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            Foreword

         
 
         I discovered William Armstrong in Jesmond Dene. I had visited Cragside a couple of times and, like millions before me (Cragside welcomed its four millionth visitor in the summer of 2009), had marvelled at Armstrong’s amazing inventions, his taming of the landscape, and the quirky originality of the house he had built amid the bleak Northumberland moors. Later I learnt that he had made his money from industry on the Tyne, from the manufacture of cranes, ships and – sharp intake of breath – guns. But it was not until I had taken several solitary walks at dawn and dusk across the soaring Armstrong Bridge, a romance in wrought-iron and sandstone, and wandered along the banks of the Ouseburn that I really began to get the measure of the man.
         

         Jesmond Dene is a unique urban gem. Little more than a mile from the centre of Newcastle, the vibrant heart of north-east England, the dene is a deep cleft in the landscape whose steep and wooded banks frame an enchanting burn that is sometimes gentle, sometimes tempestuous as it rushes past rocks and flows over rapids. Running north–south into the Tyne, the Ouseburn is the lure that induced Armstrong to make a home there in the 1830s with his new wife, Meggie Ramshaw.

         As the years went by, the Armstrongs acquired, through purchase and inheritance, more and more land along the dene. Not content with the natural beauty of the place, they set out to improve what they found there, landscaping both the river and its banks, adding waterfalls, stepping stones, paths and bridges, and cultivating many exotic as well as native trees and plants. The aim – achieved more obviously and dramatically at Cragside – was to recreate the experience of being in the mountains, and to do it as unobtrusively as possible. ‘I am a greater lover of nature than most people give me credit for,’ wrote William Armstrong in 1855, ‘and I like her best when untouched by the hand of man.’

         The shaping of Jesmond Dene was much more than an act of self-indulgence, however. Like many of Armstrong’s achievements, it had far-reaching significance. When he handed over almost 100 acres of his land in the dene to the city of Newcastle as a public park, he made it clear that his main motivation was to improve other people’s quality of life. He had earlier built a banqueting hall in the dene – intended not for sumptuous feasting but as a place where he could hold tea parties for his employees at Elswick Works. The mighty industrialist, whose workforce would at times number more than 25,000, understood the importance to working people of leisure, reward and open-air recreation, and it was in this spirit that he made a gift of the dene to his fellow citizens.
 
         By mid-2005 I was scouring shops and libraries for books about this enigmatic figure, but found nothing that could genuinely satisfy my hunger. At the same time, the more I talked to people, the more I realised that the name Armstrong had tremendous resonance in Newcastle. There was the Armstrong Building, the bedrock of Newcastle University, for example, and the elegant low Swing Bridge across the Tyne, which would swing open (as it still does after 140 years) to allow ships to pass either side of its central axis. Those in the know pointed out that the hydraulic mechanisms Armstrong had pioneered in the construction of the Swing Bridge were later adapted to open and close the giant bascules of London’s Tower Bridge. There was even a statue of the great man and his dog outside the Hancock Museum, one of Newcastle’s favourite institutions, now reincarnated as the Great North Museum. He had contributed £100,000 to the Royal Victoria Infirmary, opened in 1906. And didn’t he have something to do with the Lit & Phil – that venerable institution near Central Station, founded at the time of the French Revolution, which played a leading role in Newcastle’s intellectual flowering in the mid-19th century, and survives to this day?
         

         Those with more recent memories mentioned Vickers-Armstrongs, the mighty defence contractor that continued as a major employer on Tyneside until well into the 1980s. Before that it had been Armstrong Whitworth with its formidable Walker Naval Yard and, even further back, Armstrong Mitchell, producer of gunboats and fast cruisers for all the world’s leading navies. And how did the popular car-maker Armstrong Siddeley and the aviation firm Hawker Siddeley fit into the picture? Much later, I learnt that Bamburgh Castle on the Northumberland coast had been bought and restored by Lord Armstrong (as he was by then) in the last few years of his life – and that the castle was still owned and tended by members of the Armstrong family.

         By the time I realised that 2010 was the bicentenary of William Armstrong’s birth – he was born the year after Charles Darwin – I knew that I should be writing his biography. His 3,000-word obituary in The Times made it clear that he had been a national hero who was seen by many as Britain’s saviour at a time of grave threat from hostile forces, and his fame stretched around the globe, from Chile to Italy to Japan. How could it happen that this remarkable figure had been almost forgotten in his native land – especially when dwindling energy supplies, industrial decline, and the threat of global warming meant that we were more than ever in need of his scientific genius, to say nothing of his inspirational business skills?
         

         By reviving Armstrong’s thoughts and ideas as expressed in his own writings, Magician of the North attempts to reach a deeper understanding of his achievements, and to penetrate the desires and motivations that spurred one great Englishman to pursue single-mindedly the path to true knowledge.
         

         Henrietta Heald
         

      

      
    

  
    
      
         
         

         
            Sources and Acknowledgements

         
 
         Ken Wilson, a National Trust volunteer at Cragside for almost two decades, has an interest in William Armstrong that dates from the Second World War, when, as a young boy, he was evacuated from Tynemouth to Rothbury. Ken has amassed an extensive archive of written material, images, film clips, and sound recordings relating to Armstrong, Cragside, and the Armstrong family, to which he has allowed the author unlimited access. Without Ken’s diligence and generosity this book could not have been written. Zena Chevassut, a friend and colleague of Ken, carried out useful research into Armstrong’s father’s family and uncovered some intriguing documents, including the younger Anne Armstrong’s lakeland diary.

         One of Ken Wilson’s most important discoveries was an unpublished history of the Elswick Works, written in the late 1940s to mark the centenary of the founding of the works. A. R. Fairbairn, the author of this fascinating and detailed document, has been described as works architect at Elswick, but he died before the book could be published, and in the event a much shorter version of the firm’s history was published by what was then Vickers-Armstrongs. Little more is known about Fairbairn except that he was an enthusiast for Esperanto. An anonymous preface to the Fairbairn typescript, a copy of which was deposited in the Vickers’ archives at Cambridge University Library, describes his work as ‘most accurate’ and mentions that his research was ‘used extensively’ by J. D. Scott, the author of Vickers: A History, published in 1962. What is known about Elswick’s history from other sources is corroborated by Fairbairn’s account, and the author is indebted to him for many details not recorded elsewhere.
         

         The largely unpublished journals of Thomas Sopwith, written over a period of 57 years, from 1822 until his death in 1879, are a treasure trove of information, not only about Sopwith’s great friend William Armstrong but also about the Victorian age and, in particular, its scientific luminaries. The diarist’s descendant Robert Sopwith, the guardian of the original 168 leatherbound volumes, has kindly granted the author permission to quote freely from them and to reproduce the photograph of Sopwith and Armstrong taken in 1856. A microfilm version of the diaries forms part of the Special Collections at the Robinson Library, Newcastle University.

         Peter McKenzie, a former employee of Vickers who wrote a short biography of Armstrong in 1983, also provided invaluable information, including helping to explain what happened to the various Armstrong companies after the merger with Vickers in 1927. Peter put the author in touch with Rosemary Rendel, the granddaughter of Armstrong’s protégé George Rendel, who had herself carried out extensive research into the Rendel family and their engineering achievements, with a view to publishing her own book on the subject. Despite her advanced age, Rosemary was a fund of fascinating stories about the Rendels and gave permission for quotations from family correspondence. Thanks are also due to Jonathan and Jane Rendel and Christopher Rendel. Even before the author read Peter McKenzie’s W. G. Armstrong, the life and times of Sir William George Armstrong, Baron Armstrong of Cragside, she had been inspired by Ken Smith’s illuminating but all too brief account of Armstrong’s life, Emperor of Industry.
         

         Since virtually everything Armstrong said and wrote is either unpublished or out of print, the author has relied heavily on the assistance of librarians and archivists, in particular Liz Rees and her excellent team at Tyne & Wear Archives, which holds a vast collection of items relating to the Armstrong, Watson-Armstrong, and Rendel families and businesses, including hundreds of letters written by William Armstrong on both personal and professional matters; for the sake of space, these are not listed individually in the chapter notes. The author would also like to thank the staff at the British Library (especially those in the Rare Books reading room); Robinson Library, Newcastle; Durham University Library; Cambridge University Library; the Bodleian Library, Oxford; and the libraries of the London School of Economics (LSE) and University College London (UCL).

         Particular thanks are due to Martin Dusinberre of Newcastle University for his insights into Armstrong’s relations with Japan; Brendan Martin for his comments on industrial relations in late Victorian Britain; and John Clayson of Newcastle’s Discovery Museum for his lucid explanation of scientific and engineering matters. John Clayson co-curated with Laura Brown a major exhibition at the Discovery Museum of Armstrong’s life and works. Other individuals who helped with research and provided advice on improvements and amendments include Stephen White of Carlisle Library and Richard Sharp of the Literary and Philosophical Society of Newcastle upon Tyne (the Lit & Phil) (William Armstrong senior); Celia Lemmon (James Losh and the Losh family); Jo Hutchings and Frances Bellis of Lincoln’s Inn Library (William Henry Watson); Michael Hush of the Open University (engineering); Adam Hart-Davis (hydraulics); Norman McCord (industrial relations); James Tree (Hollist family); and last, but by no means least, the redoubtable Ian Fells, emeritus professor of energy conversion at Newcastle University.

         The custodians and staff at Cragside and Bamburgh have given generously of their time and wisdom. Among those currently or historically associated with Cragside, the author would like to thank, in particular, Alison Pringle, Andrew Sawyer, Robin Wright, John O’Brien, Pam Dryden, Kate Hunter, Dennis Wright, Pamela Wallhead, Justine James, Carole Evans, Caroline Rendell, Hugh Dixon, Helen Clarke, and Sadie Parker. At Bamburgh, Lisa Waters and Chris Calvert have been unstinting in their help and support, and through them the author had the pleasure of meeting Francis Watson-Armstrong and Claire Thorburn; among others with a Bamburgh connection, the author would like to thank Carol Griffiths and Charles and Barbara Baker-Cresswell. Thanks are due also to Seamus Tollitt, Ouseburn Parks Manager, Robert Wooster and Sarah Capes, who enabled the author to consult the Jesmond Dene archives, and to Anna Newson, Tom Hope, John Penn, Carlton Reid, and other Friends of Jesmond Dene.
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            Xanadu

         
 
         It was 19 August 1884 – a hot and dazzling Tuesday in Newcastle upon Tyne.  At 5.25pm, two minutes early after its 5¾-hour run from London, the royal train  steamed triumphantly across the High Level Bridge into John Dobson’s magnificent  Central Station, where a dense crowd surged forward, eager to catch a glimpse of  the occupants. The portly middle-aged Prince of Wales was of secondary interest,  but his popular Danish wife, Alexandra, and their five children, aged from 14 to 20,  were greeted with exultant cheers and wild flag-waving. Never before had the young  princesses, Louise, Victoria, and Maud, and their elder brothers, Albert Victor and  George, accompanied their parents on such an expedition.
 
         Although it was the first royal visit to Tyneside since 1854, there was no time at  that moment for anyone to disembark. The train had halted for barely five minutes,  taking on board a group of local dignitaries, before it swept north out of the curving  station and disappeared into the distance in the same stately fashion as it had arrived.
 
         For that evening, at least, a more rural destination beckoned. The royal party’s  chosen resting-place during its three-night stay in the English borderland was the  village of Rothbury on the River Coquet. There the princes and princesses would  enjoy the hospitality of Sir William and Lady Armstrong at Cragside – an astonishing  modern house in the Old English style, carved out of bleak Northumberland  moorland. As the Prince of Wales stepped out onto Rothbury’s crimson-carpeted  platform, one hour and a quarter after leaving Newcastle, a tall, elegant, top-hatted  figure detached itself from the welcoming committee and stepped forward to shake  hands with the heir to the throne.
 
         William Armstrong had first met the Prince of Wales at the opening of Great  Grimsby Docks by the Queen and Prince Consort 30 years earlier, when Albert  Edward was a 13-year-old boy. On that occasion, the prince had been given a thrill  by one of Armstrong’s early inventions, when he, his father, brothers, and sisters were  hoisted up the 300-foot-high water tower by a hydraulic lifting mechanism.  Armstrong described in a letter to his wife how the Queen stood laughing at them  below. ‘Certainly the hydraulics were the great attraction,’ he wrote, ‘and I’ll be bound  for it will be talked about by the children as long as they live … The Queen very  nearly agreed to go up in the hoist but time was too pressing.’
 
         At Cragside, furious preparations for the royal visitors had been under way for  several weeks – ever since it had become clear that the Prince of Wales had spurned the  Duke of Northumberland’s offer of accommodation at Alnwick Castle in favour of an  opportunity to stay at the home of the world-famous engineer. The size of the royal  retinue had made it necessary for the Armstrongs to reserve the entire County Hotel  at Rothbury, in addition to Cragside itself, for the use of the visitors. Twenty extra male  waiters had been employed to serve the guests at meals – outnumbering the permanent  staff in the house. Margaret, Lady Armstrong had engaged London caterers approved  by the Prince of Wales and ensured he would be well supplied with his favourite  champagne. The menu for the first dinner included oysters, clear turtle soup, pâté de  foie gras, stuffed turbot, roast haunch of venison, grouse, and iced chocolate soufflé.
         
 
         By good fortune, the architect Richard Norman Shaw had just completed his  15-year transformation of Cragside from an unremarkable sporting lodge into a  residence fit for a 19th-century emperor. Shaw had not only wrought wonders on the  outside of the building, perched on a rocky ledge above the Debdon Burn, but also  commissioned interior work by the best craftsmen of the day. The Prince and Princess  of Wales would occupy the Owl Suite, which had built-in plumbing, Venetian  wallpaper by William Morris, and exquisitely carved American black walnut  furniture, including owl finials on the bedposts. Elsewhere in the house were Turkish  baths and every modern convenience for the royal visitors. In the evening, the guests  would gather before dinner in the magnificent drawing room, hung with paintings  by Constable, Turner, and Millais – and dominated at the far end by a spectacular  inglenook chimneypiece made of Italian marbles in blue, salmon, orange, and pink,  and weighing 10 tons.
 
         Set into the south front of the house was the Gilnockie Tower, named after the  stronghold of one of Armstrong’s more notorious ancestors. Rather than the  handsome high gable that Shaw had designed, the tower was topped off by a glass-domed  observatory, where its owner would retreat to gaze at the stars.
         
 
         But what entranced visitors to Cragside above all – and had won the house its  reputation as ‘the palace of a modern magician’ – were the domestic gadgets created  by Armstrong himself. Many were hydraulically driven, but others relied on  electricity. In an astonishing development – following Armstrong’s damming of the  Debdon Burn and his installation of a water-powered Siemens dynamo – Cragside  had four years earlier become the first house in the world to be lit by hydroelectricity.
 
         The immediate impact of this advance in human civilisation was evoked a  century later by the writer and broadcaster June Knox-Mawer: ‘The wonders of  science that Cragside could show were beyond any oriental palace-builder, even Kubla  Khan himself. There were Sir William’s hydraulic inventions, for instance, which  automatically turned the spits in the kitchens, sent the trays up and down by lift,  revolved the plants in the conservatories, and beat the gongs for family prayers and meals. Most marvellous of all were the incandescent lamps that blazed out from the  windows at night with a brilliance quite different from candle or gas.’1
         
 
         It was appropriate, therefore, that the arrival of the royal party at Cragside should  be celebrated by a festival of light. Outside the house, Armstrong had fitted a network  of lights that illuminated the whole valley. ‘Ten thousand small glass lamps were  hung amongst the rocky hillsides or upon the lines of railing which guard the walks,  and an almost equal number of Chinese lanterns were swung across leafy glades, and  continued pendant from tree to tree in sinuous lines,’ according to a contemporary  account.2 ‘Clouds of little lamps hung like fireflies in the hollow recesses of the distant  hills, and symmetrical designs in coloured lamps were placed along the steep flights  of rustic steps which lead from the depths of the valley to the upper grounds on  either side.’ The sight of the house itself was no less dramatic: ‘From every window  the bright rays of the electric lamps shone with purest radiance, and the main front  was made brilliant by a general illumination.’
         
 
         At 10pm a magnificent display of fireworks took place on Rothbury Hill under  the direction of James Pain of London and New York: ‘The woods and hills and  dales were illuminated with every ray of the rainbow, rockets, monster balloons,  shells, asteroids, and rayon d’or, batteries of Roman candles, electric shells, flights of  tourbillons and “Mammoth Spreaders”, said to be the largest shells in the world,  climaxed by a superb “aerial bouquet”.’3
         
 
         Fears about setting fire to the heather having been overcome, a cone-shaped  bonfire 20 feet high and consisting of huge logs of fir and pine and a large quantity  of tar barrels was built on the highest summit of the nearby Simonside hills, with a  similar one erected a few miles away at Elsdon. When the fires were set ablaze, they  were visible not only from central Newcastle but also from Yorkshire, Cumberland,  and the Scottish border, as well as from the most distant parts of Durham and  Northumberland.4
         
 
         
             

         
 
         Contrary to what the splendour of the event might suggest, the royal family’s host  that summer’s night was no prominent local aristocrat. Although William  Armstrong’s father had worked his way up from counting-house clerk on the  Newcastle quayside to prosperous corn merchant and town councillor, his father’s  father had made a meagre living in Cumberland as a shoemaker. Indeed, the  Armstrongs were descended from a band of border reivers, or clannish outlaws,  reputedly based in the ancient settlement of Bewcastle, north-east of Carlisle. In just  two generations, the head of the Armstrong family had transmogrified from an  unassuming artisan into a fabulously rich and sophisticated international  businessman at home in the company of princes.
 
         The festivities at Cragside – ‘one of the greatest galas ever seen in rural England’,  according to Newcastle Weekly Courant – were a mere prelude to the substance of the official visit, which would not get under way until the following day. An original plan to invite the Prince of Wales to open a new dock at Coble Dene near the mouth of the Tyne at North Shields had expanded to include an extravaganza that would see the royal party progressing all over Newcastle, granted city status only two years earlier.
         

         The outpouring of enthusiasm provoked by the occasion was reflected in the lavish decorations adorning the northern metropolis, with virtually every shop, public building, and monument festooned in flags, flowers, or evergreens, and triumphal arches spanning all the main roads on the route. Many otherwise unemployed local men had been paid to put up the decorations. The largest arch – 54 feet high and 42 feet wide – was built across Grey Street, with Grey’s monument resembling a gigantic maypole. The Times was particularly struck by the mass of illuminations and decorations and noted that the streets were so crowded that ‘locomotion was almost impossible’.
         

         In a leader published the next day, The Times proclaimed that the arrival in Newcastle of the Prince and Princess of Wales was ‘something more than an ordinary royal visit to a flourishing town’. Commenting on the excitement of the citizens and the unusually brilliant scenes in the streets, the newspaper elaborated on the significance of the occasion: ‘As a guest of Sir William Armstrong, the Prince is regarded as identifying himself with Newcastle in an unmistakable way, for Sir William Armstrong’s is a name which embodies all the great industries and interests of the city, and his fellow-citizens are proud of him.’ This pride was well founded, for Armstrong’s importance as a major employer who had attracted a great deal of trade to Newcastle was matched only by his acts of generosity to local people, apparently stemming from ‘the pure goodness of his heart’.
         

         The first task that the prince was due to perform – the opening of Armstrong Park – was an apparent reflection of this goodness of heart. Adding to an earlier gift of 20 acres, the industrialist was giving 62 acres of his land in Jesmond Dene, a renowned local beauty spot on the eastern edge of the city, to the people of Newcastle. The new public estate included a banqueting hall, built by Armstrong several years earlier as a place of entertainment for his employees at the Elswick Works – and since used to receive a multitude of eminent visitors.

         Arriving at Central Station at noon, the royal family transferred to horse-drawn carriages and drove through the steamy city streets to the sound of cheering crowds, followed by more carriages carrying Sir William and Lady Armstrong and other members of the party. ‘Windows and roofs and every point from which a view could be obtained on the route was occupied,’ observed The Times. ‘On the roof of St Nicholas’s Cathedral choirs of the town were gathered, and as the royal guests came into sight they sang “God Save the Queen” and “God Bless the Prince of Wales”.’ At the request of the prince, the procession also passed through some of the more industrial and poverty-stricken parts of the city, including Byker.
         
 
         Crossing Benton Bridge, an elegant iron structure built by Armstrong himself high above the Ouseburn, the procession wound its way down into the deep cleft of Jesmond Dene shortly before 1pm and, watched by some 6,000 spectators, made its way to the banqueting hall, where the Prince of Wales was presented with a golden key and asked to perform the opening ceremony. He remarked how glad he was that the park bore the name of Armstrong, after Newcastle’s great benefactor: ‘His name is known in the British dominions – I may safely say all over the world – as that of a great man and a great inventor. Not less known are his great liberality and his great philanthrophy.’ Then, a few yards from the banqueting hall, Princess Alexandra planted a young oak tree using a golden spade with a handle of black oak – a relic of Pons Aelius, the Roman bridge across the Tyne, which had survived for more than 1,100 years until its destruction by fire in 1248.
         

         Ever since his parents had built a home there in the 1820s, William Armstrong had been under the spell of Jesmond Dene. Despite its proximity to Newcastle, the dene had a rugged, untamed appearance that reminded him of childhood visits to Coquetdale, the place that more than any other had captured his soul. In common with the contemporary Romantic poets, in particular Wordsworth and Coleridge, Armstrong was drawn to wild mountain landscapes, finding in them a thrill that amounted almost to a transcendental experience. ‘I am a greater lover of nature than most people give me credit for,’ he wrote later, ‘and I like her best when untouched by the hand of man. The mountain air and the vigorous exercise suit my constitution, and produce an exhilarating effect which sometimes almost amounts to intoxication, while the total absence of all restraint inspires a glowing sense of liberty which I never elsewhere experienced.’ At Jesmond Dene – and later, more dramatically, at Cragside – Armstrong sought to replicate the experience of being in the mountains. ‘The solemnity also – and frequent awfulness of the scenes one meets with – excite feelings and reflections which may with all sobriety be described as tending to produce a moral and intellectual elevation, corresponding to the physical elevation of the body.’ As the years went by, he acquired more and more land along the Ouseburn and moulded the landscape to resemble his ideal of nature. It was in this form that he now passed on the dene to his fellow citizens.

         After the opening of Armstrong Park, the royal family and their retinue were entertained by members of the city corporation at nearby St George’s Hall, where lunch was followed by speeches and toasts. It was the turn of Newcastle’s radical Liberal MP, Joseph Cowen – editor and proprietor of the Newcastle Chronicle, and an old adversary of Armstrong – to take centre-stage.
         

         Among his many provocative acts, Cowen had backed the strikers during the bitter engineers’ dispute of 1871 – when Armstrong had led the employers to defeat over the issue of the nine-hour working day – but, despite their political differences, a mutual respect had since grown up between the two men. Cowen was a controversial choice as speaker. Not once did he mention the royal guests; instead, he proposed a toast to ‘the industries of Tyneside’ and went on to deliver a paean to Northumbria – her history, her achievements, and the enterprising character of her people. In a climax that must have astonished many of his listeners, the politician ended his speech with a breathtaking tribute to his former opponent.
         

         ‘No name can be more appositely associated with northern industry and public spirit than that of the founder of Elswick, who has cast his thoughts into iron, invested them with all the romance of mechanical art, and achieved wealth almost beyond the dreams of avarice,’ proclaimed Cowen. ‘But he does not live for himself alone. He is happy when others can share in his bounty. Self-prompted, self-sustained, and, as regards his present profession, self-taught, he has worked his irresistible way through a thousand obstacles, and become one of the ornaments of his country when his country is one of the ornaments of the world.’ The MP then reflected on the unique relationship between Armstrong and the people of Newcastle: ‘He has interwoven the history of his life with the history of his native place, and has made one of the foundations of its fame the monument of his virtues. He has shown how the lofty aims of science and the eager demands of business can be assimilated, how the graces of social taste and embellishment need not be sullied by vulgar prodigality.’
         

         Despite the audacity of its theme, Cowen’s speech was received by loud and prolonged cheering, according to The Times. But Armstrong himself struck a discordant note in his response – with a veiled allusion to a backstage row with the organising officials – when he lamented that, since so many events had been included in the programme, there would be no time for the royal party to visit his factories at Elswick: ‘An inspection of our places of industry which omits a view of the Elswick Works is rather like the play of Hamlet with the part of the prince left out.’ He was determined that his guests should at least have a view of Elswick from the river.
         

         That afternoon, the Prince and Princess of Wales inaugurated the Natural History Museum at Barras Bridge – a project spearheaded by the naturalist John Hancock and backed financially by many of Newcastle’s leading citizens. The new building contained what was reckoned to be the most important collection of birds in the British Isles, including a specimen of an extinct great auk, as well as outstanding geological collections and a herbarium of British plants. It also provided a home for drawings of birds and animals by the engraver Thomas Bewick, and collections of fishes, mammals, reptiles, insects, fossils, and shells.5 Moving on to the Free Library in New Bridge Street, the Prince of Wales formally opened its reference department.
         

         As they returned to Central Station to board the train to Rothbury, members of the royal party might have spotted, a short distance to the left of the station portico, the restrained Neoclassical façade of the Lit & Phil building, where more than 40 years earlier Armstrong had demonstrated in front of rapt audiences some of his first inventions, including a hydroelectric machine and a hydraulic crane. As a member of the Literary and Philosophical Society since 1836, and its president since 1860, he had attended and conducted debates there on all manner of topical subjects, contributed to the society’s vast and valuable collection of books, and put up the funds to build a 700-seat lecture theatre.
         

         It was those early adventures in science and engineering that had captured the imagination of a knowledge-hungry public, invested the young Armstrong with a mysterious, otherworldly aura – and won him, at the age of 35, a fellowship of the Royal Society. John Wigham Richardson, who went on to found Swan Hunter shipbuilders, was growing up in Newcastle in the early 1840s and remembers being taken to see Armstrong deliver a lecture at the Lit & Phil: ‘One dark night in the Christmas holidays, our father took us four elder children to see Lord Armstrong (then Mr William Armstrong, solicitor) exhibit his electrical machine … It was a weird scene; the sparks or flashes of electricity from the machine were, I should say, from four to five feet long and the figure of Armstrong in a frock coat (since then so familiar) looked almost demoniacal.’6
         

         During the final stage of the royal visit, Armstrong would have the chance to show off some of his greatest achievements to his future monarch – and he intended to seize it with both hands. But, before that, the royal family were looking forward to another sumptuous dinner at Cragside, from where they would observe the spectacular fireworks display, complete with bonfire, to be held at Cow Hill on Newcastle’s Town Moor, 30 miles away.

         
             

         

         Next day, at Fish Quay, the royal party joined the chairman and officials of the River Tyne Commission on board Pará e Amazonas, a palatial paddle-steamer built by Andrew Leslie of Hebburn to carry passengers on the Amazon, and lent specially for the occasion. In attendance were nearly 30 other gaily decorated steamers carrying Tyneside dignitaries and their hangers-on. Rather than heading east towards the sea, Pará e Amazonas first steamed upriver for a mile to offer its passengers a good view of Elswick Works, where, as the prince could see, a shipyard was under construction beside the long-established engine works and ordnance works. By the end of that autumn, the keel would be laid down of the first Elswick-built warship, the torpedo cruiser Panther, commissioned by the Austro-Hungarian Navy.
         

         Armstrong’s gilded business career had recently entered a new phase with the formation of Sir W. G. Armstrong, Mitchell & Co., a public company that cemented the long collaboration between the Armstrong firm and that of Charles Mitchell at Low Walker in Newcastle’s East End. Traditionally, Elswick Works had manufactured guns for warships built at Mitchell’s yard – but a new era had begun in 1876 with Armstrong’s building of the Swing Bridge between Newcastle and Gateshead, replacing an 18th-century stone bridge that had barred the passage of ships upriver. Driven by steam-powered hydraulic machinery that allowed it to swivel horizontally on a central pier, so that vessels could pass either side, the bridge had enabled the construction of ships at Elswick, 12 miles from the sea. The Tyne navigation had also been massively improved by dredging, and there were plans afoot to remove an entire island, known as King’s Meadows, from the centre of the river opposite the works.
         

         Described only three years later by the politician Lord Randolph Churchill as ‘almost one of the wonders of the world’, the Elswick Works was even then undergoing a huge expansion. In 1884 it employed fewer than 5,000 people; by 1900, the Armstrong workforce would have grown fivefold. During the last decade of the 19th century, Armstrong Mitchell would periodically occupy first place in the league of British shipbuilders.7
         

         Having turned around at Elswick, Pará e Amazonas led the long line of steamers back downriver, passing under Robert Stephenson’s High Level Bridge and through the Swing Bridge to be greeted by a crowd estimated to be around 80,000 on the Newcastle quayside. ‘On the high roofs of the houses, on the perilous tops of the most lofty chimneys, too, adventurous persons had perched,’ recorded The Times. ‘Wharves, wherries, the roofs of sheds, and the masts of ships, all were occupied; and even the pinnacle of the massive 80-ton crane carried its human burden. Everywhere the enthusiasm was unbounded. There was a continuous roar of cheering from the banks as the royal craft sped on.’ On the south bank of the river at Hebburn, more than 1,000 children were seen sitting on the side of a hill in a pattern based on the design of the Prince of Wales’s feathers; as the line of steamers approached, the children shouted and cheered, each vigorously waving a single white handkerchief.
         

         Soon after two o’clock, the royal procession arrived at the deep-water dock at Coble Dene, nearly nine miles from the Newcastle quayside, where it was surrounded by hundreds of small boats heavy with sightseers. Although it had cost £740,000 to build, the new dock was a triumph of the Tyne Improvement Commission, which had striven for more than 30 years to upgrade the river in order to maintain Tyneside’s pre-eminence in the shipping world. Their success had been highlighted by Joseph Cowen the previous day: ‘Three centuries ago the Tyne was the eighth port of the kingdom. Now it ranks second in number of ships that enter it, third in the bulk of its exports, and first in the universality of its trade.’

         One of the commission’s first great works had been the erection of two piers at the mouth of the river, which would eventually measure lengths of 3,000 feet (north pier) and 5,500 feet (south pier) respectively. Until 1860 there had been a sand bar at the entrance to the river, which gave a depth of only six feet at low water, and the entrance to the harbour was narrow and tortuous. Since then, 72 million tons of sand had been dredged, with the dredging carrying on at the rate of about 100,000 tons per week. The dock at Coble Dene had a depth of 30 feet at high water on a spring tide – a greater depth than any other dock on England’s east coast. A large staith had been constructed, on each side of which were four spouts for loading coal, meaning that coal could be taken on board waiting ships at a rate of 800 to 1,000 tons per hour.
         

         At the west side of the dock was a warehouse for storing up to 40,000 quarters (500 tons) of grain and fitted with the most modern hydraulic machinery available. The dock had a tidal entrance 80 feet wide and a lock entrance 60 feet wide, each fitted with gates made of ‘greenheart’ oak and operated hydraulically – again making use of one of Armstrong’s earliest and most far-reaching inventions. Indeed, everywhere on the river, and in a myriad other places around the globe – from coalmines to railway stations to great ports – were visual manifestations of Armstrong’s marvellous achievements in the field of hydraulics. The phenomenon was captured in a memoir by Evan R. Jones, who had served as American consul in Newcastle from 1868 to 1883: ‘For ten years of patient industry Armstrong thought and wrought to perfect and realize his idea. Now the freights of nations are swung by his crane. His hydraulic machinery is found on every mart of commerce in the civilized world.’8
         

         The Prince of Wales named the new dock Albert Edward and declared it open, whereupon lunch was served in a pavilion on the west side of the dock entrance. Afterwards, remarking on the indelible impression made by the Swing Bridge, the Prince expressed the hope that a similar bridge might one day be built across the Thames near London Bridge to serve the Port of London.

         Reboarding Pará e Amazonas, the royal party led the line of boats to the mouth of the river, where there was time for a close inspection of the massive piers. As the steamer approached the landing stage on the north pier, the Tynemouth Life Brigade impressed the audience with a hair-raising demonstration of its rescue work. Landing on the lower part, the visitors were taken up to the higher level in an improvised carriage and drawn by a small locomotive along the wagon way of the pier to a platform erected in the shadow of the old Tynemouth Priory and Castle. After another round of adulatory speeches, the princes and princesses were conveyed through the crowded and festooned streets of Tynemouth to the station, where a train was waiting to take them back to Rothbury.
         

         The royal family’s momentous visit to Cragside ended very much as it had begun, with a splendid formal dinner in advance of the departure by rail to Edinburgh the following morning. However, the visual record of those three days in August – a series of vivid watercolours by local artist Henry Hetherington Emmerson – portrays an atmosphere that is far from formal. Although he was the guest of a nouveau riche industrialist rather than someone of ancient lineage, the Prince of Wales showed no snobbery in his dealings with Armstrong. One of Emmerson’s paintings shows the prince and his two sons sitting in relaxed fashion on the terrace at Cragside, dressed in easy country garb – one smoking, another holding a local newspaper – all listening intently to their host’s words of wisdom. The Prince of Wales had inherited some of his father’s passion for scientific enquiry and engineering innovation – and Armstrong was the very embodiment of all that was new and exciting in the world of technology. In another painting, Emmerson depicts Armstrong in his library in the congenial company of Princess Alexandra and her three daughters. In a fatherly guise – which throws into relief his own childlessness – Armstrong points out to the young princesses an item of interest in a book. Again, even in a royal milieu, it is he who is the centre of attention.
         

         Despite the thrills they had experienced in Newcastle and along the Tyne, it was the magician’s palace that had most entranced the royal visitors. Invited to taste the fruits of their host’s personal Xanadu, they liked what they saw and succumbed to its delights. Not least among the attractions of Cragside, it was acknowledged, were the extensive rock gardens, in which Lady Armstrong’s creative hand was everywhere revealed. Cloaking almost five acres, much of it consisting of precipitous slopes, they took their character from the crags above the River Coquet and the Debdon Burn. Almost all the rocks and stones which make up the three gardens had been manoeuvred into place by men using only levers and pulleys. Local fell sandstone had been collected from the surrounding moors and placed to show its weathered sides, and cascades were included in the designs to the north and west of house to introduce movement and the sound of water. Among the plantings were thousands of heaths and heathers, ferns, azaleas, and numerous alpine species. Between them, the Armstrongs were reckoned to have planted on the Cragside estate more than seven million trees and shrubs.

         Three years after the royal visit to Newcastle, in Queen Victoria’s golden jubilee honours of 1887, Sir William Armstrong was raised to the peerage as Baron Armstrong of Cragside. However, some people muttered, as some always would, that Armstrong’s great wealth had been wrung from the blood and sweat of thousands of men less fortunate than himself, whose demands for improved working conditions he had cavalierly dismissed. His fiercest critics would later argue that Armstrong himself deserved nothing but contempt as a robber baron and a merchant of death – a man responsible for creating, manufacturing, and selling to all the leading nations on earth some of the most ferocious killing machines the world had ever seen.
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            The Kingfisher

         
   
         It all began with water. Even as a young boy, William Armstrong was inexorably drawn to the streams and rivers near his home in the rugged, hilly countryside east of the booming coal town of Newcastle upon Tyne. From an early age his passion was fishing, and he spent many happy hours with rod and fly, thigh-deep in the fast-flowing burns of Northumberland in pursuit of the elusive trout. By his own account a ‘weakly’ child, prone to recurring chest ailments, William also put great faith in the curative powers of water – a faith that stayed with him throughout his long life. During a recuperative fishing trip to Rothbury in 1843, he wrote reassuringly to his wife, Meggie: ‘I am now getting well as fast as can be. I have been almost continually in the water this glorious day and there’s nothing does me so much good.’
         

         William George Armstrong was born in the hamlet of Shieldfield on the edge of Pandon Dene on 26 November 1810, eight years after the birth of his sister, Anne. The family home was a three-storey terraced house in Pleasant Row with a back garden running down to the dene. Like many of the deeply cut valleys that fed their waters south into the mighty Tyne, by the mid-19th century Pandon Dene had fallen victim to the eastward expansion of Newcastle, and then been severed by a railway embankment. ‘Year by year Newcastle goes on filling up the denes and valleys which intersect her,’ lamented a contemporary chronicler.1 ‘One after another they disappear, and the picturesque undulation of the old town promises in time to give way to the level monotony of a flat surface.’ But in the early part of the century, when Anne and William were growing up there, the dene was a beguiling place, with the burn winding through it and the hum of watermills mingling with the sound of varied birdsong. ‘The mass of apple-blossom and the teaming luxuriance of the foliage which covered the banks, the little summer-houses in the trim gardens, and the winding pathway from the town to the Shieldfield, formed a picture of rare sylvan beauty.’ The original ‘Shield Field’ was the place where English soldiers would traditionally muster in preparation for their many battles against the Scots. Part of the attraction for children was the ruins of a fort built there in 1644, during the Civil War, to defend the Royalist garrison in the town against the Scots Covenanters. King Charles I had been allowed to play golf on the Shield Field during his captivity in Newcastle in 1646.
         

         A mile or so north-east of Shieldfield, at Jesmond, was another, equally enchanting dene that would prove more resistant to urban sprawl – and which, as the 19th century progressed, would lure more and more of the prosperous families of Newcastle to create homes and gardens along its ridges. With its steep and densely wooded banks giving way to wide grassy clearings, Jesmond Dene follows the course of the meandering Ouseburn for two miles between South Gosforth in the north and Jesmond Vale in the south. The river either flows purposefully through old woodland or gathers pace briefly in rapids and waterfalls, once used to power the corn and flint mills lining the valley. Featuring unusual rock formations, stepping stones, and a variety of bridges, the dene has a magical quality. Although in Armstrong’s day it was flanked by mines and small industrial works, even then it offered a wonderful respite from the urban world. The combination of its proximity to the centre of Newcastle and its aesthetic appeal made it a desirable place of residence for the emerging middle classes, and an influential community within a community evolved there. It was in this physically and intellectually alluring environment that William Armstrong would set up his first home in the mid-1830s.
         

         During the early years, however, it was the seductive charms of Coquetdale, 30 miles to the north, which exerted the strongest pull on young William. His father’s friend Armorer Donkin, a rich bachelor, had a country home at Rothbury on the River Coquet, and the Armstrong family were frequent visitors. Donkin – an early member of Newcastle’s Literary and Philosophical Society – numbered among his vast circle of friends the radical journalist James Leigh Hunt. Destined to play a seminal role in Armstrong’s brilliant career, Donkin was ‘most generous in the manner as well as the amount of his sacrifices’, wrote Leigh Hunt, describing him as ‘one of the men we love best in the world’.2
         

         Donkin and the Armstrongs, father and son, fished together on the Coquet and young William developed a talent for the sport. Among his mentors was Mark Aynsley, a young Rothbury shoemaker so skilled in the art of dressing flies that they would nearly always ‘fetch’ a Coquet fish. ‘I was scarcely ever away from the waterside and fished from morning till night,’ Armstrong admitted later. ‘They used to call me the Kingfisher.’3 He confessed to a fondness for poaching, which he always did alone, his favourite stretch of water being on the nearby Brinkburn estate, whose fish were, in theory, carefully protected: ‘I have many a time crept under the bushes close to the house and filled my creel.’ Even during the harsh northern winters, when the rivers froze over, he couldn’t keep away from the water, and he proved also a competent skater, who with his tall, slim physique and arresting good looks was said to have ‘carved some graceful figures on the ebony surface of the Tyne’.4
         

         To Armstrong, these childhood experiences were full of joy. ‘I believe that I first came to Rothbury as a babe in arms, and my earliest recollections consist of paddling in the Coquet, gathering pebbles from its gravel beds, and climbing amongst the rocks on the crag. For many years I annually visited Rothbury with my parents and under well-known local celebrities I learned to fish. The Coquet then became to me a river of pleasure. As I grew up, I extended my explorations of it from its mouth to its source, and acquired an admiration for its scenery which has been a source of enjoyment to me through all my life.’
         

         William Armstrong’s love affair with water – which only deepened as he grew older – and his desire in general to commune with the natural world, had an intensely practical side: a fascination with channelling elemental power to useful ends. This sprang from his wish to know how everything worked and, once he had found out, to improve on it – a pursuit that was given free rein during the long periods, sometimes months on end, when he was kept at home because of ill health. From as young as the age of five or six, William delighted in getting hold of old spinning wheels and other domestic items, and he would construct from them mechanical devices that could be set in motion by primitive pulleys, made from weights hung on strings from staircase railings. His interest in toys – which, whenever possible, he would take to pieces – depended on how far they satisfied his curiosity. His very early inventions included a new basket for fishing bait, designed to preserve minnows at the proper temperature.

         One of William Armstrong’s favourite excursions as a child was to the shop of old John Fordy, who did joinery work for his maternal grandfather, the Walbottle colliery owner William Potter. With Fordy’s help, he would make fittings for his miniature engines or earnestly copy the joiner’s work, acquiring a skill in the use of tools that proved invaluable in later life. Armstrong later told his friend Thomas Sopwith that his childhood had been ‘a continual study of electricity, chemistry and mechanics’ – none of which would have been taught at school.

         More than fifty years before the introduction of compulsory elementary education, there was already a number of thriving schools in the Newcastle area for the lower and middle classes, including charity schools, Sunday schools, and private academies such as the highly regarded Bruce’s Academy in Percy Street, attended by the future railway engineer Robert Stephenson, Armstrong’s near-contemporary. Armstrong’s early education at a private school in Whickham, west of Gateshead, was greatly supplemented by the intervention of his ambitious father, who had proved himself a skilled mathematician and had begun to amass a vast collection of books. And, like Robert Stephenson – who had been encouraged to assiduous study by his brilliant but illiterate father, George – he would have immersed himself in the library that formed a core part of Newcastle’s learned society, the Lit & Phil.

         By 1826, when Armstrong was sent to grammar school at Bishop Auckland in County Durham, his passion for mechanics was clear, and his enthusiasm for experimentation was growing. But the 15-year-old boy would have little opportunity to pursue those interests at school, where instruction was confined to ‘reading English, writing and accounts’ – in addition to the classics, a subject particularly valued by his father. A contemporary report reveals that there were, on average, 55 boys in the school, about 10 of whom received instruction in the classics. Classicists were expected to pay fees of 10s 6d a quarter.
         

         In Bishop Auckland, Armstrong lodged with Reverend Robert Thompson, master of the school since 1814, and in one notorious incident smashed a window of a neighbouring home while testing a home-made crossbow with missiles fashioned from the stems of old tobacco pipes. The renegade’s school career survived the incident, but it is an example of how his academic studies were clearly not sufficient to satisfy his curiosity. Years later he wrote to his friend Stuart Rendel about tactics for making time pass more quickly: ‘At school before the holidays I used to try a stick notched to correspond with the number of remaining days – one notch was obliterated every morning until the happy day of release arrived.’ Armstrong’s frustration may have had something to do with the master’s lack of commitment to his pupils. The governors later found that, during a particular five-year period, Mr Thompson had ‘rarely attended the school’, criticising the poor standards that had resulted.

         Despite this unsatisfactory state of affairs, Bishop Auckland – the chosen residence of the Prince Bishops of Durham since the 13th century – had its attractions, among which was the small engineering works of William Ramshaw, where the young Armstrong spent every spare moment. Impressed with the keen interest that the young man took in the machines, Ramshaw invited him to his home, where Armstrong met the engineer’s 18-year-old daughter, Margaret, three years his senior. Captivated by her quiet but arresting good looks, self-confidence, and strength of character, he must also have been struck by her intelligent grasp of her father’s craft – and perhaps even then had a foretaste of what a good match the two of them might make.

         One very large obstacle stood in the way of William Armstrong’s professional and amorous desires, however: his father’s iron determination that his son should pursue a career in law. Armstrong senior had worked his way up from lowly merchant’s clerk to leading member of Newcastle’s social and cultural elite – and would go on to become an alderman and, later, mayor of the industrial and commercial powerhouse on the Tyne. His own experiences had taught him that a combination of educational opportunities, hard work, and shrewd use of connections was the key to self-advancement, and – however persistently William tried to convince him – he could not see mechanics as a worthy occupation for his only son. Consequently, as William’s school days drew to a close, the idea arose that he should study law in London under the tutelage of his brother-in-law, William Henry Watson.

         A glamorous and clever former soldier, Watson had married Anne Armstrong in August 1826. As a member of the 1st Royal Dragoons, he had served under Wellington in the Peninsular War at the age of only 16. He shared in the Waterloo prize money and was present at the entry of the allied armies into Paris. Shortly afterwards, having decided to enter the legal profession, he moved to London from his native Bamburgh, in Northumberland, and occupied chambers in the Inner Temple, one of the four Inns of Court. He became competent to practise as a ‘special pleader’, an expert in drafting complex documents, and was later called to the bar. At the time of his marriage, Watson seemed set for great things, and his career flourished. In 1856, he would be knighted and made a Baron of the Exchequer.
         

         Whatever the youthful Armstrong’s feelings about the prospect of living and studying with his rather awe-inspiring brother-in-law in an unfamiliar city far from home, all protests about his father’s plans were silenced in the summer of 1828 by an event that shattered the entire family. On 1 June, William’s beloved sister, Anne, died suddenly aged just 25. Barely a year earlier she had given birth to her only child, John William Watson.

         
             

         

         Armstrong’s father, William senior, was a sympathetic but forthright figure who exerted a strong influence over his small family. Born in 1778 at Stanwix in Cumberland border country, within sight of the Roman Wall, he had the good fortune to grow up at Wreay, a few miles south-east of Carlisle, where in early life his path crossed with that of the dynamic Losh family. The son of a village cobbler, and descended from generations of yeomen, Armstrong senior numbered among his ancestors the infamous 16th-century border reiver Kinmont Willie.

         There had been a chapel at Wreay since the early 14th century, and around it had grown up a village that by 1811 consisted of 21 houses and 108 inhabitants. A schoolhouse was built there in 1760 to replace an earlier school established in the chapel. In Armstrong senior’s youth, the crowning glory of Wreay was Woodside, the Palladian manor on the northern edge of the village belonging to the Loshes. Originally known as Inglewoodside, the house had evolved from a simple pele tower in the forest of Inglewood into a many-roomed mansion surrounded by rolling parkland.5 It was presided over in the mid-18th century by John Losh, a descendant of the Arloshes who had inhabited the area for at least two centuries. Although no family members had been honoured with a title, they had prospered as landowners and county gentry. John Losh, known as ‘the big black squire’ of Woodside, had many children, six of whom survived. They included James (born in 1763), George and William, all of whom would play a vital role in the Armstrong story.
         

         James Losh, a prolific correspondent who also kept a diary, had radical and reformist leanings that would see him caught up in the fringes of the French Revolution. He reached the pinnacle of his career in 1832, when he was appointed Recorder of Newcastle, the highest judicial position in the north of England. Among his close friends were the poets Wordsworth and Coleridge and the liberal politician Henry Brougham, Lord Chancellor from 1830 to 1834, a key player in the abolition of the slave trade and renowned for his progressive ideas on schooling and the law.
         

         All the Losh children received a good education and all proved to have an aptitude for learning foreign languages. They started at the village school of Wreay, where William Armstrong, who had developed an early interest in mathematics, would follow them a few years later. John and James went on to school at Sedbergh to study under the renowned mathematician John Dawson. James Losh held his maths teacher in high esteem, regarding him as a friend: ‘He was a man of exemplary purity and simplicity of manners, profound knowledge of mathematics, and had the best manner of conveying instruction which I ever witnessed.’6 An introduction to Dawson by the Loshes would have done much to stimulate the young William Armstrong’s growing passion for mathematical study.
         

         At Wreay village school, meanwhile, their tutor was William Gaskin, the local priest, a man who – fond of hunting and cock-fighting as well as ecclesiastical pursuits – combined eccentricity and learning in equal measure. ‘Mr Gaskin is uncouth in his manners and abrupt and confused in his manner of speaking,’ wrote James, ‘but is certainly a man of considerable powers of mind and when a young man was a law student and by no means a bad Latin and Greek scholar.’ Gaskin enjoyed a special relationship with the Loshes: ‘He lived many years in my father’s family and was my principal instructor until I was 16 years old. He kept also a school at Wreay which my brother and I attended, and although this might not be the best possible mode of education, yet it had some advantages and perhaps I have not upon the whole had any great reason to regret that I was not brought up at a great public school.’

         Gaskin remained in close touch with the Losh family for the rest of his life. Once asked to define a good classical scholar, he replied, ‘You should be able to construe the Greek testament, anywhere, at sight, and to parse any verb. You should, also, be able to read any easy prose Greek author, as Xenophon, Lucian, Herodotus and also Homer.’ But even that was not enough: ‘Then all the common Latin schoolbooks; you should be able to read at sight Virgil, Horace, Caesar’s Commentaries, Tully’s Orations. Lastly you should be able to write pretty correctly Latin prose – and a Greek play or two should be added!’

         This, then, was the intellectual climate in which William Armstrong, the shoemaker’s son, spent his formative years. In the mid-1790s, entering into his late teens, Armstrong left Wreay and, again following in the footsteps of the Loshes, he crossed the Pennines to seek his fortune in Newcastle upon Tyne, where – his mathematical abilities being well recognised – he was given work as a clerk in the counting house of a Losh family firm on the quayside.

         The Loshes had inherited coal-mining interests in north-east England, which gave them the financial means to set up new industrial ventures on the Tyne. The most successful in this respect was the youngest brother, William, who had studied chemistry at Cambridge and in the early 1790s developed an interest in the French chemist Nicolas Leblanc, who had discovered a cheap and reliable way to produce alkali, or soda (sodium carbonate), in large quantities. Alkali was in huge demand at the time, not only from the textiles industries but also from the makers of glass, pottery, paper, and soap. Drawing on the discoveries of Leblanc, William Losh pioneered the manufacturer of alkali on Tyneside and set up a production works at Walker in 1796, stimulating a period of massive growth in the Tyneside chemical industry, which continued through much of the 19th century.
         

         Along with his brother George, and John Diedrich Lubbren, a naturalised British citizen of German origin, William Losh was a partner in the firm that employed young William Armstrong as a clerk. Described as ‘ironmongers, dealers and chapmen’, Losh, Lubbren, & Co. traded in some of the many commodities that passed through Newcastle docks at the time, including corn. George Losh, a popular, easy-going figure – whose wayward habits made him a constant source of worry to his brother James – also had an interest in the Newcastle Fire Office and Water Company and in an ironworks at Balgonie in Fife.

         To begin with, Losh, Lubbren, & Co. prospered, but in the summer of 1803 the company was mortally wounded by the abrupt collapse of the Newcastle banking house of Surtees and Burdon. On 1 July, George Losh told his brother James of the bank’s troubles and a few days later James wrote in his diary: ‘Everything looks hopeless.’ The company went bankrupt, embroiling the partners in several years of debt repayments. The iron foundry at Balgonie also failed, and George Losh’s fortunes went from bad to worse, eventually forcing him to emigrate to France with his large family. William Armstrong, the firm’s clerk – by then married and the father of a baby girl – was suddenly thrown out of work and had to rely on his own resources and contacts, including his wife’s family, to keep him afloat. Picking up the pieces from Losh Lubbren, and possibly with some financial assistance from William Losh, Armstrong set out to make his own way in the corn trade, establishing an office at Cowgate, near his home in Pandon Dene.

         While his brothers were preoccupied by the trials of commerce, James Losh was making his way in the law and developing an interest in parliamentary and social reform. His progressive instincts and rhetorical skills had made him one of the leading lights of the Lit & Phil – even today, a life-size statue of him in the guise of a Roman senator dominates the magnificent double staircase of the society’s building in Westgate Street. In 1799, Losh and his wife Cecilia settled permanently in Newcastle, later buying a house called The Grove in Jesmond Dene. Little did the Loshes know at the time that they were pioneers in what would become twin traditions in the town, for both the Lit & Phil and Jesmond Dene were to act as magnets for most of the powerful individuals in Newcastle during the decades that followed. And – thanks, no doubt, to James Losh’s influence – among the very early members of the Lit & Phil was William Armstrong, the studious young clerk from Wreay.
         

         The brainchild of Reverend William Turner, an educational pioneer, the Lit & Phil was the stimulus for what was to become Newcastle’s intellectual and industrial flowering in the first half of the 19th century. Turner’s idea had been to establish a conversation club that would ‘provide an easy method of spending the evening agreeably and usefully’.7 He proposed that the members should meet once a month to exchange views on literary and scientific matters, and that those with special knowledge should present papers relating to the particular topic chosen for the evening. Subjects thought worthy of study and discussion included ‘mathematics, natural philosophy and history, chemistry, polite literature, antiquities, civil history, biography, questions of general law and policy, commerce, and the arts’. All talk of religion and politics, however, was strictly prohibited. In November 1802, Turner himself launched what proved to be a highly popular series of lectures on ‘natural and experimental philosophy’ that would continue without a break for more than thirty years. According to Robert Spence Watson, the historian of the Lit & Phil and a lifelong member of the society, ‘The meetings were not only times when scientific observations, and the results of research and experiments, were brought forward, explained and discussed, but they had also an immediate and important influence upon the entire district, and upon the social and intellectual advancement of Newcastle.’
         

         The Lit & Phil lays claim to being the first organisation of its kind to open its doors to women (although women did not become regular members on the same basis as men until the middle of the 19th century). On 13 March 1799, the committee resolved that a new class of members be admitted to the society; known as ‘reading members’, they were expected voluntarily to relinquish the privileges of attending the general meetings and voting in the choice of members – but gender was no bar. It is probable that William Armstrong met his future wife, the reputedly gifted and amiable Anne Potter, at one of the society’s monthly meetings. Anne was a member of the ambitious and well-connected Potter family of Walbottle Hall in the coal-mining district of Tynedale. She married William Armstrong on 25 November 1801 at St John’s Church, Newcastle. Their daughter, also Anne, was born the following September.

         In the summer of 1809, when the younger Anne Armstrong was almost seven, she travelled with her mother, her aunt, and her maternal grandfather, William Potter, to Cumberland and Westmorland to see the lakes and discover her father’s roots. Since her father was unable to join them, Anne, with the help of her Aunt Jane, kept a journal so that he could later share in their adventures.8
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               Pandon Dene, east of Newcastle, was Armstrong’s childhood playground. By the late 19th century the dene had been levelled, built upon, and absorbed into the city.
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               William and Meggie Armstrong made a home in Jesmond Dene after their marriage in 1835. This is the sole surviving image of the house, which was demolished a century later.

            

         

         The party left Newcastle by mail coach at midday on 17 July and, travelling via Hexham, Haltwhistle, and Penrith, arrived at Keswick at eight o’clock on the evening of the 19th. Over the following days, they explored Derwent Water, Rydal, Windermere, Ullswater and the villages in between, before returning to Newcastle via Carlisle, where they met various members of the Armstrong clan, including Anne’s paternal grandparents. At Carlisle they visited the home of her father’s brother, where they found, according to the diary-writer, ‘a charming and numerous family’.
         

         Anne’s mischievous sense of humour and lively curiosity shine through the medium of her Aunt Jane’s elegant prose. She comments, somewhat indignantly, that, after an early change of horses, her mother and grandfather swapped seats with two men who had been sitting outside the coach. Then it started to rain: ‘One of the gentlemen, in his anxiety for my mama, putting his head out of the carriage in haste, to desire her to come in, hit his nose such a blow against the heel of one of the outside passengers’ shoes as made him return with his nose in his hand with full more speed than he set out. This, you may be sure, made one laugh heartily.’9
         

         The majestic scenery they observed could not fail to impress the whole party, but the young girl and her aunt found some aspects of it alien and threatening. On their way to Windermere, for example, the record shows that they were ‘struck with amazement at the wild disorder which seemed to reign among these rugged tribes of uncouth mountains and chaotic dells, as if ruin had unmolesting fixed his dreary empire there’. A little further on they passed Grasmere, where the poet William Wordsworth was living at the time with his family at Dove Cottage (though the journal does not mention this fact). Wordsworth’s reverence for the awe-inspiring power of nature is reflected to some extent in Anne Armstrong’s lakeland diary, and this interest in the natural world – and human behaviour – would come to be shared with her brother, William, who made his appearance 18 months later.

         
             

         

         The final piece of the jigsaw in the early life of the Kingfisher fell into place with the appearance on the scene of the man who would become his patron and benefactor, the genial and charismatic lawyer Armorer Donkin. Son of a timber merchant, Donkin had spent his early life in North Shields before working as a legal clerk in London’s Hatton Garden for several years.9 He returned to north-east England after the death of his mother in 1801 and, still in his early twenties, resolved to set up a law practice in Newcastle. He had few contacts in the town and found it a struggle at first, but all this changed when he joined the Lit & Phil.
         

         At the society’s monthly meetings, Donkin became acquainted with many of the leading families in Newcastle, and it was not long before he had built up a large and lucrative network of clients. One of his many friends was the aspirational corn merchant William Armstrong, described by an observer as ‘a warm supporter of the institution and a man of scholarly acquirements’.10 Almost exact contemporaries, the two men were immediately drawn to each other: ‘Their tastes were similar; their political views harmonized; their aims were practically identical, and they became as brothers.’ According to Alfred Cochrane, a historian of the Elswick Works, ‘They used to meet and hold long discussions and arguments over a good many glasses of what, I have no doubt, was very excellent port.’11
         

         Although less radical in their inclinations than James Losh, both men had a strong interest in economic and social reform. In August 1824, at a public meeting at Newcastle’s Moot Hall, they were appointed to a committee to recommend whether a railway or a canal would be the better transport artery between Newcastle and Carlisle. The issue was urgent since, as Armstrong pointed out, ‘We can bring corn from the Cape of Good Hope to Newcastle cheaper than we can convey it between Newcastle and Carlisle.’12 In opposition to Losh, he argued strongly in favour of a canal, dismissing the railway proposition as ‘spiritless’ and revealing an instinctive caution in the face of the new, relatively untried, technology. When the committee reported, it came down firmly on the side of rail transport, and James Losh was appointed the first chairman of the Newcastle and Carlisle Railway. Armstrong later supported Losh in his bid to set up a free-trade association between Newcastle and the Far East, and in his campaign for religious emancipation; however, he opposed the repeal of the Corn Laws, believing that the abolition of tariffs on imported corn would severely damage the interests of British producers. The Corn Laws were eventually repealed in 1846.
         

         By the mid-1820s, with the corn trade flourishing, William Armstrong had moved his family from their terraced house in Shieldfield to a much larger establishment in upper Ouseburn valley. The 12 acres of land on which he built a house, The Minories, also known as South Jesmond House, was a mere stone’s throw from Jesmond Park, the property recently purchased by his old friend Armorer Donkin. The Armstrongs had arrived in Jesmond Dene.

         Gregarious and generous by nature, Donkin transformed his Jesmond home into an elegant place of entertainment and instituted a weekly event that became legendary as ‘Donkin’s Ordinary’. Every Saturday the bachelor host would throw open his doors to any of his friends who felt disposed to attend, as explained by the diarist Thomas Sopwith: ‘No invitation or notice is given or received and the number varies from six to sixteen. Nothing can exceed the comfort and hospitality that prevails.’ Events would follow a pattern. After conversation in the library, the guests would be ushered into a dining room adorned with numerous portraits by James Ramsay and other fashionable painters of the day. ‘The dinner is always substantial and abundant … the wines good and followed by an excellent dessert.’

         Donkin’s growing public prominence in Newcastle and his membership of the Society of Hostmen – a guild set up in Elizabethan times to control the coal trade on Tyneside – meant that he often mixed business with pleasure. All kinds of eminent visitors to Newcastle were royally entertained, among them the political writer and farmer William Cobbett, who was pleased that Donkin had followed his advice on tree planting. Indeed, the grounds at Jesmond Park were tended with the same care that Donkin gave to his hospitality.
         

         Donkin’s interest in creating a gracious home and ‘pleasure grounds’ for the enjoyment of himself and his friends would be reflected by other new settlers in Jesmond Dene, especially in years to come by his protégé and heir, William George Armstrong, the son of his closest friends. In 1835, drawn to the dene by its landscape, its familiarity, and the proximity of friends and family, Armstrong would build a house there for himself and his new wife, surround it with a fabulous garden, and begin an extensive programme of tree-planting. But it wasn’t simply the presence of the Ouseburn that made the dene so attractive: it was the untamed character of the watery environment and the possibilities it offered for enhancing nature. Some of the Kingfisher’s excitement at the discovery of such a place, and his sense of being a ‘willing captive’, is conveyed in a fantasy he wrote in the 1850s:

         ‘When I arrived, I was delighted with the cleanness of the water, the brightness of the grass which fringed it, the various colours of the mosses which clung to the rocks – and the general beauty of the whole scene. The merry stream as she capered past seemed to be laughing at the nimble leap she had just performed, and at having so cleverly jumped over those rude rocks which had stuck up their jagged edges to injure her had she alighted there … I then began to search for the path by which I had descended, but, strange to say, I could not find it. I saw many places like it, but on trying them I found them to be all impracticable.’

         Although Armstrong would later identify electricity as his first love, it was water in all its forms and applications that would represent an unbroken thread linking his many achievements – and it was water that would prove the catalyst for his first great scientific discovery. In the summer of 1835, he embarked on a sporting expedition to the Pennines near Sedbergh. While fishing on the River Dee at Dentdale, he experienced a revelation: ‘I was lounging idly about, watching an old water-mill, when it occurred to me what a small part of the power of the water was used in driving the wheel, and then I thought how great would be the force of even a small quantity of water if its energy were only concentrated in one column. When I returned to Newcastle, I set to work at Watson’s works, where I had been in the habit of making mechanical experiments, trying to practically realise the idea.’ It was the germ of his myriad hydraulic inventions. From that moment on, according to family lore, William had ‘water on the brain’.

         Seven years earlier, following the death of Anne, any hope that he would have the chance to experiment with the ‘motive power’ of water would have been inconceivable. The loss of his sister marked the end of William’s childhood. In the autumn of 1828, acquiescing in his parents’ wishes – and those of Armorer Donkin, who had promised him work as an articled clerk – the 17-year-old boy embarked on the arduous 37-hour coach journey from Newcastle to London, where he would be introduced to the intricacies of the legal profession by his grieving brother-in-law. His destination was the Temple.
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            Brilliant Sparks

         
 
         The Inner Temple and the Middle Temple – which, together with Gray’s Inn and  Lincoln’s Inn, make up London’s four Inns of Court – have an association with the  legal profession that goes back more than 600 years, and a history of influential  tenants that is even older. Named after the Knights Templar who lived there in the  12th century, the two neighbouring Inns occupy several acres of land between Fleet  Street and the Thames embankment; with its narrow cobbled streets, garden squares,  and harmonious jumble of architectural styles, the enclave offers a haven from the  turmoil of the city all around. To the writer Charles Lamb, who was born there in  1775, the Temple was ‘the most elegant spot in the metropolis’. In an essay published  in the 1820s, Lamb wrote, ‘What a transition for a countryman visiting London for  the first time – the passing from the crowded Strand or Fleet Street, by unexpected  avenues, into its magnificent ample squares, its classic green recesses!’1
         
 
         In the early 19th century, as had been the custom for hundreds of years, lawyers,  clerks, and law students lived and worked in rented ‘chambers’ in the Inns and were  expected to dine regularly in the magnificent halls built for the purpose. Chambers  had always been places of both residence and employment, especially since – until  relatively recently – a legal education depended on the community experience of  living, dining, and talking together. No formal legal training was established at the  Inns of Court until the mid-19th century, so the usual custom for would-be lawyers  was to enrol (at some cost) with an experienced legal specialist for at least a year in  order to master the technicalities and procedures of the law courts.
 
         The novelist Charles Dickens, who had a much more jaundiced view of the  Temple than Lamb, revealed his disdain in The Pickwick Papers, set in 1827 and 1828,  the time of Armstrong’s arrival in London: ‘Scattered about, in various holes and  corners of the Temple, are certain dark and dirty chambers, in and out of which there  may be seen constantly hurrying with bundles of papers under their arms and  protruding from their pockets, an almost uninterrupted succession of lawyers’ clerks … These sequestered nooks are the public offices of the legal profession, where writs  are issued, judgments signed, declarations filed, and numerous other ingenious little  machines put in motion for the torture and torment of His Majesty’s liege subjects,  and the comfort and emolument of the practitioners of the law. They are, for the most  part, low-roofed, mouldy rooms, where innumerable rolls of parchment, which have been perspiring in secret for the last century, send forth an agreeable odour, which is  mingled by day with the scent of the dry rot, and by night with the various exhalations  which arise from damp cloaks, festering umbrellas, and the coarsest tallow candles.’ 2
         
 
         Dickens provides a vivid impression, no doubt exaggerated, of the singular world  into which young William Armstrong was plunged on his arrival in the Temple in  the autumn of 1828. Already promised employment by Armorer Donkin in  Newcastle, Armstrong threw himself into his legal studies under the watchful but  benevolent eye of William Henry Watson. Fourteen years Armstrong’s senior, Watson  had been admitted as a member of Lincoln’s Inn in June 1817, after the conclusion  of his youthful military career. He had established himself in chambers at 5 Inner  Temple Lane and in 1826, on his marriage to Anne Armstrong, moved to 2 Lamb’s  Building, where he would remain until 1832; the Watsons also kept a home in the  borough of Fulham, south-west of London. For a few years after Anne’s death, their  baby son, John, would be brought up in Northumberland, either by the Armstrong  parents in Jesmond or by William Watson’s family at Shoreston, near Bamburgh.
 
         Watson’s work as a ‘special pleader’ involved drafting arcane documents for use  in the common-law courts, while his brother-in-law was supposed to watch, absorb,  and learn, as well as performing clerkly duties. This role did not inspire Armstrong  – he himself never became a member of an Inn – but, even though his heart was not  in it, he made the most of the opportunity, partly because he felt indebted to Donkin.  ‘The law was not, of course, of my choosing; my vocation was chosen for me,’ he said  later, ‘and for a good many years I stuck to the law, while all my leisure was given to  mechanics.’ Donkin had always taken a great interest in the Armstrong children and  had helped to finance young William’s studies in London in the expectation that he  would in due course return to Newcastle and join the Donkin firm, which was what  eventually happened. ‘When I entered his office I was practically adopted by him:  I was to be his heir. Such an opening in life was, of course, most attractive: here, it  seemed, was a career ready made for me.’
 
         There were many advantages to residing at Lamb’s Building, at the heart of the  British establishment and within easy reach of Westminster. Although exclusively male  (as far as the legal profession was concerned), the Inns were highly sociable places  where it was easy to make contacts and difficult not to absorb information about the  mechanisms of government and how they interacted with the law – information that  would prove useful to Armstrong on the many future occasions when he would  present a case to Parliament or give evidence to a royal commission. Among fellow  Newcastle men he might have encountered in the Temple was his father’s friend James  Losh, who had been called to the bar at Lincoln’s Inn 20 years earlier.
 
         Losh was a key player in the agitation for reform and, although he practised  on the northern circuit, his political interests brought him often to Westminster.  As a Unitarian, or protestant dissenter, he was disqualified from holding certain high offices, so he had campaigned vigorously against the Test and Corporation Acts,  which had enshrined this discrimination in law. The eventual repeal of these acts in  1828 opened the way for his appointment as Recorder of Newcastle. Losh used his  influence in the northern counties to aid the passage of the Great Reform Act of  1832, which was steered through Parliament by Charles, Earl Grey, the Liberal prime  minister and MP for Northumberland.
         
 
         Likewise destined for a successful legal career, William Watson was busy  establishing his professional and social reputation at the Inns of Court. Among the  friends he made during this period was a young barrister from Sussex called Hasler  Capron who worked as an ‘equity draftsman’, a specialist in the drafting of the  technical proceedings in the Court of Chancery, and who, in 1830, took chambers  at 1 Pump Court, Middle Temple. Descended from a Norman family who had been  recorded in the neighbourhood of Lodsworth, near Midhurst, in the early 12th  century, Capron was the heir to large estates. Soon after their meeting, Hasler had  introduced William Watson to his younger sister, Mary, and it was not long before  the young widower was spending a great deal of time in her company.
 
         Despite the reformist ferment taking place on his doorstep, Armstrong showed  little interest in politics – unlike his brother-in-law, who would serve as Liberal MP for  the Irish seat of Kinsale and, later, for Hull. Nor was Armstrong particularly diverted  by the multitude of taverns, coffee houses, and theatres which dotted the area around  the Temple and nearby Covent Garden. What did give him pleasure, however, was to  attend the Friday evening discourses at the Royal Institution in Albemarle Street,  Piccadilly, where he first encountered the fascinating man of science Michael Faraday.
 
         Michael Faraday was the guru of the age. Of humble origins – his father was a  Surrey blacksmith and he began his own working life as a bookbinder’s apprentice –  Faraday rose to become chief assistant to the leading chemist Humphry Davy; he  was made a Fellow of the Royal Society and in 1825 became the director of the Royal  Institution laboratory, the most advanced scientific laboratory in the country. Four  years earlier, Faraday had discovered what he called ‘electromagnetic rotation’, the  principle behind the electric motor. In the autumn of 1831, by which time he was  professor of chemistry at the Royal Military Academy in Woolwich, he invented the  first transformer and the first dynamo, thereby laying the foundations for the  practical use of electricity. The year 1831 saw another event with far-reaching  consequences for the scientific community: inspired by David Brewster, an  Edinburgh journalist and natural philosopher (the term ‘scientist’ was not coined  until 1833), the British Association for the Advancement of Science held its inaugural  meeting at York.
 
         Faraday was a dashing, charismatic figure with a head of thick dark curls and a  compelling style of communication whose lectures at the Royal Institution drew  huge crowds from all walks of life. To some extent, his popularity could be attributed to the British public’s contemporary hunger for scientific knowledge, which had got  into its stride in the mid to late 18th century and which would reach its climax in  1859, with the publication of the first edition of Charles Darwin’s On the Origin of  Species. One of Faraday’s many fans was the painter John Callcott Horsley, who  attended a lecture in the early 1830s on the chemistry of colours and was struck  by ‘the brightness of presence, the charm of manner and language, and the  marvellous manipulative skill of the lecturer’. Horsley went on: ‘I can see him now,  as if it were yesterday, entering the laboratory, advancing quickly to the table, and  looking round his audience with a beaming glance from eyes, which for beauty and  intense intellectual power of expression I never saw equalled – then plunging into his  subject without a moment’s hesitation, with rapid but perfectly distinct utterance of  words of real and true eloquence, powerful, yet simple and clear even to such  unscientific dullards as myself, and illustrating his subject with experiments of  unerring certainty.’3
         
 
         It did not take much for William Armstrong – during interludes in his legal  studies at the Temple – to fall under the Faraday spell, and when, in 1840, Armstrong  made his first important electrical discovery, he was quick to approach Faraday, whose  first volume of Experimental Researches in Electricity had been published the previous  year.
         
 
         Regular journeys home to Tyneside to see his parents also helped to sustain  Armstrong during his student days in London. While in Newcastle, he would take  every opportunity to visit the engineering works of his friend Henry Watson, where  he could indulge in all sorts of mechanical investigations with the help of the handful  of skilled mechanics employed there.
 
         Armstrong was in Jesmond in the autumn of 1831 and, to mark his 21st  birthday, a portrait was commissioned from Armorer Donkin’s friend James Ramsay.  The painting – a romantic representation of a handsome young dreamer with echoes  of a Byronic hero – was designed to hang as a companion piece to the portrait of his  late sister Anne, also by Ramsay, which had been painted to celebrate her coming-of-age. By that time it was clear that Armstrong’s legal training in London would be  coming to a close, not least because his brother-in-law’s domestic arrangements had  changed. On 17 August 1831 – with Anne’s death still a recent memory – William  Watson had married Mary Capron and the couple had set up home together in  Kensington. Their only child, a boy named William Henry, would be born the  following year, and his half-brother John, then aged three, was destined to become  part of the new family.
 
         Meanwhile, another – much darker – development that would have an indirect  but important impact on Armstrong’s career was taking place on the North Sea coast  just a few miles south-east of Newcastle. In October 1831, Cholera morbus arrived  in Sunderland; it was the first time that the disease had been seen in Britain. Originating in the Indian subcontinent, and transmitted to Britain via the Baltic  ports, cholera reached Sunderland as a direct consequence of the growing trade  between India and Europe. Described by a contemporary observer as ‘that grim  Asiatic fiend’,4 the disease would spread first to Tyneside and then all over Britain in  the year that followed, terrorizing the population and claiming more than 50,000  lives, including some 540 in Newcastle and Gateshead alone.
         
 
         Although there were continuing arguments about whether or not cholera and  similar diseases were contagious, waterborne, or contracted in other ways, there was  a general acknowledgement that the domestic water supply was in need of drastic  improvement. And no group of people was more keenly aware of that need than  those living in the vicinity of the increasingly polluted River Tyne, which drained the  Ouseburn and a host of other streams that had become no more than open sewers  and receptacles for industrial waste. Although there was a reservoir on the  Town Moor, from which water was delivered by lead pipes to fountains and  standpipes, in times of drought the fast-growing population of Tyneside drew  supplies from the river.
 
         Thirteen years later, Armstrong would address this problem with the  establishment of his first commercial operation, the Whittle Dene Water Company.  In the short term, he left London and returned to Jesmond, where he took up  residence with his parents at the Minories and began to practise as a solicitor at the  renamed firm of Donkin, Stable and Armstrong. At the same time, increasingly  absorbed by the potential of water power – a preoccupation that reached a climax  with the Dentdale revelation of 1835 – he started to make daily visits to Henry  Watson’s works, where he got to know the Hutchinson family of engineers and made  many experiments with hydraulic machinery. Although also attempting throughout  this period to apply himself diligently to his legal duties, he was gently derided as  ‘swinging like an erratic pendulum between the law office and the lathe’.5
         
 
         The results of Armstrong’s investigations into hydraulic power first came to  public attention in December 1838 with the appearance in the Mechanics’ Magazine  of his article about an ‘improved waterwheel’. Highlighting the inefficiency of  existing contraptions at harnessing the power of water, and drawing on his detailed  knowledge of the countryside around Newcastle, he wrote:
         
 
         ‘Hilly and undulating districts abound with little rivulets, which flow down the  sides of declivities from elevations of one to three hundred feet, and which, on  account of their diminutive size, are at present entirely disregarded. Such streams as  these, however, would become most efficient sources of mechanical power if they  were made to operate by their gravity throughout the whole, or greater part, of their  descent, instead of the very limited portion of which a waterwheel is capable of  employing. Streams of this description are to be met with on the banks of many of  our navigable rivers, and in a multitude of other situations well suited for mills and manufactories, where hydraulic power would prove of the utmost value.’
         
 
         He explained that he was working on a method of concentrating the power  generated by streams during their descent and using it to propel machinery. ‘The  first step towards accomplishing this object must be to get quit of the necessity of  having a perpendicular fall, and the only conceivable way in which this can be done  is by conducting the stream in a pipe from the commencement to the foot of the  descent, and bringing the column of water contained in the pipe to bear upon  machinery at the bottom.’ He revealed in precise detail, with the help of a diagram,  his design for a completely new kind of waterwheel, one which would make it  possible to apply the pressure in a water main directly and continuously to produce  rotary motion.
 
         By the following autumn, a model of Armstrong’s ‘hydraulic engine’ had been  constructed at Watson’s works and demonstrated at Barras’s brewery in Gateshead.  Armstrong’s friend Thomas Sopwith, who saw the machine in action at Gateshead,  described it in his journal: ‘Water brought by pipes from a considerable height (say  130 to 150 feet) is admitted into the piston and its exact pressure is ascertained by  a valve loaded in the manner of a safety valve. The entire pressure of the water is  brought to bear upon the flat disc or piston and hence the wheel revolves with a  power proportional to the altitude of the column of water.’ Sopwith went on to  record all sorts of facts and figures illustrating the potential of the machine, which  impressed him hugely. ‘It possesses the great merit of extreme simplicity and in many  situations is calculated to be of great utility by concentrating the power of a  descending stream.’ For the time being, however, few other people seemed interested  in the hydraulic engine, so Armstrong turned his inventive energies elsewhere.
 
         Among other things, he designed a crane, in which the operation of lifting was  performed by the single stroke of a piston. He made a working model of the crane,  and tested it with the town water pipes, but – as before – the device was generally  disregarded. ‘The curious part about the crane,’ said Alfred Cochrane, ‘was that, as  still no interest was taken in it, and no progress was made towards any practical  adoption of the system, Armstrong seems to have given up the subject altogether for  a time. It was not until five years later that an event occurred which suggested to  him new opportunities for exploiting his inventions.’6 The catalyst for this  development – which would launch Armstrong on his business career – was the  arrival on the scene of the great West Country engineer James Meadows Rendel.
         
 
         
             

         
 
         On 14 October 1840, William Armstrong wrote to Professor Michael Faraday at the  Royal Institution describing ‘a very extraordinary electrical phenomenon’ involving  a steam engine used for hauling waggons at Seghill colliery in Cramlington, a few  miles north of Newcastle, where his mother’s family, the Potters, had an interest. It  involved the escape of steam through a fissure in one of the engine’s boilers at the point where a safety-valve was attached to the boiler. The engine-man had recounted how, with one of his hands accidentally immersed in the escaping steam, he had put his other hand on the lever of the valve – at which point, according to Armstrong, ‘he was greatly surprised by the appearance of a brilliant spark, which passed between the lever and his hand, and was accompanied by a violent wrench in his arms, wholly unlike what he had ever experienced before. He next found that, while he held one hand in the jet of steam, he communicated a shock to every person whom he touched with the other.’
         

         Armstrong said that he himself had seen similar events at Seghill and was conducting experiments to find out more about their cause. He asked Faraday, ‘Can the explosion of boilers, about which so much uncertainty exists, have any connection with the rapid production of electricity which thus appears to accompany the generation of steam?’

         In later years, this phenomenon – which continues to pose a threat to the unwary – became known as ‘the Armstrong Effect’. (During the Second World War, explosions in German tanks in the desert caused by frictional electricity – and the failure, through ignorance of their origin, to prevent such explosions – were said to have delayed Rommel’s advance towards Libya in 1941.)

         Armstrong’s first communication with Faraday concluded with the remark, ‘You are at liberty to make any use of this letter that you think fit.’ In the event, after addressing a list of suggestions and queries to Armstrong, Faraday sent the letter and its successor to the monthly London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, which published both letters in its next edition.
         

         By experimenting with a special apparatus of his own, Armstrong had deduced that the steam was electrified as it entered the atmosphere but was not in an electrified state when inside the boiler – suggesting that it was the effect of friction on the emerging steam that had caused the sparks. Faraday’s comments, also published in the Philosophical Magazine, show that he was in no doubt about the importance of Armstrong’s findings: ‘The evolution of electricity by vaporization, described by Mr Armstrong, is most likely the same as that already known to philosophers on a much smaller scale, and about which there are as yet doubts whether it is to be referred to mere evaporation … or to chemical action. This point it neither settles nor illustrates – but it gives us the evolution of electricity during the conversion of water into vapour, upon an enormous scale, and therefore brings us much nearer to the electric phenomenon of volcanoes, water-spouts and thunderstorms.’
         

         Thomas Sopwith had again been a witness to events. ‘Mr W. G. Armstrong, Mr W. D. Anderson and I went to Seghill and had a number of experiments on the newly discovered Electricity in Steam which were very curious and satisfactory,’ he wrote in his diary. Sopwith, a land surveyor, engineer, and polymath, had been drawn into the Jesmond circle by his acquaintance with James Losh and Armorer Donkin – with whom he regularly breakfasted and attended concerts in London – and had begun to develop an interest in Donkin’s intriguing protégé. Born in Newcastle a few years before Armstrong, Sopwith had started keeping a diary in the early 1820s in which he recorded in witty and meticulous detail his many exploits, as well as his revealing opinions of his friends.
         

         By the early 1840s, Sopwith was a highly regarded figure in the worlds of engineering and science. A member of the Institution of Civil Engineers, he had written on many aspects of surveying, including an account of the minerals of Alston Moor in the north Pennines and A Treatise on Isometrical Drawing as Applicable to Geological and Mining Plans, and undertaken commissions that ranged from street improvements in Newcastle to surveys of the iron and coal mines in the Forest of Dean. In 1842 he was awarded the Telford Medal for constructing geological models. By then he had started to watch Armstrong’s activities with a very keen eye.
         

         Inspired by his experiences at Seghill, Armstrong was experimenting with a boiler of his own which he called his ‘evaporating apparatus’. It was a wrought-iron horizontal cylinder 3 feet 6 inches long and 18 inches in diameter with a chimney; the ‘fire box’ below was insulated by means of four glass legs. It discharged steam under very high pressure through 14 jets, 7 on each side, creating sparks between 12 and 14 inches in length. According to Sopwith, ‘The hair or fingers held in the jet of steam are brightly illumined by electrical light and the effects are not less beautiful than curious, new and important.’

         Sopwith knew a crowd-puller when he saw one – and he acted swiftly. On 5 December 1842, he described in his diary a meeting with Mr Seavier, the managing director of the recently established London Polytechnic Institution, based at Somerset House in the Strand, and some of his acolytes: ‘I explained to two of these gentlemen Mr Armstrong’s apparatus for producing electricity from steam, which I have suggested should be called “Armstrong’s Steam Electrical Engine”. The subject received from them that attention which its novelty and importance could not fail to excite when offered in terms so kind and liberal as those which Mr Armstrong has proposed.’

         Armstrong, it seems, had offered (presumably free of charge) to construct a much bigger version of the engine for display at the Polytechnic Institution, but it was not clear whether there was sufficient space to accommodate it. There was also concern about the chimney. Sopwith wrote in his diary: ‘By what mode do you insulate the chimney, which must pass through a wall?’ A week later, he wrote to Armstrong explaining that: ‘There appears to be a difficulty first in respect of space and second on account of the heat’ and told him that some of the directors were sceptical about ‘the enormous power [that had been claimed for] the apparatus’. One proposal was to construct the machine in several parts, and a special committee was appointed to look into the plan. However, when Sopwith suggested to the institution managers that Armstrong might prefer to negotiate with ‘some other large exhibition [space], such as the Colosseum’, the committee at once sent a representative to Newcastle to discuss the matter with Armstrong in person.
         

         At the time, Sopwith was living with his wife Jane and their family at St Mary’s Terrace in Newcastle, a few doors away from the brothers John and Albany Hancock, who were starting to make their mark on the world of natural history. In his diary for 24 December, he noted that he had dined with Armstrong that evening in order to meet Captain Boscawen Ibbetson, who had come from London to examine the electrical engine. Also present on this occasion, at Sopwith’s invitation, was the engineer Robert Stephenson, who was ‘much surprised and pleased by the extraordinary results of Mr Armstrong’s experiments’. As a consequence of Ibbetson’s visit, it was decided to construct the machine ‘to the full power proposed by Mr Armstrong’. In the event, two such machines were built to Armstrong’s specification at Watson’s works, one for display in the gallery of the London Polytechnic Institution and another for export to America.

         As soon as the news about the hydroelectric machine got out, there was enormous interest in this extraordinary new phenomenon. In October 1843, in the midst of a long stay in London to supervise the assembly of the two machines, Armstrong wrote to Armorer Donkin to apologise for his prolonged absence from Newcastle and his failure to fulfil his commitments as a partner in Donkin, Stable and Armstrong. Events were gathering pace – and, for the first time, Armstrong’s genius was coming to the attention of the wider world. ‘The machine has produced a far greater sensation in the scientific world than I ever supposed it would do,’ he explained to Donkin. ‘Descriptions of it are daily appearing in all sorts of publications both English and foreign and I am informed that some of my former letters in the Philosophical Magazine are being reprinted in more popular journals – so you see I have gained reputation enough to satisfy any man, and whatever its advantage may be in Newcastle, it has certainly this advantage in London, that it gives me a degree of consequence that I never thought of aspiring to.’ He felt moved to say to his friend and benefactor, ‘I trust you will excuse all this egotism, which I only indulge in under the belief that you will be interested in what I say respecting my self.’
         

         Playing on general credulity about what the hydroelectric machine was capable of, London’s new satirical magazine Punch joined in the fun, claiming in its issue of 11 November 1843 that members of the British Association had discovered an intimate link between science and gastronomy. Heralding an event at the Royal Polytechnic Dining Rooms, the magazine made the following announcement: ‘Seats formed by Leyden jars attached to Armstrong’s Hydroelectric Machine will be provided for those affected by Torpidity of general action; and a series of shocks will eventually excite the liver to its proper sense of duty. The immense powers of this machine will also be brought forward in the attempt to solidify nitrogen gas, gelatine and albumen into animal fibre or muscle. The Professors entertain the most sanguine hopes of being ultimately enabled, by this new process, to get beefsteaks from cheap glue and bird’s eggs.’
         

         The following year, Armstrong delivered two lectures on hydroelectricity at the Lit & Phil. ‘The attendance was so numerous that many were unable to gain admission,’ wrote Sopwith. ‘I was even told by one of the parties connected with the institution that more went away, unable to gain an entrance, than those who entered the lecture room.’ One evening the press of people prevented Armstrong himself from gaining access through the door and he had to resort to getting in through one of the windows, ‘the height of which required the use of a ladder both outside and within the room’. A contemporary report in the local press showered praise on ‘our talented young townsman, Mr W. G. Armstrong, of the firm of Donkin, Stable & Armstrong, solicitors of this town, who has risen rapidly into celebrity,’ and who ‘gave his very interesting lectures on “Hydro-Electricity” in a crowded room’.

         Part of the attraction was Armstrong’s ability to explain complex subjects with exceptional lucidity and avoid ‘technicalities known only to the initiated few’.7 This was an early example of his skill at captivating an audience. Although not an outstanding orator, he had a clear, precise, authoritative method of delivery, shot through with wit and humour, which meant that his speeches were always listened to with the closest attention. He would end his spectacular demonstration of the electric machine by firing a small cannon with a spark from his finger.
         

         In 1846, William Armstrong’s achievements in electrical research were recognised by his election, aged 35, as a Fellow of the Royal Society. His sponsors included Michael Faraday, the inventor of the electric motor that drives almost every car in the modern world – whose discoveries would also enable the use of electricity in industry and the home – and Charles Wheatstone, one of the inventors of the electric telegraph, which marked the start of global communications. ‘What is the Royal Society for,’ demanded Faraday at the time, ‘if not for such men as Armstrong?’

         Judging by the enthusiasm with which Armstrong was received at a Lit & Phil gathering on 6 October 1846, the ladies and gentlemen of that society would have found little cause to question Professor Faraday’s opinion. As noted by a contemporary chronicler, John Latimer, it was an occasion that marked a greater openness towards the involvement of women in the society’s proceedings: ‘The ladies, feeling more at home, generally threw aside their bonnets, and gave an appearance of greater ease and freedom to the scene.’8 A highlight of the evening was a talk by Armstrong on the workings of the electric telegraph. Providing further evidence of his charismatic power, the event proved so popular that no sooner was it over than he was asked to repeat it to another, equally large, audience.
         

         ‘Everyone, [Armstrong] observed, was now familiar with the marvellous wires along which a communication was transmitted to a distance of hundreds of miles,’ wrote Latimer. ‘To show how this was done, Mr Armstrong explained the structure of the telegraph part by part that his audience might comprehend the whole. Connecting a wire with a voltaic battery, and exposing it to electric action, he made two needles or pointers, one at each end of a table, oscillate on their pivots at the same moment. The same effect would be produced, he observed, if the one needle were in Newcastle and the other in York, or in London, or in Calcutta; and as the operator had full control over the movements of the needles, it was easy to see how they might be made to express letters and words. This had been done – a sort of deaf and dumb alphabet had been formed; and, indeed, it was exactly an alphabet of that kind, for no two persons could be more deaf and dumb to each other than the parties who carried on a conversation by means of the electric telegraph.’
         

         Before transmitting a message by telegraph, it was necessary to attract the attention of the operator at the other end of the line. This was done by ringing a bell. ‘A handle was moved and a magnetic action was then exercised on a piece of steel connected with the apparatus,’ wrote Latimer. ‘The movement of this steel set an alarum a-going, and the ringing was kept up until the distant attendant on the telegraph gave an intimation on the dial that he was at his post. The question was then put, or the information communicated, as the case might be … Truly, said Mr Armstrong, this modern means of intercommunication, which originated with a discovery made by Oersted (namely, that a needle, when placed across a magnetized wire, moved to one side), was the greatest marvel of this marvellous age: the realities of the electric telegraph exceeded the wildest extravagances of fiction.’

         The thrill of the Lit & Phil audience at hearing Armstrong explain the marvel of the electric telegraph was a manifestation of the general excitement that had taken hold in the country about the scientific discoveries of the age. This excitement had been stirred up and fostered at the annual meetings of the British Association for the Advancement of Science, to the point where it resembled a religious fervour. Dismissed by some as a ‘vanity fair’, the British Association’s meeting at Newcastle in 1838 had been the target of particularly heavy criticism for the showiness and theatricality of its speakers.9 Leading churchmen and politicians inveighed against what they saw as a philosophical travelling circus, and the radical journalist Harriet Martineau deplored the way in which scientific celebrities received the adulation of women admirers who ‘wandered in and out, with their half-hidden sketchbooks, seeking amusement as their grandmothers did at auctions’.
         

         It was this public mood that would help to propel Armstrong from relative provincial obscurity on to the national stage; but, before he could reach those exalted heights, he had an affair of the heart to attend to.
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