proved to be a practical invention. 
'JOHN HARRISON' My clock has been on a voyage, a very rough one. Upon my meeting the captain, he said to me that the difficulty of measuring time with the motion of the sea gave him concern and he felt I'd attempted impossibilities. He later wrote a report and said Mr. Harrison was seasick throughout, but the motion of the sea was not in the least detrimental to his sea clock keeping true time. 
JONATHAN BETTS We believe it performed very well though we don't know the exact performance of H1, but we have reason to believe it was well within 5-10 seconds a day which would not have won him the great longitude prize, but it was far better than most people had expected and it gave Harrison great cause to believe that he was on the right track. 
NARRATOR Without even asking for additional tests the perfectionist Harrison put H1 aside and moved on to what he hoped would be an improved model, H2. 
JONATHAN BETTS Working on H2 Harrison must have employed other workmen and he would only have given one individual a small amount of work to do so that no single person could claim to have made any of it and therefore be entitled to any of the prize money. We know Harrison was paranoid about the idea of other people taking his ideas. 
NARRATOR After two years of painstaking work, Harrison noticed a fatal flaw: when subjected to a certain extreme movement his bar balance's accuracy was corrupted. 
JONATHAN BETTS Being a very ruthless man with himself he simply then set the machine aside and moved straight on to his third machine. There was no way he could improve it, so he simply left it. 
'JOHN HARRISON' Consider what tedious proceedings must be required to find out the secret way to make a further conquest of the thing, yet all that is wanting for the discovery of the longitude must be already contained therein. Worth all the time and money it cost. 
NARRATOR While Harrison stumbled, his rivals, the astronomers, were attempting to win the longitude prize by telling the time using the moon. Astronomers knew that the position of the moon against the stars was unique for every minute of every day, so they had the makings of a true celestial clock. Enter the forceful champion of this lunar method: the Very Reverend Neville Maskalyne. 
DEREK HOWSE (Navigator and Historian) Neville Maskalyne, he was a bit pompous. The fact he was a Reverend of course doesn't come into it because all scientific people who wanted to get on in, in science had to take Holy Orders at that time, so we can forget that one, but he was pompous, bit of a prig I think probably. 
NARRATOR If John Harrison was the perpetual outsider, Neville Maskalyne was the consummate insider. Well bred, ambitious, the young astronomer from Cambridge set out to make a name for himself within the scientific establishment. Working obsessively at Greenwich, Maskalyne observed the motion of the moon against the background of the stars. Eventually he planned to produce tables to predict its position for every minute of every day. A navigator would measure the angle between the moon and particular stars and then, using Maskalyne's predictions, learn the time at Greenwich. But as seen from a rolling deck just keeping sight of the moon was a difficult chore, even without the lengthy computations that followed. 
SUZANNE DEBARBAT The method of lunar distances was based on very long calculations. I've read that it needs about 4 hours of calculation after one observation to obtain the longitude. Four hours of calculations and during these 4 hours a boat went during that time. If you use the clock like it was proposed by Harrison, it's enough more or less to read the clock. 
NARRATOR But the Board of Longitude could still not believe that the clock was the answer and they controlled the funds Harrison desperately needed to continue work on his difficult H3. 
DEREK HOWSE I think that it was the question that these new-fangled gadgets, should we rely on them? The method was perfectly satisfactory. If you had a clock or a watch which could keep absolute time over all these time then of course that's fine, but would it? 
'JOHN HARRISON' They said a clock can be but a clock and the performance of mine though nearly to truth itself must be altogether a deception. I say for the love of money these professors or priests have preferred their cumbersome lunar method over what may be had with ease for certainly Parr and Maskalyne would ever concern himself in such a matter if money were not at bottom and yet these university men must be my masters. I know nothing at all of the matter farther than that one wheel turns another. My mere clock being not only repugnant to their learning but also the loss of a booty to them. 
NARRATOR Harrison worked on, constantly innovating, constantly refining his creations. In his H3 he replaced his swinging bar balance with large balance wheels. Almost as an aside he invented the caged roller bearing, a friction reducing device still widely used today, and yet his new clock continued to prove troublesome. Had Harrison's large time-keepers reached a dead end? 
JONATHAN BETTS It was while he was struggling with H3 that he made the, the breakthrough that he was desperately looking for. He knew for many years that it would be extremely useful to him if he could improve these dreadful things called pocket watches and in 1753 he instructed a watchmaker called John Jeffries to make a watch for him to his own design, to Harrison's own design. The going of the Jeffries watch far exceeded Harrison's wildest dreams and he began to realise maybe he'd been barking up the wrong tree for all these years and he should have been working on watch development, not these large machines. 
NARRATOR This was an extraordinary change of direction. Harrison rejected 25 years of his own work and moved ahead on an almost untried technology. He had realised that by making the balance wheel heavier it could become independent of the motion of the ship. 
JONATHAN BETTS The result of course was H4 which was finished in 1759 and which positively proved to Harrison that he had solved the problem. 
NARRATOR The Board of Longitude ordered H4 to be tested on a proving voyage to the island of Barbados. Locked in its new protective box, the precious watch had been carefully set to the correct time at Portsmouth using a sighting of the sun at noon. For 46 days they sailed south-west across the Atlantic. The ship passed from the chill of the English channel to the tropical Caribbean, a temperature difference of 30 degrees. Except for winding, the watch remained untouched in its box throughout the voyage. John Harrison was now 71 years old and the burden of this test had passed to his son William. After a month and a half at sea on the morning of May 13th 1764 the ship dropped anchor off Bridgetown, Barbados. To know if H4 had passed the test the exact longitude of Bridgetown itself had to be determined to a new level of accuracy. This was work for an astronomer - Neville Maskalyne. In a great irony Harrison's chief rival had been sent to Barbados months earlier to make land-based moons of Jupiter observations to verify the island's longitude. But Maskalyne had his own agenda. He planned to use the trip as a trial of his lunar method. As he toiled with his instruments, it was reported that several of Barbados prominent citizens heard Maskalyne boast that his lunar distance system was superior to any clock and might itself win the £20,000 longitude prize. Besides the glory of solving the problem of longitude at sea there was a great deal of money at stake. 
WILLIAM ANDREWES The misunderstanding begins when Harrison arrives in Barbados in May 1764. The principle purpose of this voyage was to test his father's time-keeper, which his father had taken a lifetime to build. 
NARRATOR Yet here was Maskalyne, the main rival, being asked to judge Harrison's success. 
WILLIAM ANDREWES William and his father John Harrison knew that Neville Maskalyne was very interested in the lunar distance method. He was a good astronomer and they didn't complain before the voyage that he'd been chosen as the principle person to make the observations on the island to determine the success of his time-keeper. However, when William Harrison arrived in May 1764, he found out that Maskalyne had been talking a great deal about the lunar distance method. William Harrison created quite a scene. He didn't want Neville Maskalyne to do any observations. This was an enormous slur on Maskalyne's character and Maskalyne resented it bitterly. 
NARRATOR With the sun high over Bridgetown harbour, at noon, William Harrison unlocked H4's case. The clock had not been reset for 46 days. It indicated that at that same moment it was 3.55 PM back in Portsmouth. At 15 degrees of longitude per hour the clock placed Barbados 58¾ degrees west of Portsmouth, just one-sixth of a degree away from what we know it to be today. 
WILLIAM ANDREWES This was nothing short of extraordinary. In terms of distance it had managed to establish the longitude of Barbados to within 9.8 nautical miles. This was well within the limits of the prize that required 30 nautical miles. So the Harrisons were absolutely delighted and must have seen that the prize was eitherly, easily in their reach. 
NARRATOR To the members of the Board, astronomers and naval officers, the clock's very accuracy was a cause for suspicion. 
ANDREW KING Just imagine today that the government introduced a reward of say a million pounds for someone who could produce a two litre motorcar that could do 1,000 miles to the gallon. We all laugh at the idea. But supposing someone from the remote regions of the country comes down to London with a car and he says, and he says to the government this car will do 1,000 miles to the gallon, where's my million pounds? And they say oh come on, what's, what's under the bonnet. I want my million pounds, then I'll tell you. And so the arguments start. He's not going, going to tell you what's under the bonnet because, 'cos he knows perfectly well someone's going to pinch the idea, and Harrison was in exactly the same position. 
JONATHAN BETTS As far as the members of the Board of Longitude were concerned, there was no particular vendetta against Harrison. In some ways these people were far too boring for that kind of exercise, but at this stage they really believed that their solution was best and that these tick-tock clocks simply could not be believed. 
ANDREW KING They just didn't understand mechanics. I think they were frightened of it. The system of solving the longitude problem that they couldn't really cope with. They could understand an astronomical problem, but the, the very idea of a, of a mechanical time-keeper that was so good was just too good to be true. They couldn't accept it. 
NARRATOR On the instructions of Neville Maskalyne, who had now been appointed as Astronomer Royal, the time-keepers were carted away for further tests. 
'JOHN HARRISON' Justice, as touching my reward or encouragement, been scandalously frustrated. Mr. Graham said to several gentlemen that I deserved the £20,000, yet the Board has turned me into a slave, but they took great care about my watch, but they also locked it up for some time in a closet at the Admiralty because it had performed two voyages so well and so they would keep it as a piece of treasure for fear nobody else would ever be able to make another. It's a fair sign indeed that they did not understand it. Nay, my time-keeper is beyond the reach of both the latitude and the longitude of these villainous priests of Cambridge and Oxford. The trouble which these lunar men of occasion be. 
NARRATOR In 1772 Harrison's son wrote a letter to George III, who agreed to test the watch in his private observatory. John and William Harrison were soon granted an audience with the King, who had been greatly moved by the men's story, for he whispered to an aide: these two people have been cruelly wronged. 
WILLIAM ANDREWES The King was so amazed with the performance of Harrison's watch that he said: by God sir, I will see you righted. And indeed he did. 
NARRATOR And so 43 years after a young John Harrison first travelled to London, a reluctant Parliament, at the insistence of the King, awarded him the full £20,000. 
'JOHN HARRISON' I can boldly say that no time-keeper, whether in the pendulum way or that of the balance, can ever be able to go any truer or better than mine, and now at sea longitude may be had with great certainty and exactness. I have indeed had a long deal of labour, but I thank God I've got it through. 
NARRATOR In Harrison's time the idea of plotting a course with artificial moons would have been deemed as nonsensical as any of the lunatic proposals to the Board of Longitude, but today 21 atomic clocks do orbit the Earth 10,000 miles overhead. The satellites of the Global Positioning System, constantly monitored for almost perfect accuracy, provide navigators with their latitude and longitude to within centimetres anywhere on the globe. In 1999, as in 1799, the secret of knowing where you are is knowing what time it is. 
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