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For a large part of recorded history, science had little bearing on people's everyday lives. Scientific knowledge was gathered for its own sake, and it had few practical applications. However, with the dawn of the Industrial Revolution in the 18th century, this rapidly changed. Today, science has a profound effect on the way we live, largely through technology—the use of scientific knowledge for practical purposes. 
Some forms of technology have become so well established that it is easy to forget the great scientific achievements that they represent. The refrigerator, for example, owes its existence to a discovery that liquids take in energy when they evaporate, a phenomenon known as latent heat. The principle of latent heat was first exploited in a practical way in 1876, and the refrigerator has played a major role in maintaining public health ever since (see Refrigeration). The first automobile, dating from the 1880s, made use of many advances in physics and engineering, including reliable ways of generating high-voltage sparks, while the first computers emerged in the 1940s from simultaneous advances in electronics and mathematics.
Other fields of science also play an important role in the things we use or consume every day. Research in food technology has created new ways of preserving and flavoring what we eat (see Food Processing and Preservation). Research in industrial chemistry has created a vast range of plastics and other synthetic materials, which have thousands of uses in the home and in industry. Synthetic materials are easily formed into complex shapes and can be used to make machine, electrical, and automotive parts, scientific and industrial instruments, decorative objects, containers, and many other items. 
Alongside these achievements, science has also brought about technology that helps save human life. The kidney dialysis machine enables many people to survive kidney diseases that would once have proved fatal, and artificial valves allow sufferers of coronary heart disease to return to active living. Biochemical research is responsible for the antibiotics and vaccinations that protect us from infectious diseases, and for a wide range of other drugs used to combat specific health problems. As a result, the majority of people on the planet now live longer and healthier lives than ever before.
However, scientific discoveries can also have a negative impact in human affairs. Over the last hundred years, some of the technological advances that make life easier or more enjoyable have proved to have unwanted and often unexpected long-term effects. Industrial and agricultural chemicals pollute the global environment, even in places as remote as Antarctica, and city air is contaminated by toxic gases from vehicle exhausts (see Pollution). The increasing pace of innovation means that products become rapidly obsolete, adding to a rising tide of waste (see Solid Waste Disposal). Most significantly of all, the burning of fossil fuels such as coal, oil, and natural gas releases into the atmosphere carbon dioxide and other substances known as greenhouse gases. These gases have altered the composition of the entire atmosphere, producing global warming and the prospect of major climate change in years to come.
Science has also been used to develop technology that raises complex ethical questions. This is particularly true in the fields of biology and medicine (see Medical Ethics). Research involving genetic engineering, cloning, and in vitro fertilization gives scientists the unprecedented power to bring about new life, or to devise new forms of living things. At the other extreme, science can also generate technology that is deliberately designed to harm or to kill. The fruits of this research include chemical and biological warfare, and also nuclear weapons, by far the most destructive weapons that the world has ever known.
"Science," Microsoft® Encarta® Online Encyclopedia 2007
http://encarta.msn.com © 1997-2007 Microsoft Corporation
http://encarta.msn.com/encyclopedia_761557105_7/Science.html
Teacher's Essay 

Early Industrialization 

Starting in the early 19th Century the United States underwent an industrial revolution. The work that many people did changed as they moved from farms and small workshops into larger factories. They tended to buy things in stores, rather than make them at home or trade with their neighbors. They used machines, and purchased the products of machines, more than they ever had.
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	LEFT: Spinning wheel, possibly for flax. Courtesy of the National Museum of American History, Washington, D.C. 
RIGHT: Mechanized Spinner from The Progress of Cotton, 1835-40. Courtesy of Slater Mill Historic Site, Pawtucket, RI.. 


The small-scale centers of textile production discussed in Unit 1 lasted well into the 19th century. But the manufacture of textiles began to change dramatically, starting as early as the 1790's, as these traditional sources were first joined, and then replaced, by a new material, a new kind of agriculture, and a new kind of factory. The material processed changed, from linen and wool to cotton; the way that cotton was grown and prepared changed, with the invention of the cotton gin and the reinvention of the plantation; new machines, invented to process the cotton, found a new setting in larger and more complex factories. Together, these changes added up to an industrial revolution.

This textile revolution did not happen everywhere in the United States at the same time, and its effects were quite different in different areas. Perhaps the largest change came in the South, where the new demand for cotton was supplied by plantations based on slave labor and mechanized processing of the cotton by the cotton gin. ("Gin" is short for "engine.") The Northeastern United States changed dramatically as home spinning and weaving, and small-scale carding and fulling mills gave way to large integrated mills where a new kind of worker used new machines to produce cotton cloth on a scale previously unimagined. Smaller mills remained, and would remain for the rest of the century, but for the most part, only in areas of low population far from the commercial markets of the Northeast.

This account of the American Industrial Revolution is different from the usual one found in textbooks. Many textbooks claim, for example, that the Industrial Revolution did not occur until the end of the 19th century, with the coming of massive steel mills and the end of small-scale production. And they omit the mechanization and reorganization of Southern plantations, on the grounds that agricultural production is not part of the history of industry. While this traditional story is not wrong, it leaves out an important part of the story.

It also leaves out many people who participated in and whose lives were changed by industrialization. To focus on factories, which have traditionally employed native white and immigrant workers, and from which African Americans were kept by racial prejudice, leaves out a large group whose story is a key element of American history. Slaves produced the cotton that made possible Northern factories, a piece of history often slighted in favor of stories about those factories. In this curriculum we have widened our point of view to include Southern cotton production as part of textile history. So slavery, and later sharecropping, becomes an important part of the story of Northern textile mills; African Americans become part of the history of technology; and technology becomes part of African American history. Such an inclusionary view should help students of color imagine themselves as people who, like their ancestors, use and control technology.

The South 
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	William Aiken Walker, The Sunny South, 1881
Photo courtesy of Robert M. Hicklin Jr.,Inc., Spartanburg, SC. 


It is right to start the story of the industrialization of the textile industry in the South, because that is where the story of cotton starts. Southern plantations underwent an industrial revolution of a sort: one of the key new technologies of the textile revolution, the cotton gin, made possible a new, much larger scale of production, and that increased scale demanded new organization and management.

Before the American Revolution, tobacco, rice, and indigo were the major crops produced for market in the South. Cotton was not produced for market because it was so hard to remove the sticky seeds from inside each cotton ball; it could not be done fast enough to make cotton profitable. (The only exception was long-staple cotton, which could only be grown on the seacoast.) Since the first millenium B.C., people around the world used roller gins to speed the cleaning of cotton. The saw gin, patented in 1793, made processing cotton even easier, faster, and cheaper. 
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	Eli Whitney's cotton gin, demonstration model
1973. Courtesy of National Museum of American History, 
Washington, DC


Based on an ancient technology, the introduction of the saw gin at the end of the 18th century changed the nature of American cotton cultivation. Developed just as the world-wide demand for raw cotton was skyrocketing because of the expansion of textile mills in Britain and the United States, the machine removed the principal bottleneck to cotton production. Even the early machines allowed one person to clean the seeds from fifty pounds of green-seed cotton in one day. Soon cotton became the most important market crop in the South. Production went from 3,000 bales in 1790 to 1 million bales in 1835.

With the opportunity to make a good profit from cotton came dramatic changes in Southern agriculture: increased size of plantations, and to work them, increased numbers of slaves. African slaves had been used in Southern agriculture almost from the beginning of European settlement. Tobacco planters had used slaves since the 17th century; slaves were critical to the rice cultivation that developed in the 18th century. Plantations, large farms using slave labor to grow a single crop, were created to make a profit for the owners before technology made cotton a cash crop and before slavery was the only labor system. But plantations were adapted to produce cotton in the 19th century and by then many of them employed only slaves. Planters became wealthy by exploiting the labor of Africans in America, men and women who could not choose another way of life. The growth of cotton as a cash crop in the 19th century meant the growth of slavery throughout the South. Slavery, which had been in decline, became an integral part of the new agriculture.

It might seem odd that a new labor-saving machine like the cotton gin meant an increase in the size of the labor force. But the lower price meant an enormous increase in cotton production, and even with the cotton gin, cotton production still required an enormous amount of labor. Cotton demanded large plantations; it made money only when plantation owners could put more workers in the field. From an investor's point of view, slaves were a capital investment, comparable to the machinery a northern factory owner might purchase. (The student essay "Why a Plantation?" addresses the issues of plantation size and management.)

The cotton gin was one of those inventions that brought about an enormous change in the way people lived and worked, and even in their politics, and so it is appropriate that much of the southern section of this Unit is focused on the gin. The exercise on "Inventing the Cotton Gin" raises issues about the nature of invention. The exercise on fixing a gin raises questions about technological skills. Both of these include a discussion of race and technology.

The North 
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	Bleaching, from The Progress of Cotton, 1835-40 
Courtesy of Slater Mill Historic Site, Pawtucket, RI.


The invention of the cotton gin was only one of the technological innovations that propelled the growth of cotton as a cash crop. The other important new technology was new machines for the manufacture of cloth, which lowered the price and increased the speed of production. These technological developments were crucial in the growth of cotton as a commodity crop, as was a commercial and market revolution that created a growing demand for cotton. The new technology and new demand meant changes in northern industry every bit as extensive as those in the South. 

As discussed in Unit 1, textile manufacturing in the 18th century occurred mostly in homes. Farm women worked hard to turn raw wool into finished cloth, first picking and breaking it, then spinning, and then weaving. For some farm women this work was a full-time winter job, for some a job done between other chores. Toward the end of the century, small water-powered carding and fulling mills became increasingly common. Thus, some of this work was industrialized. Women might take the wool to the local carding mill for cleaning and carding, then take it home for spinning. They might do the weaving themselves, or perhaps take the yarn to a professional weaver. Finally, they would take the cloth to a mill to be fulled and finished. This division of labor brought some of industrial work into the home, but, for the most part, women worked alone, in control of the details of their own time and pace. They used machinery, but very simple machinery. Hand powered, individually controlled, and highly dependent on the skill of the user, home textile production made use of mechanisms that were more tools than machines.
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	Samuel Slater's 1793 Mill
Courtesy of Slater Mill Historic Site, Pawtucket, RI.




In the late 18th century, a new kind of textile mill, invented in England, began to be found in the United States. The first was the Pawtucket, Rhode Island, mill of Almy, Brown and Slater. It was the first mill in the United States set up on an English pattern, as well as the first to use water-powered spinning machines. The men, women, and children (mostly families) who worked at the mill produced yarn, which was sent out to hand weavers for production into cloth. Samuel Slater, trained in England as a mill manager, brought the knowledge of technology with him. He also called on local experts: millwrights to place and build the waterwheel and mill, and iron and wood workers to build the machines. Almy and Brown were merchants; they provided the capital, and took responsibility for the purchasing of materials and the sale of product.

Mills like that of Almy, Brown, and Slater were soon found throughout Southern New England, especially after the 1809 Embargo on shipping with England led to an enormous increase in American textile production. (In 1815, there were almost 170 mills just in the area of Providence, RI.) These mills changed the lives of their thousands of workers, who had to learn a new time discipline, and of their workers' families. But they also changed the lives of those who bought the cloth the workers produced--cloth became cheaper, and part of a system of commercial exchange, impacting the lives of those who lived nearby. The dams required to provide water power to the mills flooded farmers' fields and stopped fish from their annual migration. Industry did not coexist easily with traditional ways of life. (These early mills are discussed in the student essay, "Why a Factory?", the game "Industrial Life," the exercises on water power and factory ecology, and the video exercise.)

A different sort of textile industry developed in the cities, which had always been centers of manufacturing. Philadelphia, which became the largest producer of textiles,pioneered a style of production quite different from that found in New England. Philadelphia's textile industry was quite diverse. There were a few large mills that used water or steam power to drive machinery, but, for the most part, Philadelphia's textiles were produced in small shops or home-based operations. The workers who produced them, many of them British immigrants, tended to be highly skilled workers, able to undertake a variety of jobs. The management too was highly skilled, not only knowledgeable about the machines and processes under its control, but skilled in rapid shifts of resources, product, and market. The products tended to be of high quality. The machines reflected what historian Philip Scranton has called "productive flexibility," their complexity and ease of adjustment allowing a broad range of output.
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	A View of Lowell, 1840.Courtesy of 
The Library of Congress.





A third style of textile mill was found in Lowell, Massachusetts. The city had been founded in 1822; by 1840, it had 26 cotton mills, employing some 7,000 workers. Almost all of these mills produced the same basic product--a low-grade cotton cloth. The mills, all of them enormous, were powered by water wheels, and all were basically identical, both inside and out. The workers, almost all of them young unmarried women who would work there for only a few years, possessed only the specialized skills they were taught for the machines they ran. The machines were largely devoid of adjustable features. Mechanical ingenuity went into increasing automatic operations and speed, not improving the machines' quality or variability of output. Managers were more knowledgeable about the control of workers than the details of machinery or of markets; other specialists dealt with those departments of the business. 

It is worthwhile to look more deeply into the story of Lowell, for it was, at its start, a unique industrial city--a city that raises key questions about the nature of American industrialization. Designed as an explicitly American style of industry, the mills at Lowell were unique in their utopian aims, their workforce, their managerial style, and their machines. Not that the Lowell mills had no predecessors--these mills had a heritage that stretched back to the English mills of Arkwright and Robert Owen, to the many industrial experiments that were part of the American attempts to win economic independence from England, and to the small textile mills of New England--but the Lowell mills compounded these all, and at a scale so much larger as to be something new in industrial history. 

In developing this experimental city, the developers of Lowell broke new ground. They had to solve a new set of problems, and they solved them in a different way than anyone else. The problem was simple: how to make money in manufacturing in a nation unused to manufacturing. That is, in a country without skilled machine makers, without skilled workers--for that matter, without many workers available at all--without a great deal of capital or a tradition of manufacturing--indeed, with a strong philosophical bent against manufacturing, and against managerial prerogative. Many of the beliefs, ideas, skills, and machines that modern industrialists take for granted, or assume they can purchase, were missing in Lowell. So too were most of the economic assets. The solutions found by the owners and managers of Lowell--solutions managerial, technological, social, cultural, and political in nature--took a large step toward the modern industrial style. Lowell was to become one of the places where American manufacturing and managerial traditions were born. By 1840, more than 50,000 people worked in the cotton textile industry in New England.

Perhaps the most important tradition to which the founders of Lowell helped contribute was that of managerial expertise, separate from engineering or technological or financial expertise. Managers at Lowell were hired for their skills as managers, not their technical abilities or their financial prowess. The textile mills of Lowell drew on traditions of authority that existed elsewhere--in schools, prisons, on ships--and reshaped them to the needs of industry. Managers at Lowell brought a new rationality of production, a new precision of understanding of processes, and also a new way of looking at the men, women, machines, and materials of industry. It is the beginning of the abstraction from reality into information that is essential to modern economic life, the origin of a new belief in the efficacy of numbers as a means of control. (For some of the technical decisions Lowell mill managers had to make, see the "What's in a Factory?" exercise.)
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	The Three Cassidy Sisters, 1877.
Courtesy of The Pollard Memorial Library, Lowell, MA.




The workforce at Lowell, and the way it was managed, was also something new. The young women who left their family's farms expected to stay there only a few years. Millgirls (so the female workers were called at the time) were expected to abide by a list of "General Regulations" that outlined the new world of bureaucracy They were about to enter. The rules were part moral exhortation, part guide to duties and the duties of the managers under whom they would work, and part legal contract stating obligations as an employee. They were required, the Regulations stated, to "attend assiduously" to duties, to "aspire to the utmost efficiency" in work, and "to evince . . . a laudable regard for virtue [and] temperance." They would be expected to attend public worship, to observe the Sabbath, and not to drink or gamble. At work, they would "conform to regulations." (See the "Factory Rules" part of the "Comparative Labor Systems" exercise, and the scholarly article.)

The social, cultural, and technological innovations of the New England corporations were important elements in the industrialization of the United States. Not so much because these mills set the style for other industries; the Lowell mills, with their millgirls and "moral" boardinghouses, were not widely copied outside of northern New England. They also did not last long; by 1860 the so-called "golden age" of Lowell was over, and the utopian dreams of its founders had disappeared as Lowell became simply another textile city. But, as the first large-scale industrial experiments, the mills at Lowell brought with them much that would be found in later factories--not only large-scale production, but also some profound opposition to industrial capitalism.

The opposition was in part theoretical and in part practical. The theoretical aspects were based on philosophical beliefs about the nature of American democracy. America would only stay a republic, Thomas Jefferson and others of his period believed, as long as it stayed agricultural. "God forbid," wrote Zachariah Allen, an American mill owner, "that there may arise a counterpart of Manchester [England] in the New World." Thomas Mann put the same sentiments in even stronger terms. A sometime mill worker and teacher, he made up in feeling what he lacked in poetic ability in his Portrait of a Factory Village (1833):

For liberty our fathers fought 
Which with their blood, they dearly bought, 
The Factory system sets at naught. 
A slave at morn, a slave at eve, 
It doth my inmost feelings grieve; 
The blood runs chilly from my heart, 
To see fair Liberty depart; 
And leave the wretches in their chains, 
To feed a vampyre from their veins. 
Great Britain's curse is now our own; 
Enough to damn a King and Throne.

Another mill worker was less poetic and more straightforward. Jabez Hollingworth, an English immigrant who had worked in several American mills, combined in one sentence the two comparisons that came to a textile mill operative's mind when management was oppressive: "Management breeds lords and Aristocrats, poor men and slaves." Some of the Lowell millgirls felt the same way. The rhetoric of their early strikes showed the influence of radical democratic ideas: The millgirls called themselves "daughters of freemen" and feared that the "oppressing hand of avarice would enslave us." 

The mention of slavery brings us back to the beginning of this essay. Clearly, the use of the word "slavery" by radical Northern workers is more rhetorical than real; industrial work, as hard and unpleasant as it might have been, was not slavery. Workers were not property like slaves were. They were, in principle anyway, always free to leave. But there are some comparisons that are useful. Both factory workers and slaves were treated, to some extent, as cogs in a larger machine. Northern factory owners as well as Southern plantation owners used similar imagery in describing their operations as machines. Andrew Ure, a British scientist, wrote in his Philosophy of Manufactures (1835): "The main difficulty [of inventing the factory was] in training human beings to renounce their desultory habits of work, and to identify themselves with the unvarying regularity of the complex automaton." A plantation owner echoed Ure when he wrote a few years later: "A plantation might be considered as a piece of machinery, to operate successfully, all of its parts should be uniform and exact, and the impelling force regular and steady." Both systems of labor demanded a strict adherence to the rules set down by those in charge.

New systems of rules, along with the new machines and new products, are the legacy of the Industrial Revolution of the early 19th century, for the second Industrial Revolution of the later part of the century, and, to a large degree, for today. We have come to accept the necessity of technology, products, and hierarchy. The exercises in this unit suggest that they came about not out of necessity, but as the product of specific historical circumstances.

In her 1931 history of the early New England textile industry, historian Caroline Ware asked: "Could political democracy encompass industrial autocracy, could it harbor a working class and a moneyed power and survive? . . . These problems which New England faced before 1860 have confronted other American communities as one by one they have experienced the process of industrialization. Their solution still lies in the future."

The path to that solution might be the key question for students to take from this Unit. Why a plantation? Why a factory? What were the relations of labor and management, of machines and people? Why were they that way? And how did the factories and machines, the owners and the workers of the factories, change American culture?
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MEDICAL BREAKTHROUGHS, INVENTING 
THE FUEL CELL,
DISCOVERING
LAWS OF ENERGY
& LOGIC

1832-1854 CHARLES BABBAGE'S "CONSUMING PASSION" PRODUCES A CALCULATOR AND AN EARLY COMPUTER; LADY ADA LOVELACE WRITES FIRST COMPUTER PROGRAMME

After graduating from Cambridge, where he knows more mathematics than his professors, Charles Babbage is swept away with the idea of building a calculating machine. In 1832 he invents the Difference Engine to compile mathematical tables. It is the first successful automatic calculator. He then embarks on creating a machine that will perform any kind of calculation. He hopes for government support, but fails to receive it. He pours his own money into the enterprise.

A trained mathematician, Lady Ada encourages him, predicting that such a machine could be used to compose music, create graphics, and solve scientific problems. Her plan for instructing Babbage's engine to calculate Bernoulli numbers is regarded as the first computer programme.

In 1856 Babbage builds the Analytical Engine, a general symbol manipulator, which is digital. Unfortunately machinists could not handle his precise specifications and it could not be built. 

A Swede constructs Babbage's Difference Engine in 1854. It prints mathematical, astronomical, and actuarial tables with unprecedented accuracy, and is used by the British and American governments. 

Babbage's heroic attempt to build a computer will inspire future designers, such as the builders of the Colossus in 1944. In 1991, a replica of Babbage's machine will be built and will be found to be Turing-complete – it can perform any computational task. 
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Doctors and patients depend on the great guys of Guy's Hospital, London. The research of Thomas Hodgkin, Richard Bright, and Thomas Addison into disease will be life-saving. 

1832-1860s HODGKIN, BRIGHT, AND ADDISON ADVANCE MEDICAL SCIENCE 

Thomas Hodgkin is the finest pathologist of his time and a pioneer in preventive medicine. A doctor who hated to charge his patients, and an excellent researcher, in 1832 Hodgkin describes the clinical manifestations of the cancer of the lymphatic system that is now called Hodgkin's Disease. He is one of the first to write about the importance for health of air, light, cleanliness, clothes, breathing, and food. Disappointed in love and in his hopes for medical advancement, Hodgkin spends much of the rest of his life trying to improve health care for the poor. 

Thomas Addison studies at Edinburgh University, and later lectures brilliantly at Guy's Hospital. He identifies and describes several diseases for the first time: Appendicitis, lobar pneumonia, pernicious anaemia, and Addison's Disease, which is named after him. As a result of his work, all these diseases can now be treated.
Also working at Guy's (and also a graduate of Edinburgh) is Richard Bright, who is collecting and painstakingly recording an extraordinary amount of helpful data from clinical observations and post-mortem findings. Bright notes, "It is quite impossible for any man to gain information respecting acute disease, unless he watch its progress. Day after day it must be seen. . .Acute disease must be seen at least once a-day by those who wish to learn; in many cases twice a-day will not be too often."

Bright, who once explored Iceland and wrote up his scientific findings, uses his observations to describe diabetes mellitus, unilateral convulsions, tuberculosis of the larynx, condensation of the lung in whooping cough, and kidney disease (Bright's disease).

In 1839, Addison and Bright write Elements of the Practice of Medicine. In 1842, Guy's Hospital sets aside two clinical wards so Bright can carry on intensive study of renal disease. 
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Thomas Guy and other generous Brits build Guy's Hospital. Dozens of charitable hospitals were founded before 1750, and more than 400 hospitals were founded after 1850. These hospitals were treating patients, often for free, long before the advent of the National Health Service. 

Photo: www.acorn-asbestos-surveyors-consultants.co.uk

Both devote the next years to research. Addison publishes his results in 1855. His work establishes endocrinology, which is the study of the hormone-producing glands, including the thyroid, adrenals, ovaries, testes, and pituitary gland. Both doctors are known for their "spirit of inquiry, respect for evidence, and careful observation."

1835 WILLIAM TALBOT INVENTS MODERN, PRE-DIGITAL PHOTOGRAPHY 

A classicist, Egyptologist, mathematician and Biblical scholar, William Henry Fox Talbot spends one year in Parliament before hurriedly exiting. He turns his attention to his photographic experiments and his attempt to capture the beauties of nature. His first photograph, taken in 1835, uses a camera obscura and sensitive paper. Unlike Daguerre, who used sheets of copper, Talbot develops the negative/positive paper process treated with silver chloride, and reduces exposure times in the camera to less than one minute. 
As with all inventions, modern (non-digital) photography is based on many preceding inventions and discoveries. Talbot continues to work. Ten years later, in 1851, exploiting the development of photosensitive chemicals, he produces the first instantaneous photography using electric sparks for lighting.
1837 WHEATSTONE AND COOKE INVENT FIRST VIABLE ELECTRIC TELEGRAPH

A number of Brits are trying to build a telegraph that works, including Charles Wheatstone and William Fothergill Cooke. As a boy, Wheatstone had seen the telegraph Francis Ronalds built in his back garden in 1816, and this forms the basis of his ideas. 

Wheatstone has already invented the Wheatstone bridge, which accurately measures electrical resistance. He forms a working partnership with Cooke, and they design an electric telegraph for the railroad, and take out a patent. (This is not, however, the telegraph that railroads will use.) Almost simultaneously the American inventor Samuel Morse devises the telegraph signalling code that is adopted all over the world.

Charles Wheatstone goes on to invent an A-B-C-telegraph language that requires no knowledge of code. This is important since at that time government, business, police and fire brigades depend on the telegraph to communicate. He also builds a revolving mirror to measure the speed of light.
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Rivendell
A UK postage stamp commemorating Tolkien. Stamps transform postal delivery. 

1839-1840 ROWLAND HILL'S COUNTER-INTUITIVE THINKING TRANSFORMS MAIL SERVICE 

A school teacher and educational reformer who was the first to introduce science labs and a swimming pool to the model school he founded, Rowland Hill studies postal operations and arrives at the brilliant and counter-intuitive idea that postal costs have little to do with distance and that the whole cumbersome process could be speeded up and the charge for sending mail could be drastically reduced. No longer would postage be collected after complicated computations of travel costs. Instead, those sending mail would simply buy adhesive stamps for a uniform charge at the post office. Despite the government's fears that Hill's idea was "preposterous", "wild and visionary", Hill's plan for a "penny post" swept the nation, and soon after, the world. 

The "Penny Black," which shows a profile of Queen Victoria as an eighteen-year-old princess, was first posted in 1840. For letters over half an ounce, Hill had 'two-penny blues' produced. Since they were the first stamps in the world, they needed to show no country of origin, a detail British stamps continue to omit today, while always carrying the profile of Britain's reigning monarch. Hill's idea revolutionised postal systems worldwide, and seems to have inspired the popular hobby of philately. 
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Still in his 20s, Isambard Kingdom Brunel designs the Clifton Suspension Bridge at Bristol. Two hundred feet above the River Avon, the bridge is 700 feet long.

Photo: vandervelden@istockphoto.com 

1830s-1859 ISAMBARD KINGDOM BRUNEL BUILDS TUNNELS, BRIDGES, RAILROADS, AND THE FIRST SCREW-PROPELLED TRANSATLANTIC STEAMER 

In 1828, Brunel is working with his father Marc on the first tunnel to be built under a river, the Thames Tunnel. Swept through the tunnel by a water break-in, and washed up a service stairway, he is rescued from almost certain death by miners, but is badly injured. Work on the tunnel, which will be successfully completed and is used today for the East London Underground Line, is temporarily halted. Brunel heads off to design the Clifton Suspension Bridge. 

Bold and restless, in 1833 Brunel becomes chief engineer for the Great Western Railway. He mathematically works out the best size of track for comfort, safety, and speed, and despite considerable opposition installs the tracks that will make modern high-speed train travel possible when he builds the railway between London with the West Country. Brunel designs the soaring viaducts, tunnels, stations, and even the locomotives. 

Before the railway is finished, Brunel designs and builds the Great Western (1837). The largest and fastest ship in the world, she makes the transatlantic voyage in record time. 

Brunel builds railway lines in Britain, Ireland, Italy, Australia, and India. An energetic and brilliant engineer who is never without a cigar, Brunel employs compressed-air caissons to sink the foundations of bridges underwater, and launches the Great Britain, the first steamship driven by a screw propeller. He then builds the Great Eastern, the first oceangoing steamer with a double iron hull that is driven by both paddles and screw a screw propeller. The great ship makes its maiden voyage in 1860, and is strong enough to lay the first successful transatlantic cable in 1866, but Brunel does not live to see it. However, his confidently Victorian designs, like the Royal Albert Bridge in Cornwall, remain vivid to us.
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William Grove invents the forerunner of the fuel cell, an electrochemical device that changes the chemical energy of a fuel (hydrogen) and an oxidant (oxygen) into electrical energy and heat without combustion. 
The British partnership of QinetiQ, Europe's largest science and technology solutions company, and legendary British sports car manufacturer, the Morgan Motor Company, are developing the world's first environmentally clean sports car powered by a fuel cell which converts hydrogen into electricity. Cranfield and Oxford universities, BOC and OSCar are also partners. The ultra quiet new vehicle, known as LIFECar, will produce only water vapour. The challenge will be finding a cost- and energy-effective way to produce the hydrogen fuel.

Photo: www.qinetiq.com

1839-1846 WILLIAM GROVE INVENTS FORERUNNER OF FUEL CELL; DISCOVERS CONSERVATION OF ENERGY 

William Grove grows up in Swansea, where he is taught by private tutors. He graduates from Oxford, and is called to the bar, but illness interrupts his law career, and he turns to the study of science, which he loves. He is thirty when he invents the “gas voltaic battery”, the forerunner of modern fuel cells. Understanding that an electric current will split water into its component parts of hydrogen and oxygen, Grove reverses the reaction, combining hydrogen and oxygen to produce electricity and water. His invention slumbers for the next 150 years. It may become a practical reality in the 21st century.
Married, with six children to support, Grove reluctantly returns to the law. When he can he continues to research, and gives lectures using the platinum-zinc batteries he developed to light the hall. Fascinated by photography's power to record facts and by its potential impact on our "moral destinies," Grove is captured in a 1844 photograph looking young and intense.

In 1843 he lectures on physical forces, and in 1846 publishes On the Correlation of Physical Forces, in which he describes the principle of conservation of energy a year before the German physicist Hermann von Helmholtz's famous paper "On the Conservation of Force". 
This is Grove's last major scientific paper. In 1853 he is elevated to Queen's Counsel and a Judge of the Court of Common Pleas with expertise in technical lawsuits. He retires from the bench at 77, and immediately returns to his scientific studies. It seems a pity he was kept from them for so long.   
1841 THOMAS CARLYLE FOUNDS LONDON LIBRARY

An interesting, and passionate writer and historian who writes about denial and affirmation, sees heroes as the masters of erupting forces, and society as increasingly dehumanised, Carlyle's greatest achievement is probably not his books but the founding of the splendid London Library. 

He wants a library where members can take books home, and whose rules, unlike the British Library's, are to his liking, and Dickens, who was also a founding member. The result is a library where members bask in a clublike atmosphere, reading or researching among over one million books, which can be borrowed or browsed in open stacks. Anyone can become a member for a fee. Happily the library's 8,000 members never arrive at once. Books can be posted to members outside London or the UK. The library's collection, rich in literature, history, fine and applied art, architecture, philosophy, religion, topography, and travel, spans the 16th to 21st centuries. 

1842-1850s EDWIN CHADWICK'S SANITATION BREAKTHROUGHS ERADICATE DISEASE 

Edwin Chadwick is a young, poor lawyer when he begins writing about applying scientific principles to government. He attracts the interest of Jeremy Bentham, who eventually leaves him a large legacy, and with this income has time to design the reform of the Poor Laws in 1834. We are not enthusiastic about Chadwick's enthusiasm for replacing elected government representatives with salaried experts accountable to a centralised board, but many of his reforms are real improvements.

His 1842 report on The Sanitary Condition of the Laboring Population contains life-saving ideas to improve sanitation. Chadwick sees that poor sanitation kills. He understands that when breadwinners die, families are impoverished. 

An energetic man, he organises the development of new sanitation technologies, among them sewers rinsed by water, and the legal and administrative structures needed to build these expensive works. The result is good sanitation and the eradication of disease and poverty. The British Medical Journal’s 2007 poll of the fifteen most important medical advances since 1840 calls sanitation number one.

1842 - 1868 BRITS TAKE TO THE AIR

John Stringfellow demonstrates a remarkable ability at designing and building light steam engines. A short time after William Henson patents his design for the Aerial Steam Carriage in 1842, Stringfellow works with him to build and operate a passenger-carrying, steam-engine-powered version. 

Their first large model fails to fly, though Henson and Stringfellow make repeated attempts. Henson gives up, but undeterred Stringfellow pursues aeronautical research on his own. 

In 1848 Stringfellow invents a machine powered by two contra-rotating propellers driven by one of his powerful and lightweight steam engines. At the second attempt, the flying machine leaves a guide wire and flies straight and true for about 30 feet.

Collaborating with his son, Stringfellow continues to experiment, adapting the idea of superimposition of wing surfaces, and exhibiting his flying machine at the Crystal Palace, where it flew a short distance, and into history. His machines can be seen in the Early Flight Gallery of the National Air & Space Museum, Washington, D. C, and at the Science Museum in London. 

George Cayley has been experimenting with aerial devices since 1776. By 1849, he has an excellent grasp of the aeronautical principles and challenges. Having ascertained some of the fundamental principles of flight, he builds a glider, and puts a boy in it. The boy floats off the ground. In 1853, Cayley asks his coachman to fly a bigger glider, and the man does, but when he returns to ground, he quits, saying "I was hired to drive, not fly." British aviation will take off in the 20th century. 

1847 JAMES YOUNG SIMPSON DISCOVERS ANAESTHESIA THAT WORKS

James Simpson was one of those young people whose brilliance startles us. He entered Edinburgh University at fourteen, and successfully sat his medical examinations at eighteen. Not allowed to practice medicine until he was twenty, he took the enforced time off to study obstetrics.

Simpson became interested in preventing Puerperal fever, which killed so many women in childbed after the birth of their children and in treating their pain during childbirth. Ignoring bugaboos that childbirth should be painful since that was natural (no other pain received the same consideration) he began experimenting. 

According to the British Medical Journal, in 1847 James Simpson “discovered chloroform by chance when testing a number of volatile fluids in the hope of finding one that was easier to breathe than ether. Chloroform was less irritating to the lungs and produced unconsciousness swiftly.” Chloroform immediately became the anaesthesia of choice. Dr John Snow gave chloroform to Queen Victoria during the birth of Prince Leopold in 1853. Dr Simpson also improved the design of the forceps. 
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William Hooker expands the Royal Botanic Gardens, Kew, which now contain the largest plant collection in the world. Research at Kew has led to the commercial cultivation of the banana, coffee, tea, and a number of medicinal drugs.
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1840s-1860s WILLIAM JACKSON HOOKER EXPANDS THE GREAT ROYAL BOTAINIC RESEARCH GARDEN, KEW 

In 1759 Augusta, the "embattled" Princess of Wales, and John Stuart, 3rd Earl of Bute, start a botanical garden at a royal residence. They hope that some day it will contain all the plants known on earth. (They are unaware just how many plants this is.) Forty years later, under the direction of Joseph Banks, who had sailed with Captain Cook, and collected plants in Australia, specimens stream into the garden from all over the world. But the buildings are falling down when William Jackson Hooker takes over in the 1840s. 
Hooker initiates the great metamorphosis and flowering of the Royal Botanic Gardens, Kew. He establishes the museum, the library, the crucial department of economic botany, and the extraordinary glass palaces that are the Palm and Temperate Houses.
1843 JAMES JOULE DISCOVERS THE NATURE OF ENERGY AND JOULE'S LAW 

James Joule studies mathematics and chemistry with John Dalton when he is a boy, and becomes fascinated by science. He wants to discover the unity of forces in nature because he believes in a Creator. He is also a practical man. He runs his family's brewery, and conducts experiments with remarkable precision. 

After establishing the relationship between the heat produced by an electric current, the resistance of the wire, and the strength of the current, he publishes the Joule value for the amount of work required to produce a unit of heat. His experiments are so exact, and so at variance with prevailing views, that he is met with disbelieving hostility from much of the scientific community. 

Undeterred, Joule makes his experiments more precise to determine the mechanical equivalent of heat. He also establishes that heat is a form of energy. Today the standard unit of work is called the joule. 

In the 1850s he and William Thomson (later Lord Kelvin) are writing each other daily as Thomson theorises that the temperature of a gas will fall if it is allowed to expand without performing external work, and Joule's experiments prove the theory. The Joule-Thomson effect is the theoretical basis of refrigeration, and the refrigeration industry is the result. 

Joule's work proves that mechanical, electrical, and heat energy are basically the same and can be changed, one into another. In doing so he establishes the experimental basis for the law of the conservation of energy. He believes that "The power to destroy belongs to the Creator 
alone. . .any theory which, when carried out, demands the annihilation of force, is necessarily erroneous."

1848 PARLIAMENT LEGISLATES FOR CLEAN WATER

Beginning with a fever, headache and aching, moving on to diarrhoea and a high fever that lasts four weeks, with complications that could include haemorrhage, peritonitis, and pneumonia, typhoid fever was a life-threatening and all too common illness. It is caused by the bacterium Salmonella typhosa, found in contaminated water. 
Brits today no longer worry much about typhoid because a growing sanitary reform movement in Parliament in the 19th century improved conditions. Boards of health were established with powers to supervise street cleaning, refuse collection, water supply, and sewage disposal. However, these improvements do not occur overnight, as will be seen in 1854, during the cholera epidemic. 

1848 - 1900s WILLIAM THOMSON (LORD KELVIN) DEVELOPS TEMPERATURE SCALE; HELPS TO ESTABLISH MODERN PHYSICS; DEFIES DANGER TO LAY TELEGRAPH 

William Thomson's father, a mathematics tutor, teaches him until he enters school at the age of ten. At the age of fifteen the young Thomson wins the University of Glasgow's gold medal for a mathematics paper. His subject is the age of the earth. He also reads French scientist Joseph Fourier's theory of heat, and writes two papers asserting that his mathematics could be applied to fluids in motion and to electricity flowing through a submarine cable. Studying at Cambridge, Thomson is handed a copy of George Green's essay on applying mathematics to electricity and magnetism. He has it reprinted at his own expense, and creates a pioneering synthesis that mathematically describes magnetism and electricity.

At the age of twenty-two, after gaining experimental knowledge in a lab, Thomson is elected to the chair of natural philosophy at Glasgow. In 1848 he describes the absolute temperature scale. (As a result, absolute temperature is now given in degrees Kelvin.) In 1851 he provides a version of the second law of thermodynamics. This decade also sees his collaboration with Joule on the thermal effects of gases. 

The invention of the instantaneous transmission of information by electricity has been achieved, but how to lay the cable that will carry that electricity under the ocean has not. Drawn into the controversy over how best to lay a transatlantic telegraph cable, Thomson participates in the hazardous early cable-laying expeditions in the 1850s. The manager planning the project rejects his advice, but Thomson perseveres through lost cable and violent storms. His motto: “When you are face to face with a difficulty, you are up against a discovery.” 

All seems lost, but Thomson redesigns the cable. (A rubbler-like product from Malaya called gutta-percha is used.) He invents the telegraph receiver and siphon recorder, makes the telegraph wildly successful, and becomes a rich man. (He uses the telegraph to propose marriage; his future wife signals back, "Yes.")

The telegraph shrinks the world, and links the far-flung British Empire. By 1880 there will be 97,568 miles of cable running across the world's oceans and linking Britain to India, Canada, Africa and Australia. Messages sent today will be received tomorrow. 

Kelvin writes more than 600 scientific papers, takes out more than 70 patents (while insisting on quality controls at the factories that produce his inventions), and earns more honorary letters after his name than anyone else in the world.

1849 KIRKPATRICK MACMILLAN INVENTS BICYCLE 

Kirkpatrick MacMillan fits cranks to the rear wheel axle of the dandy horse and connects them with rods to foot pedals. Though many vie for the honour, MacMillan has as good a claim as any to wheeling the first bike onto a road. In 1869 a machine named for its two wheels and called a bicycle (its wheels have steel rims and hard rubber tires) is patented in London. Brits take to the bicycle partly because John McAdam has given them so many miles of smooth macadam on which to ride. 
1851 CRYSTAL PALACE DAZZLES 

Conceived by Queen Victoria's Consort, Prince Albert, the Great Exhibition is held in the Crystal Palace, which is built with over a million feet of glass in Hyde Park, London. More than six million visitors view 13,000 exhibits featuring the latest inventions, culture, and art from all over the world. 

A series of great courts showcase the history of art from ancient Egypt through the Renaissance; musicians and circus performers entertain vast crowds in the huge arched Centre Transept; 12,000 fountain jets splash in the gardens; and fireworks fill the night sky. The Great Exhibition is an unqualified technological success. 

1854 GEORGE BOOLE ESTABLISHES THE MODERN SYMBOLIC LOGIC BASIC TO THE DESIGN OF DIGITAL COMPUTERS 

George Boole's father is a cobbler who is fascinated by the application of mathematics to scientific instruments. Born in Lincoln, George has little formal education, but his father encourages him to study math, and finds a bookseller to teach his son Latin. George teaches himself Classical Greek. He becomes a teacher at sixteen to help support his parents and siblings, and starts his own school at nineteen. Meanwhile he is reading mathematics. In 1842, at the age of 27 he writes a paper that applies algebraic methods to solving differential equations, and receives the Royal Society Medal. 
George Boole becomes Professor of Mathematics at Queen's College, County Cork, and a dedicated teacher. In 1854, he publishes An Investigation into the Laws of thought, on which Are Founded the Mathematical Theories of Logic and Probabilities. Quite so. Boole approaches logic in a whole new way by crystallising it into algebra. The result is Boolean algebra, which translates logical reasoning into mathematical symbols. It will become essential to the design of digital computers and switching circuits. 
By now Boole has met Mary. When her father dies, leaving her impoverished, he marries her, and embarks on a happy marriage. He publishes articles on differential equations and calculus, and is elected a Fellow of the Royal Society, but his brilliant career is cut short when he dies at 49. 
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Ending cholera requires providing clean sources of water. 
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1854 DR. JOHN SNOW HELPS TO END CHOLERA IN BRITAIN 

John Snow is a London doctor concerned about the cholera that sweeps through cities, killing thousands. The accepted theory is that cholera is transmitted through contaminated air. Snow thinks otherwise. He believes it is transmitted through contaminated food or water. 

In 1854, cholera strikes London, and Snow courageously investigates the area with the most deaths. London was supplied water by two companies. One pulled its water out of the Thames River upstream of the city; the second took its water downstream. Snow realizes that there is a higher concentration of cholera in areas where residents are drinking water from the downstream source. Plotting the location of deaths on a map, he sees that 500 deaths from cholera have occurred within 10 days, all around the Broad Street Pump. Officials remove the handle so the water cannot be pumped, and the disease fades away. 

Snow proves his thesis about the spread of cholera, and establishes statistical mapping as an invaluable tool in medical epidemiology. Londoners rapidly set to work cleaning up their water supply. (See William Burton » on cleaning up Japan's water supplies.) 

1850s BRITS MASS-PRODUCE STEEL CHEAPLY 

Henry Bessemer is another amazing, self-educated inventor. (One begins to wonder if education, which was made compulsory in 1870, makes life too easy and boring for young Brits, discouraging them from tackling exciting challenges.) When he is young, Henry Bessemer learns metallurgy in his father's type foundry, and invents a typesetting machine. 

In the early 1850s he experiments with producing steel. Steel is an admirable material that is extremely durable, but it required time-consuming craft to turn iron into steel by hardening it with a small amount of carbon. William Kelly of the United States had already injected blasts of air into molten iron to remove impurities, and inject a hardening alloy. Working independently Bessemer patents the same process, known as the Bessemer converter. Brit Robert Forester Mushet perfects the alloy; a Swede and another Brit, Sidney Gilchrist Thomas, perfect Bessemer's converter; and Andrew Carnegie mass-produced steel. 
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Wallace explores the Malay Archipelago (which includes Indonesia's 13,000 islands and the 7,000 islands of the Philippines ). He travels thousands of miles, crossing equatorial forest, volcanic mountains, and the sea to study plants and animals. His quest: The key to evolution, which he discovers.
Photo Courtesy: eastjava »
1858 ALFRED RUSSEL WALLACE DISCOVERS KEY TO EVOLUTION 

Forced to leave school at 12 due to his father's financial ruin, Alfred Russel Wallace learns map-making, geometry and trigonometry from his brother, a surveyor, attends lectures at local scientific societies, and discovers he adores the outdoors. 

Just twenty-five, Wallace leaves England to launch a self-sustaining natural history collecting expedition in South America. He ascends the unexplored Rio Negro system alone, and is the first to map the area. He is fascinated by the idea of evolution, but cannot figure out how it occurs. 

After several years in the wilderness, he packs his huge collection of plants and animals on board a ship to England. He is crossing the Atlantic when the vessel catches fire and sinks, and his entire collection of plants and animals is lost. For ten days Wallace and his shipmates struggle to survive in two leaking lifeboats. 

Undaunted, Wallace decides to carry on collecting and studying in Indonesia, then called the Malay Archipelago. The Royal Geographical Society pays for his transportation, and Wallace spends the next eight years capturing orangutans, avoiding capture by head hunters, and collecting 125,660 specimens, including more than a thousand species new to science. He collects one thing more – the key to the theory of evolution.

In February of 1858, while sweating through an attack of malaria in his hammock, he recalls Malthus' Essay on Population (described in the 18th century ») and suddenly realises that survival of the fittest is the key to evolution, since individual organisms that are best adapted to their local surroundings have a better chance of surviving, and passing along their traits to their descendants. As soon as he is well, he dashes off an essay and sends it by ship to Charles Darwin, whom he knows is interested in the question. (See below.) 

1859 CHARLES DARWIN FORMULATES THEORY OF EVOLUTION 

Charles Darwin is the grandson of Erasmus Darwin, a physician who had theorised that species adapted to their environment in a purposeful way. With talk about evolution seemingly hardwired into his family, Charles pursues these ideas through a series of adventures and methodical observations while travelling for five years around the world on the Beagle. 
Back in England Darwin spends years studying and assembling scientific evidence for the idea of natural selection. The intensity and difficulty of his research is quite extraordinary, so when Alfred Russel Wallace's letter from the Malay Archipelago arrives, it quite probably had the effect of a lit charge of dynamite (though this is denied by some biographers). Not wanting to lose credit for his virtually identical theory, Darwin and a mutual friend of Wallace's submit Wallace’s essay and similar writings by Darwin on the subject of natural selection to the next meeting of the Linnean Society in 1858. However, Darwin does not attend because his young son had just died from scarlet fever. 

In the ensuing year, despite illness, Darwin writes a more compact and readable description of the theory of evolution, and publishes On the Origin of Species. In this book he does not claim to prove evolution, but suggests that if evolution occurred, a number of otherwise inexplicable facts are readily explained. He draws on comparative anatomy, embryology, paleontology, and ethology (the study of behaviours) to provide evidence for his theory. 
Initially Darwin's work receives torrential criticism from those who believe his theory casts doubt on a Creator. However, nothing in the theory as presently constituted is at odds with a Creator. That God created life might be true or false, but it is not empirically testable, so it fails to reach the level of a scientific hypothesis. 
Darwin inferred a Creator, concluding: ". . .probably all the organic beings which have ever lived on this earth have descended from some one primordial form, into which life was first breathed". Exegesis explains what sacred texts mean; the theory of evolution may be exegesis on the hand of God.
[image: image16.png]



Joseph Swan successfully demonstrates an incandescent bulb in 1878 (a year earlier than Edison), and in 1880, 
at Newcastle, gives the first large-scale public exhibition of electric lights.
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1860 - 1878 JOSEPH SWAN DEVELOPS FIRST ELECTRIC LIGHT 

Most people believe Thomas Edison invented the electric light. In fact, Joseph Swan invents the first light bulb in 1860, after Humphrey Davy invented the first electric light by connecting wires to his battery and a piece of carbon in 1800. 

Swan's bulb, which uses a carbon paper filament in a glass bulb, needs work. The lack of a good vacuum and an electric source means the bulb has a short life. In 1875 Swan goes back to the problem, develops the electric source, uses a carbonized thread as the filament (the same material Edison eventually uses), and in 1878 turns on the light. He has not mastered the vacuum, however. Several years later Edison, working in America, produces a commercially viable light that burns for over 1500 hours in an oxygen-free bulb, and becomes famous. 

1862-63 GEORGE BENTHAM MAKES AN EXHAUSTIVE STUDY OF SEED PLANTS, AND WITH JOSEPH HOOKER FOUNDS MODERN VASCULAR PLANT TAXONOMY 

When his uncle, British utilitarian philosopher Jeremy Bentham, leaves him his wealth, George Bentham can devote all his time to botanical research. He is fascinated by plants, and collects more than 100,000 specimens, which he donates to the Royal Botanic Gardens, Kew. William Hooker, the Gardens' director, invites Bentham to continue his researches at Kew. 

With so many specimens, the question of taxonomy quite naturally arises. Taxonomy (from the Greek word taxis meaning arrangement and nomos meaning law) is the science of classification, which establishes a conceptual framework for discussion, analysis, or information retrieval. (Carl Linnaeus devised a taxonomy for biology. Web portal designs use taxonomies to describe categories of Web site topics.)The maddening problem for Bentham is that there is no adequate taxonomy for thousands of plants. 

Bentham tackles this challenge with Hooker's son, Joseph, and spends 27 years in the Psyche-like task of researching, examining, and dividing species into orders or families. Their work lays the foundation for the modern system of vascular plant taxonomy (vascular plants use vascular tissue to transport fluids, minerals and foods). Bentham also catalogues 7,000 Australian species and writes the HANDBOOK OF BRITISH FLORA. 
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Brits built the world's first subway, the Underground or "Tube", and continue to improve it. 
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1863 BRITS BUILD WORLD'S FIRST SUBWAY

Brits build and open the Metropolitan, the world’s first underground railway line. The very first line runs from Paddington to Farringdon. The Tube's influence on subways worldwide has been immense. Other cities borrowed British engineering, and even the name, metro, from the Metropolitan. 
1864 JAMES CROLL, SELF-TAUGHT, PROPOSES THEORY THAT EXPLAINS CLIMATE CHANGE

According to Bill Bryson's Short History of Nearly Everything, James Croll leaves school at thirteen, and takes a position as a custodian at Anderson's, now the University of Glasgow. Eager to learn, James persuades his brother to do most of his work, and spends his time teaching himself physics, mechanics, and astronomy. Twenty-five years later he sends a number of papers to science editors, who recognise their quality, and publish them. Since his return address is the university, they assume he is a professor, and are quite surprised to discover he is a janitor. Croll's work is so impressive they make him a fellow of the Royal Society and give him a job with the Geological Survey. 

Croll is the first to suggest that changes in the shape of the Earth's orbit from elliptical to nearly circular to elliptical again might explain the onset and retreat of ice ages. His theory receives support in the 1970s when rhythmic shifts in the Earth's angle of orientation to the Sun and changes in orbit are recognised as creating cool summers, which in turn have been identified as key triggers of ice ages. 
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Maxwell realises that visible light is only a small part of the entire spectrum of electromagnetic radiation – radio waves, microwaves, infrared, visible light, ultraviolet, x-rays, and gamma rays. His luminous insight is that "light is. . .an electromagnetic disturbance in the form of waves". 
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1864-1890s JAMES CLERK MAXWELL'S THEORIES EXPLAIN THE ELECTROMAGNETIC FIELD AND LAY THE FOUNDATION FOR MODERN COMMUNICATIONS, INCLUDING SATELLITE COMMUNICATIONS, RADIO, RADAR, AND CELL PHONES 

An only child, James Clerk Maxwell's mother dies when he is eight, and he grows up in Edinburgh and the country near Dumfries with his father. Regarded as a misfit when he goes to school, shy and introspective, he publishes his first scientific paper at the age of fourteen. He goes on to study mathematics at Cambridge, where he first develops his electromagnetic field theory. 
In 1864, when he is thirty-three, Maxwell describes electromagnetic field theory with vision and precision. Expanding on Faraday's work he creates a linked set of differential equations that became known as 'Maxwell's wonderful equations'. These describe the behaviour of electric and magnetic fields and their interactions with matter. Maxwell also shows that the equations predict waves of oscillating electric and magnetic fields. Einstein describes Maxwell's contributions as “the most profound and the most fruitful that physics has experienced since the time of Newton.”
When he is thirty-five, Maxwell proposes the Maxwell-Boltzmann kinetic theory of gases, and retires to his estate. He enjoys country life. In 1871 he reluctantly agrees to become the first Cavendish Professor of Physics, and to organise Cavendish Laboratory, which will later become famous for research in physics. See 20th century » Always a devout Christian, Maxwell explains Saturn’s rings a century before the Voyager proves him right.

1865 EDWARD TYLOR DEVELOPS FOUNDING INSIGHT OF KINSHIP STUDY - MARRIAGE CAN CREATE PEACE 

Forced to leave business because he has consumption, Edward Tylor travels to Mexico and becomes enthralled by anthropology. He publishes Researches into the Early History of Mankind, and cites exogamy, or “marrying out,” as the key to human social progress. Tylor writes, “Again and again in the world’s history, savage tribes must have had plainly before their minds the simple practical alternative between marrying-out and being killed out.” Intermarriage becomes a path to peace. (Women related to one clan as sisters and to another clan as wives tend to discourage feuds.) 

“Cross cousin marriage” – a man in a patrilineal, clan-based society who marries his mother’s brother’s daughter is marrying someone from a different clan. This is exogamy or “marrying out.” But if a man in a society made up of patrilineal clans marries his father’s brother’s daughter, he marries the descendant of his own birth clan. This is parallel-cousin marriage. It creates cultural cohesion at the price of cultural stasis and violence. It is still practiced in the Middle East. In Europe, the Roman Empire prohibited the marriage of cousins, and the Church followed suit, absolutely banning the marriage of cousins in the 8th century, and thereby reducing intense and violent family struggles, forced marriages, and nepotism.

1866 ANGLO-AMERICAN COMPANY LAYS FIRST TRANSLATLANTIC TELEGRAPH CABLE

The technical difficulties seem insuperable, but with the help of William Thomson (Lord Kelvin) the telegraph cable is laid on the floor of the Atlantic. Within twenty years, 97,568 miles of cable link the peoples of Britain, Canada, Africa, and Australia. 
1867 JOSEPH LISTER AND WILLIAM CHEYNE INTRODUCE ANTISEPTIC PRINCIPLES TO SURGERY 

Joseph Lister's medical specialty is wounds. He studies the coagulation of blood in injuries, and realises there is a very high incidence of infection. Desperate to save his patients, he sprays dilute carbolic acid on surgical instruments, wounds, and surgical dressings to reduce germs. His efforts work. Deaths from infected wounds plunge. Lister describes the antiseptic principle in the practice of surgery, inaugurating antiseptic procedures that will save millions of lives. Listerine, an antiseptic mouthwash, is named after him.
Helping Lister to revolutionise surgery is William Cheyne, one of Britain's foremost surgeons. In 1885 he defines four operational techniques to avoid infection: The surgeon thoroughly washing his hands; sterilising instruments, disinfecting the site of the operation; and reducing the number of germs in the environment. 
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Bottle-nosed dolphins were known even by the Ancient Greeks, but much else was not known until HMS Challenger explores all the world's oceans, charts all the great basins and currents, and discovers 4,717 new marine species. 
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1872-76 ROYAL SOCIETY LAUNCHES OCEANIC EXPLORATION

The Royal Society and the British Admiralty launch HMS Challenger in a long and spectacular exploration of all the world's oceans. Pioneers of modern oceanography, Charles Wyville Thomson and John Murray lead the deep-sea expedition. They report on ocean currents and temperatures, underwater geography, deep-sea deposits, coral formations, and life forms in 50 published volumes. 

After he returns, Murray founds the Scottish Marine Station, now the renowned Dunstaffnage Marine Laboratory on the shores of the Firth of Lorn. There the Scottish Association for Marine Science (SAMS) continues a long tradition of scientific excellence with two research ships and a world-class research library.

1872 CHESEBROUGH INVENTS VERSATILE VASELINE 

English-born American chemist Robert Augustus Chesebrough begins developing Vaseline in 1859 after he notices that oil-rig workers use the petroleum by-product that accumulates around drill rods to help heal cuts and burns. He spends almost ten years perfecting the process of producing a translucent, odourless gel from the petroleum jelly, and registers Vaseline as a trademark in 1872. 

Runners use Vaseline to prevent chafing. Mothers use it for diaper-burn. It even works well sealing broken gaskets in a car. It works by creating the optimal conditions for the skin to heal itself. This, really, is half the success of medicine – creating the conditions so the body, which is a great self-healer, can heal. 

1875 PARLIAMENT PASSES PUBLIC HEALTH ACT TO PROTECT AGAINST DISEASE AND VERMIN

An obvious way to protect against disease and the vermin that carry it is to make sure that garbage is collected. Brits establish the Public Health Act to do just that. Someone has to pay for the garbage removal and disposal in a sanitary fashion, and they do something rather clever about the charge. Instead ofcharging house owners by amount, which might inspire them to get rid of trash by fly-tipping it in the country, they make the charge part of a general tax charge that everyone pays. The result is less disease and trash-free towns and countryside. 
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After Plimsoll's stormy campaign, Parlaiment passes a law that prevents ships from sailing if overloaded or not seaworthy. The Plimsoll line, painted on all British ships, shows the level that water should reach when the ship is properly loaded.

Photo: © Research Machines » plc 2006

1876 PLIMSOLL ROARS IN PARLIAMENT, AND DEMANDS BILL TO PROTECT SAILORS; 'PLIMSOLL' LINE ESTABLISHED

In 1875 when his Merchant Shipping Bill was on the verge of being scuttled, Samuel Plimsoll, MP, roared into Parliament, shaking his fist at the Speaker, refusing to sit down, though the custodians of decorum were clinging to their smelling salts, and accused ship-owning MPs of deliberately sending overloaded and dilapidated 'coffin-ships' out on the high seas. Unscrupulous merchants knew that they would make money if the goods were delivered or if the ship went down, since they were handsomely insured. The only ones to suffer were the seamen, who drowned. 

Samuel and his wife Eliza embarked on a crusade to change this. They organise public meetings in constitutencies around Britain, and the public and the press rallies behind them. Parliament passes Plimsoll's bill which prevents ships from heading to sea if they are unworthy or overloaded. Plimsoll's line appears on every British ship (and becomes the symbol of the metro). Rubber-soled deck shoes or sneakers with canvas tops are named plimsolls after him. 
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By allowing a person to be in two places at once, telecommunication (the ancient Greek word tele means far) transcends space, and opens the world to cyberspace. Graham Bell's invention sets this world in motion, and so does the largely forgotten genius Oliver Heaviside (see below). 
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1876-1922 ALEXANDER GRAHAM BELL INVENTS THE TELEPHONE, PHOTOPHONE, PHONOGRAPH, AERIAL VEHICLES, AND THE SELENIUM CELL

Curious and full of ideas, Alexander Graham Bell grows up in Edinburgh in a family whose parents are authorities on speech elocution and teaching the deaf to speak. Apart from three years in school, he is educated by his parents. By the time he is 21 he is working with them, and conducting experiments in sound, but when both his brothers die of tuberculosis, he and his family move to Canada, where his health quickly improves. The young Bell opens a school for the deaf in Boston, and continues his experiments.
Filling notebooks with his ideas for inventions, he is not particularly good with his hands, but he has a knack for finding the right partners. Thomas Watson, a young mechanic, helps him engineer an apparatus for transmitting sound electrically. They work long nights, and Bell grows exhausted, but parents of his students help him financially, and in 1876 he receives the patent for the telephone, which converts wave vibrations into an electric current, and reconverts them into sound with a receiver. 

The commercial possibilities are enormous, so Bell is besieged with lawsuits, but the courts uphold his patents. Bell goes on to invent the photophone (which transmits sound on a beam of light); the phonograph; sonar detection; a hydrofoil craft; and the selenium cell (a photoelectric device used to generate or control an electric current). He is still making notes for inventions right before he dies. 

1877-1919 LORD RAYLEIGH DISCOVERS WAVE PROPAGATION IN FLUIDS AND ARGON 

Born John William Strutt, Lord Rayleigh is frail and sickly. He spends most of one year at Eton in the school sanatorium, but chalks up about seven years schooling before he enters Trinity College, Cambridge. He has some catch-up to do in math, and manages to do so with aplomb, graduating as Senior Wrangler and Smith's Prizeman. 

Succeeding to the barony when his father dies, Rayleigh manages his 7,000-acre estate, then heads full-time into science as Professor of Experimental Physics and Head of the Cavendish Laboratory at Cambridge. He researches electromagnetism, optics, and sound, and makes discoveries basic to the theory of wave propagation in liquids and to the establishment of standards of resistance, current, and electromotive force. 

In 1877 he publishes The Theory of Sound, the first mathematical equations to describe the sound wave. These will make possible later ultrasound developments in medicine. In 1895 Rayleigh's patient and delicate experiments allow him to isolate argon, an inert gas frequently used during the silicon crystal growing process. In 1904 he receives the Nobel Prize for Physics.  

1880 BRITS AND INDIANS DEVELOP FINGERPRINTING AS A FORENSIC TOOL       

In 1880, in the scientific journal Nature, Dr Henry Faulds published the first paper on using fingerprints to prove innocence and guilt . He had come to this idea by way of archaeology, having noticed the fingerprints left in ancient clay, and had used it to prove the innocence of a colleague who had been accused of theft. 

The following month, Sir William Herschel, a British civil servant based in India, writes to Nature to say that he had been using fingerprints to identify criminals since 1860. This is true, but neither man has yet established exactly how fingerprints are to be analysed. 

In 1892, Sir Francis Galton publishes a detailed statistical model of fingerprint analysis and identification and encourages its use in forensic science in his book Finger Prints. In London, the police remain quizzical. That year an Argentine police officer who has been studying Galton pattern types makes the first criminal fingerprint identification using his system.

In 1897 the world's first Fingerprint Bureau for use in criminal records opens in India. Azizul Haque and Hem Chandra Bose, working with Sir Edward Richard Henry, develop the fingerprint classification system.

In 1901 Scotland Yard opens the United Kingdom Fingerprint Bureau and uses the Henry Classification System devised by Henry, Haque, and Bose. Fingerprints are increasingly used as a method of establishing innocence or proving guilt. 

1881 BRITS TAKE ADVANTAGE OF ELECTRICITY 

The world’s first public electricity supply is generated in the U.K. at Godalming, Surrey.
1887 BURTON SAVES JAPANESE FROM CHOLERA

Born in Edinburgh, a childhood friend of Arthur Conan Doyle, William Kinninmond Burton is an engineer who responds to Japan's desperate call for help. At the time Japan is losing hundreds of thousands to cholera epidemics. Burton's challenge is to provide clean water to millions. 

For 12 years Burton works night and day supervising the establishment of fresh water and sewage systems in cities across Japan. In Shimonoseki, the sand filtering system he built produces water so pure it is bottled and sold today. His picture is on the label because the Japanese remain passionately devoted to his memory. They continue to hold annual tributes to him at which bagpipes are played. Burton does not live to see his native city. He dies at 43, just as he is preparing to return to Edinburgh with his Japanese wife and daughter. 
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Oliver Heaviside is a forgotten genius who receives virtually no credit for establishing the theories that are the basis of long distance telephone service, multiplexing, and electric circuits. He is credited with suggesting that the ionosphere, the E Layer seen above in a NASA photograph, exists, and will allow radio waves to follow the Earth's curvature rather than disappearing into space. Heaviside eventually receives fame by way of felines in T.S. Eliot's OLD POSSUM'S BOOK OF PRACTICAL CATS and Andrew Lloyd Webber's song "Journey to the Heaviside Layer" in the musical CATS. 

Photo of ionosphere, the "skin" between Earth and outer space: nssdc.gsfc.nasa.gov
1893-1925 HEAVISIDE ESTABLISHES MATHEMATICS BEHIND TELECOMMUNICATIONS 

Leaving school at 16 after becoming bored with geometry, Oliver Heaviside becomes a telegraph operator, but is forced to quit due to deafness. Living at home with his parents he decides to investigate electricity. 
Working alone, Heaviside recasts Maxwell’s field theory. Out of the original 20 equations in 20 variables he creates 4 equations in 2 variables. (Heaviside having been forgotten, these are known as Maxwell's equations today.) The Royal Society recognises his genius in 1891, when it elects him a Fellow. Subsequently Heaviside establishes the operational calculus that is the basis for electric circuits, but Hertz gets the credit, though admitting his ideas came from Heaviside. 
Heaviside figures out how to make long-distance telephone service practical, and shows how audio signals can be transmitted without distortion with or without wires, the basis of modern telecommunications. Americans pick up his theory of an induction coil to promote clear long distance signals, patent the coil, and make a fortune. Feeling increasingly ignored, Heaviside becomes a recluse.

In ELECTROMAGNETIC THEORY, Heaviside anticipates Einstein's special theory of relativity by positing that an electric charge would increase in mass as its velocity increases. He dies before he can finish the last volume of his book. 
1892-1898 JAMES DEWAR'S OXYGEN MACHINE SAVES LIVES

James Dewar invents a machine to bring liquid oxygen to the ill. He also develops structural formulas for benzene; produces hydrogen in liquid form and as a solid; and invents the double-walled vacuum flask known as the thermos.
1894-1897 BRITISH DOCS IDENTIFY MOSQUITO AS CARRIER OF MALARIA; BRITS VIRTUALLY ELIMINATE MALARIA IN COLONIES 

After qualifying in medicine at Aberdeen University, Patrick Manson heads out to find a job, and spends the next twenty years on the coast of China working as a doctor for the Imperial Customs Service. He is one of the first to introduce vaccination in the Far East, and to research tropical diseases. He discovers that the mosquito is the host to a developing parasite that causes filariasis, the invasion of body tissues by a worm. Later, at the Crown Colony of Hong Kong, which in the 1870s had been transformed from a fishing village to a port for global trade, Manson establishes a medical school that will become the University of Hong Kong. 

Ten years younger than Manson, Ronald Ross was born in India to British parents. He is sent to Britain when he is eight, becomes a doctor and returns to India as an Indian Medical Service Officer. Leading a peripatetic career at various stations, Ross becomes convinced that mosquitoes breed in water, a theory of some importance to him since water butts sits outside his bungalow. Ross is also fascinated by malaria, a deadly disease whose cause was not known. 

Manson meanwhile is also researching malaria, a worldwide and often deadly infection with paroxysms of chills and fever, anemia, and enlargement of the spleen. An effective treatment – quinine obtained from the bark of the cinchona tree – is known, but millions of people have no access to the therapy. Since malaria's cause is unknown, no preventative treatment can be developed. 

In 1894 Manson publishes his mosquito-malaria hypothesis, which suggests that the mosquito is playing host to a malarial parasite, and passing the parasite to human beings when it bites them. Alphonse Laveran discovers the parasite. That same year, Ross and Manson meet, and Manson urges him to find out whether mosquitoes carry and pass the malaria parasite. Ross returns to India determined to find the malaria carrier. He discovers the malarial parasite in the gatrointestinal tract of the Anopheles mosquito. 

This is the breakthrough needed to end malaria, which kills millions, and cripples rural economies by weakening people so they cannot work. By the 1960s malaria has almost been eradicated in former British colonies with the elimination of standing water, the use of DDT to destroy mosquitoes, and the invention of chloroquine, a synthetic form of quinine. 

In the 1890s Manson is finally able to go home, and establishes the London School of Tropical Medicine. In 1902, Ross receives the Nobel Prize for Medicine for his work. 

1897-1900s JOSEPH THOMSON DISCOVERS THE ELECTRON

William Thomson (Lord Kelvin), Charles Thomson (the marine scientist), and Joseph Thomson are not related, but their surname is having a good scientific century. Joseph Thomson experiments with cathode rays, and studies negative electrification. In the process he discovers the electron, the negatively charged subatomic particle that is responsible for the chemical properties of its atom. Thomson develops the cathode ray oscillograph, which will be used for research and television receivers.
At the end of the 19th century and the beginning of the 20th, Thomson holds the Chair of Physics at Cavendish Laboratory. In 1906 he receives the Nobel Prize for his research into the electrical conductivity of gases. Seven of his students will subsequently receive Nobel Prizes.

1897-1900s CHARLES PARSONS INVENTS STEAM TURBINE

Meeting exacting tolerances, Charles Parsons transforms ocean-going ships by inventing and producing the steam turbine. But he has trouble getting anyone in the British Admiralty to pay attention. Parsons remarks, “If you believe in a principle, never damage it with a poor impression. You must go all the way.” 
Taking his own advice, Parsons daringly breaks rank to race ahead at a great naval review, and stuns onlookers with his ship’s super-fast speed. He later builds the engines for the Mauritania, the Titanic, and H.M.S. Dreadnought. 
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