Lecture 9                           The Industrial Revolution
        The progress of the industrial revolution is a long catalog of mechanical inventions by which the labour and skill of the human worker was replaced by machines. It had its beginnings in the depletion of England's forests in Elizabethan times to provide timber to build its great navies. 

       Coal was a ready substitute as fuel and it was abundant. The early part of the 17th century brought a new emphasis on coal mining though effective methods of extracting it had to wait until developments in the steam engine took place and mines could be drained of their ever-present water. The enormous increase in the price of firewood fueled a rush to find and extract more coal. By 1655, even under the most primitive mining conditions, Newcastle was producing half a million tons a year. 

        But coal was expensive and dangerous to mine. In 1627, Edward Somerset had invented a crude steam engine. This was of little use, but in 1698, English engineer Thomas Savery improved matters with his crude steam-powered "miner's friend" to pump water out of coal mines. A further advance came in 1705, when Thomas Newcomen produced his steam engine to pump water out of mines. In 1709 a major breakthrough occurred when Abraham Darby, who made iron boilers for the Newcomen engine, discovered that coke, made from coal, could substitute for wood in a smelting furnace to make pig and cast iron. The industrial revolution was on its way, the whole process being geared to producing for profit and ushering in a totally new economic system.  

    In 1739, Benjamin Huntsman rediscovered the ancient method of making crucible steel at Sheffield; soon to become a major British steel producer. In 1754, the first iron rolling mill was established in Hampshire, the same year that the Society for the Encouragement of Arts and Manufacture was formed. In the 1760's the Bridgewater Canal was opened to link Liverpool, England's major port (which had profited enormously from the slave trade) with Leeds, a centre of manufacturing. It heralded an era of rapid canal building, joining cities and towns all over the nation and enabling manufactured goods and raw supplies to be shipped anywhere they were needed. 

     In 1765, James Watt produced his steam engine, a far more efficient source of power than that of Newcomen. During the same year, Brindley's Grand Truck Canal began construction to link the western and eastern coastal ports of Britain. In 1769, Watt entered into partnership with Mathew Boulton to produce his steam engines which would revolutionize industry and the world. In 1782, English ironmaster Henry Cort perfected his process of puddling iron, completely changing the way wrought iron is produced, totally freeing it from its dependence upon charcoal for fuel, and giving further impetus to the search for coal. The mining industry benefited greatly from Humphrey Davy's invention of a safety lamp for miners in 1815. 

       At the same time that coal mining and iron manufacturing were making such rapid progress, the textile industry was also changing English society. Labour costs had been halved by the invention of Kay's flying shuttle in 1733, the first of the inventions by which the textile industry was transformed. The same year saw the invention of a spinning machine by Wyatte and Paul that redressed the gap between spinning and weaving. In 1765, Hargreave's spinning jenny completed the balance, for it allowed enough thread to be produced for the weavers. A single worker could now operate a number of spindles to produce several threads at once.

       The move away from the cottage industry to the factory system was further hastened in 1769 with Arkwright's invention of a frame that could produce cotton thread hard and firm enough to produce woven fabric. English cotton mills began to proliferate in Lancashire and Yorkshire. Both English and US economies were to benefit from Eli Whitney's cotton gin of 1792.In 1805 Scotsman Patrick Clark developed a cotton thread that was to replace linen thread on Britain's looms. The woollen industry was also to benefit enormously from the new machinery, especially in Yorkshire. In 1779, Samuel Crompton devised his spinning mule, a landmark in the industrial revolution.

       With the steam engine replacing animal, wind, or water power, the Golden Age of domestic industry was now over, and the lines of the factory system were laid down. Sporadic riots against the employment of the new machinery did nothing to halt their proliferation and with the increase came a shift in the way industry was financed. The factory system was responsible for the development of the joint capitalist enterprise that became such a powerful force in the nation’s economic affairs. The steam engine also affected and completely transformed transportation and though the canals had their glorious years, they were soon eclipsed by the railroad.

       James Watt patented his double-acting rotary steam engine in 1782, a great improvement of his earlier invention. It was used to drive machinery of all kinds, beginning two years later at a textile factory in Nottinghamshire. Women and children now left their homes and their spinning wheels and looms to work in the mills, at first furnished by the rapidly flowing steams of the North, but more powered by steam.

     The 1870's saw the introduction of steam to power riverboats, in which the work of American inventors, John Fitch, James Rumsey and Robert Fulton and the Scot William Simynton led the way. The adaptation of Richard Trevithick's high pressure steam engine to propel a road vehicle in 1800 is a major milestone in the development of railroad. In 1804, in a trial run, Trevithick carried 10 tons of iron and 70 men by steam engine run on rails at Merthyr Tydfil in Wales. The locomotive had arrived on the world's scene.

     Only three years later the first paying passengers were taken on the mineral railroad world linking Mumbles with Swansea, South Wales, using horses for power ( it lasted until 1960  when the electric trams were discontinued). English inventor, George Stephenson ran his steam locomotive on the Killingworth colliery railway in 1814, the first to go into regular service. In September 1825, the world's first steam locomotive passenger service began at Stockton-Darlington Railway.

    The S.S. Aaron Manby, the first iron steamship was launched in April, 1822 but it took many years for iron to displace wood in the world's navies. During the same year, the first iron railroad bridge was completed by George Stephenson for the pioneering Stockton-Darlington line.

    The snowball effect of all these inventions continued throughout the century. In 1856 Bessemer introduced his revolutionary steel-making process, and a new industry was given to England and the world.
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