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[image: Speed sells. To this end many railways promoted speed in their advertising. Here a crew is filming a contrived speed scene for the London, Midland & Scottish Railway (LMS) on 13 June 1937. At right is the railway’s latest speed demon, Coronation Class 6220 Coronation, which would pull the railway’s fastest express, the Coronation Scot, beginning soon after this photo shoot. In the centre of this trio is 1911-built George V Class 25348, also called Coronation though soon to lose this name because of the new locomotive. And at left is Lion, an original Liverpool & Manchester Railway locomotive, pulling a replica train. All were speedsters of their day. The film crew were on a flat wagon being pulled by another locomotive and the scene, with its four tracks, was between Llandudno Junction and Colwyn Bay in North Wales, on a Sunday morning when traffic was at its lightest. The week before the introduction of this new service the LMS had a special run for the press. On 29 June 1937, trying to regain a speed record from the London & North Eastern Railway (LNER), No. 6220 Coronation pulled a train from Euston to Crewe. Only about 2 miles (3.2 km) south of Crewe station four experienced timers on board independently timed the train at 112½ mph (181 kph), equalling but not beating the record set by the rival LNER in 1935 (with Silver Link). However, on examination of the chart from a speed indicator in the engine cabs the LMS claimed a new British steam speed record of 114 mph (183.5 kph), topping the LNER’s by a mere 1.5 mph (2.4 kph), though now only being a British, rather than world, record (see page 84).]
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[image: The prototype mainline Deltic diesel, built by English Electric in 1955 to replace steam on the East Coast Main Line. The prototype was named after the Napier Deltic engines it used, and the name quickly caught on as a nickname for the Class 55 locomotives derived from the initial example. See page 124.]
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[image: British speedsters of the last two centuries, on display at Locomotion (the National Railway Museum at Shildon). In the foreground is Locomotion, built by Robert Stephenson in 1825 for the pioneering Stockton & Darlington Railway, which began operation that year. It was capable of the then-astonishing speed of 15 mph (24 kph). Behind it on the right is the prototype mainline Deltic diesel, built by English Electric in 1955 to replace steam on the East Coast Main Line. It could travel at 125 mph (201 kph). Next to it is another prototype, the experimental Advanced Passenger Train (APT-E), which broke the British speed record in 1975 at 152 mph (245 kph) using a gas turbine engine, tilting technology, and a host of other innovative features that were ahead of their time. Details of the three can be found page 14, page 124, and page 148, respectively.]
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Going Faster by Rail

[image: AVE high-speed train from Spanish operator Renfe, officially Renfe Operadora, the national state-owned railway operating company.]

AVE high-speed train from Spanish operator Renfe, officially Renfe Operadora, the national state-owned railway operating company.



Humankind has always wanted to go faster. Early on, some time after the invention of the wheel, the horse was co-opted to assist and it wasn’t long before rudimentary carriages were attached to the horse (or horses) to enable multiple humans to be carried at a faster speed than possible by themselves. And then came rails. Developed from ruts in the ground, they were initially but guides to allow easier travel in a uniform direction, but it was soon found that harder surfaces used for the rails – first wood, then iron, then steel – allowed yet faster speeds, made possible by a progressive reduction of friction.

The advent of the train was a major milestone itself in the technological advance of humankind, speeding interaction of all types in a way not possible before.

On the pathway of progress, technological improvements aided higher speeds. Most notable, of course, were the application of steam power, the internal combustion engine (mainly diesels) and finally electricity. The progression continues into the modern era with the use of electricity to create electromagnetic elevation and propulsion in the form of maglev trains using linear induction-type motors, yielding speeds that begin to rival those of air travel.

People lived much more locally in days gone by, largely because going any distance was time-consuming and beyond what the ordinary person could afford.

American stagecoach speeds in the 1860s, for which there are quite good records from Overland Route way stations (about 200 miles/320 km apart) showed that speeds from 3 to 11 mph/4.8 to 17.7 kph (depending whether uphill or down, the road condition, and the type of stagecoach) were usual, with an absolute maximum of about 16 mph/25.7 kph. The average seems to have been 7–9 mph/11–14.5 kph. In Britain, eighteenth-century stagecoaches travelled at around 8 mph/12.9 kph. A new service begun in 1754 boasted London-to-Manchester times of four and a half days. Compare that to modern rail times of just over four hours.

[image: Past and future, 1830s style. This painting by French artist Jean-Louis Beuzon is titled Chemin de Fer et Diligence – ‘Diligence’ being the name of the stagecoach, pulled by five white horses. Behind is an early French locomotive pulling three times the weight at a more consistent if not faster speed. The railways sounded the death knell of the stagecoach.]
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Longer journeys by stagecoach usually required overnight stays at coaching inns, which increased times further. Improvements in road condition, and in coach design and construction, helped increase speeds, so that by 1830, the date of the opening of the Liverpool & Manchester Railway, usually recognized as the world’s first regularly operating timetabled railway, stagecoach speeds were up to 12 mph/19 kph. But the railway could do much better, with passenger trains soon operating at speeds up to 35 mph/56 kph on a regular and sustained basis that horses simply could not match (see here).

[image: ‘Effects of the Railroad on the Brute Creation’, a cartoon print published in 1830, wondered what all the horses would do now that they had been put out of work by their mechanical nemesis. They turn to busking as a new – and faster – steam train hastens by.]
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[image: Speed has always been a major selling point for the railways. Planes were used in promotional illustrations from their earliest days, though in this case the train was likely faster than the plane. An Experiment Class locomotive, of the type used in the ‘Races to the North’ (see page 30), hauls an express train on the West Coast Main Line over Shap in northern England about 1905.]
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Speed is relative. To an early 1800s business person, accustomed to taking days to travel anywhere in some discomfort, the idea that the journey could be completed in hours – and, if money were not a problem, in relative comfort – would have seemed like luxury indeed. No matter if the journey that took eight hours would one day be covered in two, it was still a quantum leap forward from the previous standard. Later advances improved the economics and the comfort, but they were incremental in nature.

Speed also caused time changes. When speeds were low, as they were before the coming of the railway, the fact that local times differed from each other by a few minutes hardly mattered. But when speedier trains arrived, passengers needed to know when they needed to be at the station for departure or be able to tell their friends or family when to meet them when they arrived. And they needed to know how to time their trip so as to be able to make any necessary connections.

The problem was first addressed in Britain, on the Great Western Railway (GWR), from London to Bristol, which, being an east–west line, had more of a problem than most. In 1841, the GWR decided that its trains would operate on Greenwich Mean Time (London time) except that Reading would be four minutes earlier, Chippenham eight, and Bath and Bristol fourteen. Still not an ideal solution. It was not until the end of the 1840s that ‘railway time’ was standardized in Britain, largely because of the creation of the Railway Clearing House (in 1842) to standardize many other aspects of railway operation, such as tickets. From then on railway stations could be relied upon to have an accurate clock, and patrons would know if they had arrived on time. (Time zones were created worldwide in 1884, and the spread of rails across the world, especially in North America, was largely the driver of the change.)

[image: This was a 1930 ad for the American Gulf, Mobile & Northern Railroad, which emphasized its speed and dependability with a large clock positioned above the locomotive.]
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[image: Joseph Mallord William Turner’s 1844 painting titled Rain, Steam, and Speed—The Great Western Railway. This evocative impressionist painting depicts a Great Western train of the day crossing the Thames Bridge at Maidenhead in a summer rainstorm on its journey from London to Bristol.]
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Many rail speed records are quoted in this book, but it is the unrelenting quest for ever faster speeds – record or not – that is the main emphasis, right from the beginning. One has to be careful of the caveats. Some records are for a train on a test or on an intended record-breaking attempt, without revenue passengers – and often modified to allow for higher speed than normal – whereas others are for trains carrying passengers in operational service. And there are records for different types of train, notably conventionally railed or otherwise, but also by the means of propulsion—steam, diesel, diesel-electric, or electric.

The highest current speed record for all trains designed to carry passengers (even though it was not carrying them at the time) is 603 kph (374.7 mph) by a Japanese magnetic levitation (maglev) train on a test track on 21 April 2015 (see here). The speed record for a conventional steel wheel and rail train is 574.8 kph (357 mph) by a French SNCF TGV on the then-new LGV EST on 3rd April 2007 (see here). This train was also not carrying paying passengers.

The world’s fastest train in normal operation is the Shanghai TransRapid Maglev, which travels daily – though not all day – at 431 kph (268 mph) on a 30 km (19 mile) track between a suburb of Shanghai and the Pudong Airport (see here). A number of conventionally-railed trains in China – the various permutations of the Fuxing Hao Chinese–developed high-speed train – operate daily at 350 kph (217 mph) and can even run slightly faster than this. These are currently the fastest conventionally-railed trains in the world in normal operation and the fastest scheduled in the world (see here).

In China, and notably France and Japan, many trains capable of world-record-breaking speeds are limited to lower speeds in operation for safety reasons. The track technology has either not advanced as fast as the trains (as was the case from the very first powered train, Richard Trevithick’s in 1805; see here), or the infrastructure – especially signalling – has not kept up with train speeds. Or the path of the tracks is not well enough protected to ensure that nothing – particularly people – can obstruct an oncoming train. This is likely to be a major issue if the technology to allow maglev trains to run on conventional tracks (see here) is developed so that exceptionally high-speed trains are running on them.

[image: Streamlined London Midland & Scottish Railway (LMS) 6220 Coronation on a British steam record-breaking run on 29 June 1937 The speed claimed was 114 mph (183.5 kph) (see page 89).]
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We should also define speed, for there are many different terms. In this book the speed we have typically referred to as a maximum is just that – a speed reached for at least long enough to measure it. With today’s electronic equipment this is a lot easier (and likely a lot more accurate) than the original method, which involved timing the train between two points, usually mileposts set out along the track. The latter method necessarily recorded a speed for a distance whereas modern speeds can be measured almost as points in time. Otherwise, speeds are noted as ‘operational’ or ‘in service’ for working speeds. Unless the time for a complete journey is noted, intermediate stop times are not included. Yet, clearly what matters to the traveller is the total time taken from origin to destination, including the journey to and from the station. Indeed, today’s high-speed trains are typically successful in filling the gap between distances and routes suitable for cars and those more suitable for flying. Things like ease of access to a station or airport, the likelihood of traffic jams, time to go through security if necessary, and station or airport locations all figure in the traveller’s decision-making, as does the ability to use the time en route for meaningful work or relaxation.

[image: A Chinese high-speed train passes a yard full of its siblings on the eastern outskirts of Shanghai, 20 May 2018. The trainset is CRH380BG, an upgraded version of one supplied by a transfer of technology agreement with German manufacturer Siemens, and is based on its Velaro model (see page 222). The train is capable of speeds up to 380 kph (236 mph) but in operation runs at a slower speed.]
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It should also be noted that today’s universally adopted definition of high speed is that over 250 kph (155 mph) on dedicated tracks. The EU added speeds on non-dedicated lines over 200 kph (124 mph) in 1996. In this book high speed is relative – simply faster than what was normal at the time.

By way of contrast in a book all about rail speed and its history, two items. It is interesting to note what was the slowest speed record for rail travel. In September 1907 a train on the Gulf & Interstate Railway in Texas left Beaumont, Texas, for Port Bolivar, 70 miles (112.6 km) away. Three-quarters of the way it was caught in a massive flood, which washed away long sections of track, leaving the train isolated. The passengers and crew were rescued, but the train stood where it had stopped for seven years, only being itself rescued after the railway was taken over by the Atchison, Topeka & Santa Fe Railroad, which relaid the track. The engine steamed into Port Bolivar to complete its journey seven years in the making – for a trip that was scheduled to have taken 2 hours and 25 minutes. Some of the original passengers greeted the train on its arrival. The train’s average speed works out to 0.00798 mph (0.01285 kph), a world-beating record for the slowest train!

[image: Two speed stars at the National Railway Museum in York, England. On the left is a mock-up of the Eurostar Class 373, first built in 1994 for service through the new Channel Tunnel between Britain and France, at first running from London Waterloo to Paris Gare du Nord and, after 2007, from a newly refurbished St. Pancras Station on the newly built high-speed line, HS1. A Class 373 train reached 208 mph (334.7 kph) on HS1 on 30 July 2003, a British speed record (see page 204). The train is set in a tunnel section representing the size of one of the two main bores of the tunnel. In front of it sits the first Japanese Shinkansen, Series 0, which began service in 1964. It had a maximum operating speed of 220 kph (135 mph); see page 138.]
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Finally, there is the intriguing Seiryu Miharashi Station, located on the Nishikigawa Railway in southern Japan. Opened in 2019, it has no access except by a few trains scheduled to stop there. On arrival, one is expected to use the station as a viewing platform towards the adjacent Nishiki River. It was built, in classic Japanese philosophical style, to emphasize the importance of stopping in an increasing world of speed. It is a nice reminder that there is more to life than getting from A to B in the minimum time at maximum speed.

[image: Seiryu Miharashi Station, in Yamaguchi Prefecture in the south of Japan. It opened in March 2019 and is operated by the private Nishikigawa Railway. It is only accessible by train and has no exits nor paths or roads leading from it.]
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Not Much Faster than a Horse

[image: Richard Trevithick’s 1804 steam locomotive is thought to have looked somewhat like this ‘conjectural reconstruction’, a replica made in 1981 by the National Waterfront Museum in Swansea, Wales, not far from where the original would have run. The large flywheel and unhinged chimney would not have been able to pass through a tunnel on its route, yet it seems likely that the design – similar to those that came after it – would have had to include them. Thus the design remains a bit of a conundrum. Note the plateway rails and non-flanged wheels.]
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Railways probably began with ruts in the ground as early as 2200 BCE. The earliest confirmed one is the Diolkos, across the Isthmus of Corinth in Greece, which was built to haul ships, using both manpower and horsepower, about 600 BCE. It was easy to see why they were used – even sliding in a prepared rut was simply much faster and more efficient than without it.

Similarly, ‘hunds’ (carts pushed by a man but guided by a pin between wooden planks) were used in the mines of central Europe by the sixteenth century, as were trucks with crudely formed wooden wheels running on tree-branch-derived rails. All of them improved speed and efficiency.

By 1630 the northern mining region of England boasted a network of at first wooden, later iron, rails to transport coal to tidewater. The rails reduced friction and hence allowed for increased speed and less effort. All the early railways used horse power, but the early nineteenth century spawned a number of experiments with steam-powered engines that could simply replace the horses, and, as a bonus, use freely available coal for fuel. They soon became able to pull greater weights at higher speeds than horses. And for longer.

The steam locomotive had its genesis in the coalfields of South Wales. The revolution that was the railway came from the marriage of high-pressure steam engines with suitable iron track able to bear substantial loads. In 1804 genius engineer inventor Richard Trevithick, after building, it is thought, a steam locomotive at Coalbrookdale in 1802, built another at Penydarren Ironworks in Merthyr Tydfil, which was used to pull loaded wagons along the Merthyr Tramroad. It had its first documented run on 13 February 1804. With ‘10 tons of iron, 5 waggons, and 70 men riding in them, went above 9 miles which we perform’d in 4 hours and 5 mints’, which means an average speed of about 2.3 mph (3.7 kph), including time to ‘cut down some trees and remove some large rocks out of the road’. Its speed was soon up to about 5 mph (8 kph) but it could run at 16 mph (26 kph) by itself. This compares to a horse and carriage, with galloping horses, which is considered to have a maximum speed of about 18-25 mph (29-40 kph). But the gallop would have been unsustainable over any distance, and certainly not achievable pulling a heavy load.

[image: A riesen, or mining truck, running on tree-branch rails, from a sixteenth-century gold mine in Hungary. It was certainly not a speed demon but it was nevertheless much faster than any alternatives available at the time.]
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[image: Richard Trevithick’s last engine, which he ran on a temporary circular track in London in 1808 offering rides to the public. To emphasize its revolutionary speed it was named Catch Me Who Can. In a sense it was the very first purpose-built passenger railway engine. The track let Trevithick down, as it was laid on wet ground and caused the engine to crash. This was the first locomotive to dispense with ungainly flywheels, until then thought necessary to keep the engine moving smoothly. This is a replica built by a group of enthusiasts from the Severn Valley Railway.]
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[image: This is a train of first-class passenger coaches from a book, Observations on a General Iron Rail-way by Thomas Gray, first published in 1820 with this image first appearing in the 1823 fourth edition. The visionary Gray advocated a network of rail lines covering the UK, which he thought would be much faster than the then-current stagecoach routes. However, his ideas used a rack railway ‘travelling engine’ as first designed by John Blenkinsop and successfully used to haul coal waggons at his Middleton Railway in Leeds in 1812. By 1820 it had been proven that adhesion of smooth wheels to smooth rails was practical. Words from the engraving appear above the illustration.]

This is a train of first-class passenger coaches from a book, Observations on a General Iron Rail-way by Thomas Gray, first published in 1820 with this image first appearing in the 1823 fourth edition. The visionary Gray advocated a network of rail lines covering the UK, which he thought would be much faster than the then-current stagecoach routes. However, his ideas used a rack railway ‘travelling engine’ as first designed by John Blenkinsop and successfully used to haul coal waggons at his Middleton Railway in Leeds in 1812. By 1820 it had been proven that adhesion of smooth wheels to smooth rails was practical. Words from the engraving appear above the illustration.



As would prove to be the case time and time again, it was the track, here plate rails, that proved insufficient for the weight of the train. George Stephenson in 1816 developed a cast iron rail that was much more suitable, and in 1820 John Birkinshaw patented a malleable T-section rail in 15 ft (4.5 m) lengths which was much more able to withstand heavy pounding from trains. It was the predecessor of the rails we know today.

[image: The locomotive that was the result of the proving of the smooth rail concept in 1812, the famous Puffing Billy. The original still exists at the Science Museum in London; this a replica built by the Beamish Museum. It originally ran on the Wylam Colliery waggonway, about 16 km west of Newcastle. Owner Christopher Blackett built a human-powered ‘test carriage’ with smooth wheels in 1812 to determine whether such engines were capable of pulling heavy loads without slipping.]
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Going Like a Rocket

George Stephenson has often been called the father of the railway, for good reason. He popularized railways, building and patenting a smooth-wheeled, smooth-railed locomotive that could reliably outpace a horse, and pull a greater load – characteristics of great interest to his principal clientele, owners of collieries in North East England. By 1821 Stephenson, based at Killingworth, just north of Newcastle, had developed a locomotive capable of hauling twenty loaded coal wagons up a 1-in-288 gradient with what the Newcastle Chronicle called ‘an amazing degree of rapidity which beggars description’.

In 1820–1822 Stephenson oversaw the building of the Hetton Colliery Railway, which combined three of his ‘patent travelling engines’ with five inclines to create the world’s first all-mechanical railway – with no horses involved.

[image: George Stephenson’s ‘standard’ design locomotive travelling engine shown in an 1816 advertisement with side and frontal views. William Losh was Stephenson’s partner at that time; he developed a new cast-iron rail that could bear the weight of the new engine. Without the new rail Stephenson’s efforts may well have come to nought.]

George Stephenson’s ‘standard’ design locomotive travelling engine shown in an 1816 advertisement with side and frontal views. William Losh was Stephenson’s partner at that time; he developed a new cast-iron rail that could bear the weight of the new engine. Without the new rail Stephenson’s efforts may well have come to nought.



[image: George Stephenson’s Locomotion, built for the Stockton & Darlington Railway in 1825. It is shown displayed at the railway museum in Darlington at what was one of the stations on the railway’s route.]

George Stephenson’s Locomotion, built for the Stockton & Darlington Railway in 1825. It is shown displayed at the railway museum in Darlington at what was one of the stations on the railway’s route.



[image: Locomotion is shown at Stockton Station in 1925 with a train of period-dressed passengers as part of the celebration of the centenary of the opening of the Stockton & Darlington Railway. Note that the track gauge is the same as it was in 1825.]

Locomotion is shown at Stockton Station in 1925 with a train of period-dressed passengers as part of the celebration of the centenary of the opening of the Stockton & Darlington Railway. Note that the track gauge is the same as it was in 1825.



In 1825 the Stockton & Darlington Railway opened with Stephenson’s famous Locomotion (named Active until 1833) working the part between Shildon, at the bottom end of a rope-powered incline, and Stockton, on the coast. The Stockton & Darlington began the process of putting the modern railway together but still included inclined planes and horse traction mixed in with Locomotion, and was a public railway, open to all by payment of a toll. On a generally single-track line, this did not lend itself to speed at all. Many times fisticuffs broke out when two users met and neither wanted to retreat to a passing place! Nevertheless, Locomotion could achieve a maximum speed of about 15 mph (24 kph), which was astonishing at the time. On opening day, 27 September 1825, pulling 11 wagons of coal, a directors’ carriage, and 20 wagons with about 600 passengers, and with an estimated total weight of 20 tonnes and a length of 400 feet (122 m), Locomotion achieved a maximum speed of 12 mph (19 kph) as far as Darlington (some reports say slightly faster). However, mishaps such as a derailed wagon and a blocked feed pump delayed the train so much that the average speed was only 8 mph (13 kph) – still a pretty good performance for such a heavy train!

[image: The famous Rocket, complete with period coaches, was painted yellow to emulate the livery of the fastest mail coaches of the day. Built by Robert Stephenson in 1829 for the Rainhill Trials of that year, it would likely have looked clean and shiny just like this replica displayed at the National Railway Museum in York.]

The famous Rocket, complete with period coaches, was painted yellow to emulate the livery of the fastest mail coaches of the day. Built by Robert Stephenson in 1829 for the Rainhill Trials of that year, it would likely have looked clean and shiny just like this replica displayed at the National Railway Museum in York.



[image: The original Rocket as it is now, much modified by later users, sits in the Science Museum in London. The most noticeable change is the angle of the pistons.]

The original Rocket as it is now, much modified by later users, sits in the Science Museum in London. The most noticeable change is the angle of the pistons.



The real revolution in speed was to take place five years later with the opening of the Liverpool & Manchester Railway (L&M), with which George Stephenson was also heavily involved. The L&M is considered to be the world’s first modern railway, in that many of its operating features continue today, in particular its all-locomotive working carrying both passengers and freight.

In 1829 the railway held trials at Rainhill, near Liverpool, to determine which locomotive type to use. A prize of £500 and a contract to supply the railway with more locomotives was offered for the winner. That winner, as all train buffs know, was George Stephenson’s son Robert’s engine, Rocket. At first, without a load, Rocket achieved a speed of 24½ mph (39.4 kph); one of its competitors, the much lighter Novelty, achieved 30 mph (48 kph). But trains were not to run with locomotives only. The next day, with the prescribed load, Rocket achieved 11 mph (18 kph), but when Novelty tried, it burst a pipe and had to be taken away for repairs. Again Rocket entertained the crowd with an unencumbered speed of 32 mph (51.5 kph). ‘So astonishing was the celerity with which the engine, without its apparatus, darted past the spectators, that it could be compared to nothing but the rapidity with which the swallow darts through the air’, wrote a perhaps over-enthusiastic reporter for The Times.

The following day a repaired Novelty achieved 24 mph (38.6 kph) but only at the expense of another pipe failure, so bad that it was withdrawn from the contest. Stephenson took advantage of the consequent available time to demonstrate the power of his engine by drawing a full load up an inclined plane at Rainhill at speeds up to 12 mph (19 kph), and in so doing demonstrated that inclined planes, with their attendant rope haulage, were unnecessary; a locomotive could handle everything. That was an enormous boost to overall railway speeds, because of the significant saving of the time lost to connect and disconnect trains every time there was a change in level. After the trials Stephenson conducted further tests to determine the limits of his engine, running it on the level with a load of 42 tons at 14 mph (22.5 kph) and further showing that a reasonable speed could be maintained up gradients that had previously been intended as rope-hauled inclined planes.

Robert Stephenson’s Rocket had several design innovations that together made it relatively strong, efficient, and fast. The most significant was a multi-tube boiler; multiple tubes allowed for more efficient transfer of heat from the air in the firebox to the water in the boiler. This was not Stephenson’s idea; the design had been patented by French engineer Marc Seguin in 1828. It was this feature that revolutionized steam locomotives of the day. Rocket’s cylinders were at an angle and also transferred the power from the pistons to the wheel via an iron bar that connected the hub to the rim, thus applying power more directly to the rim, where it was required. Rocket also used a blastpipe to draw air through the fire, though this was not a new feature.

The use of the Stephenson ‘standard’ gauge (4 ft 8½ in/1,435 mm) by the L&M cemented its use in Britain and worldwide; by far the majority of the world’s railways, including high-speed lines, use this gauge today.

The L&M opened on 15 September 1830. The railway rapidly put most of the stagecoach companies operating the route out of business and convinced thousands of investors and engineers that railways were the way of the future. Within twenty years over 6,000 miles (9,600 km) of railways covered much of Britain, spreading abroad too. The speed at which both passengers and freight could be conveyed revolutionized the economies and social structure of the Western world, and railways began to spread rapidly.

[image: The engine Novelty, built in seven weeks by London engineers John Braithwaite and John Ericsson to compete in the Rainhill Trials. Had it not been for faulty pipe joints, Novelty might well have prevented Rocket from winning. With its vertical boiler, this engine looked nothing like later steam locomotives; it was built more to a design derived from one the two engineers had recently patented for a steam road vehicle. This is a replica, built in 1979–80, shown at the Museum of Science and Industry in Manchester, where is was packed so closely with other displays as to make it near impossible to photograph properly.]
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[image: One of the first places railways spreads to was the United States. One of the early lines was the Mohawk & Hudson Railroad, which ran, with the help of two inclined planes, between Albany and Schenectady in New York State. The locomotive, named DeWitt Clinton after a state governor, began service on 9 August 1831, achieving an average speed of about 26 mph (42 kph), considerably faster than any trip by boat on the Erie Canal, which the railroad was designed to replace for passenger traffic. The photo is of a replica built in 1893.]

One of the first places railways spreads to was the United States. One of the early lines was the Mohawk & Hudson Railroad, which ran, with the help of two inclined planes, between Albany and Schenectady in New York State. The locomotive, named DeWitt Clinton after a state governor, began service on 9 August 1831, achieving an average speed of about 26 mph (42 kph), considerably faster than any trip by boat on the Erie Canal, which the railroad was designed to replace for passenger traffic. The photo is of a replica built in 1893.



[image: French engineer Marc Seguin’s 1829 steam locomotive was not built for speed but was the first to incorporate a feature essential to it – the multi-tubed boiler, which could transfer heat to the water in the boiler much more efficiently than the single tube design that preceded it. A massive blower fan was housed in a tender, to the left, to feed the draft in the locomotive. The boiler was horizontal but the cylinders vertical. The original locomotive ran on the St.-Étienne & Lyon Railway. This is a model on display at the Musée des Arts et Métiers in Paris.]
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[image: The first German public steam railway was the Bavarian Ludwig Railway (Ludwigseisenbahn) between Nuremburg and Fürth, a distance of just over 6 km (3.7 miles). It opened on 7 December 1835. This is a replica of the first locomotive Adler (Eagle), purchased from Robert Stephenson & Company and provided also with a British driver. It made only two trips a day, with the rest being horse-drawn. The replica is displayed in the DB Museum in Nuremburg. See also page 177.]

The first German public steam railway was the Bavarian Ludwig Railway (Ludwigseisenbahn) between Nuremburg and Fürth, a distance of just over 6 km (3.7 miles). It opened on 7 December 1835. This is a replica of the first locomotive Adler (Eagle), purchased from Robert Stephenson & Company and provided also with a British driver. It made only two trips a day, with the rest being horse-drawn. The replica is displayed in the DB Museum in Nuremburg. See also here.



[image: This map of a proposed network of railways in what later became Germany was drawn up in 1833 by economist Georg Friedrich List, a leading promoter of railways and supporter of pan-European aspirations; he is considered by some to be a forefather of the European Union. He saw that the ability to speedily travel and ship freight between one region and another would be invaluable in bringing nations together and vital to defence. In time, all over the world rail networks would prove to be a major factor in speeding travel. Connectivity proved to enable speed.]

This map of a proposed network of railways in what later became Germany was drawn up in 1833 by economist Georg Friedrich List, a leading promoter of railways and supporter of pan-European aspirations; he is considered by some to be a forefather of the European Union. He saw that the ability to speedily travel and ship freight between one region and another would be invaluable in bringing nations together and vital to defence. In time, all over the world rail networks would prove to be a major factor in speeding travel. Connectivity proved to enable speed.



[image: The Leipzig–Dresden Railway was the first long-distance rail line in Germany, opening for a short distance in 1837 with the whole 121 km (75 miles) opening in 1839. This engraving of a train on the railway clearly displays its aspirations of reaching Berlin. It was the first of many such lines and encouraged economic interdependence between German states and pushed Germany towards unification. Locomotives were purchased from Britain and the Stephenson ‘standard’ gauge (4 ft 8½ in/1435 mm) was used.]
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Speeding Up

In 1841 Robert Stephenson introduced an improved locomotive design known as the long boiler type. It was principally intended to improve efficiency and save fuel rather than to increase speed but with various modifications it had that effect, to the extent that in 1845 his famous Engine A, based on that design, was the ‘narrow-gauge’ contender in the gauge trials of that year. By 1845 it had become apparent that the two British railway networks, one of Stephenson’s ‘narrow gauge’ 4 ft 8½ in (1,435 mm) and one of Great Western Railway chief engineer Isambard Kingdom Brunel’s broad gauge 7 ft ¼ in (2,140 mm), were incompatible and would cause major problems where they met, as they had already done at one location, Gloucester. Parliament held hearings and trials to determine whether there should be a single gauge and, if so, what it should be, and came to the decision that the Stephenson gauge was the preferable one – mainly because that network was already much larger than Brunel’s, which was restricted to the Great Western Railway (GWR).

Brunel’s broad-gauge track was more suitable for higher speeds at the time largely because it was usually better constructed than narrow-gauge lines, and the greater width did give an element of stability that allowed for those speeds

The ‘narrow gauge’ was mandated by Act of Parliament for all new construction on 18 August 1846, the only exception being a few lines within the GWR network in the south-west. Narrow gauge became ‘standard’ gauge. It was just in time. The year 1846 was the height of the so-called railway mania, with 246 bills passed by Parliament authorizing new railways. The unification of gauges surely was one of the most significant acts giving future railways the ability to travel long distances at high speed, uninterrupted. (Similar unification took place in Erie, Pennsylvania, in 1854, despite violence from citizens of that city attempting to stop it; hotels and stores there had benefited from the delays caused by a break of gauge, and wanted it to continue.)

When Robert Stephenson built the London & Birmingham Railway, which opened in September 1838, he selected the narrow gauge principally because the line was designed to connect with other lines – the Grand Junction Railway and the Liverpool & Manchester Railway – that already had adopted it (although one can’t help thinking he would have got into trouble with his father had he not!).

Stephenson’s design, a long boiler type unimaginatively named only ‘A’, or sometimes ‘Great A’, was trialled against Ixion, a design of Thomas Gooch, chief engineer of the GWR. Stephenson’s design incorporated a larger driving wheel ‘for speed.’ During the trials ‘A’ reached 47.7 mph (76.8 kph) with a load of 50 tons, the trials being more concerned about fuel economy and stability at speed. (Ixion in fact did even better on broad-gauge track during the trials.) On 7 May 1847 there was what a contemporary journal described as an ‘extraordinary run’ between London and Birmingham, with two engines of the ‘A’ type reaching 75 mph and 64 mph (121 and 103 kph) maximum speeds on sections from London to Wolverton and Wolverton to Birmingham respectively. For this early in the development of railways, these speeds were indeed extraordinary. Notably, the relatively poor state of the track seems to have had a hand in preventing even higher speeds being achieved.

Also often limiting speeds were the circuitous routes trains had to take before networks were fully developed. The East Coast Main Line (ECML) – destined to later play a major role in British speed records – was not connected until 1848. Despite this, speed was possible. In 1845 a special train carrying the results of the election in Sunderland of George Hudson (dubbed the Railway King for building many lines including a significant part of the ECML) ran 268 miles (431 km) to London in eight hours and was back in Sunderland the following morning with copies of newspapers containing the results before they were officially declared at 11.00 am.

Stephenson’s long boiler development was quickly emulated by other locomotive designers both in Britain and the rest of Europe, notably Thomas Crampton, whose locomotives with long boilers, low centre of gravity, and large driving wheels were intended to translate the advantages of the extra space allowed by the broad gauge into a narrow-gauge design. Crampton worked in the Great Western Railway drawing office for several years before patenting his design in 1843 and striking out on his own. His locomotives quickly became a favourite in France, to the extent that the phrase ‘prendre la Crampton’ (‘take a Crampton’) came to mean taking an express or fast train. In the 1850s these engines were achieving speeds up to 120 kph (75 mph). In trials on the Chemins de fer de Paris à Lyon et à Méditerranee (PLM) after the Paris Exhibition of 1889, the highest speed attained was 144 kph (89.5 mph) by a Crampton locomotive pulling a load of 157 tons.

[image: This is Le Continent, No. 80 of the Paris to Strasbourg railway – later the Chemin de Fer de l’ Est – a Thomas Crampton locomotive built in 1852. It is still in working order and preserved at Cité du Train, the French railway museum in Mulhouse. It is the only surviving Crampton locomotive. No. 604 of this type achieved a speed of 89½ mph (144 kph) in 1889, then a world record.]

This is Le Continent, No. 80 of the Paris to Strasbourg railway – later the Chemin de Fer de l’ Est – a Thomas Crampton locomotive built in 1852. It is still in working order and preserved at Cité du Train, the French railway museum in Mulhouse. It is the only surviving Crampton locomotive. No. 604 of this type achieved a speed of 89½ mph (144 kph) in 1889, then a world record.



[image: A later tracing of a contemporary drawing of Robert Stephenson’s long boiler ‘A’ engine. Note the 7 ft (2,134 mm) driving wheel.]

A later tracing of a contemporary drawing of Robert Stephenson’s long boiler ‘A’ engine. Note the 7 ft (2,134 mm) driving wheel.



[image: The Grand Junction Railway, here shown on a map published in 1838 together with the only surviving locomotive, 2-2-2 Columbine, which was built in 1835-37 to connect – act as a junction – between the Liverpool & Manchester Railway and the London & Birmingham Railway, the latter approved at the same time and which would carry the line on to London. By the time the London & Birmingham was finished it was possible to travel the 179 miles (287 km) from Liverpool to London in 9 hours (average speed 20 mph/32 kph), compared to a mail coach at 21 hours (8.5 mph/13.6 kph). Today the same trip takes about 2 hours 40 minutes (67 mph/108 kph). A record speed of 56¾ mph (91.3 kph) was achieved downhill on the Madeley Bank in Staffordshire on the Grand Junction by another 2-2-2 engine, Lucifer, on 13 November 1839.]
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Crampton’s reputation for speed was such that when SNCF, the modern French rail system, promoted its TGV (Train à Grande Vitesse) it produced a poster showing it beside a Crampton locomotive, No. 80 (here), as the only surviving member of the class (see here).

The track was always important in determining how fast trains could run (and, initially at least, whether they could run at all). Where the track ran was also important; the amalgamation of railways and development of long-distance networks that took place in the mid-1800s in Britain allowed trains to travel between many major cities in then unprecedented times.

The Grand Junction Railway opened in 1837, and the London & Birmingham Railway the next year, both designed to link the Liverpool & Manchester line with London. Robert Stephenson engineered the London & Birmingham to extremely strict standards regarding low grades and long-radius curves, in much the same way as a modern high-speed railway today. Embankments, cuttings, and tunnels – all allowing for greater speed – were used to create what has been called the most ambitious engineering project the world had seen to that time. Stephenson was but thirty years old. There was one challenge to high speed, 1830s-style – the grade from London’s Euston Station to Camden required a rope-worked inclined plane until 1844.

[image: The 2,432-yard (2,223 m) Kilsby Tunnel under construction. The presence of quicksand made excavation very difficult. This is a J. C. Bourne lithograph.]

The 2,432-yard (2,223 m) Kilsby Tunnel under construction. The presence of quicksand made excavation very difficult. This is a J. C. Bourne lithograph.



[image: Crampton’s locomotive Liverpool, built in 1848 and displayed at the Great Exhibition of 1851; this drawing comes from the exhibition catalogue.]
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