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[image: ]Driver and guard proudly pose with their electric train on the LBSCR ‘Elevated Electric’ system (so called because of the overhead 6.6kV AC power lines) in pre-Grouping days. This innovative system, opened on 1st December 1909, operated between Victoria, London Bridge and Croydon, being extended by the Southern Railway to both Sutton and Coulsdon. The system was later converted to a low-voltage DC arrangement, the last high-voltage train operating on 29th September 1929.  K Robertson archive
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            Foreword

         

         I am delighted to be able to provide the foreword for this book on the history and application of the use of electricity as a source of power for moving trains on the UK network. This book provides what I believe to be the most complete record of railway electrification projects carried out in the UK, from the earliest schemes up to the present day.

         The book also provides revealing examples of the impact of politics and economics on the prospects for electrification projects. It lays bare the effects of the lack of commitment to a structured and resourced plan for electrifying Britain’s railways, from both private companies and governments. Fixed infrastructure costs for railways, such as earthworks, tunnels, bridges, track and signalling, are high, but these assets were constructed in the main without much thought being given to the possibility of accommodating the additional infrastructure requirements for electrification. As a result, the cost of electrifying established infrastructure was and is significant, especially within the confines of the UK structure gauge, yet, as we see from this book, the possibility of using electricity for traction purposes has been around for some considerable time. It could have been anticipated that the era of cheap and plentiful coal and oil would not last and that accommodating and carrying around power-generating equipment, initially in steam then diesel trains, is both costly and inefficient. The quest for railways to operate at higher and higher speeds, have modern passenger comforts such as air conditioning and wi-fi, while providing a means for trains to return energy to the supply system when braking, can only be met by electric operation.

         One consequence of the lack of a long-term plan and a rolling programme of electrification was the lack of control over system specification and design standards. This has resulted in the present mix of alternating current (AC) and direct current (DC) systems and several attempts to choose both a system and operating voltage. This led directly to the initial construction and then costly conversion of the original DC overhead line systems to AC and the subsequent further conversion of the AC system voltage from 6.25kV to 25kV. As a junior engineer I can recall the Electrification Department of the British Railways Board (BRB) producing a proposal to convert the Southern Region DC lines to AC overhead, justified by avoiding the renewal costs of the DC track-side power distribution equipment. It was not surprising that the project was not approved by the then Board due to the disruption to train services and the rolling stock viiiimplications that would have been involved. As a further example of the lack of vision, an electrification project usually must bear the cost of re-signalling when a long-term plan could have specified traction immune signalling when it was initially installed.

         Finally, the need for railways to be more efficient and safer and now to decarbonise its operations were not perhaps as important to the decision makers of the past as they are today. The 25kV AC system is 20 per cent more efficient than the DC system in delivering power to a train by having reduced transmission losses. It is safer by removing exposed electrical conductors from the track, and perhaps now the drive to decarbonisation will finally provide the incentive to engage in a rolling programme of electrification that this nation has so sadly lacked. If so then it must be driven by people with vision and not repeat the mistakes of the past.

         
             

         

         Noel Broadbent CEng MIET
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            Introduction

         

         Climate change demands that the industrial scale combustion of fossil fuels is stopped. To stabilise the climate we must halt the increase in atmospheric carbon dioxide (CO2) by 2050. Annual CO2 emissions into the atmosphere must reduce to the level of annual CO2 removal from the atmosphere by natural processes and/or technology; that is net zero. The UK has set a net zero target binding the government to deliver against the 2050 obligation.

         Transport is the biggest generator of greenhouse gas emissions. This presents the railway with an opportunity to leverage the inherent energy efficiency of rail transport and become a major part of the overall climate change solution. Immediate modal shift from road to rail offers considerable opportunity – a diesel freight train produces emissions of approximately 10 per cent of those from the same freight tonnage moved by multiple diesel lorries on the road. Trains hauled by electric traction supplied from green electricity generation are completely carbon free. The railway is the only land transport system for heavy freight that can meet that ultimate zero greenhouse gas target. That should set a strategic trajectory for modal shift to and decarbonisation of rail across the next five decades.

         Since practical electric traction motors were pioneered in the 1860s and finessed through the following two decades it has been clear that trains powered by electricity are, when viewed from a railway operating perspective, superior to any other available traction type. The urgent demand to tackle CO2 emissions provides an extra dimension to that advantage. The transcontinental networks of high-speed passenger and heavy haul freight, which are the arteries of mainland Europe, offer a clear model for what is achievable. Why then is the UK so far behind in electrifying our railways?

         In the UK railway development from its very start was unplanned. Whereas the role of governments in Europe has generally been to steer and drive national integrated transport plans, in the UK the role quickly became one of seeking to contain and regulate competing private companies making increasingly speculative investment motivated largely by the prospect of profit. That same model was also evident from the start of the adoption of electric traction by the independent rail companies prior to the First World War. Market forces and profit-motivated competition may be fertile ground for innovation, but the consequence is diversity and incompatibility of systems. Ultimately, this leads to waste and abortive cost.

         In this book John Buxton and Donald Heath start by providing an insight into the early history of electric traction, from the pioneers to the early adopters. xFrom 1890 onwards railways in the UK began to experiment with implementation of various forms of electric traction.

         The building of deep tube underground railways in London commenced against the backdrop of competition from electric tramways built by many municipal authorities. In America, tram technology had been adapted and advanced by the ground-breaking work on traction motor control by Frank Sprague and the emerging interest in rail traction from the electrical engineering industrial giants Westinghouse and Edison. In 1890 when the City and South London Railway (C&SLR) needed an electric traction solution it adopted a third-rail system based on American technology. That third-rail system was looked at with admiration by the London & South Western Railway (LSWR). This company adopted a conductor rail for the Waterloo and City Line and so by 1917 that railway was embarked on a development that today gives the UK the only main line conductor rail system in the world.

         Other railways adopted the overhead system of electrification, resulting in both alternating current and direct current systems being in operation prior to the First World War. Early chapters of the book present a chronology of each of those systems with the early experience of electric railway operation before and between the world wars being clearly explained.

         After the Second World War the railways needed repair, replacement and modernisation. The nationalised British Railways (BR) published a plan to modernise the railways in 1951. That plan included a move from steam traction to electrification, a long-term rolling programme of electrification with completion in about the year 2000. The severe post-war economic austerity and seductive rival plans for adoption of diesel trains frustrated the electrification element of that modernisation plan. The book describes how the UK approach to electrification matured through this period and explains why 25kV AC emerged as the favoured system replacing 1500V DC. Two further rolling programmes for electrification were agreed with the government, published in 1977 by BR and 2010 by National Rail (NR). Each has failed. The book sets out in detail reasons for those failures. Along the timeline a stop–start approach to electrification schemes for individual routes has progressed. Early BR schemes, particularly the Euston, Birmingham, Manchester and Liverpool (EBML) project, fell victim to overspending and late delivery.

         In 1963 the EBML works were stopped by the Minister of Transport (then Ernest Marples) who was more sympathetic to the road building programme, and intolerant of the cost escalation in the electrification investment plans. BR reacted to the demand to reduce cost and improve delivery of electrification. By 1967 a remarkable transformation in technology and design and in project management was the result. By the late BR period delivery of electrification xiwas at its zenith, the London (Hitchin) to Edinburgh ECML works undertaken between 1984 and 1991 being the culmination of a huge effort to maximise those improvements. Donald Heath was Project Director for the ECML works, and, as an engineer on that project, I am proud to have been part of the team that allowed him to headline the project completion certificate for ECML: ‘One Year Early and Under Budget’. The insight in the section covering the ECML programme is a rare first-hand account from the unique perspective of the Project Director. This book offers an assessment of that BR success, and explains how the lessons from that success might be interpreted to inform the vital work in support of decarbonisation.

         Sections in the book cover the technical aspects of traction fixed equipment and affected railway systems. However, the book is not meant primarily to be an engineering textbook; rather, it is a detailed guide to the highs and lows across the history of railway electrification in the UK. Understanding of that history is impossible without understanding the influence of national politics and national economics, the structure and power balances in railway management and the tide of public opinion.

         John Buxton and Donald Heath set out the history of electrification in the UK, but much more significantly they present in-depth analysis of that history. They pick up on a wide spectrum of issues that individually hinder or help in electrification programmes. Without an understanding of history mistakes are always likely to be repeated. Network Rail has repeated in the Great Western Electrification Project (GWEP) the mistakes made by BR on the West Coast Route in the 1960s. This book is rich with examples that provide such opportunities to learn.

         With the need to decarbonise the railway comes ever more need for electrification to be delivered at the lowest possible cost and as reliably as possible. There is no margin to accommodate poor financial management and/or long delays in completion. Political, economic and public support can only be secured by affordable and dependable performance.

         This book will be required reading to understand what the past can teach for all who would seek to propose, develop, or implement railway electrification projects.

         
             

         

         Peter Dearman FREng CEng FPWI FIET FIMechE
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            Preface

         

         This book is a subjective review of the progress of electric power and its direct application, by means of conductive infrastructure, to UK rail traction over two centuries.

         The primary objective of this discourse is to give an insight into the history, politics and economics of railway electrification and raise awareness of the consequences that past dictates have had on UK electrification progress. Most importantly of all, our intent is that the lessons from the past will better inform industry leaders, politicians and stakeholders, enabling more informed decisions to be made going forward.

         To put the progress of UK railway electrification in context, an outline of the history of developments from the nineteenth century to the present day is given in Chapters 1–15. This account takes cognisance of the national, railway company and industry policies of the time, coloured by our own first-hand knowledge and experience. The reader should be aware that it is difficult to make comparisons between the period prior to the Second World War and post-war phases because both the industry and the outside world has changed so significantly.

         Chapter 16 reviews the economics and politics that have influenced and framed the decision – making over the decades. This part of the book brings into focus the reasons for the decisions made together with the arising direct and/or indirect consequences.

         Chapter 17 indicates how rail electrification might contribute to minimising carbon emissions to help meet the UK’s net zero target, revealing a new driving force for the adoption of a rolling programme of electrification.

         Chapter 18 summarises the lessons learned from past experiences and advises how electrification might be undertaken in a more efficient and effective manner in the future.

         Lastly, Appendices 1–8 contain interesting facts, figures and specific project information that supports the preceding chapters, but that would be too cumbersome to include in the main text.

         Upon reading this history of railway electrification in the UK, the reader will quickly come to understand that, from the earliest days, implementation has progressed on a ‘start–stop’ ad hoc basis, lacking both vision and coordination from a national point of view.

         Calls for a rolling programme of electrification have regularly been made for more than a century, but, apart from the Southern Railway’s third-rail schemes xiiisouth of the Thames prior to the Second World War, no coordinated development has been realised. Somewhat surprisingly, the strongest voice for electrification following the Second World War came from a railwayman more usually credited as being one of Great Britain’s best steam locomotive engineers, Robert ‘Robin’ Riddles, CBE.

         As a young London & North Western Railway (LNWR) Crewe Works Premium Apprentice in 1909, Riddles was so forcibly struck by the advantages of electric traction that he was determined to study electrical engineering. Unfortunately, to his disappointment, he was moved to Rugby and could not further his interest there and so became a mechanical engineer. Returning from France after the First World War having served as a sapper in the Royal Engineers, Riddles could see that the prospects for electrification on the London, Midland & Scottish Railway (LMS) were limited due to the company’s weak financial position. However, he kept abreast of modern traction developments in both Europe and America during the 1920s and 1930s.

         Following distinguished war service as Deputy Director General, Royal Engineers Equipment at the Ministry of Supply and Vice-Chairman of the LMS, Riddles became the member of the Railway Executive for Mechanical and Electrical Engineering at nationalisation in 1948. He played a key role in developing a strategic plan for future modern traction on Britain’s railways, which was published in 1951. This led to, first, a significant increase in the building of diesel shunters and, secondly, construction of a fleet of railcars – diesel multiple units (DMUs) – for secondary and branch line services. In addition, while Riddles was extremely keen to initiate a rolling programme of main line electrification, it was widely recognised that the implementation would take many years and needed guaranteed power supplies from the National Grid.

         Riddles’s view was that the fleet of modern steam locomotives that he was building would ‘fill the gap’. Other voices within the Executive, notably J.L. Harrison, Chief Officer (Administration), were calling for a modest start to be made on dieselisation. However, it was recognised that the technology at that point in time had not yet yielded a solution with sufficient tractive effort to take the place of main line steam locomotives.

         Riddles was strongly opposed to wholesale dieselisation as either an interim step, or as a final traction solution. Privately, he was concerned that dieselisation would abstract funds from his electrification plans. In his endeavours to pursue a comprehensive electrification policy, together with his Chief Officer (Electrical Engineering), S.B. Warder, he initially succeeded in establishing 50 cycles per second AC as the new standard for future overhead electrification schemes. This forms the basis of the industry’s standard today. xiv

         Riddles’s untimely departure from railway employment was primarily due to the change of government in 1951. The new administration sought to devolve far more authority to the Regions, thus undermining the potential for a national strategic approach to electrification. Politically, the idea of modernising the railway by dieselisation was also gaining ground. Harrison led a team that drafted an unpublished plan, ‘A Development Programme for British Railways’, which, while recommending electrification as the main way forward, also included a pilot build of main line diesel-electric locomotives. On top of this, Riddles was told that, due to the impending reorganisation, his post would be abolished, and his position might be downgraded.

         Unsurprisingly Riddles decided to take early retirement. On 30 September 1953, the day the Railway Executive was folded, he left the railway industry. The vision of a rolling programme of electrification faded with his departure.

         It was a wretched end to a great man’s railway career.

         Had the reorganisation not taken place and had Riddles not been quite so single-minded in opposing the dieselisation elements of the Harrison plan, the roll out of electrification in the UK would undoubtedly have been more efficiently and effectively implemented. The programme would have been taken forward on a continuous production basis rather than the actual disjointed developments recorded in this volume to date.

         A quarter of a century after his departure, Riddles mused that, if his rolling electrification policy had been followed, the West Coast, East Coast and former Great Western Main Lines would have been electrified by that time. Furthermore, had the same rate of progress been maintained thereafter, all the routes that Network Rail currently propose to electrify would have been completed by the end of the twentieth century. There is no doubt that the cost per single track kilometre would have been far lower than that resulting from the ‘start–stop’ nature of the ad hoc electrification schemes that have been progressed to date and, today, we would have a cleaner, more efficient and faster carbon-neutral railway.

         An opportunity lost indeed!

         So, let’s not see history repeated regarding the industry’s current proposals. To decarbonise the railway and improve efficiency, the politicians, the Department for Transport (DfT), the Infrastructure Commission (NIC), the leaders of the industry and the trades unions need to come together to agree a sound, long-term programme, and just as importantly, have the iron determination to see it through.

         On a final note, we should like to emphasise that the views expressed in this account are purely our own, based on our research together with our knowledge and extensive experience gained from long careers in the industry. We have not xvsought, nor been given, any sponsorship from any rail company or organisation. Our intent is simply to proffer advice to assist the industry in developing a robust electrification and decarbonisation strategy together with improved and more cost-effective means of implementation.

         A Note about Track Diagrams

         Track diagrams relevant to the text are included where appropriate. Note however that the diagrams are schematics and not detailed plans, and, where space is limited, it has not always been possible to include all stations, particularly for longer or more complex track layouts.

         
             

         

         Readers wishing to find more details are advised to view www.trackmaps.co.uk for a list of books detailing current track layouts or, alternatively, refer to the many various historical publications available.

         
             

         

         
             

         

         John Buxton BSc (Hons) C Eng MICE FWPI

Donald Heath OBE BEng (Hons) FICE FPWI COMPIRSE FIM

2025
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            Glossary

            (including references to specific types of railway rolling stock)

         

         
            
               

	Wi-fi
            
                        
                        	Wireless Fidelity – a wireless technology standard for wireless Internet access



	outturn
            
                        
                        	actual expenditure details, often as compared to planned or budgeted



	sectorisation  
            
                        
                        	the dividing of the railway network into profit centres (sectors), which directly add to the railway company’s overall bottom line, where each is responsible for managing their respective operations, maintenance, enhancement and safety requirements



	blockade
            
                        
                        	a formalised closure and full possession of a section railway route infrastructure, usually taken to permit physical works to be carried out on the system



	hybrid
            
                        
                        	relating to rolling stock, having two or more sources of propulsion – diesel, electric, battery and hydrogen; trains may also be described as bi-mode or tri-mode



	balise
            
                        
                        	electronic beacon or transponder placed between the rails of a railway as part of a train protection or control system



	SCADA
            
                        
                        	Supervisory Control and Data Acquisition, a computerised real time data and control system



	PDMX
            
                        
                        	Primary Digital Multiple System – a system developed by STC Communications to break into a 30 channel pulse code modulation system (PCM) intermediately so as to extract individual channels from the data stream without the need for a full termination of the system. Sometimes called ‘drop and insert’. It was very useful for the distribution of the signalling SSI channels to local spots where points, signals and so forth were sited



	turnouts
            
                        
                        	points (also referred to as switches and crossings)






         

         Types of 750V third rail DC EMU (electric multiple unit), indicating by initial numeral the number of cars within the set, with subsequent alpha codes distinguishing the type of set, thus:

         
            
               

	2/4EPB
            
                        
                        	later designated Class 415 (4EPB) or Class 416 (2EPB)



	4-CEP
            
                        
                        	later designated Class 411



	4-CIG
            
                        
                        	later designated Class 421



	4REP
            
                        
                        	later designated Class 432



	4VEP
            
                        
                        	later designated Class 423



	5-WES
            
                        
                        	later designated Class 442






         

         Types of locomotives, indicating arrangement of powered and unpowered wheels

         
            
               

	Bo-Bo
            
                        
                        	an electric or diesel-electric locomotive having 2 bogies each with 2 powered axles



	Co-Co
            
                        
                        	an electric or diesel-electric locomotive having 2 bogies each with 3 powered axles



	2-Co-2
            
                        
                        	axle arrangement of locomotive, identifying powered axles (‘Co’ = 3 powered axles, ‘2’ = 2 unpowered axles)
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            Chapter 1

            Pioneers

         

         Towards the end of the 1800s, the practical development of electrical technologies discovered and developed earlier in the century by Alessandro Volta (1745–1827), André-Marie Ampère (1775–1836), Georg Simon Ohm (1789–1854) and Michael Faraday (1791–1867) began to be applied to rail traction applications. A short resume of these developments follows.

         In 1799, Alessandro Volta constructed the first generator of electricity, the voltaic pile, comprising a number of pairs of copper and zinc discs placed one above the other. Later, he developed the much more efficient voltaic cell, immersing copper and zinc plates in acidulated water, thus producing the first battery.

         In 1820, Oersted discovered that an electrical current deflected a compass needle, and Ampere demonstrated that neighbouring current carrying conductors exert a force on one another. In the same year, Arago and Davy discovered that bars of iron could be magnetised by the passage of a current through insulated wires wound around them.

         In 1821, Faraday demonstrated that a conductor carrying an electric current could be made to rotate around the pole of a magnet. This was followed in 1823 when Barlow constructed a ‘wheel and axle’ motor, comprising a pivoted copper disc, located between two poles of a magnet, which rotated when a current passed from the axle to the circumference.

         Faraday constructed the first electrical generator in 1831, on similar apparatus to Barlow’s, by rotating the copper disc to produce a current in the wire connecting the axle to the circumference. Henry constructed an oscillating motor in the same year and, subsequently, more refined motors were developed by Jacobi, Elias and Froment.

         From 1832 to 1846, Pixii, Wheatstone, Cooke, Scoresby and Joule undertook research into magneto generators and thus progressed the further development of electric motors.

         These early experiments demonstrated that electrical energy could be generated and converted into mechanical energy and vice versa. However, it was to be many years before practical use of these concepts could be realised. Nevertheless, step by step, over the next fifty years or so, progress was made in the development of both motors and generators as follows: 2

         
            
               

	1834–8
            
                        
                        	Jacobi constructed a small boat driven by a battery-powered motor, which he demonstrated on the River Niva in North-West Russia.



	1835
            
                        
                        	Davenport constructed a model electric vehicle, which ran around a small electric railway, current being supplied externally to the vehicle by three cells.



	1839
            
                        
                        	Davidson built a small standard gauge electric locomotive powered by forty cells contained within the unit’s body. The locomotive is said to have achieved a speed of 4mph on the Edinburgh to Glasgow railway but was subsequently ignored by the railway’s mechanics, who feared that such motive power might supersede the steam locomotive.



	1840
            
                        
                        	Pinkus obtained a patent for conveying electrical current through rails.



	1847
            
                        
                        	Farmer demonstrated a small battery-powered locomotive in Dover, USA.



	1847
            
                        
                        	Lilley and Cotton built a small locomotive at Pittsburgh, which ran on a circular track, the current from a battery being transmitted to the car through the rails.



	1850
            
                        
                        	Hall, a scientific instrument maker, exhibited a small battery-powered vehicle on rails at Boston, USA.



	1850
            
                        
                        	Page built a larger locomotive powered by 100 cells, which was tried on the Baltimore and Ohio Railroad near Washington, USA. The development of this vehicle was partly financed by means of a grant from Congress.



	1851
            
                        
                        	Hall constructed a model to demonstrate that power could be transmitted through the rails to a moving rail car running on them.



	1850–67
            
                        
                        	Development of the dynamo by Pacinotti, Wilde, Gramme, Siemens, Varley and others.



	1867–9
            
                        
                        	Werner Siemens suggested the possibility of elevated electric railways and went on to demonstrate the transmission of power from a generator to a motor.



	1879
            
                        
                        	Siemens’s Pioneer Railway – the first successful demonstration of electric traction at the Berlin Exhibition



	1880–2
            
                        
                        	Edison built a third of a mile-long demonstration electric railway from the front of his laboratory yard at Menlo Park, New Jersey, USA. The line curved around a hill and returned, forming a U-shape. He later built a three-mile long experimental line in Menlo Park. Both lines fed power to the traction units through the running rails.



	1881
            
                        
                        	Siemens demonstrated the first use of overhead line electrification (OLE). 3




	1881
            
                        
                        	Crystal Palace Railway, Sydenham, UK – the Siemens train ran for two years at this location.



	1883
            
                        
                        	The American DAFT company constructed the outstanding ‘Ampere’ locomotive, which was tested on the Saratoga Mount McGregor and Lake George Railroad. The loco picked up current from a central conductor rail and was probably the first electric traction unit to pull a full-sized standard gauge passenger car. The company went on to produce a successful electric rack railway traction unit in 1888.



	1883
            
                        
                        	Volks Electric Railway, Brighton – probably the world’s first commercial electric railway, as opposed to a tramway. The line was developed and built in the UK in 1883 at Brighton by Magnus Volk, an inventor and engineer. When opened, the 0.4km long narrow-gauge railway was originally electrified at 50V DC, which was subsequently raised to 160V DC when the line was extended to 0.8km (0.5 miles) in 1884. The line, now 1.6km (1 mile) in length, is still operational today (2025) as a tourist attraction and currently operates on 110V DC.



	1883
            
                        
                        	The Portrush Railway, Northern Ireland rivals the Volk’s Electric Railway as the world’s first commercial electric railway. The line, promoted by brothers William Acheson Traill and Dr Anthony Traill, was a 11km (7 miles) long, three-foot gauge line linking Portrush to Bushmills. Initially the line was constructed to carry both passengers and freight (primarily granite, basalt and iron ore) to Portrush, the nearest seaport. William Thomson (later Lord Kelvin), who was a close friend of William Traill, suggested the use of electric traction and introduced the Traills to his friends, the Siemens brothers. The railway opened in 1883, and was extended to the Giant’s Causeway, a popular tourist site, in 1888. The passenger cars were of two types, low-powered ones, which could run solo, and more powerful types, which could pull up to three trailer cars. The railway became a popular tourist line, surviving until 1949. Power for the third-rail DC system was generated by means of two 52hp Alcott water turbines, located at Walkmill Falls, driving a dynamo. This equipment, itself a pioneering achievement, was developed by Werner Siemens and produced 100 amps at 250 volts. Later, overhead line partially replaced the third-rail system. The line was known as the Giant’s Causeway Railway and, today, two miles at the Giant’s Causeway end have been revived, albeit utilising diesel traction. 4




	1885
            
                        
                        	The three-foot gauge Bessbrook and Newry Tramway linked the Bessbrook Spinning Company’s flax mills with the main line railway at Newry. Dr Edward Hopkinson was responsible for equipping the line, including the two cars, which each had one motor. Power was generated by two water-powered Edison-Hopkinson dynamos producing 72 amps at 250 volts. The third rail was located centrally between the rails. The line carried passengers and 28,000 tons of freight per annum at its peak, finally closing in 1948. Hopkinson’s success resulted in him being invited to assist in the construction of the City and South London Railway, which used Edison-Hopkinson dynamos, and Hopkinson designed electric locomotives.



	1886
            
                        
                        	Between 1886 and 1893 the Ryde Pier, Manx, Blackpool and Snaefell electric tramways were constructed. However, overall, during this period, tramway developments in the UK fell well behind the extensive networks developed in the USA, Germany and later France.






         

         Towards the end of the nineteenth century, it was becoming clear that electric rail traction had potentially many advantages over steam power, particularly in respect of power to weight ratio. The potential for rapid acceleration of passenger trains, especially suburban services, and the power to haul heavy trains on steeply graded routes was soon recognised.

         Two early pioneers of this new rail traction technology warrant special attention – Werner von Siemens and Frank Sprague.

         Werner von Siemens – Demonstration Line

         Werner von Siemens developed and built the first passenger hauling electrically powered rail vehicle, which he demonstrated at the Berlin Industry Exhibition in 1879. The track was only of a temporary nature for the exhibition, although Siemens did go on to produce the first electric ‘streetcar’ system at Gross-Lichterfelde in 1881. This 2.5km (1.5 miles) long, 180V DC system was the world’s first electric tramway. From that time, Siemens developed many tramways in Germany. The construction of the first German electric railway system commenced in 1891, opening in 1902. 5

         Frank Sprague – The Sprague System

         Frank Sprague, who established the Sprague Company, worked with Edison. Initially, he took a leading role in the building of Street Tramways in the USA for which he developed a successful overhead distribution and collection system. He also pioneered the mounting of electric motors on vehicle bogies that enabled electric-powered cars to run on uneven track. His axle-hung, nose-suspended motor became a world standard. Sprague went on to develop solutions to many of the shortcomings of early streetcar operation. He combined his innovations into a successful system in 1888, dubbed the ‘Sprague System’, which became a maxim for ‘reliable system’ and was adopted all over the world, including in the UK. The ‘Sprague System’ was further developed for heavy rail systems for both overhead and conductor rail systems. By 1891, more than half of the 200 or more electric systems in the USA were supplied by Sprague. In 1894 Sprague developed the system for multiple-unit control, which became an essential feature of electric passenger railways. The Sprague System first came to the UK in 1890 when the City and South London Railway was constructed using electricity power generation and low voltage DC traction based primarily on USA practice. Much of the UK systems developed thereafter have been based on Sprague’s principles.

         An Enigma – Swansea and Mumbles Railway

         A special mention is made here of this fascinating line for two reasons:

         
	opening in March 1807, the railway was the first in the world to regularly convey fare-paying passengers;

            	it was the first system to attempt powering rail vehicles in UK commercial service from on-board battery accumulators.
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         6Initially, its horse-drawn rail vehicles, converted from road carriages, conveyed people between ‘the dunes’ at Swansea westwards along the perimeter of Swansea Bay to Mumbles, a fishing and oyster harvesting village on the west side of the bay. Steam power began to supersede horses in the 1860s but an innovative attempt was made in 1902 to provide traction power using battery accumulators. However, the stored electrical power in the early batteries drained too quickly so the idea was abandoned. This is the first recorded example of a battery-powered rail vehicle in UK commercial passenger service.

         The railway, which was expanded over the years and converted to standard gauge, remained independent all of its life and was eventually electrified using a 650V DC overhead system in 1929. Sadly, the line closed in 1960 in a sea of local controversy.

         Missed Opportunities

         Notwithstanding the UK developments outlined above, Britain by and large failed to grasp the opportunities afforded by electric technology. This is particularly poignant because the great British railway pioneer, George Stephenson, is said to have prophesised as early as 1847 that electricity would be the future form of motive power. By contrast, in the USA, engineers and entrepreneurs stepped up to take the lead, not only in electric traction, but in all aspects of electrical engineering. This undoubtedly enabled that country to become the world’s premier industrial nation. From the 1880s, the USA emulated what Britain had done in the steam-driven Industrial Revolution, by rapidly building up expertise in a new technology, leaving other nations, including Britain, in its wake. Unfortunately, Britain was firmly wedded to developing steam power, and thus was slow to make the transition to electricity. The UK development of an electric industrial base and supply network, based upon the new technology, therefore lagged well behind the USA. In Germany, too, the new technology was being firmly embraced and developed at pace from the late nineteenth century.

         A further cause of Britain’s sluggish progress was the late development of electric street tramway systems in the UK. With little expertise and experience being acquired in the new technology powering these systems, the potential development of the country’s electrical engineering industry was still further disadvantaged.

         Furthermore, early British electric railway developments were not interrelated, nor was any attempt made to develop a common standard. The politicians of the day showed little interest in the technology, and there was no coordination between entrepreneurs, the engineering industry, financial 7institutions and operators. With the focus still mainly on developing steam power, Britain lost the opportunity to take a lead in the electric revolution and thus the ability to develop a new global enterprise. This lack of vision indisputably set in train the decline of the UK’s industrial power base.

         America and Germany were thus left to drive forward this new strategic technology, and, as a result, early British railway electrification from the 1890s was initially based on these nations’ practices.

         The City and South London Railway and its Impact on the Development of London Underground Electrification

         Although the London Underground system is outside the remit of this book, the electric traction developments of this system are relevant to the UK’s main line railways, and so a brief inclusion of its early history is presented here.

         Subsurface railway development began in 1863 with steam-hauled trains of the Metropolitan Railway running in ‘cut and cover’ tunnels just below street level. However, the highly sulphurous smoke emitted by the locomotives made travelling conditions in the tunnels a very unpleasant experience. The development of this railway’s clean electric trains and new deep-level tunnelling developed later, brought about London’s public transport revolution.

         The City and South London Railway, built initially to link the City of London with the Elephant & Castle, was the first major railway system in the world to adopt electricity as a means of traction power. Based on USA electric innovation and practice, this first deep-level tube railway, powered by a three-wire 500V DC system, was opened in 1890 by the Prince of Wales and used electric trains from the outset. Each electric train comprised a four-wheeled traction unit, built by Mather & Platt of Manchester, hauling a number of windowless carriages with power picked up from an off-set third rail within the running rails. At Stockwell, a depot and generating station were constructed. Subsequently, following arbitration by the Board of Trade, the standard DC fourth-rail system was adopted.
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         The American electric traction technologies, pioneered and proved on the City and South London Railway, shaped the development of subsequent underground railways in London and profoundly influenced the introduction of conductor rail surface systems in the UK. Prior to the Great War, expansion of the underground network was rapid. The City and South London subsequently became part of the Northern Line.

         Developments on the Underground railway system had a profound impact on early main line electrification, influencing the adoption of low voltage DC systems, particularly in London, Liverpool, Manchester and Tyneside. The early electrified suburban lines developed by the London & North Western Railway (LNWR) were actually made fully compatible with the Underground system. This enabled both main line and Underground trains to share the same infrastructure and power supply systems to mutual benefit, particularly with regard to their respective network extensions. Where the track is shared with third-rail over-ground stock, the central rail is bonded to the running rails and the outside rail electrified at 660V. This allows both types of train to operate satisfactorily.

         The London Underground network was primarily developed north of the Thames where the geology is more favourable; the above-ground main line railway network, much of which was to be electrified, dominated the area to the south.

         Waterloo and City Line (London & South Western Railway (LSWR))

         Following on from the City and South London Railway, the next London tube line to open in 1898 was uniquely an underground line that was operated for nearly a century by main line railway organisations. It was the Waterloo and City Line, which was built by the Waterloo and City Railway Company and operated by the London & South Western Railway from the outset. This company absorbed the railway into its own system in 1907. As its name suggests, the line linked the City of London with Waterloo Station.

         Although the railway was to use American rolling stock, it was a German company with significant business interests in the UK, which supplied the electrical generating and distribution equipment. This was the well-known Siemens Company. Power generation was by means of five boilers, providing the steam for five high-speed steam engines coupled to dynamos. The two-pole compound-wound dynamos delivered 500V at no load and 530V under full load. A sixth high-speed engine and dynamo was subsequently installed in about 1899. 9 
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         The standard gauge permanent way was supported on longitudinal timbers and the 530V DC traction current was fed to the trains through an inverted steel channel ‘side contact’ conductor rail arrangement.

         Under the contract, Siemens also provided a single cab four-wheel electric shunter. This little traction unit, delivered in 1898, was provided to shunt the coal trucks and deliver them to the generating plant. It was equipped with two 60hp (45kW) traction motors, which, although modest, were sufficient for it to perform its basic duties, but it was found to be too small to rescue failed trains in the tunnel. This little electric shunter was, however, quite reliable and remained in use until 1969. It can now be viewed at the National Railway Museum, York.

         In view of the urgent need to acquire a more powerful rescue vehicle, the LSWR Chief Mechanical Engineer, Dugald Drummond, had a larger traction unit with two four-wheel bogies built, which entered service in 1901.

         In 1915 the original Siemens dynamo equipment became redundant as the LSWR commissioned a large generating station at Durnsford Road, Wimbledon, which also supplied its expanding third-rail surface network. Power for train operation on the Waterloo and City Line also switched to this source from December 1915, and the original Siemens ‘dynamo’ plant thereafter served only ancillary equipment on the line together with the heating and lighting of the main LSWR Waterloo offices. The traction voltage on the Waterloo and City Line was upgraded to the standard 600V DC ‘top contact’ system at this time.

         The original passenger vehicles manufactured by the American Jackson and Sharp Company were imported through Southampton Docks in completely knocked-down kit form. The kits were assembled into eleven 29m long two-car sets (comprising one motor coach and one trailer car) by the LSWR at Eastleigh Works.

         Siemens provided the electrical equipment and traction motors for the units. The trains usually ran as four-car formations. In 1899, five additional single motorcars were procured from Dick, Kerr and Company, primarily to operate the off-peak and weekend services when passenger demand was low.

         From 1908, the underground railways in London began to market themselves through common branding as ‘Underground’ but the Waterloo and City Line was 10the only underground passenger line in London not to sign up to this arrangement. In 1923, the line passed to the Southern Railway at the Grouping, subsequently transferring to British Railways ownership at nationalisation in 1948.

         In the 1980s the line became the responsibility of the Network SouthEast (NSE) sector, and this organisation undertook a major project to refurbish the infrastucture and replace the 1937-built rolling stock with new Class 482 trains. These works were completed in 1993 with the operations and ownership of the line being transferred to London Underground in 1994 connected with the rail privatisation process.

         Metropolitan Line

         The Metropolitan Railway was originally built as a conventional railway to connect the main line rail terminals at Paddington, Euston and King’s Cross to the City of London. Opening in 1863, significant lengths of the route were constructed by means of ‘cut and cover’, much of it beneath what at the time was known as the ‘New Road’ between Edgware Road and King’s Cross. The line then proceeded by means of tunnels and cuttings to Smithfield via Farringdon Road. It thus formed, almost by default, the world’s first underground railway and was initially worked by steam locomotives hauling gas-lit carriages. Unlike most other underground lines in the capital, the tunnels are only just below the surface and are of similar profile to those on other British main lines. It is referred to as the ‘sub-surface’ part of the London Underground system.

         The line was extended in three directions, reaching Hammersmith in 1864, forming in cooperation with the District Railway, the ‘Inner Circle’ in 1884, and a branch from Baker Street northwards through Harrow to Aylesbury (later extended to Quainton Road), into what was to become known as ‘Metroland’. Alongside the route, the Metropolitan Railway purchased and developed large swathes of land into middle-class housing estates. The company’s shrewd investment in land and housing paid dividends, bringing further patronage to the railway in addition to the profit made from property development.

         By 1900, patronage was falling primarily due to the opening of the new electric Central London Railway from Shepherd’s Bush to the City, but passengers were also becoming increasingly intolerant of the polluted atmosphere in the Metropolitan line’s tunnels. Conversion to electric traction was seen as essential to halt the decline in passenger numbers.

         The Metropolitan Railway had considered electrification from the 1880s, but the technology was in its infancy, and agreement was not immediately forthcoming from the District Railway, which shared the ownership of the Inner 11Circle. However, in 1900, a jointly owned train of six passenger vehicles ran an experimental service from Earl’s Court to High Street Kensington for six months. This was a success, and so the Metropolitan and District joint committee looking into the matter recommended an overhead three-phase AC system developed by the Hungarian company Ganz. However, the District Railway was taken over by the Underground Electric Railways Company of London in 1901. This company was led by the American Charles Yerkes, who favoured the Sprague third-rail DC system similar to the City and South London Railway and Central London Railway. The Ganz system was therefore subsequently rejected in favour of the standard DC fourth-rail system. This system was deemed necessary in metal-lined tunnels where stray electric currents had to be kept low to avoid corrosion and interference with regard to the linings and utility systems.
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         The Metropolitan Railway, together with the District Railway, began to electrify their underground lines in 1902. In addition, the surface line from Baker Street to Harrow was electrified by 1905, as was a new route built between Harrow and Uxbridge which opened in the same year.

         Initially, all services were operated by seven-car electric multiple unit (EMU) trains built by the Brush Electrical Engineering Company and Metropolitan Amalgamated Carriage and Wagon Company to American-inspired designs. However, subsequently a small fleet of Sprague-type electric traction units (A-class) were built, which, among other things, hauled morning and evening business trains to and from the City, comprising carriage sets including Pullman cars. It is interesting to note that these A-class traction units encompass components from all the great pioneers of American electric traction, viz. Brush, Edison, Sprague, Thomson-Houston and Westinghouse.

         To serve the newly electrified lines, the Metropolitan Railway constructed a 10.5MW coal-fired power station at Neasden, supplying 11kV 33.3Hz current to five substations that converted this to 600V DC. 12

         On 1 July 1933, the Metropolitan Railway was amalgamated with the Underground Electric Railways Company of London to form the railway element of the London Passenger Transport Board. However, the physical nature of the Metropolitan Line meant that it retained much of its unique character for thirty years or so after this date, particularly in respect of the surface lines, where the ambiance was that of a main line railway rather than an underground line.

         Mention should be made of the Metropolitan’s relationship with the Great Central Railway Company’s 1899 London Extension. This new main line railway joined the Metropolitan Railway at Quainton Road, and shared the tracks to West Hampstead Junction, before branching off towards Marylebone Station. Interestingly, the Great Central Railway never promoted electrification itself at the London end of its route.

         Midland Railway

         Another pioneering scheme was the Midland Railway’s electrification of the 15km (9.5 miles) Lancaster–Morecambe–Heysham line that came into operation in 1908. It was not really an enhancement justified by traffic requirements; its raison d’être was to form a test bed to explore the potential for further mainline electrification for the company. This scheme was the first high-voltage overhead electrification in the United Kingdom being energised at 6,600V 25Hz, AC. The equipment was similar to that used to power the London, Brighton and South Coast (LBSC) South London scheme.

         Power for the scheme was generated at the Midland Railway’s own power station at Heysham, which had originally been built to supply the electrical equipment at the harbour. Additional machinery was added to both increase its capacity and to supply single phase current, as it had originally been a direct current station.

         Electric working between Morecambe and Heysham began on 13 April 1908, with services commencing on the Lancaster to Morecambe section on 8 June of that year. Goods trains remained steam-hauled.

         The design and implementation of the line’s electrification was carried out under the direction of Mr W.B. Worthington, the Chief Engineer of the Midland Railway, by Mr J. Sayers, the Telegraph Engineer of the company, and Mr Argyle, the Northern Divisional Engineer. The scheme was very similar to the Hamburg – Altona Railway, the chief difference being the new design for the overhead line electrification (OLE), which was Mr Sayer’s work.

         The scheme comprised the electrification of the double track sections between Heysham and Morecambe and Morecambe and Lancaster Green Ayre, 13together with the single line from Lancaster Green Ayre to Lancaster Castle Station. This was equivalent to 34 single track kilometres (21 miles).
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         As the first overhead line single phase AC electrification in the UK, the design and implementation successfully overcame many difficult technical challenges.

         The contact wire was suspended by short (100mm) loops from an auxiliary wire, which, in turn, were held by two auxiliary cables, with each span broken up into six short auxiliary spans. The gantries, generally supported on Norwegian fir creosoted poles with thin, solid crossbeams to form simple portals, were connected by a separate overhead earthing cable, which made connections to earth every 800m (0.5 miles). More substantial steel poles and lattice gantries were provided at Morecambe Station and one or two other locations to allow for long spans.

         The cars collected power by means of bow ‘trollies’ measuring 2.16m (7ft 1in) wide. The bow was designed to be used for travelling in either direction. The contact wire was initially staggered by 611mm from the centre line and each 915m (3000ft) section was strained by means of 365kg (800lbs) weights through pulleys at a terminal gantry. However, the stagger was found to be too great and the contact wire strain too low for reliable operation so was modified before commissioning, the sharply curved Lune Viaduct presenting a particular problem in this respect.

         The rolling stock initially comprised three motor cars and four trailers, built by the Midland Railway Company at Derby to the design of the company’s Carriage and Wagon Engineer, Mr David Bain. Electrical equipment was supplied by Siemens for two of the cars and Westinghouse for the other. The Siemens control equipment was all electric, which was preferred by the 14Midland, whereas the third car had Westinghouse equipment, with electro-pneumatic control, thus providing a practical comparison of the two systems for this pilot scheme.

         Each end of each of the trailer and motor cars was equipped with driving apparatus and, in addition, old coaches were provided to strengthen the trains, particularly for use by workmen between Morecambe and Heysham. The motor cars were 18.3m (60ft) long and 2.7m (9ft) wide and comprised three large saloons with seating for 72 passengers. The trailer cars were 13.1m (43ft) long and 2.7m (9ft) wide and comprised one open saloon with transverse seating for 56 passengers. Electric lighting was provided for all the cars, and, in addition, the motor cars were provided with electric heaters from new (and subsequently fitted to the trailer cars, which were initially only used in the summer season).

         Both the infrastructure and the rolling stock were designed to deliver a 15-minute service frequency between Morecambe and Lancaster and a 20-minute service between Morecambe and Heysham, utilising just one train on each route. Normal service levels were less frequent, however.

         Technically, the scheme proved to be a success but, unfortunately, the Midland Railway did not progress any further schemes.

         In 1952 the original rolling stock was withdrawn as it was life expired. Services reverted to steam power while the power supply was upgraded to 25kV 50Hz, and some alternative electric stock provided. However, the main reason for this was not for normal service reasons. It had been decided that the line was to be used again as a test track to trial British Railways’ proposed new high voltage electrification standard. As the original electrification was a high voltage overhead line system, converting the line could be undertaken with few alterations to the infrastructure and at minimal cost (see Chapters 6 and 16). Trial running under 25kV started in November 1952, with the commercial service starting on 17 August 1953.

         The 1950s trials, which were a success, were key to British Railways adopting its new 25kV 50Hz electrification standard. On completion of the trials, the line remained electrified until it closed under the Beeching cuts in 1966.
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            Chapter 2

            The First Rapid Transit Schemes

         

         The early days of railway electrification marked a period when electricity was being experimented with for traction purposes. Schemes that were promoted were primarily driven by competition, particularly from new electric tramway systems. Capacity enhancements, the promise of operating cost reductions and the elimination of pollution also played a part. As a result, this haphazard process spawned many schemes and proposals utilising different voltages, AC/DC and power supply ‘pick-up’ arrangements on the trains.

         The UK thus developed a considerable number of diverse railway electrification systems, which are briefly described in this chapter.

         The Development of Liverpool’s Electrified Network

         Liverpool Overhead Railway (LOR)

         The UK’s first electric railway built as a conventional standard gauge ‘open-air’ line was the standard gauge Liverpool Overhead Railway (LOR). An elevated railway had been proposed in 1852 and again in 1877, but both proposals came to nothing, although powers were secured by the Mersey Docks and Harbour Board for the latter scheme. In 1888, the Liverpool Overhead Railway Company was formed by a group of prominent businessmen who obtained the Docks Board powers by means of an Act of Transfer. Two prominent engineers, Sir Douglas Fox and James Greathead, were appointed to design and manage the construction, which commenced in 1889, the first section of which opened on 4 February 1893 by the Marquis of Salisbury. Public services commenced on 6 March.

         Although steam traction was first considered, it was rejected due to the risk of sparks emitted by the locomotives, igniting the many flammable cargoes stored in close proximity to the railway, on both the ships at the quays and on the dockside.

         The LOR was not only the world’s first elevated electric railway, but also the first to be protected by an automatic electric signalling system. It was a third-rail line operating at 525V DC, initially running between Alexandra Dock and Herculaneum Dock, with twelve intermediate stations.

         The line was built on an elevated iron structure and was thus a very prominent feature of the area, colloquially known as ‘The Dockers’ Umbrella’. 16
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         A rapid, frequent service was offered with electric two-car passenger units (motor driving car and trailer driving car) serving the closely spaced stations. The line was subsequently expanded to the full length of the Liverpool Docks’ estate (10km, 6.5 miles) with extensions to Seaforth Sands on 30 April 1894 and Dingle on 21 December 1896. Ironically, for an overhead railway, the latter section required the boring of a half-mile long tunnel!

         The LOR was expanded further on 5 July 1905 to the Lancashire and Yorkshire Railway’s Seaforth and Litherland station, enabling a connection to be made with the L&Y’s Liverpool to Southport Line.

         Regular through services were then operated initially to Southport, utilising twelve specially built lightweight cars constructed by the Lancashire and Yorkshire Railway. These services were, however, withdrawn by 1914, and passengers for Southport had latterly to change trains at Seaforth and Litherland railway station instead. The lightweight cars were transferred to the Southport and Cossens’s services but returned as required until the outbreak of the Second World War for the Dingle–Aintree race traffic.

         The extension to Seaforth and Litherland had brought the LOR trains parallel with the LYR’s North Mersey Branch with a connection between the two being installed in 1906. The new junction, Rimrose Road, enabled the LOR services to access Aintree Sefton Arms LYR Station. Regular services were introduced between there and Dingle but only operated until 1908, although special LOR services were always put on during Aintree race days.

         An additional station was added at Gladstone on 30 June 1930 serving the dock of the same name, but Princes Dock Station permanently closed following extensive bombing damage on 13 March 1941. Custom House Station was renamed Canning in 1945 as the nearby Custom House had been totally destroyed during the war. 17

         Latterly, the sets were lengthened to three-car units, and some were modernised after the war.

         The line escaped nationalisation in 1948 but, unfortunately, by 1956 the overhead structure, particularly the deck plates, were extensively corroded and considered to be beyond economic repair. The repair costs, estimated at £2M, were beyond the financial resources of the company and, as no support was forthcoming from the City Council or the Mersey Docks and Harbour Board, the line was closed on 30 December 1956, despite considerable public protest.

         Mersey Railway

         The Mersey Railway, opened in 1886, was a 7.5km (4.75 miles) line between Liverpool and Birkenhead via the Mersey Railway Tunnel. Subsequently, it was extended to link Birkenhead Park, Rock Ferry and Liverpool Central by 1892. With gradients as steep as 1 in 27, it was initially operated by heavy steam locomotives. Steam power was also used to operate the lifts, hoists, ventilation and drainage pumps. With low thermal efficiency, the cost of operating the railway and its associated systems was high. Patronage was falling due in part to the polluted, choking atmosphere caused by the steam locomotives in the tunnel under the River Mersey. With passengers reverting to use of the river ferries, the railway was in financial difficulties by 1900.

         The successful introduction of electrification on the City and South London Railway and the Liverpool Overhead Railway convinced the Mersey Railway directors that electrification was the way forward but, with the company one step away from bankruptcy, there were no funds to finance it.

         A lifeline was fortuitously provided by the American George Westinghouse Jr, who had set up companies in the USA and Europe manufacturing electrical equipment, power plant and braking systems. He established the Westinghouse Electric and Manufacturing Company at Trafford Park, Manchester in 1899, anticipating a British electrification boom. Westinghouse considered that he needed to demonstrate his company’s wares by electrifying a short length of railway and, with its challenging infrastructure and the existing use of heavy locomotives, he considered that this was an ideal line to show that an electric railway could take over all steam-operated services.

         His offer to the Mersey Railway Company that the line be electrified at his company’s expense was, unsurprisingly, accepted!

         As there was no power supply, Westinghouse built a 7.7MW railway power station at Shore Road, which not only supplied traction power, but electricity for the afore-mentioned infrastructure systems. The 600V DC railway electrification arrangement utilised a four-rail system with a positive outer rail, with 18storage batteries to improve the load factor so avoiding the need for transformers and rotary converters. The batteries also provided a back-up in case of power failure to enable trains to be rescued from the tunnels. The work was carried out without interfering with the steam service at a cost of circa £400,000 (£41M at 2025 prices). The Mersey Railway was the first in Britain to convert as a complete entity from steam to electric operation in 1903.
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         The new electric rolling stock comprised twenty-four motor cars and thirty-three trailer cars, which were formed into two-car or four-car sets. The stock had British-built timber bodies, with electrical equipment and bogies imported from the United States. The power station at Shore Road included passive provision to accommodate future electrification of the Wirral Railway, although this did not come to fruition until 1938. The line was opened for electric operation in April 1903 following an inspection by the Board of Trade.

         While the Mersey Railway remained independent at the Grouping of 1923, it became closely aligned with the London, Midland and Scottish Railway’s Wirral electric train services from 1938. The link between the Wirral and Mersey Railway system enabled fast through journeys by electric services to be made directly into the City of Liverpool. The Mersey Railway became part of the nationalised British Railways in 1948.

         Lancashire and Yorkshire Railway (L&Y)

         From 1903, the Lancashire and Yorkshire Railway had also been busy electrifying their busy commuter routes centred on Liverpool Exchange Station. The company was the first in the UK to electrify a mainline route. The 37km (22 miles) line to Southport and Crossens opened in March 1904. Initially, 600V DC was provided to a fourth-rail system, although this was later converted to 625V DC third-rail. A power station was built at Formby, supplemented by substations and battery stations located along the route. Sheds, stores and workshops were built at Meols Cop.
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         The rolling stock provided at the opening comprised 58ft 6in (18m) long open saloons. The carriages were electrically lit, initially formed into four-car sets. The two driving motor cars were third class, powered by four 150hp motors. 20The traction current was controlled from driving cabs at both ends of the train. A vacuum braking system enabled the trains to haul non-electrified stock. First-class and third-class trailers completed the consist. All the stock was wooden bodied on steel underframes. Later build stock was 63ft 6in (19.5m) long and could seat up to 103 passengers. Subsequently, the section between Southport and Crossens was operated by the lightweight trains, originally provided by the Lancashire and Yorkshire Railway for the through LOR services, until these were withdrawn in 1945.

         The Southport line was followed by electrification of the two routes to Aintree in July and December 1906, later extended to Ormskirk in 1913. For these services, the Lancashire and Yorkshire Railway provided different passenger cars that were incompatible with the Southport trains. Initially, twelve third-class motor coaches and six third-class trailers were built. From 1910 to 1914 a further seven first-class and twenty-three third-class trailers, plus four driving trailer thirds and eight motor coaches (with 250hp motors), were added to the fleet.

         The L&Y built two electric traction units. The first, No. 1, was built on the frames of an Aspinall 2-4-2T and had a jack shaft drive. It was designed to collect current from top contact third rail and in sidings from overhead wires, for safety reasons. It probably wasn’t very successful as it had been withdrawn by 1919. The second, No. 2, was a four-wheel battery-powered steeple cab design for shunting wagons at Clifton Junction power station. It was rather more successful than the first, lasting until 1947.

         By 1915, the Lancashire and Yorkshire Railway had electrified 60km (37.5 miles) of route. Taken together with the Liverpool Overhead Railway and the Mersey Railway, Merseyside then had an electrified suburban network that was second only to London in terms of route length.

         Following the grouping, the London, Midland and Scottish Railway built eleven electric units for the Ormskirk route in 1926–7, which operated services until 1964. The LMSR also replaced the Southport units in the early 1940s. The pre-Second World War years also saw the electrification of the Wirral lines from Birkenhead to West Kirby and New Brighton in 1938 and this company also modernised the stations and signalling on this route and the former Lancashire and Yorkshire routes from Liverpool Exchange, including replacement of the original rolling stock.

         The Liverpool lines survived the Beeching era intact, and, with the subsequent extensions and the opening of the underground tunnels, the network has developed into a highly regarded suburban transportation system. In 1974 the route under the Mersey from the Wirral, which terminated below Liverpool Lime Street Station, was converted into a terminal loop servicing all three of the 21main line terminal stations. Three years later the Link Line was opened, which enabled through running from Exchange to Central and, following electrification of the Cheshire Line Committee route, as far as Hunt’s Cross.

         The Development of Manchester’s Electrified Network

         Bury to Holcombe Brook (L&Y)

         Electrification of the first railway in the Manchester area came about as a result of an experimental scheme promoted by a Preston firm, the Dick, Kerr and Company in 1912. The 6km (4 miles) long route was electrified, utilising overhead distribution, at the company’s expense, as Dick, Kerr and Co needed a line to demonstrate their electric traction supply and motive power equipment in connection with a tender for a large railway contract in Brazil.

         Electrification of the route between Bury Bolton Street and Holcombe Brook was completed in July 1913 and two trains were built to operate the passenger service at the Lancashire and Yorkshire Works at Newton Heath. The sets, constructed with steel underframes and aluminium body panels, comprised one driving motor coach having four Dick, Kerr and Co traction motors, plus one driving trailer car. The motor coach had a pantograph for current collection from the overhead catenary.

         On the successful completion of the Dick, Kerr and Co’s trials, the Lancashire and Yorkshire Railway purchased the equipment and stock in 1916. Initially, a ten-minute interval service was maintained, which it was possible to do with just one set in use at a time.

         Dick, Kerr and Co did not win the Brazilian contract but benefited when the Lancashire and Yorkshire Railway decided to use their equipment for the subsequent electrification of their commuter lines.
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         Manchester Victoria to Bury (L&Y)

         In 1916 the 16km (10 miles) route between Manchester Victoria and Bury was electrified at 1.2kV DC. The voltage chosen was the maximum permitted by the Board of Trade for outside third conductor rail electrification and because of the high voltage, the third rail was protected. The third rail was encased with a timber guard assembled in a channel form with a large surface area available for the shoes of the electric multiple units to make contact with the side of the specially profiled conductor rail.

         Initially, a fourth rail was laid between the running rails for electrical return purposes, there being no contact between this rail and the trains. Subsequently, this rail was considered to be obsolete and was gradually removed over time.

         The new electric motor car sets were notably the first passenger vehicles in the UK to be of all metal construction, excluding wood completely in favour of steel and aluminium. The interiors were arranged in saloons and all cars, whether motored or trailing, had driving compartments at each end. Distinctive features, in addition to their massive appearance and riveted construction, were the recessed passenger swing doors and roller-shutter doors giving access to the guards’ compartments on each motor coach. A further interesting feature was the use of buck-eye couplings, there being no conventional buffers, merely nominal blocks acting as ‘dumb’ buffers.

         All the high-tension electrical equipment was mounted inside a compartment, the door of which was interlocked, requiring the isolating switch connecting the control leads to the supply from the shoes to be opened before entrance could be gained. The motor coaches weighed 54 tons and the trailers 29 tons.
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         Electric operations between Manchester Victoria and Bury commenced in April 1916. However, the Lancashire and Yorkshire Railway’s Works at Horwich was at that time heavily involved with war work, so deliveries of the 23new electric stock was delayed. It was, therefore, not until August 1916 that all remaining steam-hauled services were withdrawn.

         Commencing in 1917, the Bury to Holcombe Brook system was converted to the same 1.2kV DC third-rail system and subsequently integrated into the Manchester to Bury electric services in March 1918. Before conversion, the 3.5kV DC supply had actually failed, so, as a temporary power source, 1.2kV DC was fed from the Bury line to the overhead wire and thus via the pantograph through the vehicle to the motors of the temporarily modified 1.2kV DC train sets.*

         Generally, the trains ran on the network as five-car units. All vehicles were gangwayed throughout. A five-car set could seat 389 passengers.

         The original Manchester to Bury cars were the last pre-grouping electric stock to remain at work on British Railways. They were replaced in 1959/60 by BR built Class 504 two-car units, which continued to serve the Victoria–Bury route until it was converted to a light rail system.

         The Lancashire and Yorkshire Railway envisaged the Manchester to Bury electrification as the start of a widespread electrification of suburban lines from Manchester Victoria but the Great War halted progress. The railway’s Board tried to resurrect their embryonic electrification projects in 1919, but it was not to be. The post-war economic difficulties and the uncertainties leading up to the Railway Grouping caused their plan to be put on hold. The London, Midland and Scottish Railway’s immediate focus after 1923 did not include electrification schemes and so little was done until the 1930s, when even these projects were cut short by the Second World War.

         The line to Holcombe Brook was de-electrified 1951, as it was not considered to be economic to renew the outdated electrical equipment. Push-pull steam working took over for a short time until May 1952 when this little used line closed.

         Following the publication of the 1956 System of Electrification for British Railways Plan, consideration was given to converting the side-contact DC conductor-rail arrangement to a 6.6kV AC OLE system. On this short line, there were numerous overbridges together with a tunnel, so this proposal was significantly cheaper than providing the necessary electrical clearances for 25kV AC. However, in the event, this scheme was not progressed further.

         Subsequent development of the network had to wait until 1989/90, when, as part of the development of the Manchester Metrolink, the Manchester to Bury line was converted to a 750V DC Light Rail system. Over the last thirty years, the electric tram system has been extended to Altrincham, Ashton, Oldham, Rochdale, Manchester Airport and Manchester Docks. 24

         Manchester South Junction and Altrincham Railway (MSJ&AR)

         With the introduction of an electric tramway along the road that paralleled the 14.5km (8.5 miles) long Manchester to Altrincham Railway in the early part of the twentieth century, patronage of the steam rail service was severely affected. While a number of railway electrification options were considered to counter this competition, no action was taken until after the Grouping when the Manchester, South Junction and Altrincham Railway Committee was formed. The Committee represented the joint interests of the London, Midland and Scottish Railway and the London and North Eastern Railway. The latter company was keen to develop the 1500V DC overhead system for mainline electrification, which was recommended as the national standard by the Kennedy Committee in 1920 and the Pringle report in 1927 (see Chapter 5).

         The two railway companies jointly developed the electrification project, with the LMS taking the lead in installing the new infrastructure and designing and procuring the twenty-two new three-car non-corridor, wooden-framed electric multiple units from the Metropolitan Cammell Company. Both first- and third-class accommodation was provided.

         A new depot was built on the site of the original MSJ&AR Bowdon terminus, south of Altrincham and Bowdon station. New suburban stations were opened at Navigation Road and Dane Road. The station, which had previously been called the Old Trafford Cricket Ground, was renamed Warwick Road and opened daily on a permanent basis.

         Electric services between Manchester and Altrincham commenced in May 1931, providing a faster and more frequent service than the steam trains they replaced. Passenger numbers increased substantially, and the fast trains also encouraged builders and property developers to site new housing developments along the route bringing further patronage – an early example of what became known in railway circles as the ‘sparks effect’.
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         The line was converted to 25kV AC in 1971 by British Railways. However, the section between Altrincham, Trafford Park and Cornbrook Viaduct later reverted to DC power at 750V DC and became incorporated into the Manchester Metrolink.

         Early Electrification in South London (LBSCR)
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         Following the award of powers to the London, Brighton and South Coast Railway in 1903 to electrify their suburban lines, the company decided to use 26a 6.6kV 25Hz overhead wire system as recommended by the company’s consulting engineer, Sir Philip Dawson. Tramway engineering contractors, Robert W. Blackwell, won the main contract with Allgemeine Electricitats Gesellschatt (AEG) of Berlin supplying the electrical equipment. The first line converted was the South London Line from London Bridge to Victoria via Peckham Rye, totalling 16km (10 miles). New servicing sheds for the electric trains were built at Peckham Rye. The London Electric Supply Corporation fed power from Deptford generating station to the railway’s Peckham distribution room and the Queens Road switch cabin.

         The full public electrified service commenced in December 1909. To operate the services, eight three-car sets were supplied by the Metropolitan Amalgamated Carriage and Wagon Company. Each set was formed of a third-class driving motor brake on each side of a first-class trailer vehicle. The vehicles were just over 62ft (19m) long.

         Current collection was by means of a bow collector mounted above the brake compartment behind each cab with the rear one used for each direction of travel. Two traction motors were provided per motor car fitted to both axles of the leading bogie.

         The electrification was later extended to Crystal Palace and West Croydon, doubling the electrified mileage, and a new depot was opened at Selhurst. Unfortunately, plans for further extensions were put on hold by the outbreak of the First World War.

         In 1921 the company drew up plans to extend the overhead electrification to Brighton, but the post-war economic situation and the impending Grouping of the railways intervened. However, one final extension to both Coulsdon and Sutton was completed, after the Grouping by the Southern Railway in 1925. The Southern had, however, previously decided to standardise future electrification schemes on the London and South Western Railway third-rail DC system, Gradually, the LBSCR AC overhead system was replaced, the last section between Coulsdon North and Sutton being converted to third-rail DC in September 1929.

         The Development of the Tyneside Electrified Network (NER)

         At the very beginning of the twentieth century, the North Eastern Railway (NER) suburban routes around Newcastle were facing stiff competition from the newly developed electric tramways. George Gibb, the NER General Manager, submitted a memorandum to the NER board members in 1902, bringing to their attention the fact that, since the arrival of the new electric tramway systems, the railway’s fare box receipts had fallen by over 50 per cent. He suggested that 27something needed to be done to minimise the continuing diversion of traffic, which at the time seemed inevitable. Gibb proposed that ‘steps be taken to run the passenger trains by electricity’ and estimated that the Tynemouth lines and the Ponteland lines could be electrified including the provision of new electric stock, for just under £200,000 (£20M at 2025 prices).

         The board agreed that the company develop a scheme to electrify the 40km (25 miles) circular route† from Newcastle Central Station via Percy Main to Tynemouth, and back to Newcastle New Bridge Street Station via Whitley Bay, Monkseaton, Benton and Jesmond. The scheme also included electrification of the East Coast main line between Heaton Junction and Benton with the curves electrified from Benton Quarry Junction to the Gosforth to Monkseaton route thus allowing services to operate via the south-east curve to Monkseaton.

         Approval for the scheme was given on 15 December 1902. The British Thompson-Houston company were given the contract to supply the electrical equipment for this ‘third-rail’ project together with the coaches. Siemens Brothers and Co were contracted to supply the high tension (HT) cables and the responsibility for the equipment for the substations given to the Westinghouse and Electric Manufacturing Co. The value of these contracts was just over £300,000 (£31M at 2025 prices). In addition, the North Eastern Railway built the carriages itself at York Carriage Works.

         The NER thus developed the UK’s first electric suburban network, the first stage of which opened in March 1904, starting just one week after Lancashire and Yorkshire Railway’s first electric Liverpool service. The remainder of the NER network opened in August 1904. The consulting engineer engaged to oversee the project was Charles H. Merz, who was later a driving force behind the development of the UK’s National Grid.

         Electrification was by means of 600V DC outside third-rail with the trains’ collector shoes making contact with the top surface of the live rail. Power was supplied from the Newcastle-upon-Tyne Electric Supply Co. New servicing sheds for the electric units were built at Heaton.

         Of special interest is the fact that experiments were conducted with both a conventional outside third rail and an inverted third rail (a U-shaped rail laid on its side facing the track) in 1901. For the latter system, the pick-up shoes bear upwards on the lower surface of the upper arm of the conductor rail, thus providing protection from ‘icing-up’ in cold weather. 28
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         An experimental length of inverted third rail was put in place between South Gosford and Gosforth West Junction in 1901. It is not known if the experiment was intended to test the pick-up arrangements for the Tyneside network or if it was a trial of one of Charles Merz’s ideas. Interestingly, in 1919, Merz and his business partner McLellan proposed the same inverted rail system for the York to Newcastle main line electrification scheme.

         The decision was made to proceed with the conventional third-rail pick-up (that is, from top of rail) despite the knowledge that ice forming on the head of the conductor rail would cause pick-up problems during the cold north-eastern winters. To counter this, Charles Merz devised a third-rail head ice scraper that could be fitted to the electric cars. This was found not to be robust enough and a strengthened version that the driver could adjust was developed and was, apparently, reasonably effective.

         From 1938, however, three of the original cars were converted into de-icing units, equipped to apply Kilfrost de-icing fluid to the head of the conductor rail and deployed when the air temperature was forecast to fall below freezing.

         The third rail was originally set 1ft 7¼" (0.49m) from the running face of the nearest rail, with the surface of the conductor rail being 3¼" (0.08m) above the running rail surface. The conductor rails were altered to meet the ‘standard’ dimensions recommended by the Pringle Committee in 1938, when the South Shields Line was electrified to the same standard. The remarkable feature of the original construction works was the speed at which electrification was 29accomplished. The circular route was electrified by the end of 1903, with the Ponteland branch following at the end of March 1904.

         Immediately following the introduction of the electrified services, not only were many passengers regained from the trams, but much new traffic was attracted, particularly from stations outside the city. Operating costs were said to have been reduced by 50 per cent and traffic nearly doubled to more than 10 million passengers carried over the ten years to 1913. Perhaps, unknowingly, the North Eastern Railway management were experiencing their first ‘sparks effect’, although of course this term did not come into use for another half century! Unfortunately, many UK railway managements, immersed in a cost-saving culture, failed to recognise the value of this, considering that the main benefits of electrification were either a means of winning back customers lost to other means of transport or as a way to reduce operating costs. Thus, bereft of this additional ‘new business’ benefit, a number of potential electrification schemes contemplated thereafter failed to get off the starting blocks.

         The new rolling stock, which had distinctive vertical match-boarded side and end panels, was built at York Carriage Works. The 88-seater cars had clerestory roofs and were fitted with ‘Cowhead’ couplers but had no buffers. Buffers were, however, provided on the parcels vans, which could then haul other rolling stock. Motors of 125hp were supplied by British Thomson-Houston Co and fitted at York Works. Later, cars built after 1909, were fitted with more powerful motors. Further rolling stock was built over the years to cope with both growing passenger demand and to provide replacements for rolling stock lost in a serious fire at the Heaton Shed in 1918.

         The dockside branch connecting the Newcastle Quayside to Trafalgar Yard near Manors East Station was also electrified in 1905. This mile-long line descended in a semi-circle with gradients as steep as 1:27 passing through three tunnels and was thus difficult to work with steam locomotives. Two centre-cab traction units (Class ‘Electric 1’, later designated ‘ES1’), NER No. 1 and 2 were introduced in 1905 to operate the line. The frames and body were constructed by Brush Engineering with the electrical systems and four 160hp traction motors provided by British Thomson-Houston. The units picked up power from the third rail in the tunnel section but, in the sidings at both ends, overhead catenary was provided to improve staff safety.

         In 1937 the NER’s successor, the London North Eastern Railway, electrified the 16km (10 miles) South Tyneside route between Newcastle Central and South Shields via Gateshead and Pelaw. A new fleet of electric trains was built to operate the original North Tyneside routes, while the NER ‘elliptical-roof’ stock was transferred to operate the new South Tyneside electrified lines. With the exception of the three Motor Parcels Vans, which were converted into 30de-icing units, all of the original 1904–05 stock was withdrawn between August and December 1937. These were replaced with a new fleet of electric trains constructed by the Metropolitan Cammell Carriage and Wagon Company built to Sir Nigel Gresley’s specification. Electrical control equipment was supplied by Westinghouse, and Crompton Parkinson provided the electric motors.

         The passenger units comprised sixty-four twin-coach articulated units. Two motor parcels vans and two motor luggage motor thirds were also procured. Fifteen of the original NER passenger cars were retained to operate workmen’s trains. Along with the introduction of the new stock, the train service was improved with trains from ‘Central to Central’ every ten minutes. There were also ‘express’ trains to and from the coast every hour between 9am and 11pm.

         After the Second World War, the system was not extended any further. In 1955, some of the rolling stock was in need of replacement, so British Rail brought in third-rail stock of Southern Region design (EPB units).

         However, by the 1960s, with the deterioration of the area’s industrial base and changing demographics, the railway was in decline. In addition, much of the electrical equipment was in need of renewal. In December 1962, British Railways took the decision to replace the electric trains with diesel units and not to renew the electrical equipment. It was estimated that the annual loss of £300,000 per annum (£6M at 2025 prices) would be reduced by £80,000 (£1.5M at 2025 prices), although the costing methodology looks rather flimsy, to say the least, compared to present-day analyses.

         The South Tyneside line was de-electrified in 1963 and the last electric trains ran on the north side of the river on 17 June 1967. However, following the 1968 Transport Act and the subsequent Local Government Reorganisation, which heralded the new County of Tyne and Wear, an electrified metropolitan railway system was to be resurrected. Parliamentary authority was granted in July 1973 for the Tyneside Metropolitan Railway Act. Construction of the Tyne and Wear Metro, as it became known, commenced in 1974 and involved taking over much of the former North Eastern electrified routes, both north and south of the Tyne. A new link by means of a bridge across the Tyne was constructed and new tunnels were bored under both Newcastle and Gateshead to improve city centre access. The new Metro was electrified by means of overhead line energised at 1500V DC.

         The Development of the London and North Western Railway Electrified Network

         The London and North Western Railway (LNWR) gained parliamentary powers in 1907 to expand and electrify their Euston suburban services. The Watford 31line project involved the provision of two additional tracks running parallel to the main lines between Camden and Watford Junction together with the electrification of 32km (20 route miles) of track. A new branch line was planned between Watford Junction and Croxley Green, branching off from the Watford to Rickmansworth line. A new link was also constructed between the LNWR and the Underground Bakerloo Line at Queens Park. New suburban stations were provided on the existing routes.
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         To permit through working of Underground trains, the new lines were electrified at 630V DC by means of an outer conductor rail and negative return via a fourth rail between the running lines. The LNWR provided its own power station at Stonebridge Park that provided power to the track. 32
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         Work commenced in 1909, and in the same year the LNWR took control of the North London Railway (NLR).

         The first LNWR electric trains ran from Willesden Junction to the District Railway station at Earls Court via Addison Road (now Kensington Olympia) in 1914. These were four three-car sets supplied by the Metropolitan Carriage and Wagon Company. Thereafter, the outbreak of the First World War considerably impeded the progress of the project. Although the link to the Bakerloo at Queens Park was completed in 1915, as the line north of Willesden to Watford Junction was not electrified until 1917, Underground trains could not use the link to provide a service northward for another two years.

         The operation of services by a number of different companies on this ‘joint line’ brought about the need to standardise on the third-rail 630V DC system, which became known as the ‘London Standard’.

         The North London Railway was an amalgamation of a number of separate lines constructed between 1853 to 1860. The principal ones were:

         
	the North and South Western Junction Railway linking Willesden Junction to the Hounslow Loop near Kew Bridge, which commenced operations in 1853;

            	the Hampstead Junction Railway between Camden Road and Willesden via Hampstead Heath, which opened in 1860. 33


         

The company therefore also decided to electrify the 23km (15 miles) long former NLR route from Broad Street Station, via Dalston Junction and South Acton, to Richmond. In addition, links were made with the Bakerloo and District Railways. The same fourth rail system was utilised as before in both instances, this being the same arrangement, used at that time, on the underground lines in London.

         Thus, during the last year of the LNWR existence in 1922, with the introduction of the full electric service between Euston and Watford Junction, together with the Croxley Green branch and the North London line services, the company operated the largest electrified suburban network in the world.
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         34Something of an anachronism to be noted was that the 7.5km (4.5 miles) long Watford to Rickmansworth branch, which had been electrified on 16 April 1917, was initially operated by London Electric Railway (LER) tube trains. In this original form, power for the branch was only fed from Watford and thus the line suffered from a quite severe voltage drop at the Rickmansworth end. The LER services were augmented at peak times by steam trains to Euston and electric services to Broad Street. The newly formed London, Midland and Scottish Railway took over and re-energised the line in 1927, thus completing its electrified network in the London area. The Rickmansworth branch closed in 1952, and the Croxley Green branch was ‘mothballed’ in 1996. Sections of route may, however, be reopened in the future as part of the London Underground Croxley Rail Link scheme. From 1957, the original rolling stock was replaced with services operated by three-car Class 501 EMU trains, which worked the line until 1988.

         The power supply and rolling stock used on this line and the North London Line was changed in the 1970s to +630V/0V. Subsequently, the electrification system was modified again to a hybrid BR DC system between Euston and Watford (with the fourth rail bonded to the running rail for the return traction current‡). On the North London line, the standard BR DC third-rail traction supply arrangements were implemented, enabling the centre/negative current rail to be removed between Dalston Junction and South Acton.
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