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  Prologue

  The North Atlantic Ocean and the Britannia


  From Liverpool, on the River Mersey, a ship bound for a port in the northeastern United States heads west eighty miles across the Irish Sea, and then – when clear of Holyhead – turns sharply south into St George’s Channel. The ship navigates carefully through St George’s, which funnels currents and storms from larger contiguous seas into a narrowing, unpredictable passage squeezed between England and Ireland. She moves southwesterly along the Irish coast, skirting the Old Head of Kinsale and other jutting headlands, to reach (but avoid) Cape Clear and the Fastnet Rocks at the bottom of Ireland. To this point the ship has gone about 300 miles since departing from Liverpool. From Cape Clear the ocean stretches out unimpeded to the western horizon and far beyond. Starting there, the great circle route to America arcs across nearly 3000 miles of the North Atlantic: one of the most varied, troublesome ocean voyages in the world.


  Over its entire course, the great circle route veers gradually southwards from fifty-three to forty degrees north latitude. Giant spirals of wind and weather gust far above and perpendicular to the ocean’s surface, rotating across twenty or more degrees of latitude in counterclockwise systems that generally hit the great circle to America in the southern half of their spins. Prevailing winds in that stretch of ocean therefore come from the west and southwest, fighting any westbound ship. The weather is typically unsettled, with odd, sudden shifts in temperature, pressure, wind speed and direction. Systems collide and combine and bouncearound. Long, high, stately deepwater waves march along over hundreds of miles of ocean. On occasion, several wave components may converge momentarily, producing a rogue wave much bigger than any of its parts – up to four times the height of an average North Atlantic wave, sometimes even 100 feet high or more.


  The weather, seldom agreeable, turns worse in winter. From October to March, the days are cold, short and dark, the sun low in the sky, the sea a turbulent dark grey. At mid-ocean, abrupt winter gales may quickly reach speeds of sixty-five knots, with steep waves of 40 to 60 feet and smaller combers curling out in extended cycles up to 400 feet from crest to crest. White flecks – from spindrift and foam atop the breaking waves – stand out in sharp relief against the slates of sea and sky: the natural world pared down to stark monochromes of grey and white, pretty but indifferent in its muted danger.


  Towards the end of the voyage, well over 2000 miles from Liverpool – just as crews may be growing tired and irritable, with flagging attention and potential lapses in discipline, and passengers bored or restive, and food or fuel perhaps running low – the ship enters the notorious graveyard of the North Atlantic. This most hazardous sector of the great circle is encountered precisely when the ship’s company may already be stretched tight and vulnerable.


  Here the winter gale season yields, with no relief, to iceberg season, which generally starts in January and then peaks from April to July. Far to the north, in the west of Greenland, glaciers flow down the coastal mountains to the sea, annually calving thousands of icebergs into the Davis Strait. The bergs float slowly southwards in the Labrador Current. At unpredictable times in the following year, the surviving remnants – about four hundred icebergs each season – reach the shipping lanes off Newfoundland. A typical splinter or castle berg weighs over 100,000 tons and stands about 150 feet high by 300 feet long, above water; in extraordinary cases both dimensions may be doubled and more. Smaller bergs, growlers, field ice and floes can pose more hidden danger to ships: lower in profile, sometimes barely above the ocean surface, they are harder to see and avoid. When a ship enters the iceberg zone, temperatures dip and the air smells different, and lookouts get edgy.


  The icebergs further trouble the tumultuous Gulf Stream. The strongest of all ocean circulations, and one of the most startling, mysterious discoveries made by the early European explorers of the New World, the Gulf Stream was first charted by Benjamin Franklin in 1769. Trade winds pile up water along the continental edge of South America nearpagethe equator and send it ‘downhill’ through the quickening channel between Cuba and the Florida Keys. The stream then runs up the eastern seaboard of the United States, thirty to fifty miles wide, at two to six miles an hour. Its warm water and rapid course inhibit the growth of phytoplankton, creating a vivid swath of deep, clear, pure blue against the greener, greyer surrounding ocean. Off the North Carolina coast, it divides into smaller substreams, which loop and meander. Even so, when the Gulf Stream reaches the area south of Nova Scotia, it is still moving over 150 million cubic metres of water each second – some 10,000 times the volume of the Mississippi River.


  East of the Grand Banks of Newfoundland, and squarely athwart the great circle route to America, the warm Gulf Stream collides with the cold Labrador Current, producing the most extreme temperature differences in any ocean. This volatile mix has vast consequences in the air and water. Some are even whimsical (icebergs spinning slowly on their vertical axes, like huge, silent, snowy carousels). Most are more serious: mists, gales, squalls, driving rain and churning waves. At its worst, the atmospheric mingling of cold Canadian air and warm, moist Gulf Stream air may generate the sudden winter hurricanes called bombs, or rapidly intensifying cyclones. An abrupt drop in atmospheric pressure at the centre of a comma-shaped cloud mass, usually in January or February, can unpredictably generate winds of hurricane force. With little warning, the bomb just explodes.


  The most widespread result of this massive convergence of cold and warmth is dense, persistent fogs. Off Cape Race, at the southeastern tip of Newfoundland, from April to September at least twelve days of every month are shrouded in sea fog. At midsummer it is nearly constant. ‘These horrid fogs infest the air most part of the year,’ the English hydrographer John Purdy noted in 1817, ‘and will last eight or ten days successively, sometimes longer.’ The fogs can assume geometric, hedgelike forms, with vertical slabs at their eastern edges squared off by long, level top layers. An observer may watch a ship emerging slowly from one of these banks, revealing herself in sharply defined foot by foot, as though being dragged out of a grey cliff at the water’s edge.


  In iceberg season, with visibility more crucial than ever, the Grand Banks fogs throw a dense, smothering blanket over the ice field. The wind dies down. The sea is lumpy and tumbling. Warning bells and foghorns are muffled, distorted, their direction and distance rendered unknowable. Both sight and hearing become untrustworthy. A constant condensing rain drips from the ship’s superstructure. Shapes take ongigantic, unnatural proportions. A bird may resemble a sail. Ghosts and mirages float by. Peering hopelessly through the thick white smoke, a lookout can mistake an iceberg for a ship, or ship for iceberg. The circumstances are gloomy, anxious, strange and very dangerous.


  The great circle route runs along the Newfoundland coast, with its rocky headlands and variable currents driving now towards shore, then out to sea. ‘The uncertainty requires the greatest caution,’ John Purdy warned in 1817. Farther west, about a hundred miles off Nova Scotia, lurks Sable Island and its shifting shoals and sandbars. Moving steadily eastward, sometimes at a mile every four years (and therefore impossible to chart precisely), and often invisible in fog, Sable has sunk many ships. The fog can then persist all the way down the American coast to Boston and New York.


  By the nineteenth century, through various accidents of history, this most dangerous sea passage had also become the most trafficked long ocean route in the world. The burgeoning imperatives of trade, empire and human migration between the hemispheres would not give way, even to the North Atlantic Ocean in winter. Some reliable means of making this roughest transatlantic crossing – in all seasons, and in reasonable speed, safety, comfort and economy – had to be devised. It posed a fundamental challenge to the newly inventive, progressive spirit of the age.

  



  The first enduring steamship service between England and America began when the wooden paddle wheeler Britannia, of the new Cunard Line, left Liverpool for Halifax and Boston on 4 July 1840. With Samuel Cunard, founder of the line, on board, the Britannia laboured across the ocean against head winds and adverse currents. Ten days out, an iceberg was sighted in the near distance: a reminder of the North Atlantic’s perils. The ship was scheduled to depart from Liverpool a few days before the fourth, and she was therefore expected in Boston by the fourteenth. When that day passed without the Britannia, people in Boston started worrying. A steamship was supposed to make faster, more reliable ocean passages than a sailing ship; that was the whole point of adding the steam engine and paddles.


  Four days went by amid swelling anxieties. Finally, at ten o’clock on the night of Saturday, the eighteenth, the Britannia glided into Boston Harbor. Despite the late hour she was greeted by fireworks and huzzahs – and a general sense of relief. She had made the passage in fourteen and a half days, just one-third of the time consumed by the most recent sailing packet from England to Boston. On Sunday, Sam Cunard received eighteen hundred invitations to dinner. ‘No event which has occurred since the commencement of the present century,’ the Reverend Ezra Gannett told his prominent congregation that morning, ‘seems to me to have involved more important consequences to this city.’


  The man and his ship dominated Boston for the next two weeks. Thousands of people came to inspect the Britannia at the new Cunard wharf; Bostonians had never seen such a ship. At the time, a typical coasting steamboat was about 160 feet long and 400 tons, a typical ocean-sailing packet about 150 feet and 700 tons. (In nautical idiom, a ‘ton’ measured not weight or displacement but interior space, calculated in different ways but, in 1840, supposed to equal forty cubic feet.) The Britannia was much bigger than contemporary ship norms at 207 feet and 1156 tons, with steam power in due proportion. She had been built of African oak and yellow pine at Robert Duncan’s shipyard on the River Clyde; the celebrated Robert Napier of Glasgow had provided her 403-horsepower engine. From a distance she looked like a quite large sailing ship, dominated by three masts and sails in conventional riggings. But at midship two black-and-gold paddle boxes extended almost twelve feet out to each side, with a single smokestack just aft, painted burnt-red with a black ring at the top: a future signature of Cunard ships. The Britannia was, properly speaking, neither steamship nor sailing ship but a hybrid of the two.


  Much of the main deck was left flat and clear to give the crew unobstructed room for handling sails and rigging. Deckhouses at midship provided quarters for the officers, sailors, and the ship’s cows. A raised, exposed bridge between the paddle boxes and above the deckhouses allowed the captain and his adjutants the sight lines and free access they needed to run the ship. (Years later, after paddle wheels had yielded to screw propellers for propulsion, the term ‘bridge’ remained to designate where a steamship’s officers stood and gave orders.) Aft of the mainmast, another deckhouse held the passengers’ dining saloon, the largest room on the ship at thirty-six feet by fourteen feet; it also functioned as a sitting room and assembly hall. At the stern, a raised platform gave the helmsman and his wheel a quite wet, windy place from which to steer the ship.


  From the saloon, stairs descended to the gentlemen’s and ladies’ cabins and lounges. Men and women were consigned to separate sections, linked by a passage that allowed decorous contact without risking the weather up on deck. A typical ‘stateroom’ measured about twelve by six feet, tightly packed with two bunk beds, jugs and basins for washing and emergencies, a small mirror on the wall, a water carafe and glasses, a day sofa, and pegs for hanging clothes. A porthole or oil lamp provided dim light. ‘All these rooms are highly finished,’ a Bostonian noted, ‘without any attempt to dazzle with tinsel.’ The undersides of the cabin floors were covered with a thick, coarse woollen cloth intended to seal off smells and heat from the holds and engine room. Passengers – the ship had room for up to one hundred men and twenty-four women, all in a single class – shared a few water closets and had no bathing facilities at all.


  The provision deck below held quarters for the engineers and firemen. They fed and tended the engine, the rhythmically beating heart of the ship. The machinery and coal bunkers at midship took up a third of the Britannia’s length, leaving relatively little space for cargo on such an enormous vessel. The firemen shovelled coal into twelve furnaces firing four boilers feeding steam to the engine. Still brand-new, the engine and its moving parts shone like burnished silver. Two cylinders, six feet in diameter, drove nineteen-foot levers to turn the paddle wheel crankshaft. At full steam the paddles, nine feet wide and twenty-eight feet in diameter, could push the ship up to almost nine knots.


  To a greater degree than anything previously seen in Boston, the Britannia was a ship and a building and a machine, all at once, on the grandest and most daring scale. One dazzled observer called her ‘the consummation of human ingenuity’, no less. She seemed to vault beyond the usual construction categories, gathering them into a novel kind of manmade artefact. Large, plush and inventive, utterly modern but oddly familiar, beautiful from her soaring masts down to her gleaming engine room and yet promising such great practical significance, she left admirers in Boston mingling their superlatives. ‘She is truly a magnificent vessel, ’ the Evening Journal declared, ‘ – a floating palace.’


  Three days after Samuel Cunard’s arrival, Boston threw a grand party for him attended by nearly 2000 people. The toasts were so extended, the speeches so hyperbolic even by the rhetorical standards of the time, that it seems apparent that more than just a man and his ship was being celebrated. The Cunard Line was largely a British enterprise, based in Liverpool and launched by a mail contract from the British Admiralty. The first Cunard ship was pointedly named the Britannia, and she was commanded by Captain Henry Woodruff of the Royal Navy, not a civilian. In the previous sixty-five years, Britain and America had fought two bitter wars against each other and then had engaged in constant mutual insults and fierce squabbles over Canadian independence, boundaries and fishing rights. Only a year earlier, the American state of Maine andthe Canadian province of New Brunswick had nearly started a war. Now the Cunard Line inspired new hopes for friendlier ties between mother country and wayward child. In addition, Boston by 1840 was losing its former commercial and maritime eminence to New York; but both cities had competed for the glittering prize of becoming Cunard’s American terminus, and Boston had apparently won. This coup perhaps augured a general resurgence for the city against its bumptious rival down on the Hudson. And, finally, that summer the United States was torn by an especially rancorous presidential contest, the log cabin and hard cider campaign of William Henry Harrison against the incumbent Martin Van Buren. With the Britannia on hand, at least, Boston’s feuding Whigs and Democrats might briefly unite behind a promising new venture of general benefit.


  The man himself remained a mute mystery. Nobody in Boston knew Sam Cunard well; he had a few business associates there, nothing more. He didn’t talk much, and he had accepted few of those eighteen hundred dinner invitations. He was said to be an Englishman, or perhaps a Canadian, or maybe of American parentage. The city’s keenly focused interest in him derived, in part, from simple unsatisfied curiosity: Who was this man? A few sceptics remained doggedly unimpressed. ‘Mr. Cunard, a substantial, sensible Englishman, and not an Emperor, sits enthroned in state in the saloon of the Britannia,’ one doubter wrote to a local paper. ‘A proper self-respect will not warrant us in canonizing him.’ But this was only a peevish dissent, drowned out by a tidal wave of adulation and applause.


  The ‘Cunard Festival’ to honour him took place at the Maverick House hotel, near the Cunard wharf in East Boston. Planned while the Britannia was still at sea, the event was staged on a scale and opulence seldom previously seen in Boston. A temporary pavilion and awning stretched 200 feet along the front of the hotel. Pennants and flags of all nations snapped in the breeze. An elliptical arch spread across the Maverick’s second storey, resting on two abutments. One of these bore the British coat of arms and the name Watt, honouring the Scottish inventor who had improved the steam engine. The other showed the American arms and the name Fulton, the Hudson River steamboat pioneer. At the centre of the arch, joining the two ancient national foes in symbol and reality, was the name Cunard in large gold letters – a premature tribute, mustered in brave hope and confidence, to the new but unproven steamship service.


  On a raised platform sat the presiding officer, Josiah Quincy Jr, president of Harvard College and former mayor of Boston. To his right satSamuel Cunard, Senator Daniel Webster (the leader of Massachusetts Whigs), and other important men. To Quincy’s left sat Captain Woodruff of the Britannia, George Bancroft (the Democratic boss of Massachusetts), and others of distinction. Overlooking them, outside the pavilion itself, on the hotel’s porch and balconies and in upstairs windows, were hundreds of women dressed in their summer finery: the first time in memory that women had been invited to attend a public dinner in Boston (though not, actually, to be fed).


  After a fancy meal, wines and mounds of ice cream, the extended speeches and toasts sounded the framing issues of the day. Daniel Webster, a noted orator, spoke about the rippling impacts of steam power on civilization, commerce, war and politics. George Bancroft welcomed the Cunard Line as ‘an omen of peace’, sure to usher in a new era of friendly relations, and offered a hopeful toast: ‘Old England – She renounces the ambition of ruling the seas, and effects the nobler purpose of connecting continents.’ Cigars were passed around (but quickly put away in deference to the unfamiliar feminine presence). Someone offered a song in tribute to the new line:


  
    How timid and slow, but a few years ago,


    The world hobbled on in its motion.


    Old Europe seem’d far as the fixed Northern star,


    On the boundless expanse of the ocean;


    But tho’ it was hard–at the word of Cunard


    Britannia herself is a rover.


    Old England a while, that fast anchor’d Isle,


    By steam is now here–half seas over.

  


  Josiah Quincy introduced the man of the hour. ‘The enlightened foresight of Mr. Cunard, a citizen of Nova Scotia,’ he declared, ‘aided by the liberality of the British crown, has established a line of steam packets on a permanent basis.’ By advancing the interests of his own country, Cunard had incidentally conferred coveted gifts on America, and – Quincy hoped – Boston might now recover its old prosperity. The band impartially played both ‘Yankee Doodle’ and ‘God Save the Queen’. The climactic moment had arrived.


  In this speechmaking age, when events happened live, in oral discourse, any distinguished man was expected to have an easy knack for facing and holding an audience. Grand oratory was a routine tool of persuasion and power. The crowd clapped and cheered hard for Cunard,waiting in curiosity and expectation for him to speak, watching him. He was a handsome man, apparently of middle age, a bit less than average height. He had a large, round head, balding at the crown, with a fringe of grey hair turning white, and closely trimmed muttonchop whiskers in the style of the day. He looked healthy and well knit, compact and tightly wound, and quite decisive around the mouth and eyes.


  Cunard stood up and started speaking, inaudibly, before the last applause subsided. The newspaper reporters seated nearby could not hear him. He said only a few more words, and then – to the surprise of everyone – sat down. Josiah Quincy, rushing into the dead air, sprang up to say that Mr Cunard had explained he was unaccustomed to public speaking and thus would make no speech, but he felt quite grateful to be so honoured, given that the real credit for the new steamship line belonged to the British government. And that was that. His odd performance concluded, the hero remained triumphantly unknown in Boston.


  A few days later, in much more modest circumstances, another dinner was held for men of the Britannia. Only Captain Woodruff and a few officers had been invited to the Cunard Festival; so a group of local machinists and mechanics, described as ‘respectable’ by one newspaper, threw a small celebration for the ship’s chief engineer, Peter Kenneth, and his mates at the Stackpole House, on Milk Street near the waterfront. The innkeeper, James Ryan, provided entertainment. (No Boston Irishmen like Ryan had taken visible part in the Cunard Festival.) All the guests on hand told a story or sang a song or ventured a sentiment. They raised their own toasts to the owners and hands of the Britannia (‘Her successful voyage has proved that their capital and labor were most happily united’) and, in engineer’s vernacular, to the mother country (‘She sometimes gets the steam up a little too high, but she finds an escape pipe when she visits her daughter’). The engine men, both ashore and from below decks, added their voices to the general spirit of determined reconciliation.


  After two weeks, Cunard and his ship left Boston for Halifax and Liverpool on the afternoon of I August, well loaded with eighty passengers. Spectators around the harbour were again frustrated; having arrived in night-time darkness, the Britannia departed in a daytime thick fog that left her visible only from close at hand. She picked her way slowly along the Maine coast, taking three days to Halifax, shrouded in fog the whole way. The North Atlantic was again extending its typical welcome.


  ‘The Atlantic to America is the worst navigation in the world,’ Sam Cunard pointed out years later, from a prudent and well-earned distance.‘The westerly winds prevail very much, and you have ice and fog to contend with.’ Despite these daunting natural obstacles, however, he had launched his Atlantic steamship line and made it run through endless crises and troubles. ‘I originated this service at a great risk,’ he claimed in pardonable pride, dropping the humble pose of the Cunard Festival in Boston, ‘and at a time when no other party could be found to undertake it.’ And the result? ‘A beautiful line of communication between the eastern and western world.’

  



  It was all there from the start. The major themes of transatlantic steamship history, to be echoed repeatedly over the next hundred years, first appeared in the summer of 1840 during the Britannia’s maiden round trip, Liverpool to Boston and back.


  The daunting North Atlantic Ocean passage between Britain and America.


  To meet and perhaps subdue this most difficult natural environment: the peerless shipbuilding and marine engineering along the River Clyde, where most of the finest Atlantic liners of the nineteenth century would be designed and built.


  The magical, transforming element of steam, the universal microchip of this era, and the utopian hopes of abolishing time and space it inspired.


  The touchy ties among nations, especially between Britain and America, and the additional utopian hopes of international reconciliation forged by regular steamship service.


  The stratifications of class and duty among the ship crews: officers and men, sailors and engineers, canvas and coal, above and below decks.


  The recurring public wonder over every successive version of the newest, biggest, fastest steamship on the ocean, each likely to be described in turn as ‘a floating palace’.


  And at the centre of it all, driving and organizing, the elusive figure of Samuel Cunard and the great transatlantic steamship line he founded.


  


  
    PART ONE:

    The Packet Ship Era, 1820-1840

  


  


  
    1.

    The Sailing Packets


    Before steamships started crossing the North Atlantic, the best way to travel between Europe and America was by the sailing ships called packets. Built and run mainly by Americans, the packet lines introduced new concepts and comfort levels for ocean voyages. They dominated the transatlantic traffic for decades, setting key precedents for the steamships that eventually replaced them. Along with their more famous contemporaries, the whaling and clipper ships, they comprised the golden age of American sail. Of these three types, the packets lasted the longest and made the most voyages and money for their owners and crews. Yet today whalers and clippers remain drenched in popular legend, while the packets are scarcely known beyond dedicated circles of ship buffs. No packet builder ever became as famous as Donald McKay with his clippers, and no novelist ever wrote a Moby Dick about the packets. They just did their jobs quietly and well, year after year, and then passed into the historical obscurity reserved for predictable competence.

    



    Agroup of textile importers in New York started the first packet line. The main founder, Jeremiah Thompson, was an English immigrant from Yorkshire who had come to New York aged seventeen in 1801 to join his uncle in representing the familys woollen manufacturing business. From that base they engaged in shipping and shipowning with three local associates. These five men all lived near the waterfront at the southern tip of Manhattan. Four of them were Quakers. (Jeremiah Thompson, an active Friend, was an officer in the New York Manumission Society, dedicated to freeing slaves; but he also made a fortune by exporting raw cotton, grown in the American South by slave labour.)


    Thompson had a breakthrough idea for improving ocean travel. At the time, a shipowner might advertise a ships day of departure, but the captain would then wait until enough cargo and passengers had been loaded, and wind and weather seemed favourable, before weighing anchor. A passenger hoping to embark might have to hang around the docks, spending money on food and lodging and wasting time, for a week or more. Thompson, dealing in volatile markets for finished imports and raw exports, wanted faster, more reliable service. He conceived the notion of a transatlantic ship line: several vessels under coordinated private management, sailing on known dates between established ports, and locked into an unchanging departure schedule for the foreseeable future.


    In the autumn of 1817, the Thompsons and their three associates placed a notice in New Yorks newspapers. In order to furnish frequent and regular conveyances for GOODS and PASSENGERS, they announced, the subscribers have undertaken to establish a line of vessels between NEW-YORK and LIVERPOOL, to sail from each place on a certain day in every month throughout the year. They listed the lines first four ships: three-masted and square-rigged, and larger than average size for their time at around 110 feet long and 400 tons. The Pacific, launched in 1807 and the oldest of the four, was especially fast; earlier that year she had made a run to Liverpool in only seventeen days. These ships have all been built in New-York, of the best materials, the owners asserted. They are known to be remarkably fast sailers, and their accommodations for passengers are uncommonly extensive and commodious. Thompson and his partners were promising a daring combination of speed, comfort and predictability  qualities previously unknown on the North Atlantic.


    The first two ships of the line sailed from New York and Liverpool in January 1818. For identification they showed a large black ball painted on their fore topsail, at the highest point of the first mast. The Black Ball Line at once earned a tight reputation for minding the calendar. Fighting winter gales, the Pacific made a slow return trip to New York of forty-eight days; she was then unloaded and reloaded in an impossibly short six days and left for Liverpool as scheduled on the fifth of April. Later that year, the Black Balls Courier on leaving Liverpool met the Pacific coming in, and when approaching New York met the Black Baller Amity going out. The line added more ships, allowing two sailings a month each way. For any eastbound trip under twenty-two days or westbound run under thirty-five, Jeremiah Thompson gave the captain a new coat, with a dress for his wife. After two years, even Niles Weekly Register, from the rival port of Baltimore, had to concede that the Black Ball ships were running with the speed and almost the regularity of a horse-drawn mail coach. Such steadiness and despatch is truly astonishing, said the Register, and, in a former age, would have been incredible.


    Success brought competition. Atlantic packet lines started running from Philadelphia and Boston. Early in 1824, the Boston lines Emerald caught a rare easterly gale and rode it all the way home from Liverpool in an astonishing seventeen days, a westward record for years. In New York, the Red Star and Blue Swallowtail lines competed directly with Black Ball. Other new lines ran to London and to Le Havre on the northern coast of France. The sharp rivalry among all these lines added another new concept to transatlantic travel. Ship technologies in Europe and America had been essentially static for some two hundred years; conservative builders and owners resisted innovations and kept turning out the same old models. Packet competition kicked ship design into the progressive nineteenth century. Constructed mainly in shipyards along the East River in New York, ever bigger and fancier, the new packets became the largest and finest ships yet built in America, evolving more quickly than any other type of vessel.


    Black Ball set the initial pace. The Canada, 132 feet and 525 tons, was launched in March 1823. We have never examined a ship which was in all respects equal to her, said a local newspaper. Her dining cabin offered polished mahogany tables and pillars, sofas, and plush crimson draperies. The mens cabins, brightened by skylights of ground glass in the main deck overhead, had olive-coloured damask silk curtains. In the ladies cabins the curtains were fine blue silk. A year later, the Blue Swallowtail Line answered Black Ball with its own York. To the now-expected mahogany woodwork, the York added a library with a printed catalogue, redwood pillars finished in imitation bronze, and venetian blinds in the cabin doors that allowed ventilation with privacy. Cabin washstands doubled as desks. A Turkish carpet covered the floor and muffled shipboard sounds. The ladies lounge even featured a small piano flanked by large mirrors. In the comfort and entertainment which the American ships afford, a Liverpool newspapers account of the York acknowledged, their superiority over British vessels is most conspicuous.


    While ship interiors became plusher and better equipped, the East River shipwrights puzzled over how to increase speed without losing cargo space. By slow degrees, the rounded bow and plump midship lines of the first packets gave way to faster ships with longer, thinner hulls and sharper bows and sterns. Shipwrights believed intuitively that speed also required a V-shaped hull, tapering down to a narrow keel at the bottom of the ship. These design tendencies all meant less payload and lower profits for a ship of a given length.


    A solution to this tightening dilemma was discovered accidentally. In the early 1830s, Edward Knight Collins of New York started running coastal packets to New Orleans. Because the bar at the mouth of the Mississippi River required ships of shallow draught, the New Orleans packets were built with flat bottoms; speed was not deemed so important in the coastal traffic. But it turned out, to general surprise, that flat hulls did not make the ships any slower or harm their sailing qualities. A flat bottom also let a ship rest upright when grounded by a low tide.


    In 1836 Collins launched his Dramatic Line of flat-bottomed packets to Liverpool, with ships named for famous theatrical figures. Flamboyant and excessive, indeed theatrical, and bold to the point of recklessness, Collins left the competition in his foaming wake. His Shakespeare was 142 feet and 747 tons; his Garrick, Sheridan and Siddons, 158 feet and 895 tons each; and the Roscius, at 168 feet, was the first New York packet to exceed 1000 tons (and to cost $100,000). Collins also moved his passenger cabins from below deck, where they were subject to nauseating bilge odours, to a long deckhouse on the main deck stretching from the stern almost to the central mainmast. Up there, the cabins got more air and light  but without making the ship top-heavy or harming her behaviour or safety. The cabins themselves were three times larger than those on the first Black Ball ships. The Dramatic Lines food, wines and decor all set new standards of elegance. And the ships were fast. Over their first ten years, the New York packets had averaged twenty-four days out, thirty-eight days home  excellent times compared to those of previous ships. By 1839 the Collins packets, the swiftest in the trade, had cut those averages to twenty days, twelve hours and thirty days, twelve hours. Ocean travel had never before made such vaulting strides in only two decades.

    



    An ocean voyage, in this era or any other, had to work around three endemic aspects of the experience: seasickness, danger and boredom. The worst bouts of mal de mer usually lifted after the first few days but could last longer, especially for women and in heavy seas. Any ship  in particular a sailing vessel  remained at the mercy of mighty natural forces, and on the heavily travelled North Atlantic might also collide with another ship or with an iceberg. Every day passengers had to find ways to kill time, a search that became more desperate and exhausted towards the end of the passage. A sea voyageis a sort of Purgatory under the best of circumstances, William Young of Halifax, Nova Scotia, wrote in his journal aboard a packet in 1839. You can follow no regular employment and tho not sick, I am never quite well enough for study. You cant write on account of the motion and ones reading is uninstructive and desultory. Young and his fellow passengers enjoyed clean berths, attentive service, abundant food and drink, and clear sailing. And yet, from a sea voyage, Good Lord deliver me.


    A packet voyage began with the captain. A safe passage depended absolutely on his skill, judgment and tenacity. He had to make the daily computations with sextant and chronometer that established the ships position and heading. At any time of day and night, he might order sailors aloft to set or take in sail. All steel and velvet, he was supposed to charm the passengers and, on occasion, bully the crew. His authority was final in all shipboard matters; yet he was ultimately just another mortal dealing with the unknowable mysteries of sailing the ocean. Every sailing ship displayed her own individual personality: what sailors called ship sense, an ineffable quality of seeming alive, even of having consciousness. Under way, each seagoing amalgam of natural materials  of wood, hemp and canvas  thrummed a unique vibration which the captain could feel tingling from the rudder to the wheel, and hear blowing overhead through the sails and rigging. The trick was to pay careful attention and work with the ship, not to dominate her. To the extent that a packet voyage responded to mere human will and intention, it came down to a captain and his ship getting along well.


    Passengers would pay their one-way fares of $140 to secure a particular captain as much as for his particular ship or packet line. An especially popular commander  such as George Maxwell of the Black Ball, Nash DeCost of the Blue Swallowtail, or Nathaniel Palmer of the Dramatic  reliably attracted extra business. That meant more money for the captain himself, because he typically owned a one-eighth stake in his ship and received 5 per cent of the freight and steerage charges and 25 per cent of the cabin fares. The governments in Washington and London also paid him two cents for each American letter and two pence (four cents) for each British letter he carried. These extras brought his nominal annual salary of $360 up to as much as $5000 a year, a plush income at the time. The packets therefore drew the services of the best captains on the Atlantic.


    The crews were made up of sailors from many nations of Europe and North America. The cooks and stewards were usually black Americans, clever mulattoes, according to James Fenimore Cooper, who have caught the civilization of the kitchen. Passengers had most of their shipboard contact with the stewards, who served food, cleaned and fetched, and answered redundant questions about the weather and general course of the trip. The sailors kept to themselves, bunking in cramped quarters in the forecastle at the bow of the ship and conversing in the arcane, excluding patois of the sea. Passengers would marvel, from a distance, at the sailors strength and agility as they danced around the rigging in all weathers and acted variously as tailor, carpenter, cooper, stevedore, clerk and astronomer. It was easy to romanticize their often brief, dangerous lives. Captains drove the packets hard, always to the limit that sails and masts could bear, straining for speed. That meant constant action in the rigging (especially in bad weather), much bellowing and cursing, and sailors occasionally falling to their sudden deaths.


    Everyone, ships and humans, remained at the indifferent mercy of the North Atlantic Ocean, in particular of the capricious wind. We are pensioners of the wind, Ralph Waldo Emerson wrote in his journal at sea in 1833. All our prosperity, enterprize, temper come and go with the fickle air. If the wind should forget to blow we must eat our masts. A ship could lie becalmed in mid-ocean for a week or more, the wilted sails slapping irritatingly against the masts, the ship rising and falling helplessly on the endless swells. At the other extreme, too much wind brought its own delights. In April 1831 the President of the London Black X Line picked her way from New York through twelve straight days of cold, dense fogs and heavy, rolling seas. A fierce gale pushed waves almost up to her topmast. As the ship rolled back and forth on her bow-to-stern axis, water came over the five-foot bulwarks onto the deck, then into the cabins below. The captain, standing in water up to his knees, could not leave his post for twenty-four hours. The President limped into port after a hard passage of thirty-nine days. Other ships at journeys end might come within tantalizing sight of land and then have to spend days tacking back and forth along the coast, held at sea by contrary winds.


    A recurring drama of initiation awaited those crossing for the first time. The first few days at sea might seem deceptively tranquil. No prior experience of the ocean from the vantage point of a beach or an offshore boat could adequately prepare a neophyte for the North Atlantic in full cry. In November 1835, Fanny Appleton of Boston (the future wife of Henry Wadsworth Longfellow) embarked on the packet Francis Depau for Le Havre. Eighteen years old, bright-eyed and curious, she dismissed the fourteen other passengers as well meaning, uninteresting folks but liked watching the sailors and the shifting sea. Commanders often managed to find time for pretty young women on board their ships; so Captain Henry Robinson gave her a puzzling lesson in navigation and shooting the sun with his sextant at noon to find the Depaus position. Five days out, running before a brisk following wind, the ship dashed along at ten knots, prancing like a sea horse. What a glorious exhilaration in this fine sea-air, a reckless thought-defying sense of liberty and life, Appleton wrote in her journal, with the joy of a cosseted young woman now perceiving a wider world. The exhilaration of our speed fills us with a mad gleewe run and shout.


    The wind continued as the sea got rougher. Still bowling along at ten knots, the ship pitched and rolled and tossed. Appleton felt dizzy and exhausted, had trouble dressing, and  one week out  started longing for land. After a miserable night, she wondered where the romance of the sea was found  certainly not below the deck. She wept in despair. The steward brought tea. The constant motion and cacophony of wind, sea and shipboard sounds kept her from reading and writing. Oh this eternity of noise and motion stupefying the brain, exhausting the body. Truly a shipboard life teaches onehumility: we are brought to our lowest ebb of self-respect. Her mood fluctuated wildly for the rest of the trip, depending on the weather. Like many sea diarists, she gradually ran short of fresh material and made briefer entries as the journey dragged on. Other passengers expressed surprise that she could still write so much about so little. I am determined to prove one can write a Journal at sea, she vowed  and then left three straight days blank. (Little worth recording, she noted.) The ship reached Le Havre after twenty-five days, none too soon for Fanny Appleton.


    Most of the cabin passengers on packets were men: British textile merchants and army officers, and American businessmen. Thrown together at close quarters amid the Anglo-American political tensions of the time, they sometimes bristled at each other. More typically, as frequent transatlantic travellers they settled amicably into the shipboard routines they had come to know well. In this quite masculine atmosphere, isolated by time and circumstances, they could dress casually and indulge at will in boyish recreations. We endeavored to amuse ourselves as best we could, one man noted, and, for the want of work, turned boys again, and went to play. They shot rifles at random targets in the rigging, sang songs, made bets, played cards and games, held mock courts, told jokes and stories; they drank all day long. Even the tightly buttoned Ralph Waldo Emerson, on the Black Baller New York from Liverpool in 1833, succumbed to shipboard spirits. These are the amusements of wise men in this sad place, he decided. I tipple with all my heart here. May I not? In midsummer 1832, the English actress Fanny Kemble, bemused and amused, watched the men on a packet in a festive Saturday-night mood of drinking, dancing, singing, and romping around on the quarterdeck at the stern. They toasted their absent wives and sweethearts, in the tradition of sailors. The captain proposed The Ladies  God bless them. (And the Lord deliver us! someone added.)


    The most promisingly pleasant aspect of packet life available to all cabin passengers, drunk or sober, was the food. A housed-over longboat on deck held a three-tiered menagerie: sheep and pigs on the bottom, then ducks and geese, and hens and chickens on the top. The ships cow lived in another structure nearby, not happily. These animals provided fresh meat, eggs, milk and cream for the laden plates in the dining saloon. On the Black Balls Europe in 1833, breakfast consisted of ham, eggs, bacon, mutton cutlets, shadfish, rolls and cognac. Dinner ran to three comparable courses, good pastries, seven kinds of alcohol, and dried fruits for dessert. The long, rolling swells of the North Atlantic left many passengers unable to eat or hold down their meals; but whenever circumstances allowed, especially during the early weeks of the voyage, the food and drink were generous.


    Except for the Le Havre lines, which brought over thousands of German immigrants to America, the packets carried few steerage passengers until after 1840. During the first two decades, steerage business in general was just an afterthought; if a packet didnt fill the tween-decks upper hold with fine freight, the ships carpenter would fashion temporary bunks of rough, unplaned lumber, and the steeragewould take on human cargo at twenty dollars a head. That fare paid only for the cramped bunk and a place on deck to cook. Steerage passengers had to bring their own food, pots and pans, and plates and utensils. The tightly packed steerage became a fetid horror at night and in bad weather. Two small ventilating hatches had to be closed in rain or heavy seas. The steerage air mingled a stifling bouquet of foul bilge water, rotting wood and ropes, and human sweat, vomit and excrement. At times these closed-down conditions went on for days, getting worse until the storm lifted.


    Everybody, cabin and steerage passengers alike, felt better up on deck. There one could breathe fresh air and take walks, play shuffleboard, and watch the sea and the other passengers. A dampening shipboard rhythm of ennui and lassitude gradually settled onto the company. Earnest intentions of reading, writing and needlework were laid aside, and people lounged away the time. Even the most trivial daily events  meeting and (after due inquiry) identifying another ship, sighting a whale or porpoise, or discovering a stowaway  took on gripping, inordinate significance. Wagers were placed on the daily run and the date of arrival. After evening tea, the dining saloon might hold lectures, charades, rounds of whist and singing. A bold man could even venture, trolling, into the ladies cabin. This snuggery affords tolerable convenience for a little flirtation,  noted the Irish actor Tyrone Power, if you are lucky enough to get one up.


    On clear nights, far from the obscuring lamps of shore, and in the prevailing deprived mood of being easily diverted, passengers seized on natural light shows. The sun would fall into the western horizon, a blazing ball that slowly guttered out as though being submerged in the sea. The moon would rise, never before so distinctly. Stars filled the sky, brighter and denser than when seen from land. Whole new constellations revealed themselves to the naked eye. In every direction, the sky arched all the way down to the horizon. Shooting stars zoomed around this vast inverted bowl, and the aurora borealis looked deeper and more brilliant in its roses and purples. From the Europe in 1835, cruising along at nine knots, Anna Eliot Ticknor of Boston watched the phosphorescence tossed up by the bow. The foam at the stern glittered like diamonds. Distant waves broke and lit up. Porpoises darted around, leaving trails like seaborne comets. The sails and rigging glowed. It was all so wild and beautiful.


    People stayed up late because sleeping was so difficult. After the sumptuous meals and lounges, the private sleeping quarters inevitably disappointed: small, unheated, dimly lit, and poorly ventilated. About as big as that allowed to a pointer in a dog-kennel, the English novelist Frederick Marryat groused. I thought that there was more finery than comfort. The berth, generously called a bed, offered thin sacking over boards and a hollow down the middle that was supposed to hold the occupant in place. Emersons sides grew sore from rolling back and forth. Oh for a bed! Fanny Kemble keened. A real bed! Any manner of bed, but a bed on shipboard! Settled down for sleep, a passenger could not miss the remarkable, unexpected variety of noises on a wooden sailing ship. The waves kept up a steady background of thumps and pulses, generating constant small motions in the seams of the hull, flexing and twisting, which caused sharp creaking sounds in the jointed woodwork of bulkheads, cabin partitions and steerage bunks. Passengers lay awake in their berths, trying not to hear. The animal barnyard overhead maintained a running, distressed commentary. The mates and sailors yelled back and forth, their footfalls thuddingly heavy at night, as they changed sails and scraped down the deck with screeching holystones. Wind whistled through the rigging. Morning could take a long time coming.


    The English author and protosociologist Harriet Martineau wrote the fullest, most forgiving account of a packet voyage. In August 1834, thirty-two years old, she had just completed a popular series of short stories that improbably urged the beauties of classical economics. For over two years she had written so constantly that she could not spare time even to take a walk. With that work finally done, basking in her first great success, she booked passage for New York on the Red Star Lines United States, 140 feet and 650 tons. Martineau looked forward to a restful month on the ocean without mail, newspapers, or intruding strangers, and then would travel around America to report on that boisterous, unmatured experiment in democracy.


    She catalogued the twenty-three cabin passengers on board: a Prussian physician, a New England preacher, a Boston merchant with his sprightly and showy young wife, a high-spirited young South Carolinian returning from study in Germany, a newly married couple who kept to themselves, a Scottish army officer whose many crotchets amused the young people, an elderly widow, a Scottish lady of undisclosed age, and a young man from Yorkshire. The rest were English and American merchants, transatlantic veterans not deemed interesting enough by Martineau for detailed comment. With two or three exceptions, they all mingled congenially into a single travelling party.


    The voyage began slowly, dawdling through calm days of little wind. The Americans, longing for home, became anxious. Martineau seized the welcome quiet time to think and be still. On the third day the wind freshened and the sea churned, leaving the dining saloon empty at dinner as most passengers remained seasick in their berths. The next morning, Martineau rose unsteadily but forced herself to dress and go up on deck to escape the bilious sights and activities below. Captain Nathan Holdredge took her to a seat by the rail. She looked out to sea, avoided noticing the invalids strewn around the deck, and felt better after half an hour. The wind was too strong for a large, flaring bonnet, but she tried a warm black silk cap, snugly fitted, which she recommended for any woman at sea.


    An uncommon traveller, Martineau had two qualities that maintained her spirits on the ocean: a bottomless curiosity and delight in new experiences, and an absolute refusal to be discouraged by anything whatever. After six days of mostly unhelpful winds, the United States was still only three hundred miles from Liverpool; at that rate the voyage would take two months. No matter. Our mode of life was very simple and quiet; to me, very delightful, she wrote. A voyage is the most pleasant pastime I have ever known. After breakfast, the happiest meal of the day, she sat down to write a long article, the one major task she had set herself for the trip. The New England preacher would find her a place on deck, out of the wind and sun, and there she wrote through luncheon until two oclock. Children from the steerage peered at the famous lady writer over her shoulder and from behind chests and casks. One particular man planted himself in front of her, arms akimbo, and stared at the point of her pen, transfixed by the mysterious act of female composition.


    Finished writing for the day, she took her position at the rail and exulted in the passing scene. If she wanted to be left alone, she held a volume of Shakespeare. Otherwise someone joined her. I strongly suspect, she later reflected, that those who complain of the monotony of the ocean do not use their eyes as they do on land. She saw Portuguese men-of-war, flying fish, dolphins, and the web-footed birds called Mother Careys chickens. A sail on the horizon brought everyone over to look and exclaim. Early one morning a distant ship made signals of distress. Great flutters of excitement; the faces of the gentlemen began to wear, in anticipation, an expression of manly compassion. Captain Holdredge took in sail and hove to. The other ship, it turned out, had only lost her longitude bearing. Holdredge shouted it out, angry over losing valuable time for such a small matter, and ordered the sails up again.


    The captain, kind and patient even with repeated, unanswerable questions, could never forget his mandate for maximum speed at all times. One day Martineau noticed another ship ahead on the same westerly course. She told the captain, who took a hard look through his telescope and then barked out sharp orders to the helmsman and crew. The other ship was the Montreal of the rival Black X Line. Smaller and slower, she had left England four days before the United States. An ocean race was on. Our captain left the dinner-table three times this first day of the race, and was excessively anxious throughout. It was very exciting to us all. In three days the United States overtook the Montreal and left her far behind, slowly falling below the eastern horizon.


    Most days were clear enough for visible sunsets. Everyone, from cabin and steerage alike, gathered on deck. A few climbed up into the rigging. People grew quiet except for pointing out particular features in the clouds or sea. As the sun went under, some of the party stood on tiptoes, reaching for one last glimpse. Then the normal talk and bustle resumed as walkers promenaded the deck, thirty paces up and back.


    After evening tea, Martineau avoided the convivial cabin and found a place to herself at the stern. A true writer, an onlooker by nature, she craved a safe solitude from which to watch developments. She studied the wake behind, a long train of pale fire, and the sails ahead, outlined against the sky and stars. A night fog might scud through, thick and moving fast, with occasional open spaces for the moon. Lost and engrossed, utterly content, sometimes she forgot that she was at sea. Snatches of old songs floated through her head from nowhere, and the first poems she had ever loved. Such are the hours when all that one has ever known or thought that is beautiful comes back softly and mysteriously.


    She did acknowledge a few discomforts at sea: rainy days that kept everyone below in stifling air, and prolonged calms that made tempers short, provoking rude behaviour at dinner and accusations of cheating at shuffleboard. In mid-ocean, a ferocious storm lasted all night, to the disquieting sounds of breaking glass and screaming women. Towards the end of the long voyage, the dried fruits got mouldy, and the kitchen ran out of cider, ale, claret and soda water. In general, though, Martineau denied the usual purported annoyances of ocean travel. She made a list, in her methodical way, of all such claimed aggravations, along with their (to her) satisfactory remedies.


    
      	Seasickness. (An annoyance scarcely to be exaggerated while it lasts. No remedy.)


      	The damp, clammy feel of everything one touches. (Wear gloves, and clothes too worn to be spoiled. In this latter device nearly the whole company were so accomplished that it was hard to say who excelled.)


      	Lack of room. (Put everything away in tight, orderly fashion.)


      	The candles flare, dribble wax, and look untidy. (Avoid looking at candles; go to the stern at night, which has its own, better lights.)


      	The seats and beds are too hard. (Have patience. Try air cushions.)


      	Freshwater use is limited. (Bathe in seawater, and drink cider at dinner.)


      	The cider may run out. (Switch to other beverages.)


      	The noise of sailors scraping the deck. (Again, patience; because the deck must be scraped.)


      	The clamor overhead when the sails are shifted at night. (Go back to sleep.)


      	Sour bread. (Eat biscuits.)


      	Getting sunburned. (Dont look in a mirror.)

    


    Not even the North Atlantic Ocean could daunt such a temperament. (It should be noted that Martineau was partly deaf and therefore protected from the worst noises at sea.) After the restive final stretches of the passage, everyones spirits rose as the ship approached America. People changed into their best clothes, not seen for weeks, in preparation for landing. The United States reached New York after forty-two days: a long but agreeable voyage, she insisted.

    



    By the late 1830s, twenty packet ships were running from New York to Liverpool, twelve more to London, and sixteen to Le Havre. Every month, a dozen packets left New York for Europe and a dozen more arrived; an average of one ship every thirty hours, all year long, regardless of the wind and weather. The packets suffered occasional collisions and founderings at sea, but only two accidents caused any loss of life over the first two decades. The Albion of the Black Ball Line sank off Ireland in 1822, killing forty-six people, and four years later the Crisis of the Black X Line disappeared on a westbound run with her crew and about a dozen passengers. Those two disasters aside, the packets had compiled  for the time  a remarkable record of fast, safe, predictable transatlantic travel.


    According to testimony from both sides of the ocean, Americans were building and running the finest sailing ships in the world. A London newspaper in 1834, after comparing the safety records of the New York packets and the British governments mail ships, urged the Admiralty to buy American vessels. In 1836, a committee of the British Parliament inquiring into the problem of shipwrecks presented evidence that American ships were better built than their British counterparts (and thus preferred by shippers and insurance agents), and that American commanders and officers were more educated and competent and American seamen more carefully selected, more efficient, and better paid  to the point that the best British sailors were defecting to American ships. American authorities could only happily agree. Matthew Maury, an American naval officer and one of the founders of oceanography, praised the New York packets in 1839 in language of patriotic but unchallenged hyperbole: For strength, safety, fleetness and beauty; and for a combination of all the requisites of a good ship, in such admirable proportions, no nation can boast of vessels, public or private, comparable to them.


    The packets became, in some measure, the victims of their own success. They had created the very notion of rapid technical improvement in transatlantic travel. Passengers came to expect bigger, faster ships every few years. The wind, however, could not be improved: it blew hard or not at all, from the east or west, but always beyond any human control. Sailing ships could only depart on a scheduled date. The time of arrival might then vary by weeks, depending on the oceans vagaries. Steam power extended the possibility of keeping a ship on schedule, or nearly so, at both ends of the passage. But Americans became so proficient and applauded at turning out wooden sailing ships that, as time passed, they  in complacency and inertia  kept building those ships for too long, far past their technological prime. In Great Britain, especially in Scotland, other men were about to take over the leadership of transatlantic shipbuilding.

  


  


  
    2.

    Steam on Water


    Steam power drove both the Industrial Revolution and the progressive nineteenth century. Of all the thousands of inventions that have created the pervasive material modernity of the past two hundred years, the steam engine was the first cause, the prime mover and sine qua non. Unlike muscle power, it never tired or slept or refused to obey. Unlike waterpower, its immediate predecessor, it ran in all seasons and weathers, always the same. Unlike the wind, it responded tractably to human will and imagination: turning on and off, modulating smoothly from the finest delicacy to greatest force, ever under responsive control. It is impossible to contemplate, without a feeling of exultation, this wonder of modern art, the Quarterly Review of London declared in 1830. After first transforming mining, manufacturing and transportation, from those bases the steam engine eventually reached into the smallest aspects of everyday life. Seen from the distant perspective of two centuries later, the great Steam Age looks like an unbroken, triumphal march.


    Seen closer at hand, the application of steam power to any given field was a messy process overflowing with false starts and repeated, redundant discoveries. The most baffling aspect of inventing a steamboat, it turned out, did not involve the engine, fuel, boiler or hull. Instead it came down to the propelling mechanism, the essential driving link between the steam engine and the water. The challenge of how to contrive a harnessing device that would let an engine power a boat forward, even against winds and tides, had no obvious, inevitable solution. Many lone tinkerers in Europe and America tried to solve the puzzle and subsided in defeat. One such inventor worked out key practical breakthroughs and even built and ran an influential steamboat; but he was overwhelmed by unrelated forces beyond his ken, became discouraged, and died broke and unappreciated. Another pioneer took the work of this inventor and others without giving credit, later lied about it, and finally perjured and embarrassed himself; but he also thereby acquired great fame and fortune, and to this day retains a thumping historical reputation as the true father of steam navigation. The story has its ironies.

    



    The steam engine and steamboat both emerged from a visible chain of invention: a series of innovators, aware of earlier work in the field and consciously building on it, adding and subtracting and thus moving the whole process forward by small increments until the machine ran right. The final, laborious success when ultimately achieved was descended from many parents, leading to bitter quarrels and lawsuits over who should get the credit and rewards.


    For thousands of years, unconnected individuals had puzzled over how to control and use the power of steam. Nothing important happened until Thomas Newcomen started a chain of invention in 1712. An ironmonger in southwestern England, Newcomen made tools for the tin miners of Cornwall. As mines were dug deeper, they were flooded with groundwater, overwhelming any manual or horse-driven pumps. Newcomen invented a steam-powered mine drainer: a large horizontal beam, pivoting at the middle, linked to a water pump at one end and a vertical piston and cylinder at the other. Steam entered the cylinder at the bottom and drove the piston upward; at the top of the stroke, cold water sprayed into the cylinder below the piston condensed the vapour back into liquid form, creating a partial vacuum which pulled the piston back down to repeat the cycle. The engine worked  but was bulky, expensive, and inefficient. It takes an iron mine to build a Newcomen engine, the saying went, and a coal mine to keep it going.


    Skip ahead to a classic moment in the history of modernity. In the winter of 1763-64, a Scottish instrument maker at Glasgow University was asked to repair a model of a Newcomen engine. James Watt, then twenty-eight years old, mended the model and started pondering the general problem of steam power, especially the obvious waste and inefficiency of the Newcomen design. He tried making the boiler surface larger, and placing the fire in the middle of the water supply, and even using wooden pipes and boilers (because they would conduct and lose less heat than metal components). One Sunday early in 1765, while walking across Glasgow green, Watt finally got it: create a separate condenser so the cylinder could remain at essentially the same temperature throughout the cycle, saving time and fuel because no steam would be lost to condensation from entering a cold cylinder. I can think of nothing else but this machine, Watt informed a friend. Write meif any part of what you have to tell me concerns the fire-engine.


    For the next crucial step, moving from inspiration to application, Watt needed help. Beset all his life by poor health and severe headaches, timid by nature and easily discouraged, Watt dealt uncertainly with the world outside his workshop. Jamie is a queer lad, noted the wife of an associate. Matthew Boulton, a Birmingham manufacturer, offered to become a midwife to ease you of your burthen, as he put it to Watt, and to introduce your brat into the world. Boulton had more experience than Watt in the metal industry, ready access to money, and many useful contacts. Watt joined Boulton as partners in Birmingham. With a patent obtained in 1769, and later extended, they essentially controlled steamengine technology for the next three decades. Watt and Boulton formed the first and most important of the many talent-meshing teams of engineer and entrepreneur that later propelled the Industrial Revolution.


    With Boulton in the background, prodding and executing, Watt made further improvements, notably a double-acting cylinder whereby steam alternately drove the piston in both directions, yielding two power strokes in each cycle. He also devised linkages and gearings to convert the pistons in-and-out reciprocating action to a rotary motion that could power the machinery of mills and factories. The people in London, Manchester, and Birmingham, are Steam Mill Mad, Boulton advised Watt, and therefore let us be wise and take the advantage.


    Amid his great success, Watt never stopped fretting about competitors and potential patent infringers. To protect himself and his inventions from the onrushing progress of modernity, he grew defensive and started resisting improvements. He quashed innovations in his own shop (especially efforts to raise boiler pressures and efficiencies beyond a modest four pounds per square inch), refused to license others to use his refinements, and hounded anybody else who dared to build a steam engine. The exploding genie of constant, rapid technological change  which his steam engine had midwifed  finally turned and overwhelmed him. I do not think that we are safe a day to an end in this enterprizing age, he warned Boulton in 1782. Ones thoughts seem to be stolen before one speaks them.It is with the utmost difficulty I can hatch anything new. Beset by this immobilizing difficulty, losing his fragile nerve, he stopped trying. But his engine and its revolutionary impacts steamed ahead, gathering speed.

    



    From the 1780s on, various lone inventors in France, Great Britain and the United States tried to create a steamboat. For the propelling device, some of these pioneers used an application of the familiar waterpower wheel, which converted a stream of water into rotary motion to run a mill or factory: instead of water moving the wheel, the process was reversed so the engine-driven paddle wheel moved the surrounding water and thus the boat. But a paddle wheel was only one of several unsatisfactory early alternatives. Other propelling mechanisms given trials included a set of vertical oars that imitated manual rowing action (by the American John Fitch, in 1786), a jet of water forcefully expelled at the stern (by another American, James Rumsey, in 1787), and palmipedes, or duck-footed paddles (by the Earl of Stanhope, in London in 1790). None of these early attempts worked very well or led to any ongoing commercial success. Their inventors tinkered in general isolation from each other, without knowing about or profiting from what their predecessors had done. Steamboats as yet lacked a chain of invention.


    William Symington started such a chain through his own inventions and by their later impact on others. He was another Scotsman, born in 1764 in Lanarkshire, south of Glasgow. Educated for the ministry, he was instead caught up in the inventive currents then starting to swirl around southern Scotland. My natural turn for mechanical philosophy led me to change my object, he recalled, and to direct my studies to the exercise of the profession of a civil engineer. He made some improvements in the steam engine  earning the suspicion of James Watt  and crafted a model of a steam carriage for road travel. This model brought him to the attention of Patrick Miller, a retired Edinburgh banker who had devised a manually powered paddleboat.


    In 1788 Miller hired Symington to build and install a steam engine in this vessel. Symington used his own design, an engine with two cylinders of four-inch diameter and eighteen-inch stroke. A second version with a larger engine had a successful trial a year later, carrying seven passengers at five miles an hour. But this success drew potential legal action by the ever-vigilant Watt for alleged patent infringement. After Miller lost interest in the experiments and withdrew his financial support, Symington dropped his steamboat efforts for a decade and made a living by building mining machinery.


    The expiration of Watts patent in 1800 released a flood of pent-up inventive energy. Thomas, Lord Dundas of Kerse, a large shareholder in the Forth and Clyde Canal, remembered Symingtons experiments of the late 1780s. The canal, completed in 1790, stretched thirty-five miles from the River Forth near Edinburgh to the River Clyde near Glasgow, providing a water link across Scotland between the Atlantic Ocean and the North Sea. The canals average width of about fifty-six feet left little room for a sailing vessel to tack back and forth, so most of the barge traffic was drawn by horses along a tow path. Lord Dundas provided Symington initial seed money for a canal steamer.


    In June 1801, Symingtons first new prototype ran successfully for two or three miles on the River Carron to Grangemouth. The nice and effectual manner in which the machinery is applied, a Glasgow newspaper commented, is an additional proof of the merit of Mr Symington, the engineer, and the whole plan is highly honourable to Lord Dundas. That autumn Symington patented his novel arrangement of a connecting rod and crank between the engine and paddle wheel shaft.


    A second prototype, larger and more powerful, was named the Charlotte Dundas after the sponsors wife and daughter, who shared the name. The vessel was a broad-beamed towboat, fifty-six feet long by eighteen feet wide, powered by a one-cylinder engine driving a paddle wheel in a recess at the stern. The engine was built at a local foundry, the Carron Works, with a piston twenty-two inches in diameter and a four-foot stroke: an enormous increase over Symingtons first steamboat engine of 1788. His solution to the besetting early problem of paddle wheels  the dilemma that drove other pioneers to water jets and palmipedes  was to elevate the wheel quite high above the water. When a wheel was submerged to its midpoint, half in and half out of the water, much of its driving motion was wasted. A paddle entered the water in a horizontal position, slapping downward, and did no useful propelling work until it had run through almost forty-five degrees of its rotation. Only at the bottom of the cycle was it actually propelling the boat forward. On the back stroke, the process was reversed, as for the final forty-five degrees the paddle pushed largely upward until it cleared the surface. About half its energy simply thrashed the water up and down to no purpose. To avoid this waste, Symington placed the eight-bladed wheel of the Charlotte Dundas so high in the hull that only three of the paddles reached the water at once, at the bottom of the cycle, all of them working together to
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