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Here is the most marvellous of all machines . . . of which the mechanism most closely related is that of animals. Heat is the principle of its movement. It has in its various pipework a circulatory system like that of blood in veins with valves that open and close appropriately.


Bernard Forest de Belidor, L’architecture hydraulique, vol. 2 (1739)


I cannot express the amazed awe, the crushed humility, with which I sometimes watch a locomotive take its breath at a railway station, and think what work there is in its bars and wheels, and what manner of men they must be who dig brown iron-stone out of the ground, and forge it into THAT! What assemblage of accurate and mighty faculties in them; more than fleshly power over melting crag and coiling fire, fettered, and finessed at last into the precision of watchmaking; titanium hammer-strokes beating, out of lava, these glittering cylinders and timely-respondent valves, and fine ribbed rods, which touch each other as a serpent writhes, in noiseless gliding, and omnipotence of grasp; infinitely complex anatomy of active steel, compared with which the skeleton of a living creature would seem, to careless observer, clumsy and vile.


John Ruskin, The Cestus of Aglaia (1865)


Somewhere in the course of manufacture, a hammer blow or a deft mechanic’s hand imparts to a locomotive a soul of its own.


Émile Zola, La Bête Humaine (1890)


Steam has had a very good run for its money, and has lasted far longer than it was reasonable to expect. It has so lasted because retention of the pure Stephensonian form in its successive developments produced a machine which for simplicity and adaptability to railway conditions was very hard to replace.


E. S. Cox, Locomotive Panorama - vol. 2 - (1966)




PREFACE


THE OLD STRAIGHT TRACK


It was 10 o’clock in the morning on Tuesday, 19 December 1933. Fog lay low across Swindon, the Wiltshire town that, since 1840, had been the mechanical heart of the Great Western Railway (GWR). The late-running Paddington to Fishguard express nosed its way cautiously west through the station and along past the great engineering works where its locomotive, 4085 Berkeley Castle, had been built eight years earlier. The driver of this fleet and powerful, 79 ton locomotive would have been unaware as the outer edge of its front buffer beam struck the bald head of an elderly gentleman who had been stooping down to inspect the condition of the tracks.


George Jackson Churchward, deaf and partially blind, was killed instantly. Colourful and autocratic, yet kindly and adored by his staff, he was already a legend by the time of his sudden death by steam, famed throughout Britain and its empire wherever a steel rail had made its impact on the landscape and the rhythmic beat of an engine could be heard. Born in 1857, the son of a yeoman farmer, in Stoke Gabriel, a village on the river Dart in South Devon, Churchward was one of the most important of all steam railway locomotive engineers, sharing a hall of fame with George and Robert Stephenson, creators of the steam locomotive as most of us know it, and André Chapelon, the French engineer who was taking this most charismatic and loved of machines to new heights of efficiency at much the same time as the GWR engineer was struck down by Berkeley Castle.


A part of the tragedy – the stuff, in fact, of an ancient Greek play – is that Churchward, the retired chief mechanical engineer of the GWR, was killed by one of his successor’s locomotives. It was as if the old king had been ritually slaughtered to make way for a new order. Certainly, Churchward was a very different character from Charles Benjamin Collett, the quiet, if forceful, engineer who had followed in his footsteps in 1921. Where Churchward was a radical, albeit one who looked and sounded like a tweedy English country squire, Collett was quietly conservative. Born at Grafton Manor, Worcestershire, a house built in the sixteenth century and rebuilt into the twentieth, he was educated at Merchant Taylors’ School before being apprenticed to a firm of marine engineers, after which he joined the GWR. He was happy to take up his predecessor’s mantle and to develop the hugely impressive machines for which the older man had been responsible, including the Saint and Star class passenger express 4-6-0s, which were among the most puissant and efficient of Edwardian steam locomotives. But where Churchward was very much a designer heading a highly talented design team, as well as an experienced workshop engineer, Collett was a production man, more interested in manufacturing – at which he was very good – than locomotive design.


The difference between the two – one an outgoing fellow with a love of modern engineering and traditional country pursuits, the other an inward-looking spiritualist, hypochondriac, and keen vegetarian – is well illustrated by a story from the mythology of Swindon works. One day, the pair were inspecting the fire-box of a locomotive together at the works. ‘Pass me the illuminant,’ said Collett, a touch pompously, to a fitter, who had no idea what he meant. After a frustrating pause, Churchward popped his head out of the copper fire-box and barked, ‘Pass the bloody light.’ Here was a man who was at once down to earth and highly imaginative. This has been a quality shared by all the truly great steam locomotive engineers; the steam railway engine has always responded best to those who are just as capable of wielding a heavy spanner as understanding the laws of thermodynamics.


Churchward was a consummate steam man. Unmarried, he dedicated his life – when not out fishing – to the development of the steam locomotive, in a career that began in 1873 with an apprenticeship at the South Devon Railway works at Newton Abbot. For him, the steam locomotive was as much a passion as a practical means of ferrying railway traffic. When teased about his bachelor status at a GWR dinner, Churchward retorted humorously: ‘A lot of you are big men – important men doing big jobs, where what you say goes. But what are you when you get home? Worms! Bloody worms!’ For Churchward, as for his great admirer André Chapelon, there was no time for wife or family. Their offspring, though, were some of the most impressive and best loved machines of any era or genre.


From early on, Churchward began plotting the idea of standard types, or classes, of locomotive, which would be designed with maximum interchangeability of components and would also make the most efficient use of the steam generated in the boiler. The latter was important not just for fast and free running but also to cut coal and water consumption to a minimum. Churchward was concerned, too, to get the maximum work from his engines, and standardization of components would ensure a fast turnaround during repairs and maintenance.


With his knowledge of locomotive design in the United States, where engines were robustly made and highly practical, and developments in France, where the quest was for maximum thermal efficiency, Churchward set about producing a fleet of modern steam locomotives which would be second to none, when he took charge of design at Swindon in 1902. His engines, and those of his successor, Collett, were so good that they could be relied on to provide the necessary power to run crack passenger express services, as well as the heaviest goods trains, right up until the phasing out of steam on the former GWR lines in 1965.


The basic design of Churchward’s locomotives was a major advance on those running on most other British railways. The engines featured high-pressure boilers, superheating, long-travel, long-lap valves, and large axle-box bearing surfaces – elements that, taken together, made for exceptionally efficient and reliable machines. In comparison with rivals from Crewe and other contemporary locomotive works, they were more expensive to build. When asked by the board of the GWR why the London and North Western Railway (LNWR) could build three 4-6-0s for the price of two of his 4-6-0s, Churchward is alleged to have replied in exasperation, threatening to resign: ‘Because one of mine could pull two of their bloody things backwards!’


This was not entirely true, although Churchward’s solitary Pacific, The Great Bear, of 1908, certainly looked as if it might. As its stellar name suggests, this was a great beast of an engine, far bigger than anything running on Britain’s railways at the time. The concept had come from Churchward’s keen interest in American design practice where, since 1901, the Pacific had been emerging as the new and most effective type of passenger express locomotive. With its trailing wheels behind the main coupled driving wheels, a Pacific could carry a large and wide fire-box, sufficient to meet increased steam demands for higher power over long distances. The Great Bear, however, was too heavy for the majority of GWR main lines and its route availability was severely restricted. The GWR’s traffic department was perfectly happy with Churchward’s superb two-cylinder Saint and four-cylinder Star class 4-6-0s, as it was to be with Collett’s four-cylinder Castle and King class 4-6-0s in the 1920s. The Pacific type was not introduced on GWR lines again until the arrival of the British Railways Britannias in the early 1950s.


The Great Bear was something of an anomaly, although Churchward was particularly fond of it. Essentially, it was an experimental locomotive built to evaluate a large, wide fire-box. It was later converted into a Castle, losing its trailing wheels and wide fire-box boiler in the process. This was shortly before Nigel Gresley, the dynamic young chief mechanical engineer of the Great Northern Railway (GNR), unveiled the first of a long line of magnificent three-cylinder Pacifics which was to culminate in Mallard’s flight down Stoke Bank between Grantham and Peterborough at 126 mph – a world record for steam – in the summer of 1938. When Churchward got wind of the new Pacific, Great Northern, he commented, with the characteristic wit and generosity of most steam men: ‘Gresley could have had our Bear to play with if only we had known in time.’


Churchward was a junction box between the Victorian steam age and the subject of this book, the last of the great steam locomotive engineers, who, in spite of what eventually proved to be overwhelming opposition from the diesel and electric lobbies, drove the design of machines which, right up to the end, were recognizably the offspring of the Stephensons’ Rocket. But where Rocket could generate 25 hp and canter up to 30 mph, the last great American steam locomotives were capable of producing up to 8,500 ihp and galloping up to 125 mph – with the promise of even more in the hands of André Chapelon. Chapelon aimed, ultimately, to raise these figures to at least 16,000 dbhp and 167 mph with locomotives fitted with triple-expansion drives, water-tube fire-boxes, and steam-jacketed cylinders. There was nothing unrealistic in this: Chapelon’s meticulous extrapolations were based on repeated tests with his own locomotives.


The key to the development from the Stephensons’ Rocket, through Churchward’s Saints, Stars, and The Great Bear, to the super-power steam locomotives of the mid-twentieth century was the efficient use and optimum flow of steam, with minimum restriction, through boiler, valves, cylinders, and exhaust system. If many steam locomotives were inefficient, it was largely because they were not designed on a scientific basis. Because the vast majority of locomotives went about their business as capably as railway traffic management required, there had often been little incentive to increase absolute efficiency, or speed and power, by leaps and bounds, as the generation of steam engineers working from the 1920s to the 1950s was able, and even encouraged, to do.


Intriguingly, the first engineering discussion, in English, on the nature of free-flowing steam cycles through locomotives can be found in a book published two years before Churchward was born. This was Railway Machinery (1855), by Daniel Kinnear Clark, who for a brief spell was locomotive superintendent of the Great North of Scotland Railway. But if Kinnear wrote about it, it was Thomas Russell Crampton who put theory into practice, building from 1846 some three hundred free-running and efficient locomotives capable of a sustained 75 mph. These employed many of the same principles that would see British, American, and German engines of the 1930s reaching maximum speeds of around 125 mph, modestly sized French locomotives of the same period flattening hills as they generated herculean power outputs, and American steam expresses of up to 1,000 US tons (892 imperial tons), weighed down with cocktail bars, restaurant cars, sleeping compartments, cinemas, and observation cars, averaging 100 mph for mile after mile over gently falling gradients.


Understanding that the easy flow of steam through wide tubes heated by a large fire-box was all-important for speed and efficiency, Crampton, who had previously worked for the great civil engineer Marc Brunel, as well as for the GWR, built his first long, lean, big-wheeled express engine for the British-run Namur & Liège railway in Belgium. Although he created the impressive 6-2-0 Liverpool for the LNWR five years later – it won a gold medal at the Great Exhibition held in Joseph Paxton’s Crystal Palace – which is said to have reached 79 mph, a lightning pace for the time, Crampton was unable to persuade British railway managers of the desirability of his highly original locomotives. Liverpool was, in any case, too heavy for existing tracks. But Crampton’s locomotives proved popular on the continent, particularly in France and Germany. For many years in France ‘prendre le Crampton’ meant to catch an express train, and these charismatic machines have subsequently been described rather nicely as ‘Napoleon III’s TGVs’.


The basic knowledge, then, needed to create the fast, powerful, and efficient steam locomotives that emerged as a new breed from the late 1920s had existed from very early on in the life of the steam railway locomotive. Yet it was not until particular economic and political pressures began to force themselves on to the railway industry after the First World War that the early researches and engineering practices of the likes of Clark and Crampton, and other progressive spirits such as Henry Alfred Ivatt of the GNR in England and Jean Gaston du Bousquet of the Nord railway in France, began to hold sway. Indeed, it was Churchward who, along with the French engineers he admired – du Bousquet and Alfred George de Glehn of the Société Alsacienne de Constructions Mécaniques – made the first truly effective attempt to reinvigorate the steam locomotive at the very time when electric traction was making a substantial impact on railways and – in Switzerland, in 1912 – the Sulzer company was about to create steam’s nemesis in the form of the first diesel-electric locomotive.


Churchward’s importance is that as a child of the early steam railway age he brought together the best theory and practice from France, Germany, and the United States, fusing these with British craftsmanship and finesse. Despite the way he looks in his photographs, Churchward was – although he would never have used the word – a ‘modern’. He owned a motor car from the word go. He rarely stood on ceremony. He adapted engineering developments that would improve his locomotives whatever their source. Here was no narrow-minded nationalist. No sentimentalist either: in 1906 he scrapped two of the GWR’s historic broad-gauge locomotives – North Star (built 1837) and Lord of the Isles (built 1851) – because they took up space in the Swindon works that could be given over to the construction of new engines.


As for design, Churchward even attempted to modernize the graceful, Victorian look that GWR engines, no matter how dynamic, were never to lose, even when pulling express trains in and out of Paddington after The Beatles had released their first LP. ‘In my opinion,’ he said when accused of producing ‘ugly’ machines like No. 100, his first 4-6-0, built in 1902, ‘there is no canon of art in regard to the appearance of a locomotive or a machine, except that which an engineer has set up for himself by observing from time to time types of engines which he has been led from his nursery days upwards to admire.’ Even so, Harry Holcroft, one of his assistants, was quickly drafted in to help smooth out the appearance of Churchward’s early, American-influenced designs.


When Churchward retired in 1921, all he would accept as a present was a salmon and trout rod and tackle; the rest of the considerable sum raised by members of his staff was used to create a charity, now known as the Churchward Trust. It is not difficult to imagine what this great steam man would have thought of the fate that has overtaken his beloved Swindon works – now covered by the Churchward Village ‘regeneration’ project, centred on the Swindon Designer Outlet shopping centre and the headquarters of the National Trust, an organization that would have shuddered at the destruction of North Star and Lord of the Isles.


As it was, the influence of this distinguished engineer was to percolate through the British railway industry until the end of mainline steam construction. One of Churchward’s assistants, William Stanier, went on to become the highly effective chief mechanical engineer of the London Midland & Scottish Railway (LMS). In turn, a trio of Stanier’s assistants – Robert Riddles, Ernest Stewart Cox, and Roland Bond – formed the core of the team responsible for the design of British Railways’ Standard class steam locomotives of the 1950s. The last of these, 92220 Evening Star, was one of the exceptionally free-steaming class 9F 2-10-0s, freight locomotives that could run, occasionally, at 90 mph and were loved by crews and management alike. Evening Star was built at Swindon in 1960 and finished like a true GWR locomotive, painted in Brunswick green, lined in black on orange, and with a copper-capped chimney. The engineering and aesthetic legacy alike, both stretching back to Churchward, were there for anyone to see.


Churchward lived and died by the steam locomotive. He also lived to see the arrival of the competitors that would very nearly kill it off: electric and diesel-electric locomotives. Churchward, though, provided much of the ammunition needed for the generation that followed him to push the steam locomotive to limits that would have seemed improbable when he took office in 1902. Quite what he thought of the new forms of motive power one can only guess; what is certain is that he believed that steam locomotives would continue to be built for many years to come, and that it was the proper concern of the engineer to ensure that they were developed to achieve maximum efficiency and reliability. By the first decade of the twentieth century, the steam locomotive was just about one hundred years old. It would continue in regular main-line service for the next hundred years, with steam only now finally disappearing from the hard-working colliery railways of China.


Although there are those who will argue that the effort invested in the development of the steam locomotive between, and especially after, the two world wars was wasteful, merely a case of holding back the clock, George Churchward himself would be fascinated to learn that it has not quite reached the end of the line. As the supply of oil becomes ever more tangled up with nasty global politics, bitter local wars, and vicious terrorism, the diesel-electric, currently so universal, may be heading towards the buffers. There is an enduring love of steam locomotives and an increasing demand around the world to ride on steam specials. Research into the more efficient steam locomotives of the twenty-first century therefore pushes ahead. Indeed, a triple-expansion machine, working at a boiler pressure of 580 psi, as envisaged by Chapelon, would give a thermal efficiency of 19 per cent for boiler and cylinders. This would compare with a figure of 38 per cent for a modern diesel. But if the cost of fuel per heat unit for steam were less than half that of diesel oil, a convincing case could still be made for steam.


Steam technology has been around for a very long time indeed. We rely on it increasingly. And we may yet get to ride behind a new generation of steam locomotives – perhaps even past the Swindon works itself.




INTRODUCTION


RAISING STEAM


We live in the Steam Age. This might seem an odd, even an eccentric thing to say, and yet without the conversion of water into vapour much of our modern life would grind to a halt. When you plug the latest digital gadget into the wall to recharge the thing, it receives electric current generated in power stations which, for the most part, are steam-powered. Whether heated by nuclear rods, coal, or other fuels, mighty boilers at the heart of power stations produce steam at very high temperatures which is directed at great pressure to the blades of turbines which, spinning at speeds that make the raciest internal combustion engine seem sluggish, generate prodigious quantities of the electricity we need to make our world turn comfortably and even – it has to be said – decadently.


Our desire for ever more goods, roads, cars, supermarkets, and gadgets means that we need more and more of these supremely reliable steam engines. In the United States alone, more than 85 per cent of the nation’s energy is generated by steam turbines. As a by-product of electricity generation, some one hundred thousand buildings in Manhattan are heated by steam coursing through the pipes of a centralized system. Anyone familiar with New York in winter will have delighted in, or perhaps just been puzzled by, the plumes of steam rising from beneath the city’s grid of streets and avenues.


We use steam to sterilize medical instruments, to unblock our sinuses, to warm our homes – the domestic boiler powering your central-heating system is a steam producer – and to cook, wash, and clean. And from childhood stories, whether apocryphal or not, of the young James Watt holding down the lid of the kettle boiling on the range at home in Greenock, we know – almost instinctively – that just as the sun’s rays will light a fire if directed through the lens of a magnifying glass, so steam when compressed has a restless, animal-like power. In fact, when water boils it increases by 1,600 times in volume. One would not have thought it required a great deal of imagination to reason that if this gaseous expansion could be harnessed in some way, it might work a machine of some sort. A pump, perhaps, or some sort of turbine, or a reciprocating engine with cylinders, valve gear, and wheels, so that if you placed it on rails, it might just pull a train.


Steam is not going to go away, no matter how hard anyone tries to persuade us that the Steam Age is a part of a sooty Victorian era, long gone. Steam is an elemental force we depend on to an ever-increasing extent. What has changed, worldwide, over the past half century is the landscape of our railways. The decision to abandon steam on many of the world’s railways was taken just after the Second World War, although the production of main-line steam locomotives continued in Britain until 1960, in India until 1972, and in China until as recently as 1988. The decline and fall of the steam railway locomotive, however, was not as inevitable as is often thought. In fact, at the very same time that the decision was taken, notably in France and the United States, to put an end to steam development and production, the men who are at the core of this book – the world’s last generation of great steam locomotive engineers – were producing machines that were fast, powerful, reliable, and relatively efficient. This generation of steam locomotives reached its zenith between the early 1930s and the late 1940s, and it was characterized by machines that were individually more powerful than the diesels that did so much to cause their rapid demise.


What I hope to show here is that this final great flowering of steam locomotive design, in an era when the steam locomotive was still very much part of everyday life, was not a technical dead end. The engineers whose stories and achievements are told here were pushing the boundaries of a technology that was on the verge of making the quantum leap it needed not just to stay the course against the new diesels, but to prove that ‘dieselization’ was neither entirely logical nor even necessary.


Remarkably, though, steam development has continued against the odds. This is partly because steam locomotives continue to be in regular use in various parts of the world and, understandably, those who operate them have wanted to lower their fuel consumption, increase their reliability, and make them as up to date as possible. As a result, men such as the visionary Argentine engineer Livio Dante Porta, who died only in 2003, and the British engineer David Wardale, who has developed designs for a new generation of high-speed steam locomotives, have been able to keep the flame alive into the twenty-first century.


If steam development had been allowed to continue, it is astonishing to think what magnificent machines might be running on our railways today. Most would resemble the steam locomotives we know from childhood, from histories, films, and museums, and from the railway preservation movement, which has kept steam vigorously alive ever since enthusiasts with a practical bent as well as a love of steam took over the running of the narrow-gauge Talyllyn Railway in North Wales in 1951. The differences, though, between a steam locomotive of Flying Scotsman’s generation, in the early 1920s, or even Evening Star’s, and its modern counterpart would be profound.


With modern servicing facilities available around the clock, as epitomized by those at Shaffers Crossing on the Norfolk and Western Railway in the 1950s, a modern locomotive with half a century of continuous research and development behind it would be a formidable machine. It would be able to run as fast as any train in Britain today. The heat haze – rarely more – from its chimney would do little to upset environmentalists; although Chapelon suggested that even with well-controlled firing there would be some smoke emission for fifteen to thirty seconds when firing rates were increased. With its reciprocating, piston-driven machinery, the modern steam locomotive would still make the compelling, rhythmic, musical sounds many of us love to hear and, as a bonus, it would still trail plumes of white steam – clean water vapour – behind the train and across the landscape in cold weather. These machine-made clouds might, though, be a little less luxuriant than they were in the past if much of the water vapour exhausted from the hard-working cylinders was condensed inside the locomotive and returned to its tender or tanks to be used again.


Burning a variety of clean fuels and with improved control of combustion conditions, the modern steam locomotive would no longer be associated with the volcanic emission of soot and cinders. Footplate crews would work in clean conditions. The servicing and cleaning of locomotives would be mechanized. A shed of modern steam locomotives could never be a stand-in for a hospital surgery, but it would bear little resemblance to the steam depots of an era when labour was cheap and dirt, and even danger, was a part of a working man’s day. And what my story will show is that steam engineers did in fact come remarkably close to realizing this vision of the modern steam locomotive. So what stopped them? The answer is not simple, but it is one that emerges as steam locomotive development rose to new heights in the 1930s and 1940s, and as competing technologies pressed their advantages and politics had their day with the railways.


The steam locomotive has always been far more than a machine. Warm-blooded by nature, it is a kind of living, breathing animal fashioned from metal. No wonder that, in Britain at least, some of the very fastest of its kind were named after racehorses or fast-flying birds. Not only does the steam locomotive tug at the heart, as well as delighting the ear and eye, it also boasts an ancestry that takes us back to the great civilizations of the past.


Hero of Alexandria, a Greek mathematician and engineer, and citizen of the Roman Empire, published notes on an early form of steam turbine which he called the aeolipile – the Ball of Aeolus (the Greek god of the wind). A boiler set a ball (made of bronze, perhaps) spinning, using steam directed through a pair of pipes. The steam escaped through curved nozzles set on opposite sides of the ball. Shooting out as a pair of opposed jet streams, it began to turn the ball and set it spinning – ‘as in the case of dancing figures’, as Hero described its action. I know it worked: I think I was seven years old when I was given a Tri-ang model of the Hero Steam Turbine. It came complete with a bust of the inventor, and it spun happily under steam. At much the same time, I was given my first reciprocating steam engine, a Mamod SE2a, made by Rovex Scale Models of Margate. Fuelled by noggins of mauve methylated spirit, it was an intoxicating device. Its flywheel rotated at great speed, although the engine was a stationary one and went nowhere. It frightened the dogs and cats, and also took the skin off my left hand after I experimented with increasing the power by restraining the safety valve.


Just as my Mamod SE2a served no practical purpose, so Hero’s aeolipile appears to have been nothing more than a toy. This is significant because it seems possible that Hero got the idea from reading Vitruvius, the Roman architect and engineer, who refers to an aeolipile in his De Architectura, published towards the end of the reign of Augustus Caesar. In turn, although Vitruvius may well have seen an aeolipile revolving, the idea might just have come from the Alexandrian Greek mathematician Ctesibius, who wrote what appears to have been the first treatises on compressed air and pneumatics, and who may well also have invented the water pump, along with other useful devices such as the siphon. Significantly, when the steam engine first went to work, it was as a water pump.


Given that Ctesibius had very probably built mechanical pumps and an aeolipile of some kind, why did the Roman Empire treat the first steam engines as nothing more than a curiosity? The Romans were a practical people and were inventive engineers and masterly builders – just think of what they could have done with steam. (There is a funny drawing in W. Mills’s whimsical 4ft 8½ and All That: A Sort of Railway History in which a Roman senator, a centurion, and a curly-haired schoolboy watch, with some disquiet, a steam train rumbling over the top of a fine viaduct – the carriage is labelled SPQR, as in GWR or LNWR.)


The most likely explanation is that the Romans simply had no need of such machinery. With vast armies of slaves as well as well-trained soldiers, they were able to build on an epic scale without the need for steam, while well-built roads and powerful quinqueremes gave them mastery of land and sea. Indeed, in his short story ‘Envoy Extraordinary’, William Golding tells of a fictional Greek inventor, Phanocles, who is taken to see the Roman emperor. The emperor is amused by the inventions Phanocles shows to him: a compass, a printing press, a cannon, a pressure cooker, and a steam ship. One way or another, he finds them all enchanting but useless and even unsettling. His oarsmen take against the steam ship because it will rob them of their work and, as slaves, if they have no work, they might well be slaughtered. In any case, the ship goes out of control in the harbour and sets fire to the city around it. The pressure cooker is fun, but given that the emperor can call up a banquet in seconds with a click of his fingers, he has no need of such a device. But to reward Phanocles, while damning him with faint praise and effectively rejecting his work, he appoints him envoy extraordinary and plenipotentiary to China. No Roman, so far as we know, ever reached even the borders of the Chinese Empire.


Nonetheless, copied as they were by medieval European monks and Arab scribes, descriptions of early water pumps and steam engines haunted the imagination of later generations of inventors. Sporadic attempts to harness steam power were made from the sixteenth century onwards. In 1543, Blasco de Garay, a Spanish sea captain, is said to have demonstrated a 200 ton paddle steamer, the Trinidad, in the harbour at Barcelona. The story lacks authentication and it may simply have been a romantically wilful misreading of an historical document by a Spanish librarian at the time of the opening of the Stockton & Darlington Railway in 1825 – an attempt to prove that the brave and glorious Spaniards had invented the steam engine before the perfidious English.


What does seem to be true is that a century later, just before the outbreak of the English Civil War, Edward Somerset, 2nd Marquis of Worcester, built a working steam pump at Raglan Castle, his family home in South Wales. Although Somerset, impoverished by his support for the royalists, failed to capitalize on his invention, he did write about it in a treatise completed in 1655. Eight years later, this was printed in London by J. Grismond under the snappy title A Century of the names and scantlings of such inventions as at present I can call to mind to have tried and perfected which (my former notes being lost) I have, at the instance of a powerful friend, endeavored now, in the year 1655, to set these down in such a way, as may sufficiently instruct me to put any of them to practice.


In 1698, Thomas Savery, a Devon-born military engineer, who had read Somerset’s book of inventions, patented a steam pump based on the Raglan Castle design. This was a clever ruse, because, although he built a few more or less successful engines, Savery was not the presiding genius of the emerging steam world he would have liked to have been. But his patent was such that when, probably in 1710, Thomas Newcomen, the Devon-born ironmonger and Baptist preacher, made what was perhaps the first truly successful practical steam engine, he was forced to go into partnership with the canny Savery – and throughout, and even beyond, his life, royalties were payable to the Savery estate for each Newcomen engine built.


In fact, Newcomen owed as much to the writings of Denis Papin, the French Huguenot physicist who invented the steam pressure cooker between 1676 and 1679, while working with Robert Boyle at the Royal Society in London. Although he was obliged to flee to Germany when French Protestants were persecuted under the Edict of Nantes, and later died a pauper’s death in unknown circumstances, it is good to know that it is to Papin that we owe the creation of the very first self-propelled steam vehicle, a paddle boat he made in 1704 while in exile in Kassel.


Papin’s description, meanwhile, of the workings of a piston operating in a cylinder at atmospheric pressure (14.7 psi), in his paper Nouvelle méthode pour obtenir à prix bas des forces considérable (A New Method for Obtaining Large Forces at Low Cost), had been published in Leipzig in 1690, and it was to have a galvanizing effect on Newcomen. From 1710, Newcomen’s steam pumps began working in the tin mines of Cornwall, although precise dates and locations are uncertain, and in the Black Country, where an engine was installed at the Conygree Coalworks, near Dudley, in 1712. By the time of his death, Newcomen had installed at least one hundred steam engines in various parts of newly industrializing Britain, as well as in France, Belgium, Spain, Hungary, Sweden, and the United States, where evidence of a Newcomen engine was uncovered at a coal mine at Midlothian, Virginia, in 2010.


Newcomen’s engines worked, but they were big and slow and, by the standards of the Stephensons’ much later Rocket locomotive, deeply inefficient. The key problem was that the cylinder was heated and cooled each time the piston was pushed up and then encouraged down, since water was poured into the top of it in order to create the vacuum necessary to prompt the downstroke. Keeping the cylinder warm is essential to the efficiency of a reciprocating steam engine, as engineers were to realize when they finally developed the steam jacket for precisely this purpose.


The problem was solved by James Watt, the Scottish inventor who by 1765 had transformed Newcomen’s engine into the machine that accelerated the Industrial Revolution to full speed. By creating a cylinder the walls of which stayed warm on both upstroke and downstroke, Watt increased the performance and efficiency of Newcomen’s engine several times over. Watt discovered that no less than 80 per cent of the steam generated in Newcomen’s engines was wasted in heating the cylinder rather than doing useful work. Watt’s patent, ‘A Method for Lessening the Consumption of Steam in Steam Engines – the Separate Condenser’, was first registered in January 1769.


Although a febrile inventor, Watt was no businessman. It was only when he teamed up with Matthew Boulton, owner of the Soho Foundry, near Birmingham, that he became a wealthy man. Founded in 1794, Boulton & Watt built 1,164 steam engines over the following quarter of a century. Intriguingly, many of these vast machines – some 25 feet high, with cylinders measuring a massive 50 inches in diameter (the largest to be used in a steam locomotive was an exceptional 41 inches, in the United States, in the low-pressure cylinder of John E. Muhlfeld’s two-cylinder, high-pressure, cross-compound 2-8-0 of 1924) – were supported with iron pillars tricked up as Greek and Roman columns. This was not a homage to Hero of Alexandria, but it was an unwitting reference to Vitruvius, who not only described the early steam turbine but also left a body of writing that, when taken up by Italian Renaissance architects, sparked the rise of Neo-Classical design. So while Boulton and Watt were simply reflecting design values of their time, they were nonetheless reinforcing the idea that the steam engine had a classical pedigree.


What Boulton and Watt did not do was to build a steam locomotive, although they might have been the first to do so. In 1777, William Murdoch, a young Scottish inventor whose reputation had been conveyed to Watt by James Boswell, the biographer of Samuel Johnson, walked more than three hundred miles from his home in Cumnock, East Ayrshire, to Birmingham to ask Watt for a job. Murdoch made many improvements to Boulton & Watt engines, particularly when working in Cornwall, but most importantly he made Britain’s first working model of a steam locomotive. This was intended for the roads rather than rails, but the scale model of a three-wheeler carriage he made in 1784, with the engine slung beneath the two large back wheels, puffed eagerly around his living room in Redruth. This was the first time a man-made machine had travelled under its own steam in Britain.


Murdoch was aware that the French inventor Nicolas-Joseph Cugnot had got there first with his three-wheeled steam tractors for the army, the first of which moved under its own power in 1769. But, admirable though his achievement was, Cugnot’s steam vehicles were extremely heavy and unstable, had a maximum speed of 4 or 5 mph, and had to stop every fifteen minutes to allow the boiler to recover its working pressure. No one, however, should underestimate the importance of these historic machines and the 1771 model on display at the Musée des Arts et Métiers in Paris is an evocative sight.


If it had been built to full scale, Murdoch’s road locomotive might have been a spritely machine. Watt, though, believed there was no future in self-propelled road carriages, although Murdoch made a second working model in 1785 and demonstrated it to a wide-eyed public at the King’s Head Hotel in Truro. Watt was also alarmed by Murdoch’s design of a higher-pressure boiler; given the quality of existing materials available for boiler-making, Watt believed in using only atmospheric pressure. While his engines were indeed based to some extent on the principle of a boiling kettle, not wanting to take any undue risk, Watt was wary of the sort of pressures that would be found necessary in the coming years to make a success of the steam railway locomotive. A full-scale working replica of Murdoch’s model was eventually built in Redruth by the Murdoch Flyer Project between 2004 and 2007.


Murdoch remained an employee of Boulton & Watt, but he kept his models. Sometime in 1797–8, he showed them to Richard Trevithick, the Cornish inventor and mining engineer who was then his neighbour and had seen Murdoch’s first model working under steam in 1784. Trevithick went on to build two steam carriages of his own: Puffing Devil in 1801, and London Steam Carriage in 1803. The following year he created the world’s first steam railway locomotive.


Any child who finds school difficult should take heart from Trevithick’s story. One teacher from his village school in Camborne reported him as ‘a disobedient, slow, obstinate, spoiled boy, frequently absent and very inattentive’. But the young Trevithick was busy, out and about from school, watching steam pumping engines at work in local mines. Observation, imagination, and a degree of genius allowed Trevithick to develop an engine with a double-acting cylinder, with steam admitted through a four-way valve and exhausted not through Watt’s condenser, but through a chimney. He was getting close to the machinery necessary to make a steam railway locomotive work.


Next, Trevithick demonstrated a boiler compressed not to Newcomen and Watt’s 14.7 psi but to 145 psi, at which pressure steam forced in and out of double-acting cylinders works hard and powerfully. Trevithick’s bold experiments came to fruition in 1804, assuring him his place in history, while he was working at the Pen-y-Darren Ironworks in Merthyr Tydfil, in South Wales. He mounted a new stationary engine, designed to work a steam hammer, on wheels. Delighted with the ingenuity of the machine, Samuel Homfray, owner of the ironworks, made a bet with a rival ironmaster, Richard Crawshay: fifty guineas said that Trevithick’s (unnamed) locomotive could pull 10 tons of iron along the 9.75 miles of the Merthyr Tydfil tramway from Pen-y-Darren to Abercynon.


It did. And more. On 21 February 1804, with George III on the throne and Napoleon Bonaparte shortly to be crowned emperor of France, the first railway locomotive hauled not just 10 tons of coal but seventy passengers too, all the way to Abercynon, in four hours and five minutes, at an average speed of 2.4 mph. The locomotive had triumphed, but because of its great weight – 4 tons – it distorted the cast-iron track made for horse-drawn trains. As a result, its wheels were removed and it returned to duty as a steam hammer at Pen-y-Darren. Once a year, a replica steams slowly along a track at the National Waterfront Museum, Swansea.


The early steam railway locomotive was restricted to use in collieries and ironworks, notably in Cornwall and Northumberland, although in 1808 Trevithick demonstrated a new locomotive, Catch me who can, to the public in a timber-fenced ring laid out in Euston Square. For a shilling a time, Londoners could spot their first steam railway locomotive and ride on a train for the first time. The ‘Steam Circus’ was not as popular as Trevithick hoped it would be. It would be another twenty-eight years before trains and steam locomotives returned to the capital. By then, Trevithick had been three years in his grave. After many failures and a number of hair-raising adventures – in Costa Rica he was very nearly eaten by an alligator – he was engaged to work on the design of an early form of steam turbine for a ship being built by J. & E. Hall Ltd at Dartford in Kent. There he contracted pneumonia and died a pauper in bed at the Bull Hotel on 22 April 1833.


Between Trevithick’s ‘Steam Circus’ and the opening of the Liverpool & Manchester Railway in 1830, it had been unclear whether or not the steam railway locomotive would take off. Mail coaches, which could average 9 mph from London to what must have seemed like all points of the British compass, and a network of turnpike roads and canals, had revolutionized transport in Britain over the preceding half century. The few steam railway locomotives that existed were slow, lumbering things which led lives well away from the public gaze. A memoir of the early steam days in the collieries of the North-East written by Thomas Summerside, a friend of the Stephensons, tells how Blücher, an 0-4-0 locomotive built by George Stephenson for the Killingworth colliery in 1814, had a habit of breaking down and could be a pig to start. ( Blücher was named, presumably the following year, after Gebhard Leberecht von Blücher, the Prussian general who came to Wellington’s rescue at the battle of Waterloo in 1815.) George Stephenson would call to his buxom sister-in-law Jinnie, cutting the grass beside the track to feed her cows: ‘Come away, Jinnie, and put your shoulder to her.’ It was her job, too, to get up at the crack of dawn to light Blücher’s fire.


These first locomotives might have been crude and they were certainly no beauties, yet Trevithick had evidently set something important in motion; his Pen-y-Darren 0-4-0, however, had steamed a little too early in the day to be an economic proposition. The event that set the steam locomotive on its untrammelled metal course around the world was the Rainhill Trials of October 1829. Here was the opportunity for George Stephenson, and his son Robert, to prove that a steam locomotive could be fast, exciting, and attractive. Rocket, a canary-yellow and white 0-2-2, was a pretty machine, a locomotive wholly unlike its crudely presented predecessors, whether on the Stockton & Darlington Railway or working collieries and ironworks. Rocket was designed for passenger service. During the Rainhill Trials some fifteen thousand people saw Rocket, and its rivals, in action.


The Rainhill Trials determined what type of traction would haul the trains of the Liverpool & Manchester Railway, the world’s first intercity service. There was no guarantee that locomotives would win the day. The answer might have been rope haulage with a succession of stationary steam engines pulling trains between the two Lancashire cities. Rocket, though, was a new type of locomotive. Her boiler contained not a single large flue, with a fire at one end to heat the water and raise steam, but, at the suggestion of Henry Booth, the scientifically minded treasurer of the Liverpool & Manchester Railway, twenty-five small copper flues, or tubes, which would greatly increase the boiler’s surface area and hence both the quantity and rate of steam produced. This coincided with the first application of a multi-tubular boiler in France, by Marc Seguin. A separate copper fire-box was fitted to the back of Rocket’s boiler. A blast-pipe exhausting steam from the cylinders created a vacuum drawing heat from the fire and through the boiler tubes.


The completed locomotive, with its boiler tested to 70 psi (its working pressure was 50 psi), was disassembled and packed off by horse and cart from Newcastle to Carlisle, and then by canal lighter to Bowness-on-Solway, where the crates were loaded on to a boat to Liverpool, the journey taking the best part of six days. Rocket ran very well indeed and easily won the Rainhill Trials. Eight further members of the class were built in time for the public opening of the Liverpool & Manchester Railway in September 1830. The later locomotives featured water-jacketed fire-boxes, considerably increasing steam production, smoke-boxes to collect unburned fuel and char through the boiler tubes, and cylinders mounted close to the horizontal (Rocket’s were angled at 45 degrees) to provide smoother movement with less stress on the track – Rocket had tended to waddle along. Capable of at least 36 mph, these Stephenson machines launched not just the steam locomotive in public service, but the very idea of the trunk railway rushing passengers from city to city.


Just three years later, a locomotive emerged from the works of Robert Stephenson which is largely forgotten but remains key to the story of the steam railway. This was Patentee, an inside-cylindered 2-2-2, designed for service on the Liverpool & Manchester Railway, the Grand Junction Railway connecting Manchester and Birmingham, and other new railways which were springing up as fast as parliament could pass acts in their favour. Its design set the style and general arrangement of thousands of British locomotives built over the next century. With a more effective blast-pipe in the smoke-box channelling exhaust steam from the cylinders and mixing it with combustion gases drawn through the boiler tubes as a result of the vacuum, Patentee was a major advance on Rocket. Patentee’s cylinders were inside the frames and under the smoke-box to keep them warm, minimizing condensation losses and increasing efficiency, and allowing the engine to run more smoothly than Rocket’s due to better balancing of the driving forces.


If Patentee had a fault – as did so many of these early locomotives – it lay in the fact that her construction was disharmonious. These were truly early days: not only was the steam locomotive new, but the materials used in its construction were still largely untested, especially in the rough and tumble of regular everyday passenger and goods services over long distances, uphill and down. Many locomotives of this generation would virtually shake themselves to pieces, suffering severe vibratory stresses and fractured components which entailed frequent repairs. Their lives were short, if colourful. Yet half a century on, British 2-2-2 and 4-2-2 locomotives – descendants of Stephenson’s Patentee – were running at speeds of up to 90 mph and clocking up mileages of over a million miles before being withdrawn from service. All the great steam locomotive engineers of the future would possess a very sound understanding of materials – just as they all served long apprenticeships, beginning with the making of bolts and screws, before they were let anywhere near the drawing board.


Even so, something was missing in the 1830s to make the Stephensonian locomotive a world-beater. This was the reversing link motion, invented in 1842 by William Howe, a pattern-maker with the Robert Stephenson works in Newcastle-upon-Tyne. Howe’s invention, known as Stephenson’s Link Motion, allowed the driver progressively to cut off steam admission into the cylinders. While a locomotive often needs the full force of steam rushing into the cylinders to get a train moving, or to climb a severe gradient, it needs far less steam once it is up to speed. Howe’s lever-controlled motion linkage meant that the driver could choose the percentage of piston stroke during which steam would be admitted to produce the required power. When starting, he might admit steam for 75 or even 80 per cent of the piston stroke; as the train accelerated he could ‘link up’ or ‘notch up’ so that the volume of steam admitted to the cylinders per stroke was progressively reduced. The most efficient steam locomotives might streak along with an express passenger train on level track at full regulator and yet with a ‘cut-off’ of as little as 15 or even 10 per cent, with much of the power being developed from the steam that had been admitted expanding in the cylinders. Howe’s invention gave the steam locomotive the equivalent of the gears used in a car. A cut-off of 75 per cent is rather like being in first gear, 50 per cent second, 35 per cent third, and so on. Rewarded by Robert Stephenson with a bonus of twenty guineas, Howe saved railway companies huge amounts of money as fuel bills fell when their drivers were trained to run well ‘linked up’.


Now, four of the five fundamental engineering characteristics of the classic Stephensonian locomotive had been established. The five components were like five commandments, forged in iron and handed down from Robert Stephenson and Company in Newcastle-upon-Tyne to drawing offices and engineering workshops in Britain and around the world. These commanding characteristics were as much a part of Evening Star, the last main-line locomotive to be built for regular service in Britain, as they were of Stephenson engines of a century and a half earlier. They were: (i) two cylinders with cranks at right angles, unless power requirements called for three or four cylinders; (ii) the blast-pipe exhaust, giving induced draught to force the fire to produce the heat necessary for the required steam production; (iii) the multi– tubed boiler with separate fire-box; (iv) expansion valve motion; and (v), the one major characteristic that nineteenth-century locomotives lacked, the smoke-tube superheater, a device that would eliminate cylinder condensation when a locomotive was on the move and would greatly increase the volume and effectiveness of steam at any given pressure, increasing power by 20 to 25 per cent.


Over the following sixty years, between Howe’s link motion for Robert Stephenson and George Churchward’s appointment as locomotive superintendent at the GWR, many thousands of steam locomotives were built in Britain, and then in Europe, the United States, and, more slowly, in other parts of the world, which rarely differed from the pattern of design set in those pioneering days. National and regional characteristics emerged, with such distinctive designs as the all-purpose American 4-4-0, with its prominent cowcatcher, bulbous chimney stack designed to catch (or ‘arrest’) sparks, outside cylinder drive, powerful headlamp, sonorous bell, and mournful whistle; French locomotives, covered in ancillary equipment of all sorts intended to increase their efficiency; and the classic Victorian British locomotive, shaped – oh so elegantly – as if it had no moving parts whatsoever, galloping through the landscape like a thoroughbred hunter.


Despite outward appearances, design changes came slowly and steadily in the second half of the nineteenth century, rather than in a rush. This is understandable, given that few railways demanded great speeds until the twentieth century, and that most passenger trains were very light before the advent of corridor-connected, double-bogie carriages, restaurant cars, kitchens, lavatories, air conditioning, and other conveniences and luxuries. It is also true that, for the most part, labour – even skilled labour – was cheap and, until trade unions developed muscle, management was able to rule the railway roost on its own terms.


Cheap and plentiful labour also meant that nineteenth-century steam locomotives tended to be beautifully turned out, immaculate in their astonishing variety of liveries, from cream, through Stroudley’s improved engine yellow, Brunswick green, Prussian blue, and crimson lake, to the glossiest blackberry black. This must surely have been one reason why the steam locomotive, and the steam railway as a whole, won admiration so very quickly from the wider public. From the ungainly, smoke-belching monsters of the colliery days before the Liverpool & Manchester Railway, the steam locomotive had turned into the most elegant and prized machine.


Generations of nineteenth-century schoolboys wanted to become engine drivers or, as they grew up, locomotive engineers. A new generation of professional men – and a very few women, too – was quick to realize that railways were good for business. Ideas as well as people could hurry between towns and cities at speeds that no one could have imagined before George Stephenson first opened out the regulator of Rocket at Rainhill in 1829. Finally, it was possible to travel faster than by horse.


*


‘I am such a locomotive being always flying about,’ wrote the prolific architect Augustus Welby Pugin, as he sped around the country whenever, it seemed, a new railway opened, in his mission to build Gothic Revival churches the length and breadth of Britain. Architectural styles had begun to travel too, and one wonders whether the railways were to blame for the sheer eclecticism of High Victorian design as architects raced about the country, rather than working locally, and with local materials, as in the days before steam.


Railways, though, and the steam locomotive in particular, had a character and an aesthetic of their own. The ways they looked, moved, and sounded were new and special. From early on, artists attempted to capture the spirit of the steam locomotive in oil on canvas. J. M. W. Turner’s Rain, Steam, and Speed, showing one of Daniel Gooch’s broad-gauge 2-2-2s blazing across Maidenhead viaduct between Paddington and Reading at the head of a GWR express, was painted in 1842. It is a brilliant, awe-inspiring evocation of a steam train in full flight, part fairy-tale dragon, part factory furnace, a fiery and fleet herald of the industrial world that had shaped it, at once frightening and compelling.


If artists and, later, photographers became enchanted with the steam locomotive, so did musicians. Steam locomotives sing a universally popular song, a song with an insistent regular beat which has been the direct inspiration for many forms of music: orchestral, jazz, blues, boogie-woogie, folk, country and western, pop, and rock. In an interview in 1923, Arthur Honegger, the Swiss-born French composer, said: ‘I have always had a passionate liking for locomotives; for me, they are living things and I love them as others love women or horses.’ Honegger’s Pacific 231 (1923) is a piece of music that captures, in its own modern way, the excitement and musical intensity of a train journey spun through the landscape by a relentless French État railway Pacific locomotive. And even before Honegger’s overt orchestral paean to the steam locomotive, Jean Sibelius had worked the sounds of a steam train into his Night Ride with Sunrise, as had Anton Bruckner in his Fourth Symphony, Dvořák in the scherzo of his D minor Symphony, and Igor Stravinsky in The Rite of Spring.


Black plantation workers from Texas, Mississippi, and Louisiana rode a mix of passenger and freight trains north to Chicago to find work and a new life after the American Civil War. This internal emigration continued for many decades. The sound of all those steam engines, the clickety-clack of the rail joints, lonesome whistles, and a sense of hope, yearning, and nostalgia, all railroaded into one new sensibility, helped give rise to the blues. To jazz and boogie-woogie, too, through the rocking pianos of Jimmy Yancey, Albert Ammons, and Meade ‘Lux’ Lewis. Just listen to ‘Lux’ Lewis’s ‘Honky Tonk Train Blues’ (1926).


From an earlier time, here is a wonderful poem, ‘From a Railway Carriage’, by Robert Louis Stevenson, published in A Child’s Garden of Verses (1885):




Faster than fairies, faster than witches,


Bridges and houses, hedges and ditches;


And charging along like troops in a battle


All through the meadows the horses and cattle:


All of the sights of the hill and the plain


Fly as thick as driving rain;


And ever again, in the wink of an eye,


Painted stations whistle by.


Here is a child who clambers and scrambles,


All by himself and gathering brambles;


Here is a tramp who stands and gazes;


And there is the green for stringing the daisies!


Here is a cart run away in the road


Lumping along with man and load;


And here is a mill, and there is a river:


Each a glimpse and gone for ever!





How cleverly, and in so few lines, Stevenson, born seven years before G. J. Churchward and just twenty years after the opening of the Liverpool & Manchester Railway, catches the sound of the locomotive and of the carriages tearing after it – and how, too, his soundscape gives us the train now racing along the level, now climbing a hill, and, finally, streaking off into the unheeding distance.


W. H. Auden managed much the same with his memorable script for the GPO Film Unit’s Night Mail (1936). As we watch 6108 Seaforth Highlander, a three-cylinder Royal Scot class 4-6-0, climb the long gradient to the summit at Beattock, Auden recites:




This is the Night Mail crossing the border,


Bringing the cheque and the postal order,


Letters for the rich, letters for the poor,


The shop at the corner and the girl next door.


Pulling up Beattock, a steady climb:


The gradient’s against her, but she’s on time.





Stately. Dignified. But with the punch and pull of pistons pounding in hard-pressed cylinders. And, then, as the LMS locomotive streaks down the fells towards Glasgow, the poet accelerates too:




Letters of thanks, letters from banks,


Letters of joy from the girl and the boy,


Receipted bills and invitations


To inspect new stock or visit relations,


And applications for situations


And timid lovers’ declarations


And gossip, gossip from all the nations,


News circumstantial, news financial,


Letters with holiday snaps to enlarge in,


Letters with faces scrawled in the margin,


Letters from uncles, cousins, and aunts,


Letters to Scotland from the South of France,


Letters of condolence to Highlands and Lowlands


Notes from overseas to Hebrides


Written on paper of every hue,


The pink, the violet, the white and the blue,


The chatty, the catty, the boring, adoring,


The cold and official and the heart’s outpouring,


Clever, stupid, short and long,


The typed and the printed and the spelt all wrong.





Here you can hear the rhythm of the rail joints as well as the insistent chatter of valves, letting steam in, letting steam out.


As for films, perhaps it is significant that the very first moving picture shown to the public was of a train. This was the Lumière brothers’ fifty-second short, L’arrivée d’un train en gare à La Ciotat, filmed on a family holiday in July 1895. The sequence shows a tall-chimneyed Paris–Lyon–Mediterranean 2-4-2 pulling into a seaside station between Marseilles and Toulon and passengers getting on and off. The sight of the locomotive heading towards the screen when the film was projected in the basement of the Grand Café on the Boulevard des Capucines in Paris on 28 December 1895 caused several members of the audience to duck their heads behind the seats in front.


The steam locomotive created a rich world of art, culture, and enthusiasm around itself. For the men whose work is celebrated here, it was a world in the round. Brought up in an era in which the steam locomotive was all around them, it was no wonder that the future mechanical engineers who shaped the last generation of great mainline steam locomotives were so smitten with them. For some, as we will see, it was steam to its limits, even though most were well aware of the competing demands of new forms of traction. There was, though, always going to be a difference between a machine that seemed to be alive, abounding in character and imbued with a soul, and smooth anonymous boxes on wheels which moved trains along tracks with little apparent effort. This attitude was summed up well by British Railways design engineer E. S. Cox when he wrote in 1965:




Professionally, the diesel and the mechanical parts of electric locomotives have given me just as absorbing an interest and challenge as ever did their steam predecessors, and I shall watch their future progress with the closest interest when I have no longer any contribution to make. Privately, steam has been a lifelong love, from the lineside, in the erecting shop, on the footplate and above all in the countless aspects of design and development with which it has been my good fortune to be concerned. When the time comes, not far distant now, when the steam locomotive in this country is only to be seen in museums or on small enthusiast-sponsored light railways, the magnificent sound of crashing exhausts, and the distant wail of the chime whistle will remain in memory’s ear as unforgettable recollections of an age which has gone.





Quite simply, steam had a magic quality, a spirit that was difficult for those brought up with steam railways in their Victorian and Edwardian heyday, when all was spick and span and colourful, even to want to consider giving up. There came, though, a later generation of politicians and professional men and women who believed in modernization at all costs, whether promoting high-rise council estates, motorways, and supermarkets, with the concomitant destruction of so many historic buildings and town centres, or conducting an attack on the steam locomotive which, even at the time, seemed the stuff of a zealous and blinkered iconoclasm.


As it was, I was born at the very end of steam in regular main-line service. And yet, like so many generations of boys – and a number of girls – before me, I was captivated the moment I first saw and listened to a steam engine. There were Britannia class Pacifics named after British heroes and all-purpose Stanier class 5 4-6-0s at Marylebone, the delightfully quiet and quintessentially Edwardian terminus hidden behind the roaring traffic of the Marylebone Road, where steam-hauled semi-fasts raced the electric trains of London Transport’s Metropolitan Line through Kilburn and Neasden, then up the steep Chiltern banks to Amersham and on across the Vale of Aylesbury, along the magnificently aligned route that Sir Edward Watkin had built to more generous continental dimensions in the late 1890s, dreaming of a direct service from Manchester through Sheffield, Nottingham, Leicester, Aylesbury, and Neasden, and on through central London to Paris, via the South Eastern & Chatham Railway and a Channel Tunnel.


There were the ex-GWR red 0-6-0 pannier tanks, based at Neasden depot, which could be heard chuffing around the Circle Line at night with their maintenance trains. There was an unforgettable day at the Dagenham works of the Ford Motor Company where I got to drive a steam locomotive for the first time. I had to stand on a wooden box to see out of the circular cab window of Ford’s No. 8, a Peckett 0-6-0 saddle tank which was used, together with a small fleet of identical engines, to pull goods inwards from Dagenham Docks on the Thames and goods outwards, in the form of cars, to the boats that would take them to the continent. I can still remember the sheer thrill of opening a regulator for the first time. That slight delay between moving the lever and the steam pushing the two pistons in and out. The clouds of steam shooting out from the cylinder cocks as the fireman exhausted condensation from the cylinders after the locomotive had been standing idle. The sudden chuff from the chimney as the industrial engine rumbled down from behind the massive factory towards the docks.


I remember the driver, from the nearby Becontree Estate, built by the London County Council in the 1920s, covering my hand and guiding it through the various positions of the brake valve. There were instructions on how to use the ‘blower’, a valve that opens to shoot steam up through the blast-pipe whenever the regulator is shut, to ensure a draught through the fire-box and boiler tubes; without this, a sudden downdraught or the compression of air when passing through a tunnel could blow back down the chimney and force flames and hot gas out on to the footplate, threatening the crew with the very real danger of severe, or even fatal, burns. No. 8 was painted green, with the distinctive Ford signature logo on the bulbous saddle tank. She was no beauty, yet locomotives like this were very much a behind-the-scenes part of the working life of industrial Britain. I wonder what became of her? Perhaps she went the way of 99 per cent of Ford Cortinas. Hopefully, though, she is delighting a new generation of children on a preserved railway somewhere, a generation for whom steam, despite the allure of digital Twittery, retains its elemental sorcery. In her vastly popular Harry Potter books, the first of which was published in 1997, J. K. Rowling instinctively knew that her fictional Hogwarts Express had to be a steam train. In the equally successful Harry Potter films, the locomotive used to pull the Hogwarts Express is an ex-GWR, Hall class two-cylinder 4-6-0, Olton Hall (renamed Hogwarts Castle) designed under the direction of Charles Collett and built at Swindon in 1937. Both author and directors gauged the mood of children at the turn of the twentieth century exactly. It is still possible to be intrigued by steam, and even to love the steam locomotive, while living in an age of global digital communications and computer design and technology.


I rode the footplate of another Peckett 0-6-0 saddle tank some years later, at the Betteshanger colliery in Kent. Today, in the era of Facebook and air-conditioned edge-of-town shopping malls, the idea of a coal mine in the plush Home Counties, complete with cage lifts and the skeletal wheeled towers that lowered miners into Hadean depths, must seem highly improbable. But the Kent mines were real enough, and very old-fashioned indeed by the time I got to see them in action. Somewhere, my old school friend Paul Kutarski, a former army medic and today a consultant surgeon, has an 8 mm film of the occasion. He says he cannot find it. I wish he could. It would be the stuff of museum archives now. Betteshanger was the last colliery in Kent. It closed in 1989.


I remember a thrilling ride on the 08.30 express from Waterloo, for the first time, to greet the RMS Queen Elizabeth, the Cunard liner, at Southampton Docks. Our locomotive was a filthy West Country Pacific – 34001, shorn of its nameplate, Exeter – originally built to the radical designs of Oliver Bulleid for the Southern Railway in 1945 and modified by Ron Jarvis for the Southern Region of British Railways in 1957. We sat in the first coach, an elegantly curved, malachite-green Bulleid Open Brake Second, ventilators wide open, as I listened with the intensity of a young child to the compulsive three-cylinder jazz beat of Exeter as she raced south-west, her performance belying her appearance. At the end of steam, British Railways management seemed determined, unlike railway managements in France, Germany, or South Africa, to prove to the public that steam was inherently unclean – although perhaps a shortage of workers willing to toil in sooty engine sheds in the 1960s was equally responsible.


By refusing to clean engines, stripping them of names and number plates, and maintaining them to minimal standards, and simultaneously declining to retain a suitably skilled workforce, British Railways’ intention appears to have been to turn passengers against these beautiful machines in preparation for the impending launch of gleaming, if characterless, electric multiple units. Yet even in their very last days, these charismatic and modern steam locomotives – some, like 34098 Templecombe, had been rebuilt just six years before withdrawal – would run happily at 100 mph and more when given their head between Basingstoke and Woking, a blur of whirling, grimy motion, a triumph of design and engineering over a management blinkered by the notion of modernization at any cost.


Was the public fooled? Perhaps. One thing I was to learn, though, many years later when firing and driving regular steam trains in Poland was that many – most? – passengers simply want to get from A to B, to commute from home to work and back, as quickly and reliably as possible. The question of whether their train is powered by steam, diesel, or electricity is largely irrelevant. On my first solo spell driving the 04.16 fast commuter train from Wolsztyn to Poznań on a savagely cold day in 2003, when the landscape was shrouded in snow and even Captain Oates might have allowed himself a grumble of complaint, I drew to a halt under the electric wires at a graffiti-sprayed Poznań station, aligning the doors of the first of the olive-green, double-deck coaches behind me with the stairs leading to the exit, exactly on time. Andrzej Macur, the moustachioed regular PKP (Polish State Railways) driver who had allowed me to drive as I saw fit for the two hours from Wolzstyn, clapped me gently on the shoulders, exclaiming: ‘Bravo! Pivo! Wodka!’ – which meant he would be buying the drinks back in the engineman’s bar in Wolsztyn that night. I leaned out of the cab of the well-groomed, if hard-pressed, fifty-year-old, black and green PKP two-cylinder 2-6-2, 0149-69, and watched passengers stream from the train, some behind newspapers, others blowing their noses, several staring crossly at their watches. Not one, not a single one, looked up at me or spared the most cursory glance for the brutally handsome machine that had brought them safely and on time through the snow, stopping at and starting from fifteen stations along the way. Perhaps some had been hoping the train would be cancelled so they could stay at home in front of the fire – and who could blame them in such extreme weather?


I can remember, too, those Nottingham semi-fasts from Marylebone. ‘Brackley? That’s the steamer, son.’ This was the stuff of Stephensonian wizardry to me, yet just a train, or so it seemed, to the bored-looking grown-ups in the compartment with me. I used to stand in the corridor, lower the window, and look out as the 14.38 Marylebone to Nottingham Victoria barked through the tunnels under Lord’s Cricket Ground and St John’s Wood on a Wednesday afternoon, red and orange sparks rising from the chimney of a Britannia Pacific or, more usually, a Stanier class 5 4-6-0, the glow from the cab flickering against blackened brick walls. As a teenager, I remember the shock of recognition when I first saw Joseph Wright of Derby’s painting An Iron Forge (1772) in the Tate Gallery, and again, at much the same time, when I looked properly at Wright’s An Experiment on a Bird in the Air Pump (1768) in the National Gallery. Wright had painted, in spirit if not in fact, what I had seen when looking out of the window of a maroon ex-LMS coach in the tunnels leading north-west from Marylebone.


Gradually, this made sense. Joseph Wright of Derby was one of the first artists to capture and represent the spirit, at once thrilling and demonic, of the Industrial Revolution. I suppose I had a very romantic view of the steam locomotive from very early on. I can remember stepping back into my compartment on the 14.38 and a man in a grey worsted suit with braces and Reginald Maudling glasses sliding the ventilator above the window shut with some force. ‘Soot!’ he said, sitting down behind his newspaper.


I never wrote down the numbers of steam locomotives or underlined them in the pages of Ian Allan ABC Locospotters books because I simply liked to look and listen to those few still busy at work when I was very young. I knew full well that they were on their way out and I was, somehow, trying to take them in, to absorb them in every last detail and sensation. Pulsating exhausts. The clank of connecting rods when there was undue play between big ends and crankpins. The chatter of piston valves. The singing of injectors that bring water at very high temperatures to thirsty boilers from tanks and tenders. (If you have a traditional Italian espresso machine, you might well use a steam injector every morning to froth the milk for the breakfast cappuccino.) The hum of blower valves. The urgent roar of steam escaping from safety valves. The shriek, wail, hoot, or chime of whistles. The backbeat of air-brake compressors. The sizzle and smell of hot oil. The glow from the fire-box. A hum from the boiler. The astonishing thing, though, is just how quiet even the biggest well-maintained steam locomotive is as it stands idling at a station. It is only when the green light gives the right of way and the guard’s whistle blows that it erupts into full-blooded life. Whereas diesel and even electric locomotives standing in stations, and especially under roofs, can be very noisy indeed.


I liked to talk to drivers and firemen, and, bit by bit, I came to be fascinated by the idea of the men who, at some time in the past, had designed these enthralling machines. For many years I had a colour photograph – I think I still have it somewhere in a box of papers – of the Princess Coronation class Pacific 46254 City of Stoke-on-Trent. This was the thirty-fifth out of thirty-eight four-cylinder 4-6-2s designed under the direction of William Stanier, chief mechanical engineer of the LMS, to work the heaviest and fastest expresses to and from Scotland and London, over Shap and Beattock. The Coronations, or Duchesses, as these superb engines were usually called, were the most powerful steam locomotives to run in Britain. They were also fast, reliable, and much loved by crews, shed staff, management, and enthusiasts. The first was built in 1937. City of Stoke-on-Trent emerged from the Crewe works in 1946, painted black, as the era of austerity demanded. In 1951, at the time and, perhaps, in the spirit of the Festival of Britain, she was repainted in blue. Four years later, she became a green engine. In 1958 she changed to red and finally, in May 1960, she was shopped out from Crewe in a fresh coat of red lined in yellow – and for the first time in her brief life she looked exactly as she should have done all along. This was the occasion when an official British Railways photographer caught her on colour film, standing on the track at Crewe works with a backdrop of trees. This was the photograph that I took with me on my very first day at school and proudly showed it to the three children I was to share a desk with that year: Susan Connolly, Susan Peacock, and Philip Marshall. They all liked the red, and Philip, who was already trying to read his older brothers’ Thomas the Tank Engine books – at a time when these were still being written, innocently, by the Rev. W. Awdry and had not yet become computer-generated animations on children’s television – appeared greatly impressed.
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