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Preface and Acknowledgements 

A burst of steam is released into the air, as a mist of an idea. If you can 

solve the mystery of how to capture that breath of steam (or idea), you can 

turn it into power. ς Joshua Bragg 

My first encounter with steam power was as a child, anxious for a mug of hot chocolate after 

coming home from school one rainy day. I needed to mix hot water with the cocoa powder, 

so I filled our teakettle and put it on the stove with the highest heat possible. My attention 

span lasted about thirty seconds before I left the kitchen and turned on the TV to watch a G.I. 

Joe cartoon. Finally, when a commercial came, I remembered my task at hand. Returning to 

the kitchen, I saw that the lid to the kettle was jumping up and down as if it was ready to 

explode. As I reached to turn off the heat, I burnt my arm from the steam rushing out from 

the loose lid, searing the memory into my mind for use thirty year later. 

There is a similar story told of one of the fathers of the Industrial Revolution, James Watt, who 

as a twelve-year-old boy was scolded by his aunt for staring at the kettle for hours. The 

difference though is stark.  Although we both were inspired by the power of steam raising the 

lid of a kettle, only James Watt went on to build a steam engine. In contrast, I chose to write 

about it. The topic was motivated by a desire to understand economic growth and what made 

the West rich. With that came a realization that technological innovation actually generates 

most growth. This is especially apparent when investigating the impact of the steam engine, 

which ended up powering a large part of the Industrial Revolution. Applied to transportation, 

the steam engine locomotive and ship connected the world, allowing for a tightly integrated 

global economy. With a huge increase in energy, that was no longer dependent on wind, water 

or muscle power, the factories and machines that manufactured our wealth multiplied.  

Writing this thesis has been one of the most enjoyable endeavors of my life. As I have struggled 

to balance a challenging career in the insurance industry with the demands of family life, I 

found myself looking forward to the peaceful moments when I could spend countless hours 

studying. I savored every moment reading the over one hundred books and articles that 

sparked the ideas written here. The reason this project has actually been enjoyable is that it 

is a subject that brings together all the fascinating parts of science, economics, politics and 

especially history, combined with a boatload of enthralling characters. 

aȅ ŦƛǊǎǘ ŘŜōǘ ƛǎ ǘƻ ǘƘŜ ƳŀǊǾŜƭƻǳǎ ŜŎƻƴƻƳƛŎ ƘƛǎǘƻǊƛŀƴǎΣ ǿƛǘƘ ǿƘƻƳ LΩǾŜ ǎǇŜƴǘ Ƴƻǎǘ ƻŦ Ƴȅ ŦǊŜŜ 

time with during the past year, including my favorite Joel Mokyr, the unconventional Deirdre 

McCloskey, the very convincing Robert Allen, the non-conformist Nicholas Crafts, the brilliant 

Margaret Jacob, the provocative Gregory Clark, the Francophile Jeff Horn, and the steam 

engine expert Alessandro Nuvolari. They also comprise the recently departed, who live on in 

the knowledge they shared, like the pioneer Douglass North, the genius on technological 

change Nathan Rosenberg, ǘƘŜ άŎǳƭǘǳǊŜέ ŎƘŀƳǇƛƻƴ 5ŀǾƛŘ [ŀƴŘŜǎ and the great French 

francophobe anglophile François Crouzet.  

A number of professors at the Norwegian University of Life Sciences Business School bestowed 

their stimulating instruction that encouraged me to investigate many various facets of 

economics. My econometrics teachers Olvar Bergland and Kyrre Rickertsen ironically instilled 
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in me both an appreciation and a critical eye towards the field. Roberto Garcia imparted the 

power of international comparisons, which was adopted in this paper. Arild Angelsen provided 

ŎƻƴǎƛŘŜǊŀōƭŜ ǇǊŀŎǘƛŎŀƭ ŀŘǾƛŎŜ ŀƴŘ ŜƴŎƻǳǊŀƎŜŘ Ƴȅ ǳƴƻǊǘƘƻŘƻȄ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘƛǎ ƳŀǎǘŜǊΩǎ 

thesis. Rani Lill Anjum pushed my boundaries by demonstrating how philosophy can enlighten 

even economic discussions of causation. Rani and her eternal PhD student Fredrik Andersen 

were a constant source of moral support and humor throughout my studies. Many of the most 

interesting discussions at the university were sparked by the delightful Mette Wik, to whom I 

am especially grateful for her serendipitous introduction to Sigurd Rysstad. Sigurd has proven 

ǘƻ ōŜ ǘƘŜ ǇŜǊŦŜŎǘ ŀŘǾƛǎƻǊ ŦƻǊ ǘƘƛǎ aŀǎǘŜǊΩǎ ǘƘŜǎƛǎΦ IŜ Ƙŀǎ ƎŜƴǘƭȅ ǇǊƻŘŘŜŘ ƳŜ ǘƻǿŀǊŘǎ 

fascinating new research that has greatly enhanced my ideas on institutions, path dependence 

and the theories of innovation. I have benefitted immensely from his invaluable advice on the 

structure and readability of the paper. 

I also received critical support and mathematics tutoring from fellow NMBU student Nguyen 

Nhung Lu and Daumantas Bloznelis. They are both extremely gifted individuals and I bask in 

our friendship full of discussions on economics and life. More gratitude goes to my former 

professor of economic history at the University of Copenhagen, Karl Gunnar Persson, who 

started me down this course and continues to provide encouragement, even in retirement. 

¢ƘŜǊŜ ƛǎ ŀƭǎƻ ǘƘŜ ƛƴŘƛǎǇŜƴǎŀōƭŜ ƳŜƴǘƻǊ ǿƘƻ ŦƛǊǎǘ ƎŀǾŜ ƳŜ ǘƘŜ άŜŎƻƴƻƳƛŎǎ ōǳƎέ ŀƴŘ Ǝƻǘ Ƴȅ 

twenty-one year old mind to start thinking critically ς James Craven, my instructor at Clark 

College in Vancouver. My life is rich with thoughts and ideas because of his unorthodox 

teaching. 

Special thanks goes to my wife Katherine and daughter Josephine, who put up with an 

international ƳƻǾŜΣ ǇƛƭŜǎ ƻŦ ōƻƻƪǎ ŀƴŘ ǇŀǇŜǊǎΣ ŎƻǳƴǘƭŜǎǎ ƘƻǳǊǎ ƻŦ άǉǳƛŜǘέ ǿŜŜƪŜƴŘ ǎǘǳŘȅ ǘƛƳŜ 

and a sometimes stressed husband and father, all for this thesis. I promise it can only get 

better now.  

This thesis is dedicated to my parents, from whom I have inherited a love of books, history 

and learning. My mother is the only non-ŜŎƻƴƻƳƛǎǘ όƘŜǊ aŀǎǘŜǊΩǎ degree is in sociology) who 

follows my thinking, often providing wonderful insights of her own. She has proofread all my 

school papers from the first grade on and this one is no exception. Her prodigious editorial 

talents and capabilities embody good economical writing. I am eternally grateful for the 

intellectual imprint she has left on me. Finally, I owe a great debt to my father, who shared 

with me an unforgettable summer day in 2014 at the Musée des Arts et Métiers in Paris, where 

I discovered numerous French contributions to technology, including the amazing steam 

powered vehicle from 1770. I will forever treasure the memories of writing this thesis in his 

office and at hƛǎ ǎƛŘŜΣ ōƻǘƘ ƻŦ ǳǎ άǿƻǊƪƛƴƎ ƘŀǊŘ ŀƴŘ ƎŜǘǘƛƴƎ ǘƘƛƴƎǎ ŘƻƴŜέΦ I am sending the 

ƳǳǎŜ ōŀŎƪ ǘƻ ƘƛƳ ŀǎ ƘŜ ǿǊƛǘŜǎ Ƙƛǎ ǿƻƴŘŜǊŦǳƭ ƭƛŦŜΩǎ ƳŜƳƻƛǊǎΦ  
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Introduction 

άLŦ ŜŎƻƴƻƳƛŎǎΣ ŀǇǇƭƛŜŘ ǘƻ ƘƛǎǘƻǊȅΣ ƛǎ ǘƻ ƘŀǾŜ ŀƴȅ ŎƭŀƛƳ ǘƻ ǾŀƭƛŘƛǘȅ ŀƴŘ 

relevance, it should above all else be able to explain what is arguably the 

ƎǊŜŀǘŜǎǘ ŜǾŜƴǘ ƛƴ ŜŎƻƴƻƳƛŎ ƘƛǎǘƻǊȅέ ς Peter Jay (2000) 

We arguably live in the best time to be alive since the beginning of humankind. This is a world 

in which my standard of living would be unthinkable to my great grandparents and even 

ǘƻŘŀȅΩǎ ǇƻƻǊ ŀǊŜ ƛƴŎǊŜŘƛōƭȅ ǊƛŎƘ ŀƴŘ ƭƛǘŜǊŀǘŜ ōȅ ƘƛǎǘƻǊƛŎŀƭ ǎǘŀƴŘŀǊŘǎΦ aȅ ŦŀƳƛƭȅ ƭƛǾŜǎ ǿƛǘƘ 

minimal fear for our safety and we are in charge of our own politics. Also unthinkable just a 

few generations back, I was educated well into my 20s and have the luxury of continuing into 

my 30s as well as my parents who have the potential to live in retirement for 30 to 40 years 

past their working careers. Compared to my ancestor, Joseph Bragg, a free white man living 

in the British colony of Virginia in the early eighteenth century, I am better off economically 

by a factor of over twenty1. While Joseph was presumably better off than his grandfather, 

Thomas, who was one of the first settlers in Jamestown in the early seventeenth century, the 

improvement was largely due to the colony getting its feet on the ground as well as the 

lucrative tobacco trade. In other words, the livelihood of my early American ancestors was 

dependent on precarious and fragile factors, such as the weather, trade and support from 

England and peace with the native inhabitants. 

What changed to cause the economic transformation, which slowly started increasing real 

income in the eighteenth century in Northwestern Europe and took off in the Western world 

in the nineteenth and twentieth century? Commonly known as the Industrial Revolution, 

many economic historians have correctly classified what happened as an inventive revolution. 

Invention was not new, as we can trace advancements in tools, sea travel, agriculture and 

warfare from the Paleolithic era to medieval times. However, these creative bursts merely 

allowed one civilization to conquer another or expanded their population or geography. While 

these technological advancements brought more people into the world, human existence was 

best described by Thomas Hobbes (1651/2003, p. 89) ŀǎ άǎƻƭƛǘŀǊȅΣ ǇƻƻǊΣ ƴŀǎǘȅΣ ōǊǳǘƛǎƘΣ ŀƴŘ 

ǎƘƻǊǘΦέ ¢ƘŜ ƪŜȅ ǘƻ ōǊŜŀƪƛƴƎ ǘƘƛǎ ŎǳǊǎŜ ǿŀǎ ǎƛƳǇƭȅ ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǿŀȅ ƻŦ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ 

invention. This paradigm shift ended up transforming the world more than any religious or 

political revolution could dream of, merely by generating a sustained flood of new 

technologies.  

The Industrial Revolution did not occur out of the blue or randomly in Western Europe. Just 

as John the Baptist set the stage for Jesus CƘǊƛǎǘΣ ƛǘ ǿŀǎ ǇǊŜŎŜŘŜŘ ōȅ ŀ ǇǊƻŎŜǎǎ ŎƻƛƴŜŘ άǘƘŜ 

DǊŜŀǘ 5ƛǾŜǊƎŜƴŎŜέΦ LŦ ǿŜ ǘƘƛƴƪ ƻŦ ǘƘŜ ǿƻǊƭŘ ōŜƛƴƎ ƛƴ ŀ ǊŀŎŜ ŦƻǊ ǿŜŀƭǘƘ ŀƴŘ ǇƻǿŜǊΣ ƛƴ мрллΣ 

Europe was relatively on par with civilizations in China (where gunpowder, the compass and 

the printing press were first invented), Japan, India and the Ottoman Empire. Then, as 

illustrated in Figure 1 ǳǎƛƴƎ ǘƘŜ aŀŘŘƛǎƻƴ tǊƻƧŜŎǘΩǎ D5t ǇŜǊ ǇŜǊǎƻƴ ǎǘŀǘƛǎǘƛŎǎΣ ²ŜǎǘŜǊƴ 9ǳǊƻǇŜ 

gradually began to surpass the competing world powers.  

                                                           
1 If my ancestor was by chance American Indian or Black, any comparison would be a cruel reminder of the 
racial inequities in American society. 
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Figure 1 - What was the Great Divergence? (Economist 2013) 

The Age of Discovery (15th to the 18th century) led by Christopher Columbus, first gave the 

European powers a head start, as they began extensive overseas exploration. They soon 

established colonial empires, which conquered, exploited and enslaved native populations in 

the Americas, Asia and Africa. The Commercial Revolution (16th to the 18th century) 

exemplified by the Dutch East India Company, also contributed to European expansion by 

building vast international trade networks. Meanwhile, back in Europe, a scientific renaissance 

recovered the knowledge of the ancient Greeks and medieval Islamic science. However, those 

ancient ideas were merely a foundation for the subsequent Scientific Revolution (16th and 17th 

centuries) that created new, revolutionary concepts in understanding the physical world. The 

next European impetus was the Enlightenment (18th century), in which the authority of the 

church and state could be questioned and ideas centered on reason, such as liberty, progress 

and constitutional government, gained legitimacy. By the 18th century, China, Japan, India and 

the Ottoman Empire had all but dropped out, while the race centered between the Western 

European powers.  

These milestones led up to tremendous advances in useful knowledge, culminating in the 

Industrial Revolution which began in one single country, Britain. This was an event that 

dramatically and irreversibly transformed Britain, and later the rest of Western Europe. It 

forever altered both the economy and culture, including changes in the methods of 

production and work and the way economic transactions in society took place, leading to 

better living standards for the whole population.  It was eloquently summarized by Harold 

Perkin (1969, p. 3-5) as: 

ŀ ǊŜǾƻƭǳǘƛƻƴ ƛƴ ƳŜƴΩǎ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ƳŜŀƴǎ ƻŦ ƭƛŦŜΣ ƛƴ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜƛǊ ŜŎƻƭƻƎƛŎŀƭ 

environment, in their capacity to escape from the tyranny and niggardliness 

ƻŦ ƴŀǘǳǊŜΧƛǘ ƻǇŜƴŜŘ ǘƘŜ ǊƻŀŘ ŦƻǊ ƳŜƴ ǘƻ ŎƻƳǇƭŜǘŜ ƳŀǎǘŜǊȅ ƻŦ ǘƘŜƛǊ ǇƘȅǎƛŎŀƭ 

environment, without the inescapable need to exploit each other. 
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The Industrial Revolution differed from the previous milestones in European history as it 

ushered in an era in which technological change and economic growth overpowered 

population growth. Previous bouts of growth were sporadic and fleeting due to institutional 

breakdowns, wars or natural disasters. However, the Industrial Revolution was not merely 

built on a fleeting expansion of commerce or peaceful political circumstances. Rather, its 

foundation was technology, which is much less reversible and allowed the economy to shake 

off the chains that had shackled it until the mid-eighteenth century. That single event has 

created a sophisticated and urban population that is wealthy beyond ŀƴȅƻƴŜΩǎ ǿƛƭŘŜǎǘ ŘǊŜŀƳǎ 

two-hundred and fifty years ago. 

Research Questions 

Given its tremendous consequences, the Industrial Revolution begs the questions: Why there 

and why then? If the engine of industry was primed in the countries of Northwestern Europe, 

given their relatively similar starting points, why was the spark first lit in Britain2? Only France 

stood out as the most realistic competitor. Both Britain and France possessed the intellectual 

and social infrastructure necessary for modern growth. 

England and France are more like siblings when compared to the distant cousins of China or 

the Ottoman Empire. They loosely share a similar DNA stemming from a common Norman 

ƘŜǊƛǘŀƎŜ ŀŦǘŜǊ ǘƘŜ .ŀǘǘƭŜ ƻŦ IŀǎǘƛƴƎǎ ƛƴ млссΣ ōǳǘ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ǊŜǾŜŀƭǎ ǎƛƎƴƛŦƛŎŀƴǘ άƎŜƴŜǘƛŎέ 

differences shaped ōȅ ǘƘŜ άIǳƴŘǊŜŘ ¸ŜŀǊǎΩ ²ŀǊέ ŀƴŘ frequent petty squabbles and 

competition leading to distinct historical experiences of Britain and the Ancien Régime of 

France. While they once shared the same language, religion and monarchy, by the eighteenth 

century the siblings had grown apart, creating distinct political, social and economic 

institutions. However, a quick examination of the scorecard between the two nations in the 

mid-eighteenth century shows similar levels of property rights. Britain protecting hers through 

its parliament and patent system and France through its strong central government and highly 

organized judiciary. The scientific enlightenment reached both countries, through their 

respective prophets Francis Bacon and Rene Descartes. On the record of technological 

innovation, both countries proved extremely impressive for the time. 

Lǘ Ƙŀǎ ōŜŜƴ ŀǊƎǳŜŘ ǘƘŀǘ .ǊƛǘŀƛƴΩǎ ƭŜŀŘ ǿŀǎ ƳŜǊŜƭȅ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ŀ ǊŀƴŘƻƳ ƻǊ ǎǘƻŎƘŀǎǘƛŎ ǇǊƻŎŜǎǎ 

of technological progress, where arguments of French inferiority and unique British factors 

are merely post hoc ergo propter hoc fallacies. While this may or may not be the case, it spurs 

ŀ ǾŀƭǳŀōƭŜ ǎƘƛŦǘ ƛƴ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜ ǎǇŀǊƪΦ wŀǘƘŜǊ ǘƘŀƴ ŀǎƪƛƴƎ άǿƘŀǘ ƳŀŘŜ CǊŀƴŎŜ ƛƴŦŜǊƛƻǊΚέ 

the question shifts to whether there were factors present in eighteenth century England which 

gave it a higher probability to spark the Industrial Revolution. So, no longer presuming that 

the probability was higher in England just because it was first, one could also ask whether 

there were factors that made the probability of the Industrial Revolution high in eighteenth 

century France. 

                                                           
2 My American education taught that it was Britain who unequivocally lead the race from 1815 to 1918, when it 
reluctantly handed the title to its little brother, the United States. This Anglo-Saxon perspective glosses over 
the miraculous development eƭǎŜǿƘŜǊŜ ƛƴ ²ŜǎǘŜǊƴ 9ǳǊƻǇŜ ŀƴŘ ǘƘŜ ǿƻǊƭŘΣ ǎǳŎƘ ŀǎ DŜǊƳŀƴȅ ŀƴŘ WŀǇŀƴΩǎ ǊŀǇƛŘ 
industrialization. 
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The great economic historian Joel Mokyr (1985, p. 83-84) provided an apt warning to those 

who might attempt such an inquiry: 

Examining British economic history in the period 1760-1830 is a bit like 

studying the history of Jewish dissenters between 50 B.C. and A.D. 50. At 

first provincial, localized, even bizarre, it was destined to change the life of 

every woman and man in the West beyond recognition and to affect deeply 

the lives of others. 

Why did England dominate steam engine development and not France? 

However, if the Industrial Revolution was a technological revolution, valuable insights can be 

gleaned from an intensive investigation and analysis into a case study of an invention. 

Answering why the spark was first lit in Britain and not France can be richly illustrated using 

the case study of the invention and development of the steam engine. There are numerous 

inventions cited as the mother of the revolution, however, despite its slow and modest start, 

the steam engine was crucial to the industrialization of modern civilization. 

The steam engine was born as a powerful mining pump that kept Britain supplied with cheap 

coal, which fostered numerous synergies, including iron and steel technologies, that would in 

turn build better engines. A floodgate of innovation was released in factories as the engine 

was adapted to power industrial activity. By the turn of the nineteenth century, it generated 

a leap across an energy canyon3, drastically surpassing the age-old limits imposed by wind, 

water and muscle power. The abundance of mechanical energy made dreams of efficient 

transport a reality, as the engine was applied to ships and locomotives, providing access to 

goods and services to most of the population. Since the steam engine was arguably the power 

source that drove the industrialization of Britain, it provides the best case from which to make 

generalizations about the sources of British primacy. 

A comparison of the invention between Britain and France is especially thought-provoking 

since the countries appeared on quite equal footing in scientific knowledge, market size, and 

colonial powers at the onset of the eighteenth century. Economic historians have countless 

theories that would seem to explain why the invention and development of the steam engine 

occurred in Britain. This paper does not subscribe to a single theory, but utilizes several 

hypotheses in order to identify viable factors believed to cause or increase the probability of 

the steam engine to be invented and enhanced in Britain. It also contrasts those factors with 

the French experience in order to ascertain the probability that it could have first occurred in 

France.  

Journey into Great Economic Mysteries 

It is already apparent that the presentation of this thesis differs from most others in the field 

of economics. While it opens with a clear and fascinating research question, a hypothesis is 

not initially stated. This is intentional in order to distance this research from a theoretical form 

                                                           
3 Energy canyons are the inevitable limits placed on life and humanity at certain milestones of a seemingly 
unsurpassable boundary of energy, requiring an external jolt to push past the frontier and onto the other side of 
the canyon. 
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of economics that does not reflect historical events. Rather than top-down deductive logic 

that assumes abstract theories to be true, this paper employs inductive reasoning by studying 

the working of the actual economic systems. Taking inspiration from the great detective 

character Sherlock Holmes, this thesis will gather all the facts available in order to extrapolate 

a conclusion about causal factors. Just like any mystery author knows, you do not reveal 

άwhodunitέ until the very end. 

Before answering the exciting question of why England and not France invented the steam 

engine, this thesis will embark on a journey through the typical sections that exemplify good 

research. First, relevant background into the understanding of economic growth, including the 

importance of innovation and human capital accumulation as well as their interdependence. 

However, as economic theory alone is unable to explain the cause of the Industrial Revolution, 

it becomes apparent that institutions hold the key to the mystery of economic growth. 

Stepping outside the narrow constraints of economics allows a deeper understanding of what 

causes invention.  

After relevant background information is provided, the terms and theories surrounding 

innovation are reviewed and integrated, concluding with a probabilistic approach rather than 

ŀ άƻƴŜ-ǎƛȊŜ Ŧƛǘǎ ŀƭƭέ ŀǘǘƛǘǳŘŜΦ ¢ƘŜ ǘƘŜƻǊȅ section is also enhanced with a comprehensive 

literature review comprised of attempts to answer the comparable ά²Ƙȅ 9ƴƎƭŀƴŘΚέ puzzle. 

These theories provide the basis (or set of hypotheses) of potential explanatory factors that 

ǿƛƭƭ ōŜ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ǎǘŜŀƳ ŜƴƎƛƴŜΩǎ ƛƴǾŜƴǘƛƻƴΦ ¢ƘŜƴΣ ǘƘŜ methods for 

analyzing the data and a justification of the chosen methodology are presented. Prior to an 

examination of the results, the paper offers additional background into the invention of the 

steam engine and its workings. With the stage now set, the comparative analysis of the factors 

surrounding the invention is reported in a clear and structured manner. The results are finally 

discussed and interpreted for their probability in causing or contributing to the invention, 

before the guilty (or causal) factor(s) are revealed. 
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Background 

Energy Canyons 

In the spirit of big history, I will begin at the beginning ς the origins of life, which suddenly 

occurred after billions of years in the midst of an ocean of lifeless chemicals. Somehow, these 

elements produced a pulse, but again for two billion years, life on earth of stayed content as 

miniscule and simple single-celled organisms, with no significant change to their basic form. 

Then, suddenly these microorganisms made a radical transformation to complex life. We now 

take it for granted that there is a multitude of life in our oceans, forests, cities and skies, but 

there is no rule that biological life will get bigger and more complex. The great and vital 

question of biology and our very existence ς άƘƻǿ ŘƛŘ ƭƛŦŜ ōŜƎƛƴΚέ - remains a black hole. 

Biochemist Nick Lane (2015) provides one intriguing theory that explains how simple cells 

overcame the barrier that prevented growth and new forms of life. Complex modern life, with 

its DNA and many moving parts, requires a lot of energy. Somehow, one of those primitive 

single celled organisms was jolted with a force4 that powered it to the other side of an energy 

canyon. This generated a new large and complex type of life as we see today in jellyfish, 

orangutans, cherry trees, tarantulas, and college professors.  

Another evolutionary theory dealing with energy explains how the homo genus differentiated 

itself from all others. When our ancestors adapted to using fire to cook its food, the energy 

previously spent on chewing and digesting tough raw food could be used to hunt, forage and 

explore. As the digestive tract shrank, the brain grew, propelling humans over another energy 

canyon (Wrangham 2009).  

The next hurdle to face humanity was economic and took over one hundred thousand years 

to overcome. Life, in terms of food, clothing, heat, light, shelter and life expectancy, did not 

get better from one generation to the next. The Reverend Thomas Robert Malthus 

(1798/1986, p. 61) made the critical insight that any short-term improvements to income from 

a technological advance were inevitably eaten up by population growth.  

The Sources of Economic Growth 

The most significant question economists have spent over two hundred years attempting to 

answer is how some nations escaped the Malthusian Trap, drastically improving material 

conditions from one generation to the nŜȄǘΦ ¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ǘƻǇƛŎΩǎ ƛƳǇƻǊǘŀƴŎŜ ƛǎ ǇǊŜŎƛǎŜƭȅ 

ōŜŎŀǳǎŜ ƛǘ ƛǎ ŀƭǎƻ ǘƘŜ ǇǊƛƳŀǊȅ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƎƻǾŜǊƴƳŜƴǘǎΦ aƻǎǘ ŎƻǳƴǘǊƛŜǎ ǾƛŜǿ 

economic growth as a necessity to raise the income, well-being and the potentials of their 

people and thus it is the most crucial social task facing the world today. If one contemplates 

the variations in growth in the world since 1700, it is clear that some regions, such as North 

America, Europe and Australasia have achieved tremendous prosperity, while other nations 

in Africa, South America and Asia struggle to survive.  

                                                           
4 Mitochondria today contain an amazingly strong electrical charge, one-hundred and fifty million millivolts, 
which for their size would be the equivalent to a bolt of lightning. 
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Robert Lucas (1988, p. 5) eloquently elaborated this point in his Marshall Lectures on 

economic growth: 

 

I do not see how one can look at figures like these without seeing them as representing 

possibilities. Is there some action a government of India could take that would lead the 

LƴŘƛŀƴ ŜŎƻƴƻƳȅ ǘƻ ƎǊƻǿ ƭƛƪŜ LƴŘƻƴŜǎƛŀΩǎ ƻǊ 9ƎȅǇǘΩǎΚ LŦ ǎƻΣ ǿƘŀǘΣ ŜȄŀŎǘƭȅΚ LŦ ƴƻǘΣ ǿƘŀǘ ƛǎ 

ƛǘ ŀōƻǳǘ ǘƘŜ άƴŀǘǳǊŜ ƻŦ LƴŘƛŀέ ǘƘŀǘ ƳŀƪŜǎ ƛǘ ǎƻΚ ¢ƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ƘǳƳŀƴ ǿŜƭŦare 

involved in questions like these are simply staggering: Once one starts to think about 

them, it is hard to think about anything else. 

 

The attempt to identify the key variables or fundamental causes of economic growth occupies 

economists because of the extraordinary impact such a discovery would have on the world. 

The Industrial Revolution, with its inherent economic growth, transformed parts of Western 

9ǳǊƻǇŜ ŀƴŘ bƻǊǘƘ !ƳŜǊƛŎŀ ǘƻ ŀ ǎƻŎƛŜǘȅ ǿƘŜǊŜ ŜŀŎƘ ǎǳŎŎŜǎǎƛǾŜ ƎŜƴŜǊŀǘƛƻƴΩǎ ǇǳǊŎƘŀǎƛƴƎ ǇƻǿŜǊ 

is greater than the previous and where most individuals have the economic means to reach 

their potential. It is arguably the most significant event in human history, but its cause is not 

yet scientifically explained. Finding the cause or precise recipe to sustained economic growth 

is the holy grail of economics. If there is one universal cause or set of causes, it could be 

replicated throughout the developing world and truly eliminate poverty. 

 

The grandfathers of economics, Adam Smith, David Ricardo, Thomas Malthus and Karl Marx 

provided the first basic answers to why economies grow by breaking the growth process down 

into three building blocks, namely, land, labor and capital. These categories were easy to 

understand as they refer to everyday things found in the economy. Land signifies the 

productive capacities of the earth itself. Labor is the diverse effect and talent of workers. 

Capital is the equipment used by those workers as well as the financial assets throughout the 

economy. Economic theory was largely based on these components, such that they were used 

to argue about who should produce what goods and for whom and which responsibilities 

properly belonged to the state versus those which were best left to markets. 

In the classical theory of economic growth, best exemplified by the Harrod-Domar model, 

technological progress is dependent on capital (both its accumulation and its productivity), so 

the fundamental cause of innovation was savings and investment (Solow 2000, p. 52). It is 

ironic that the most important parameter in the Harrod-Domar model, the savings rate, is 

exogenous (its result is not determined by the model). One could argue that savings itself is 

dependent on the profit expectations of entrepreneurs. Like any well-educated toddler, you 

should continǳŜ ŀǎƪƛƴƎ άǿƘȅέ ǳƴǘƛƭ ȅƻǳ ŦƛƴŘ ǘƘŜ Ǌƻƻǘ ŜȄǇƭŀƴŀǘƛƻƴΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǿƘŜƴ ȅƻǳ ŀǎƪ ŀ 

classical economist what determines the profit expectations, the answer ironically would be 

technological progress. This circular argument, that nothing succeeds like success and nothing 

fails like failure, is still prevalent today, but does not get us any closer to the fundamental 

causes of economic growth.  
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The Mystery of Economic Growth 

The field experienced a resurgence in the 1950s when Robert Solow developed a model that 

added a residual factor the original sources of growth. The unexplained residual was a catchall 

variable for technological progress or any other changes that affected the productivity of 

inputs, such as technological change and increasing skills among workers, and later became 

known as Total Factor Productivity (Solow 2000, p. xxi). Using growth accounting, Solow 

decomposed the growth of output into the sum of their inputs, which found that the residual 

is the largest contributor to economic growth. In faŎǘΣ {ƻƭƻǿΩǎ όмфртΣ ǇΦ онлύ ǎǘǳŘȅ ŎƻƴŎƭǳŘŜŘ 

that about seven-eighths of the increase in output per head in the American economy was 

traceable to such productivity increases. Nevertheless, within the theory, the residual was 

treated as a question, not an answer. It is used to explain the observation of economic growth, 

but could not be used to predict it.  

I still vividly remember the lecture over fifteen years ago when I first learned about the 

ǳƴǎƻƭǾŜŘ ƳȅǎǘŜǊȅ ƻŦ {ƻƭƻǿΩǎ ¢ƻǘŀƭ CŀŎǘƻǊ tǊƻŘǳŎǘƛǾƛǘȅΣ ƛƴ ŀ ƎƻǊƎeous Neo-Classical style 

classroom dating from 1728 at the University of Copenhagen.  

 

Figure 2 - ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻǇŜƴƘŀƎŜƴΩǎ aŜǘǊƻǇƻƭƛǘŀƴ {ŎƘƻƻƭ ōǳƛƭŘƛƴƎ όŦƛǊǎǘ ōǳƛƭǘ ƛƴ мнлфύ ƛƴ ±ƻǊ CǊǳŜ tƭŀŘǎ όƭƛǘŜǊŀƭƭȅ ά{ǉǳŀǊŜ ƻŦ 
hǳǊ [ŀŘȅέύ 

While the surroundings provided a stunning backdrop, it was the idea that something so 

fundamental to our way of living, could be measured, but not yet conclusively explained (like 

dark matter). Economists knew that there were other factors involved in the economy, but 

these were treated as exogenous, which means that they are not part of the theoretical 
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models created. Exogenous factors are to an economist what material that will not be included 

on the course exam is to the student.  

¢ƘŜ ŎƻǳǊǎŜΩǎ ƴŜȄǘ ƭŜŎǘǳǊŜ described the great ŀŘǾŀƴŎŜǎ ƛƴ ǊŜŦƛƴƛƴƎ {ƻƭƻǿΩǎ ƻǊƛƎƛƴŀƭ ƳƻŘŜƭ ǘƻ 

include (or endogenize) the role of innovation, knowledge, increasing returns (Romer, 1986) 

and human capital accumulation (Lucas, 1988) into a growth model that would explain the 

sources of the residual. The search to explain these less tangible and previously mysterious 

factors brought to light a myriad of insights regarding the creation and impact of human 

capital. Theodore Schultz pioneered this research5 (and deservedly won a Nobel Prize) with 

Ƙƛǎ ƻōǎŜǊǾŀǘƛƻƴ ǘƘŀǘ ǇŜƻǇƭŜΩǎ ǎƪƛƭƭǎ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ŀǊŜ ŎŀǇƛǘŀƭ ŀƴŘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǘƘŜ ǎŀƳŜ 

investment decisions (rate of return) as conventional physical capital.  He also showed how 

investment in human capital, such as spending on education and hŜŀƭǘƘΣ ƘŀǾŜ ƭŜŘ ǘƻ άƳƻǎǘ ƻŦ 

ǘƘŜ ƛƳǇǊŜǎǎƛǾŜ ǊƛǎŜ ƛƴ ǘƘŜ ǊŜŀƭ ŜŀǊƴƛƴƎǎ ǇŜǊ ǿƻǊƪŜǊέ ό{ŎƘǳƭǘȊ мфсмΣ ǇΦ мύΦ  

Gary Becker expertly took the torch from Schultz, his University of Chicago School of 

Economics boss, in describing how the application of scientific knowledge through education 

and on-the-job training with a healthy work force leads to a virtuous cycle of economic growth 

(Becker 1993, p. 24). The field has had a tremendous impact on governments around the world 

who have incorporated education subsidies and job training programs in their struggle to deal 

with labor displacements due to economic globalization. 

Endogenous Growth Theory: One Step Forward, Two Steps Back 

The fact that knowledge and technological process are key components of economic growth 

seems so common sense today, but it was not until 1990 when a thirty-six year-old economist 

ƴŀƳŜŘ tŀǳƭ wƻƳŜǊ όмффлύ ǇǳōƭƛǎƘŜŘ ŀ ǊŜǾƻƭǳǘƛƻƴŀǊȅ ǇŀǇŜǊ ǿƛǘƘ ǘƘŜ ǎƛƳǇƭŜ ǘƛǘƭŜ ά9ƴŘƻƎŜƴƻǳǎ 

¢ŜŎƘƴƻƭƻƎƛŎŀƭ /ƘŀƴƎŜέΣ ǘƘŀǘ ǘƘŜ ǊƻƭŜ ƻŦ ƪƴƻǿƭŜŘƎŜ ǘƻƻƪ ŎŜƴǘŜǊ ǎǘŀƎŜ ƛƴ ŜȄǇƭŀining economic 

growth. Endogenous growth theory should be applauded for taking a great leap towards 

incorporating all relevant variables into a theory of economic growth, not only by 

endogenizing technology creation, but also going a step further by positing what 

fundamentally drives technological change. This brilliant addition to economic theory 

provided very applicable real-world conclusions. For example, building on the ideas of Schultz 

and Becker, Romer highlighted the importance of human capital in generating growth and the 

use of trade to stimulate the accumulation of human capital. 

New economic growth theory has provided answers to the most pressing questions in the 

field, yet the theory struggles with empirical proof. Many economic historians (Crafts 1995; 

Voth 2003) have partly rejected the new growth models as their predictions do not square 

with the historical events surrounding the Industrial Revolution in Britain and France. While 

we now have a better and larger menu to choose from, many of the items are still indigestible. 

                                                           
5 ScƘǳƭǘȊΩǎ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ƘǳƳŀƴ ŎŀǇƛǘŀƭ ǿŀǎ ǎǇǳǊǊŜŘ ōȅ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻŦ ǿƘȅ Ǉƻǎǘ-World War II Germany and 
Japan were able to rebuild and grow much faster than the United Kingdom, concluding that their healthy and 
highly educated populations contributed to their rapid recovery. 
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!ƴƻǘƘŜǊ ƎƭŀǊƛƴƎ ƛǎǎǳŜ ǿƛǘƘ ǘƘŜ ǘƘŜƻǊȅ ƛǎ ƛǘǎ ŦŀƛƭǳǊŜ ǘƻ ŜȄǇƭŀƛƴ ƛƴŎƻƳŜ ŘƛǾŜǊƎŜƴŎŜ ŀƳƻƴƎ ǿƻǊƭŘΩǎ 

economies. If countries have access to the same stock of knowledge, one would expect much 

more convergence to have taken place. Numerous studies have attempted to explain the 

difference in performance, citing various reasons why countries do not make efficient use of 

this knowledge. These share a common theme that economic institutions, cultural context, 

path dependence and history need to be included into analyses of cross-country income 

differences. 

What Causes Invention? 

While Endogenous Growth theory incorporates many of the factors which are strongly 

correlated with growth, such as investment in human capital or technological advances, it fails 

to identify how those factors come about. For seekers of fundamental causes, the theory only 

offers a weak explanation of technology (knowledge) creation. Specifically, David Romer 

(2012, p. 118) posits, άƳŀƴȅ ƛƴƴƻǾŀǘƛƻƴǎΧŀǊŜ ƳƻǘƛǾŀǘŜŘ ŀƭƳƻst entirely by the desire for 

ǇǊƛǾŀǘŜ ƎŀƛƴέΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘƛǎ ŀŎŎƻǳƴǘ ƎƛǾŜǎ Ƴȅ ƛƴƴŜǊ-toddler a temper tantrum since the 

ƳƻŘŜƭΩǎ Ƴŀƛƴ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ ƛǎ ǇǊƻǇŜǊǘȅ ǊƛƎƘǘǎΦ hōǾƛƻǳǎƭȅΣ ǘƘŜ 

existence of intellectual property rights does not automatically create new technologies. It 

could merely be a necessary condition of an environment that is conducive to innovation. 

While economic incentives that stoke the natural human drive of greed and ambition have 

remarkable explaining power, they do so within historical parameters and alone cannot 

ŜȄǇƭŀƛƴ ǘƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴ ƴƻǊ ǘƘŜ άƻǇŜƴ ǎƻǳǊŎŜέ ǇƘŜƴƻƳŜƴƻƴΦ 

Determining the origin of technologies to find out how they arise is another one of those 

seemly insurmountable challenges that this paper takes on. Many different academic fields 

ƘŀǾŜ ƭƻƴƎ ŀǘǘŜƳǇǘŜŘ ǘƻ ŜȄǇƭŀƛƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎȅΣ ōǳǘ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻōƭŜƳ ƛǎ ǘƘŀǘ ǘƘŜ άŎǊŜŀǘƛǾŜ 

ŀŎǘέ ƻŦ ƛƴǾŜƴǘƛƻƴ ƛǎ ƛƴŜȄǇƭƛŎŀōƭŜΣ ŜǾŜƴ ǘƻ ƴŜǳǊƻǎŎƛŜƴǘƛǎǘǎΦ In addition, historical examples do 

not seem to follow a single principle of invention, so any fashionable theory can easily be 

discounted with a single counter-example. Despite the infancy of current understanding, a 

review of the concepts surrounding technological advancement demonstrates their 

explanatory power when treated as a whole. Nicolas Crafts (1977/1985, p. 124-127) provides 

a nice classification of the different hypotheses breaking down how they attempt to explain 

ƛƴǾŜƴǘƛƻƴΥ мύ ǘƘŜ άƘŜǊƻƛŎέ ŀǇǇǊƻŀŎƘΤ нύ ǘƘŜ άǊŜǎǇƻƴǎŜ ǘƻ ǎǘƛƳǳƭƛέ ǎŎƘƻƻƭΤ ŀƴŘ оύ ǘƘŜ άǎocial 

ŘŜǘŜǊƳƛƴƛǎǘέ ǾƛŜǿΦ  

Before the theories are reviewed, it is prudent to follow in the footsteps of the best 

mathematicians who precisely define terms to clarify their use throughout this paper: 

Invention versus Innovation 

άLƴǾŜƴǘƛƻƴέ ƛǎ ŀ ǊŀǊŜ ŜǾŜƴǘ ǎince it is the creation of a production or process for the first time. 

The two great fathers of innovation theory, Abbott Payson Usher and Joseph Schumpeter had 

unique conceptual formulations of invention. Usher (1954, p. 60-срύ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ƛǘ ŀǎ ŀƴ άŀŎǘ 

ƻŦ ƛƴǎƛƎƘǘέ ƎƻƛƴƎ ōŜȅƻƴŘ ǘƘŜ ŜȄŜǊŎƛǎŜ ƻŦ ƴƻǊƳŀƭ ǘŜŎƘƴƛŎŀƭ ǎƪƛƭƭΣ ǿƘƛƭŜ {ŎƘǳƳǇŜǘŜǊ όмфопΣ ǇΦ тп-

фпύ ŘŜŦƛƴŜŘ ƛǘ ŀǎ άǘƘŜ ŎŀǊǊȅƛƴƎ ƻǳǘ ƻŦ ƴŜǿ ŎƻƳōƛƴŀǘƛƻƴǎέΦ ¢ƘŜ ǘŜǊƳ άƛƴǾŜƴǘƛƻƴέ ŎƻƴƧǳǊŜǎ ǳǇ 
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images of a lone genius struggling against the odds and has fed the popular notion of the 

ƘŜǊƻƛŎ ƛƴǾŜƴǘƻǊΦ άLƴƴƻǾŀǘƛƻƴέΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛǎ ǘƘŜ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ŀƴ ŜȄƛǎǘƛƴƎ ǇǊƻŘǳŎǘΣ 

process or service. This term is more difficult to pin down as it comes in several forms and 

from various sources. Schumpeter commonly used the word innovation to denote an 

invention that is developed for commercial use. Robert Allen (1983) has coined the term 

άŎƻƭƭŜŎǘƛǾŜ ƛƴǾŜƴǘƛƻƴέΣ ōǳǘ ǘƘƛǎ ƛǎ ŀŎǘǳŀƭƭȅ ƛƴƴƻǾŀǘƛƻƴ ǎƻǳǊŎŜŘ ōȅ ŀ ŎƻƭƭŜŎǘƛǾŜΦ ¢Ƙƛǎ ǇŀǇŜǊ ǿƛƭƭ 

stick to the popular definition given above that emphasizes the application of new concepts 

and knowledge on an existing invention.  

This distinction has led to a vigorous debate between two prominent economists, Robert 

Gordon and Joel Mokyr, at Northwestern University (Aeppel 2014). Gordon believes that our 

ōŜǎǘ Řŀȅǎ ŀǊŜ ƻǾŜǊΣ ǎƛƴŎŜ ŀǎ ǘƘŜ ǎŀȅƛƴƎ ƎƻŜǎ άŜǾŜǊȅǘƘƛƴƎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ƛƴǾŜƴǘŜŘ Ƙŀǎ ōŜŜƴ 

ƛƴǾŜƴǘŜŘέΦ IŜ ŀǎǎŜǊǘǎ ǘƘŀǘ ƳŜǊŜ ƛƴƴƻǾŀǘƛƻƴ ƻŦ ŜȄƛǎǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ ƛƳǇǊƻǾŜƳŜƴǘ 

of the telephone to the iPhone, will have a limited effect on economic growth since they are 

subject to diminishing returns. As an economic historian, Mokyr has seen many instances 

ǿƘŜǊŜ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƛƴǾŜƴǘƛƻƴǎ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǘƻŘŀȅΩǎ ǎǳǇŜǊ ŎƻƳǇǳǘŜǊǎΣ ƻǇŜƴ 

the way to new inventions in the future. This was certainly the case for the invention of the 

steam engine where a virtuous circle was started, with the invention of scientific instruments 

that led to the barometer and the discovery of the atmosphere. Indeed, this paper will provide 

numerous examples where science and technology reinforce each other to foster new 

inventions. 

Macro vs Micro Invention 

Joel Mokyr distinguished between macro and micro inventions, using terms inspired by 

biology, to highlight their unique, yet complementary natures. Macro-inventions are game 

changing radical new ideas that have a tremendous societal and economic effect. They are 

extremely rare and are unpredictable in their occurrence as they are often the result of 

άǎǘǊƻƪŜǎ ƻŦ ƎŜƴƛǳǎΣ ƭǳŎƪΣ ƻǊ ǎŜǊŜƴŘƛǇƛǘȅέ όaƻƪȅǊ мффл ǇΦ 12). Examples of macro-inventions 

include the steam engine and its separate condenser, the light bulb and the semiconductor. 

They have a significant impact on economic growth as they provide a fertile ground for 

supporting micro-inventions. 

Micro-inventionǎ ŀǊŜ άǘƘŜ ǎƳŀƭƭ ƛƴŎǊŜƳŜƴǘŀƭ ǎǘŜǇǎ ǘƘŀǘ ƛƳǇǊƻǾŜΣ ŀŘŀǇǘΣ ŀƴŘ ǎǘǊŜŀƳƭƛƴŜ 

existing techniques already in use, reducing costs, improving form and function, increasing 

ŘǳǊŀōƛƭƛǘȅΣ ŀƴŘ ǊŜŘǳŎƛƴƎ ŜƴŜǊƎȅ ŀƴŘ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎέ όaƻƪȅǊ мффлΣ ǇΦ мнύΦ hŦǘŜƴΣ 

these are the components of the macro-inventions. For example, the D-valve improved the 

performance of the steam engine as it efficiently controlled the flow of steam. The original 

self-ŀŎǘƛƴƎ ǾŀƭǾŜǎ ǳǎŜŘ ǘƘŜ ŜƴƎƛƴŜΩǎ ƻǿƴ ǎǘŜŀƳ ǇƻǿŜǊΣ ǊƻōōƛƴƎ ƛǘ ƻŦ ǇǊŜŎƛƻǳǎ energy and heat. 

When one aggregates all of these small improvements, micro-inventions actually have a 

greater impact than the better-known macro-inventions. Micro-inventions are also very 

responsive to economic incentives and prices. They account for most gains in productivity, 

since as learning by doing and other improvements increase economic efficiency. However, 

continuous improvements are subject to diminishing returns and would eventually fizzle out 

without revolutionary breakthroughs.  
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A final concepǘ ƛƴ ŎƭŀǎǎƛŦȅƛƴƎ ƛƴǾŜƴǘƛƻƴǎ ŀǊŜ άƳŜǘŀ-ƛƴǾŜƴǘƛƻƴǎέΣ ǿƘƛŎƘ ŀǊŜ ƛƴǾŜƴǘƛƻƴǎ ǘƘŀǘ 

generate inventions. They include revolutionary concepts, such as the secular observation of 

nature, scientific experiment and measurement, as well as intellectual property rights and are 

featured in this study for their role in advancing modern economic growth in the Western 

world. 

The Heroic Inventor 

LƴǾŜƴǘƛƻƴ ŀǎ ŀ ŦƭŀǎƘ ƻŦ ƛƴǎƛƎƘǘΣ ƭƛƪŜ WŀƳŜǎ ²ŀǘǘΩǎ ŜǇƛǇƘŀƴȅ ŘǳǊƛƴƎ Ƙƛǎ {ǳƴŘŀȅ ǿŀƭƪ ƛƴ ǘƘŜ ǇŀǊƪΣ 

has a mass appeal that have turned men like Thomas Edison and Steve Jobs into heroes. The 

great American early economic historian of technology, Abbot Usher (1954, p. 60) described 

ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǿƘŜǊŜ άǘƘŜ ƴƻǾŜƭǘƛŜǎ ǘƘŀǘ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ōŀǎƛǎ ƻŦ ǎƻŎƛŀƭ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ 

are (to be) attrƛōǳǘŜŘ ǘƻ ǘƘŜ ƛƴǎǇƛǊŀǘƛƻƴ ƻŦ ƎŜƴƛǳǎέΣ ōǳǘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƛǘ ŘƻŜǎ ƴƻǘ ŀƭƭƻǿ ŦǳǊǘƘŜǊ 

explanation or analysis. While some inventors have been blessed with Eureka moments 

making spectacular contributions, the reality is much more complex. As another great 

economic historian, Carlo Cipolla (1972, p. 46) brilliantly summarized why, despite the 

ŀŎƘƛŜǾŜƳŜƴǘǎ ƻŦ ¢ƘƻƳŀǎ 9Řƛǎƻƴ ŀƴŘ ƻǘƘŜǊ άƎǊŜŀǘ ƳŜƴέΣ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŀƭƻƴŜ ƛƴ ŜȄǇƭŀƛƴƛƴƎ 

innovation does not hold water: 

Innovations are to history what mutations are to biology. Actually, 

innovations show a remarkable tendency to cluster in time and space, and 

this incidentally suggests that attention should not be devoted exclusively to 

the eccentric individual genius of the innovators, but should also be extended 

to the anonymous forces of the environment. 

!ƴƻǘƘŜǊ ǇǊƻōƭŜƳ ǿƛǘƘ ǘƘŜ άƘŜǊƻƛŎ ǘƘŜƻǊȅέ ƻŦ ƛƴǾŜƴǘƛƻƴ ƛǎ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ƳǳƭǘƛǇƭŜ ŘƛǎŎƻǾŜǊȅΦ 

The eminent sociologist Robert Merton (1973), famous for developing notable concepts such 

ŀǎ άǳƴƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎέΣ άǊƻƭŜ ƳƻŘŜƭέΣ άǊŜŦŜǊŜƴŎŜ ƎǊƻǳǇέ ŀƴŘ άǎŜƭŦ-fulfilling 

ǇǊƻǇƘŜŎȅέΣ ƴƻǘƛŎŜǎ Ƙƻǿ ǎƛƳƛƭŀǊ ŘƛǎŎƻǾŜǊƛŜǎ ƻǊ ŜǾŜƴ ƛƴǾŜƴǘƛƻƴǎ ŀǊŜ ƳŀŘŜ ōȅ ǎŎƛŜƴǘƛǎǘǎ ǿƻǊƪƛƴƎ 

independently. Most famous was the discovery of calculus by both Isaac Newton and Gottfried 

Leibniz, but the experience of Papin, Savery and Newcomen all inventing versions of the steam 

engine independently also discredits the idea that one particular individual is necessary in an 

invention. The history of many inventions shows that had they not been invented by X, they 

would have been made by Y. However, this connection is more difficult in some cases of great 

genius. It does not seem likely that had Shakespeare died in infancy, another author would 

have inevitably written the same masterpieces. Nevertheless, most inventions are best 

understood within the socioeconomic setting that gave birth to the inventor/invention. 

Invention as a Response to Stimuli 

Many economic and cultural historians subscribe to the theory that certain factors, such as 

scientific advances or the quality of entrepreneurship, affect the ability of inventors to react. 

Margaret Jacob (1997) emphasizes the central significance of science and the supply of 

scientific knowledge to technology. She also distinguishes the British environment where 

engineers and ŜƴǘǊŜǇǊŜƴŜǳǊǎ ŎƻǳƭŘ ǇǊƻŦƛǘ ŦǊƻƳ ŀǇǇƭȅƛƴƎ ǎŎƛŜƴǘƛŦƛŎ ƛƴǎƛƎƘǘΦ 5ŜƛǊŘǊŜ aŎ/ƭƻǎƪŜȅΩǎ 

(2010) writings that underscore the importance of ideas and ideologies over economic or 

political institutions Ŧŀƭƭ ƛƴǘƻ ǘƘƛǎ ŎŀǘŜƎƻǊȅΦ {ƘŜ ƴƻǘŜǎ ǘƘŀǘ .ǊƛǘŀƛƴΩǎ ƛŘŜƻƭƻƎƛŎŀƭ Ŝnvironment, 
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which fostered experimentation without fear of theological and political disapproval, feed the 

uptake of new techniques and inventions. Joel Mokyr (2009, p. 1) reiterated this idea in the 

ƻǇŜƴƛƴƎ ƭƛƴŜǎ ƻŦ Ƙƛǎ ƳŀǎǘŜǊǇƛŜŎŜΥ άŜŎƻƴƻƳƛŎ ŎƘŀƴƎŜ ƛƴ ŀƭl periods depends, more than most 

ŜŎƻƴƻƳƛǎǘǎ ǘƘƛƴƪΣ ƻƴ ǿƘŀǘ ǇŜƻǇƭŜ ōŜƭƛŜǾŜέΦ IŜ ōǊƛƭƭƛŀƴǘƭȅ ǎȅƴǘƘŜǎƛȊŜŘ WŀŎƻōΩǎ ŦƻŎǳǎ ƻƴ ǎŎƛŜƴŎŜ 

ǿƛǘƘ aŎ/ƭƻǎƪŜȅΩǎ ŜƳǇƘŀǎƛǎ ƻƴ ƛŘŜƻƭƻƎȅ ǿƛǘƘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀƴ άLƴŘǳǎǘǊƛŀƭ 9ƴƭƛƎƘǘŜƴƳŜƴǘέΦ 

Inventions flooded Britain as her artisans and engineers began to apply scientific knowledge 

to technology.  

¢ƘŜ άǊŜǎǇƻƴǎŜέ ǎŎƘƻƻƭ ƻŦ ǘƘƻǳƎƘǘ ƛǎ ŜȄŜƳǇƭƛŦƛŜŘ ōȅ wƻǎŜƴōŜǊƎΩǎ όмфтпΣ ǇΦ фтύ ƻōǎŜǊǾŀǘƛƻƴ ǘƘŀǘ 

άƳŀƴȅ ƛƳǇƻǊǘŀƴǘ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƘǳƳŀƴ ǿŀƴǘǎ ƘŀǾŜ ƭƻƴƎ ƎƻƴŜ ŜƛǘƘŜǊ ǳƴǎŀǘƛǎŦƛŜŘ ƻǊ ǾŜǊȅ ōŀŘƭȅ 

catered for in spite of a well-established ŘŜƳŀƴŘΧŀ ƎǊŜŀǘ ǇƻǘŜƴǘƛŀƭ ŘŜƳŀƴŘ ŜȄƛǎǘŜŘ ŦƻǊ 

ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ƘŜŀƭƛƴƎ ŀǊǘǎ ƎŜƴŜǊŀƭƭȅΣ ōǳǘΧǇǊƻƎǊŜǎǎ ƛƴ ƳŜŘƛŎƛƴŜ ƘŀŘ ǘƻ ŀǿŀƛǘ ǘƘŜ 

development of the science of bacteriology in the second half of the nineteenth centǳǊȅέΦ 

While this view provides a powerful explanation for many inventions, it is difficult to verify it 

as a causal factor for invention. Economists have struggled with the proposition that invention 

flourishes in an environment that promotes technological knowledge. Some have countered 

with numerous examples where there is a clear demand for an invention, but the lack of 

ƪƴƻǿƭŜŘƎŜ ƻŦ Ƙƻǿ ǘƻ ŀŎƘƛŜǾŜ ƛǘΣ Ƴŀȅ ŜƴǘƛŎŜ ŜŦŦƻǊǘǎΣ ōǳǘ ƴƻǘ ǎǳŎŎŜǎǎΦ {ƛƳƛƭŀǊ ǘƻ ǘƘƛǎ ǇŀǇŜǊΩs 

case study, Robert Allen (2009) examined three famous inventions to test the cultural 

ǊŜǎǇƻƴǎŜ ŜȄǇƭŀƴŀǘƛƻƴΦ IŜ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ƛƴǾŜƴǘƛƻƴǎ ǿŜǊŜ ƳƻǊŜ ǊŜƭŀǘŜŘ ǘƻ .ǊƛǘŀƛƴΩǎ ǳƴƛǉǳŜ 

wages and prices rather than her attitudes to innovation, which would imply that at least some 

inventive activity is socially or economically induced. 

Socially Induced / Determined Invention 

! άǎƻŎƛŀƭ ŘŜǘŜǊƳƛƴƛǎǘέ ǾƛŜǿ ƻŦ ƛƴǾŜƴǘƛƻƴ ǇƭŀŎŜǎ ǘƘŜ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ƴŜŜŘǎ 

ƻǾŜǊ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΣ ǿƘƻ ƛǎ άƳŜǊŜƭȅ ŀƴ ƛƴǎǘǊǳƳŜƴǘ ƻǊ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ŎƻǎƳƛŎ ŦƻǊŎŜǎ ό¦ǎƘŜǊ мфрпΣ 

p. 61). The idea of induced innovation was first proposed in 1932 by John Hicks (1963, p. 124) 

ŀǎǎŜǊǘƛƴƎ ǘƘŀǘ άŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǊŜƭŀǘƛǾŜ ǇǊƛŎŜǎ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ƛǘǎŜƭŦ ŀ ǎǇǳǊ ǘƻ 

invention, and to invention of a particular kind ς directed to economizing the use of a factor 

ǿƘƛŎƘ Ƙŀǎ ōŜŎƻƳŜ ǊŜƭŀǘƛǾŜƭȅ ŜȄǇŜƴǎƛǾŜέΦ ¢ƘŜ ǾƛŜǿ ǘƘŀǘ .ǊƛǘŀƛƴΩǎ ƎǊƻǿƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ŦŀŎǘƻǊ 

scarcities ǎǘƛƳǳƭŀǘŜŘ ǘŜŎƘƴƛŎŀƭ ŎƘŀƴƎŜ ǿŀǎ ǇƛƻƴŜŜǊŜŘ ōȅ Iŀōŀƪƪǳƪ όмфррΣ ǇΦ мрпύΦ WƻƘƴ bŜŦΩǎ 

(1932, p. 170) classic, The Rise of the British Coal IndustryΣ ŀƭǎƻ ŜƳǇƘŀǎƛȊŜŘ Ƙƻǿ 9ƴƎƭŀƴŘΩǎ 

ǘƛƳōŜǊ ǎƘƻǊǘŀƎŜ ƛƴ ǘƘŜ 9ƭƛȊŀōŜǘƘŀƴ ŜǊŀ ƭŜŘ ǘƻ άŀ ƴŜǿ ƛƴŘǳǎǘǊƛŀƭ ǎǘǊǳŎǘǳǊŜΧōǳƛƭǘ ƛƴ 9ƴƎƭŀƴŘ ƻƴ 

Ŏƻŀƭ όǿƘƛŎƘύ ǇǊƻǾƛŘŜŘ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭƛȊŜŘ DǊŜŀǘ .ǊƛǘŀƛƴέΦ ¢Ƙƛǎ ŎƭŀƛƳ ŜŎƘƻŜǎ ǘƘŜ 

famous proverb, tƘŀǘ άƴŜŎŜǎǎƛǘȅ ƛǎ ǘƘŜ ƳƻǘƘŜǊ ƻŦ ƛƴǾŜƴǘƛƻƴέ6. 

LƴǾŜƴǘƛƻƴ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƴŜŜŘǎ ƻǊ ŘŜǎƛǊŜǎ ƻŦ ǘƘŜ ƳŀǊƪŜǘ ƛǎ ǿŜƭƭ ǳƴŘŜǊǎǘƻƻŘ ōȅ ǘƻŘŀȅΩǎ 

marketers who realize the trick to a successful new product is creating what people love 

before they know they want it. This approach also makes sense to most entrepreneurs who 

would echo the argument that if there is no demand, there will be no payoff. Demand-side 

factors can easily be modelled by economists to show how the increased cost of a particular 

factor of production should induce inventive efforts in order to reduce the use of that input 

                                                           
6 ¢ƘŜ bƻǊǿŜƎƛŀƴ ǾŜǊǎƛƻƴ ƻŦ ǘƘƛǎ ǇǊƻǾŜǊō ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǊŜǾŜŀƭƛƴƎΣ ƭƛǘŜǊŀƭƭȅ ǘǊŀƴǎƭŀǘŜŘ ŀǎ άƴŜŜŘ ǘŜŀŎƘŜǎ ŀ ƴŀƪŜŘ 
ǿƻƳŀƴ ǘƻ ǿŜŀǾŜέΦ 
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with a new cheaper substitute. Still, countless inventions have been created in the absence of 

economic incentives. 

Expanding the scope of theoretical explanations from neoclassical economics to a 

multidisciplinary approach of the study of technology is better equipped to clarify the 

complexity of how invention occurs. Technological progress occurs in an environment with 

numerous contributing factors where it is difficult to isolate certain factors given their 

interrelatedness. The first impression of most students of the history of science and 

technology (useful knowledge) is how invention occurs under very uncertain conditions where 

unintended consequences lead to unknown outcomes.  

The steam engine is a perfect example of how invention is more than an economic 

phenomenon. Its original use as a water pump was combined with rotative action to drive 

machinery. This allowed mills and factories to be located away from their traditional sites close 

to water or wind power. The steam engine and the resulting factories it powered employed 

the numerous families, including children, who migrated to the rapidly industrializing cities. 

This ultimately had numerous unforeseeable spillover effects on the environment, human 

health and the social fabric. Peter Gaskell (1833/1972, p. 33), a ferocious critic of the factory 

system protested the transformation of the very fabric of society, writing:  

A complete revolution has been affected (sic) in the distribution of property, 

the very face of a great country has been re-modelled, various classes of its 

inhabitants utterly swept away, the habits of all have undergone such vast 

alterations, that they resemble a people of a different age and generation. 

 

A Synthesized Probabilistic Theory of Invention 

The biggest problem with such socio-economic theories of invention is the significant time lag 

before their widespread application. This argument leveled by Musson (1972, p. 22-23) 

ǉǳŜǎǘƛƻƴǎ άƛŦ ǘƘŜȅ ǿŜǊŜ ǎƻŎƛƻƭƻƎƛŎŀƭƭȅ ƻǊ ŜŎƻƴƻƳƛŎŀƭƭȅ ΨŘŜǘŜǊƳƛƴŜŘΩΣ ΨƛƴŜǾƛǘŀōƭŜΩΣ ŀƴŘ 
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ΨƴŜŎŜǎǎŀǊȅΩΣ ǘƘŜȅ ǎƘƻǳƭŘ ƘŀǾŜ ōŜŜƴ ōǊƻǳƎƘǘ ƛƴǘƻ ǿƛŘŜǎǇǊŜŀŘ ǳǎŜ ƛƳƳŜŘƛŀǘŜƭȅέΦ ¢ƘŜ ƛŘŜŀ ǘƘŀǘ 

inventions have to wait for their time was eloquently summarized in 1945 by Vannevar Bush, 

the Director of the US Office of Scientific Research and Development (cited in Weightman 

2015, p. vii): 

Leibniz (1646-1716) invented a calculating machine which embodied most of 

the essential features of recent keyboard devices, but it could not then come 

into use. The economics of the situation were against it: the labor involved 

in constructing it, before the days of mass production exceeded the labor to 

be saved by its use, since all it could accomplish could be duplicated by 

sufficient use of pencil and paper. Moreover, it would have been subject to 

frequent breakdown, so that it could not have been depended upon; for at 

that time and long after, complexity and unreliability were 

ǎȅƴƻƴȅƳƻǳǎΧIŀŘ ŀ tƘŀǊŀƻƘ ōŜŜƴ ƎƛǾŜƴ ŘŜǘŀƛƭŜŘ ŀƴŘ ŜȄǇƭƛŎƛǘ ŘŜǎƛƎƴǎ ƻŦ ŀƴ 

automobile, and had he understood them completely, it would have taxed 

the resources of his kingdom to have fashioned the thousands of parts for a 

single car, and that car would have broken down on the first trip to Giza. 

One of the foremost experts on technology, Nathan Rosenberg (1969), noted that all of this 

άƻƴ ǘƘŜ ƻƴŜ ƘŀƴŘΧȅŜǘ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘέ ŜŎƻƴƻƳƛǎǘ-speak can be frustratingly difficult to pin 

ŘƻǿƴΣ ƭŜŀŘƛƴƎ ǘƻ άŜȄǘǊŜƳŜ ŀƎƴƻǎǘƛŎƛǎƳέ ƻƴ ǘƘŜ ǎǳōƧŜŎǘΦ bƛŎƻƭŀǎ /ǊŀŦǘǎ ό1977/1985) urges 

readers to embrace the uncertainty and treat technological progress as more of a stochastic 

process. This approach can accept both the social and economic variables as well as the efforts 

and motivations of individual inventors, by assessing the force and direction these have on 

the probability of an invention occurring. A probabilistic theory of invention shows how 

inventions can become virtually inevitable after sufficient knowledge is focused and 

accumulated in the areas where they are most needed. This paper adopts that methodology, 

which can accommodate the deficiencies of a single theory, such as the time lag in the 

application of inventions, the existence of non-economic inducements as well as the 

importance of individual inventors.  
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Why England? 

Many economic historians have asked the queǎǘƛƻƴ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘƛǎ ǘƘŜǎƛǎΥ άǿƘȅΧŘƛŘ 

the decisive inventionǎ ǘŀƪŜ ǇƭŀŎŜ ƛƴ 9ƴƎƭŀƴŘΚέ ό5ŀǾƛǎ мфтоΣ ǇΦ 313). A review of the various 

explanations and theories are presented here to give a guide of the critical factors believed to 

give England the initial advantage. The most probable factors will be used in the more specific 

study of why the invention and initial development of the steam engine was dominated by 

the English. 

The brilliant French scholar of English economic history, Francois Crouzet, provided the initial 

systematic comparison of the eighteenth-ŎŜƴǘǳǊȅ 9ƴƎƭƛǎƘ ŜŎƻƴƻƳȅ ŀƎŀƛƴǎǘ άCǊŀƴŎŜ ŀǎ ǘƘŜ 

ƭŜŀŘƛƴƎ ŎƻƴǘƛƴŜƴǘŀƭ ǇƻǿŜǊ ŀǘ ǘƘŀǘ ǘƛƳŜΧ ώƛƴ ƻǊŘŜǊϐ ǘƻ ōǊƛƴƎ ƻǳǘ ƳƻǊŜ ŎƭŜŀǊƭȅ ǿƘŀǘ ŦŀŎǘƻǊǎ ǿŜǊŜ 

ǇŜŎǳƭƛŀǊ ǘƻ 9ƴƎƭŀƴŘέ ό/ǊƻǳȊŜǘ мфстΣ ǇΦ мофύΦ ¢ƘŜ ƛƳǇƻǊtance of his study was underpinned by 

its applicability in explaining the Industrial Revolution.  

 

Since the insight that a comparative study could provide important clues, a lively debate broke 

out between historians and economists, which highlighted various candidates for the prime 

Ŏŀǳǎŀƭ ŦŀŎǘƻǊǎ όŀƳƻƴƎǎǘ ǘƘŜ ƴǳƳŜǊƻǳǎ ŎƻƴǘǊƛōǳǘƻǊǎ ƻǊ ŎƻǊǊŜƭŀǘƛƻƴǎύ ŦƻǊ 9ƴƎƭŀƴŘΩǎ ŘƻƳƛƴŀƴŎŜ 

ƛƴ ƛƴƴƻǾŀǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ŜƛƎƘǘŜŜƴǘƘ ŎŜƴǘǳǊȅΦ ¢ƘŜƛǊ ǾƛŜǿǎ ǊŀƴƎŜ ŦǊƻƳ ǎƛƴƎƭƛƴƎ ƻǳǘ .ǊƛǘŀƛƴΩǎ 

agrarian structural transformation (Kemp, 196фΣ ǇΦ уύ ǘƻ IŀƎŜƴΩǎ ŎƭŀƛƳ ǘƘŀǘ άŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 

ǇŜǊǎƻƴŀƭƛǘȅ ǊŀǘƘŜǊ ǘƘŀƴ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀǊŜ ǘƘŜ ŎŜƴǘǊŀƭ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ .ǊƛǘŀƛƴΩǎ ǇǊƛƳŀŎȅέ 

(Hagen, 1967, p. 37). This well-worn idea of a unique national character, such as the British 

stiff upper-lip or holding the monarchy accountable (i.e. the Magna Carta and the 1689 Bill of 

Rights), has been brought into the twenty-first century with various modern takes on British 

peculiarity.  

  

One of the more radical versions came from the brilliant non-conformist Deirdre McCloskey 

who set out in .ƻǳǊƎŜƻƛǎ 5ƛƎƴƛǘȅΥ ²Ƙȅ 9ŎƻƴƻƳƛŎǎ /ŀƴΩǘ 9ȄǇƭŀƛƴ ǘƘŜ aƻŘŜǊƴ ²ƻǊƭŘ the idea 

ǘƘŀǘ άŎƘŀƴƎŜ ƛƴ ǘŀƭƪ ŀƴŘ ǘƘƻǳƎƘǘ ŀōƻǳǘ ǘƘŜ ōƻǳǊƎŜƻƛǎƛŜ Χ ǿŀǎ ǇǊƻōŀōƭȅ ƻŦ ƎǊŜŀǘŜǊ ƛƳǇƻǊǘŀƴŎŜ 

for explainiƴƎ ǘƘŜ ƳƻŘŜǊƴ ǿƻǊƭŘέ όaŎ/ƭƻǎƪŜȅ 2010, p. 10).  The realization that language can 

effect economic behavior has recently become popularized in some circles through behavioral 

ŜŎƻƴƻƳƛǎǘ YŜƛǘƘ /ƘŜƴΩǎ όнлмнύ ¢95 ǘŀƭƪ ά/ƻǳƭŘ ȅƻǳǊ ƭŀƴƎǳŀƎŜ ŀŦŦŜŎǘ ȅƻǳǊ ŀōƛƭƛǘȅ ǘƻ ǎŀǾŜ 

ƳƻƴŜȅΚέΦ 

 

The idea that British culture was especially suited to birth the Industrial Revolution was given 

an evolutionary or biogenetic ŎƻƳǇƻƴŜƴǘ ƛƴ DǊŜƎƻǊȅ /ƭŀǊƪΩǎ A Farewell to Alms ς A Brief 

Economic History of the WorldΦ Iƛǎ ǎƻƳŜǿƘŀǘ ŀǳŘŀŎƛƻǳǎ ǘƘŜǎƛǎ ŎƭŀƛƳǎ ǘƘŀǘ ά9ƴƎƭŀƴŘΩǎ 

advantage lay in the rapid cultural, and potentially also genetic, diffusion of the values of the 

economically successful throughout society in the years 1200-муллέ ό/ƭŀǊƪ нллтΣ ǇΦ нтмύΦ /ƭŀǊƪ 

ŜŎƘƻŜǎ aŀȄ ²ŜōŜǊΩǎ ǾƛŜǿ ǘƘŀǘ ǘƘŜ tǊƻǘŜǎǘŀƴǘ ŜǘƘƛŎ ǿŀǎ ƭƛƴƪŜŘ ǿƛǘƘ ǘƘŜ ǊƛǎŜ ƻŦ ŎŀǇƛǘŀƭƛǎƳ. This 

is a difficult claim for economists to accept given their assumptions that all people are alike 

and will respond to the same incentives. However, Clark skillfully shows how institutions and 

incentives were largely unchanged prior to and during the Industrial Revolution, so the 

evolution of middle-class values is, according to him, the best explanatory variable. 
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William Rosen asserts in his eloquent story of the invention of the steam engine that the 

ǇŀǘŜƴǘ ǎȅǎǘŜƳ ǿŀǎ άǘƘŜ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ ƛŘŜŀ ƛƴ ǘƘŜ ǿƻǊƭŘέ ŦƻǊ ƛǘǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƴǳƳŜǊƻǳǎ 

British inventions during eighteenth century. He claims that the Industrial Revolution could 

ƻƴƭȅ ƘŀǾŜ ǎǘŀǊǘŜŘ ƛƴ ǘƘŜ !ƴƎƭƻǇƘƻƴŜ ǿƻǊƭŘ ǎƛƴŎŜ ƛǘ ǳƴƛǉǳŜƭȅ άŘŜƳƻŎǊŀǘƛȊŜŘ ǘƘŜ ƴŀǘǳǊŜ ƻŦ 

ƛƴǾŜƴǘƛƻƴέ ōȅ ƛƴŎŜƴǘƛǾƛȊƛƴƎ ŀƴ ǳƴǇǊopertied populace to exploit their valuable ideas (Rosen, 

2010, p. xxiii). 

 

Rosen borrowed heavily on the ideas of Nobel Prize laureate Douglass North, who emphasized 

the role of the patent system, but also the broader body of property rights law. As the 

grandfather of institutional explanations of the Industrial Revolution, North cited a number of 

institutional factors that would cause the rate of innovation to accelerate, but the 

developments could be traced to a single causal factor, without which there would be no 

ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǊŜǾƻƭǳǘƛƻƴΦ άLǘ ǿŀǎ ōŜǘǘŜǊ ǎǇŜŎƛŦƛŜŘ ǇǊƻǇŜǊǘȅ ǊƛƎƘǘǎΧǿƘƛŎƘ ƛƳǇǊƻǾŜŘ ŦŀŎǘƻǊ ŀƴŘ 

ǇǊƻŘǳŎǘ ƳŀǊƪŜǘǎΧ¢ƘŜ ǊŜǎǳƭǘŀƴǘ ƛƴŎǊŜŀǎƛƴƎ ƳŀǊƪŜǘ ǎƛȊŜ ƛƴŘǳŎŜŘ ƎǊŜŀǘŜǊ ǎǇŜŎƛŀƭƛȊŀǘƛƻƴ ŀƴŘ 

division of labor, which increased transactional costs. Organization changes were devised to 

reduce these transaction costs and had the consequence of radically lowering the cost of 

ƛƴƴƻǾŀǘƛƴƎέ όbƻǊǘƘ мфумΣ ǇΦ мрфύΦ bƻǊǘƘΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ²ŜƛƴƎŀǎǘΣ ƭŀǘŜǊ ǎƭƛƎƘǘƭȅ ōŀŎƪŜŘ ŀǿŀȅ 

from the implication that without the Glorious Revolution, the British economy would have 

followed a very different path (1989, p. 831).  

 

bƻǊǘƘΩǎ όмффлύ ǿƻǊƪ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ǘǊŀƴǎŀŎǘƛƻƴŀƭ Ŏƻǎǘǎ ǘƘŜƻǊȅ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǿƘƛŎƘ ǊŜŎƻƎƴƛȊŜǎ 

that in addition to the regular production costs from inputs such as land, labor and capital, 

there are also costs in defining, protecting and enforcing property rights. This is precisely why 

informal institutions, such as norms, kinship ties and tradition as well as formal political or 

judicial institutions reduce uncerǘŀƛƴǘȅ ōȅ ǇǊƻǾƛŘƛƴƎ ƭƛŦŜ ǿƛǘƘ ŀ ŎƭŜŀǊ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜǎŜ άǊǳƭŜǎ ƻŦ 

ǘƘŜ ƎŀƳŜέ ŘǊƛǾŜ Řƻǿƴ ǘǊŀƴǎŀŎǘƛƻƴ ŎƻǎǘǎΣ ǿƘƛŎƘ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ƘƛƴŘŜǊ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦ 

Institutions are only as effective as their enforcement mechanisms, which can be self-

imposed, threats of retaliation or a third party sanction by society or the state. Regardless of 

which pivotal historical event(s), the institutional changes in eighteenth century Britain 

ǇǊƻǾƛŘŜŘ ǘƘŜ άƎƻƭŘƛƭƻŎƪǎέ ŜŎƻƴƻƳƛŎ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ Ŏƻƴǘƛƴǳŀƭ ƛƴƴƻǾŀǘƛƻƴ ŎƻƴǘǊŀǎǘŜŘ ǿƛǘƘ 

France whose institutions did not lead to a comparable capital market in order to mobilize 

savings and finance business activities. North and Weingast note that both the British and 

French governments were in an abysmal fiscal situation in the late 1600s, ōǳǘ άōȅ мтср CǊŀƴŎŜ 

ǿŀǎ ƻƴ ǘƘŜ ǾŜǊƎŜ ƻŦ ōŀƴƪǊǳǇǘŎȅ ǿƘƛƭŜ 9ƴƎƭŀƴŘ ǿŀǎ ƻƴ ǘƘŜ ǾŜǊƎŜ ƻŦ ǘƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴέ 

(North and Weingast 1989, p. 831). 

 

A broad analysis titled άInstitutions as a Fundamental Cause of Long-Run Growthέ attempted 

to identify the fundamental causes of growth. Its authors borrow a powerful quote from North 

ǘƘŀǘ άǘƘŜ ŦŀŎǘƻǊǎ ǿŜ ƘŀǾŜ ƭƛǎǘŜŘ όƛƴƴƻǾŀǘƛƻƴΣ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜΣ ŜŘǳŎŀǘƛƻƴΣ ŎŀǇƛǘŀƭ 

accumulation, etc.) are not causes of growth; they are ƎǊƻǿǘƘέ ό¢ƘƻƳŀǎ ŀƴŘ bƻǊǘƘ мфтоΣ ǇΦ 

2). Acemoglu, Johnson and Robinson (2005, p. 389) further argue that: 

Economic institutions are important because they influence the structure of 

economic incentives in society. Without property rights, individuals will not 

have the incentive to invest in physical or human capital or adopt more 
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efficient technologies. Economic institutions are also important because 

they help to allocate resources to their most efficient uses, they determine 

who gets profits, revenues and residual rights of control. 

The authorǎ ǳǎŜ ǘƘŜ ǊƛǎŜ ƻŦ .ǊƛǘŀƛƴΩǎ Ŏƻƴǎǘƛǘǳǘƛƻƴŀƭ ƳƻƴŀǊŎƘȅ ǘƻ ƛƭƭǳǎǘǊŀǘŜ άǘƘŜ ǊƻƭŜ ƻŦ ǇƻƭƛǘƛŎŀƭ 

ǇƻǿŜǊ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ŜŎƻƴƻƳƛŎ ƛƴǎǘƛǘǳǘƛƻƴǎέΦ ²ƘƛƭŜ ǘƘŜȅ Řƻ ƴƻǘ ŜȄǇƭƛŎƛǘƭȅ ǘƛŜ ǇƻƭƛǘƛŎŀƭ ǊŜŦƻǊƳǎ 

ǘƻ ǘƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴΣ ǘƘŜȅ ƛƳǇƭȅ ǎǳŎƘ ǎǘŀǘƛƴƎ άǘƘƛǎ ŦƻǊƳ ƻŦ ƎƻǾernment led to secure 

property rights, a favorable investment climate and had rapid multiplier effects on other 

ŜŎƻƴƻƳƛŎ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŦƛƴŀƴŎƛŀƭ ƳŀǊƪŜǘǎέ ό!ŎŜƳƻƎƭǳΣ WƻƘƴǎƻƴ ŀƴŘ wƻōƛƴǎƻƴ нллрΣ 

p. 453). 

 

Robert Allen (2009) has put forth a very compelling argument that Britain succeeded due to 

her unique economic conditions on the eve of the Industrial revolution. Wages were high, 

ǿƘƛƭŜ ŎŀǇƛǘŀƭ ŀƴŘ ŜƴŜǊƎȅ ǿŜǊŜ ŎƘŜŀǇΦ 9ƴƎƭŀƴŘΩǎ ǊŜƭŀǘƛǾŜ ǇǊƛŎŜǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ƭŀǊƎŜ ƳŀǊƪŜǘ 

for manufactured products encouraged investment in new technologies, such as the spinning 

jenny in England, but not in France due to its relatively low labor costs. However, Allen makes 

an unrealistic assumption that new investments are only spurred by their cost-reducing 

potential. The reality is that investments decisions are based on their rate of return. Evidence 

suggests that while the spinning jenny was not as profitable in France as in England, it was still 

profitable (Horn 2012, p. 167). There are also many instances when relatively high wages do 

not spur investments in labor-saving technologies, such as the American experience during 

the Industrial Revolution period. 

 

5ŜǎǇƛǘŜ ǘƘŜƛǊ ǎƛƳǇƭƛŎƛǘȅΣ ƻǘƘŜǊ ŜŎƻƴƻƳƛŎ ƘƛǎǘƻǊƛŀƴǎ ǊŜƧŜŎǘŜŘ ǎƛƴƎƭŜ ŦŀŎǘƻǊ ŀƴǎǿŜǊǎ ŦƻǊ άŀ 

multiplicity of factors ς technological, social, economic, political, and cultural ς which came 

together in the mid-eighteenth century to provide the stimulus of industrial advance. In all 

these factors, Britain had a slight advantage over France. But the advantage was qualitative 

ǊŀǘƘŜǊ ǘƘŀƴ ǉǳŀƴǘƛǘŀǘƛǾŜέ όYǊŀƴȊōŜǊƎ мфстΣ ǇΦ нффύΦ 

 

A broader view provided by Milward and Saul comparing Western European countries showed 

the weaknesses of singling out Britain as the uniquely suited location to be the birthplace of 

the indusǘǊƛŀƭ ǊŜǾƻƭǳǘƛƻƴ ƛƴ ƭƛƎƘǘ ƻŦ ǘƘŜ ŘƛǾŜǊǎƛǘȅ ƻŦ ǘƘŜ ŎƻƴǘƛƴŜƴǘŀƭ ŜŎƻƴƻƳƛŜǎΦ ά¢ƘŜ ƳƻǊŜ ǘƘŜƛǊ 

history in the eighteenth century is considered, the greater appears the difficulty of finding a 

single factor in the British economy not present in some continental eŎƻƴƻƳƛŜǎέ όaƛƭǿŀǊŘ ŀƴŘ 

Saul 1973, p. 32-33). Proponents of the distinctive British conditions case could argue that it 

was the unique mix of factors in Britain that did the trick. Therefore, while France had a few 

ingredients and Holland others, only England had all an in the right quantities to bring about 

the industrial revolution. Unfortunately, this approach is tautological as it is true that Britain 

was indeed the instigator of the industrial revolution, so restating all the conditions present is 

committing a causal fallacy. It is also dangerous to use a British yardstick to measure the 

development of the continental economies, especially as they later instigated a unique 

technological revolution from a very different set of conditions. 

 

Included in The Economics of the Industrial Revolution edited by Joel Mokyr, Professor Sydney 

Pollard provides a useful reminder that not all regions (within a nation) are created equal 
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(1985, p. 165-176). He demonstrated that while Britain contained a number of regions primed 

for industrialization, the continent also included such economies in parts of Belgium (Liege 

and East Flanders), France (northern and Alsace), Germany (Rhineland), Switzerland and the 

United States (eastern). 

 

In the same volume, a different type of ŀǊƎǳƳŜƴǘ ƛƴ ǘƘŜ ά²Ƙȅ .ǊƛǘŀƛƴΚέ ŘŜōŀǘŜ ƛǎ ǇƻǎǘǳƭŀǘŜŘ 

by Nicolas Crafts (1977/1985), where he questions the very question. If Britain and France 

both had equal probabilities to initiate the industrial revolution, but it occurred in Britain by 

random chance, then the question is inappropriate. Crafts (1977/1985, p. 127) makes a strong 

ŀǊƎǳƳŜƴǘ ǘƘŀǘ άŘŜŎƛǎƛǾŜ ƛƴƴƻǾŀǘƛƻƴǎ ǎƘƻǳƭŘ ōŜ ǎŜŜƴ ŀǎ ǘƘŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ƻǳǘŎƻƳŜ ƻŦ ŀ 

ǎǘƻŎƘŀǎǘƛŎ ǇǊƻŎŜǎǎέΦ LŦ ǘƘƛǎ ƛǎ ǘƘŜ ŎŀǎŜΣ ƻƴŜ Ŏŀƴƴƻǘ ŜȄǇŜŎǘ ǘƻ ŦƛƴŘ Ŏŀǳǎŀƭ ŜȄǇƭŀƴŀǘƛƻƴǎ ŦƻǊ ǿhy 

England beat France to the invention party. 

 

This argument may cause any other researcher to give up on answering the original question 

ŀƴŘ ǎƘƛŦǘ ǘƻ ŀ ǎǘƻŎƘŀǎǘƛŎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǊŜǾƻƭǳǘƛƻƴΣ ōǳǘ L ōŜƭƛŜǾŜ /ǊŀŦǘΩǎ ŎƭŀƛƳ ǘƻ ǎǘŜƳ 

from the longstanding inability of economists to build credible models, let alone garner 

consensus, on the causes of the Industrial Revolution. Even if Britain just got lucky, it is worth 

identifying the systematic forces that caused her initial primacy. 

  

Methodology  

Overcoming Causality Issues 

The Dangers of Econometrics  

Determining proper causation has been the primary challenge of economic theory, especially 

as econometric tools merely identify significant correlations and not the true direction of 

causation. This was unfortunately exemplified in the aftermath of the 2008 Financial Crisis, 

when a paper called "Growth in a Time of Debt" influenced austerity movement politicians to 

justify harsh belt-tightening programs despite deep, widespread economic pain in the U.S. and 

Europe. The study was based on a data set from 44 countries spanning two centuries. Its 

authors, Kenneth Rogoff and Carmen Reinhart (2010) argued that countries with a debt to 

Gross Domestic Product (GDP) ratio that exceeded 90% experience a fall in median growth of 

1%. This clear-cut conclusion was taken as fact and austerity measures were put in place in 

both the U.S. and Germany in order to bring the ratio below the magic 90% threshold.  

In the spring of 2013, three years after the paper was written, a graduate student, Thomas 

Herndon, attempted to replicate the results as an assignment for his econometrics class. 

Shockingly, he found glaring data omissions and a goofy Excel spreadsheet mistake, which 

when corrected, led to the opposite conclusion; that debt can actually spur economic growth 

(Herndon, Ash, Pollin 2013). The implications of getting the direction of causation wrong in a 

scientific study used by government public policy makers have been tragic, especially for the 

unemployed in countries who have not been able to live up to the 90% GDP-Debt threshold 

(Spain, Greece, Italy) and had lost their international investment opportunities.  
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On closer examination of the data, it was clear that not all debt is created equal. The sluggish 

post-war economic growth in the U.S. from 1945 to 1947 was actually due to dismantling the 

war machine from decreased military spending and women leaving the paid workforce to 

return to their housework, which is not counted as GDP. The years following the initial 

contraction generated the strongest economic growth of the century. In fact, economists at 

the International Monetary Fund could not replicate the Reinhart and Rogoff findings after 

excluding anomalous periods, such as World War II (Pescatori, Sandri and Simon 2014). 

The authors have since issued a response to the criticism of their paper. One statement was 

ƛƭƭǳǎǘǊŀǘƛǾŜ ƻŦ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ŜŎƻƴƻƳŜǘǊƛŎǎΩ ƳŜǘƘƻŘƻƭƻƎȅΥ άǿŜ ŀǊŜ ǾŜǊȅ ŎŀǊŜŦǳƭ ƛƴ ŀƭƭ ƻǳǊ 

ǇŀǇŜǊǎ ǘƻ ǎǇŜŀƪ ƻŦ ΨŀǎǎƻŎƛŀǘƛƻƴΩ ŀƴŘ ƴƻǘ ΨŎŀǳǎŀƭƛǘȅΩέ όwƻƎƻŦŦ ŀƴŘ Reinhart 2013). This subtle 

clarification speaks to the dilemma in determining causality in economics. By merely reversing 

the causality, slow growth then becomes the cause of high debt levels. This opposite 

conclusion can also be supported using the very same data, by merely adjusting the timing of 

the effects. This raises serious concerns about the reliability of economic analysis, even when 

ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ ŦƛŜƭŘΩǎ Ƴƻǎǘ ǇǊŜǎǘƛƎƛƻǳǎ ƧƻǳǊƴŀƭǎΦ 

Econometricians, led by Edward Leamer (1983) and his celebrated ŀǊǘƛŎƭŜ ǘƛǘƭŜŘ ά[ŜǘΩǎ ǘŀƪŜ ǘƘŜ 

cƻƴ ƻǳǘ ƻŦ ŜŎƻƴƻƳŜǘǊƛŎǎέΣ ǳƴŘŜǊǎǘƻƻŘ ǘƘŀǘ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻǇŜǊƭȅ ǎŜǇŀǊŀǘŜ ŎƻǊǊŜƭŀǘƛƻƴ ŦǊƻƳ 

ŎŀǳǎŀǘƛƻƴΣ ǘƘŜȅ Ƴǳǎǘ ŦƛǊǎǘ ǎƻƭǾŜ ǘƘŜ ŎƻƴǳƴŘǊǳƳ ƻŦ ŜƴŘƻƎŜƴŜƛǘȅ ōƛŀǎΦ Lƴ ƭŀȅƳŀƴΩǎ ǘŜǊƳǎΣ ǘƘƛǎ ƛǎ 

ŀƴ άƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǇǊƻōƭŜƳέ ǿƘŜǊŜ ƻƴŜ ǘǊies to work out whether a statistical pattern is truly 

caused by what we think. David HendryΩǎ (1980) ǇŀǇŜǊ ǘƛǘƭŜŘ άEconometrics - Alchemy or 

Science?έ vividly illuminated the challenge by demonstrating that rainfall caused inflation 

according to the standard methods of the time. New econometric techniques were developed 

ƻǊ ǊŜŦƛƴŜŘ ǘƻ ǊŜǇŀƛǊ ǘƘŜ ŦǊŀŎǘǳǊŜŘ ŜƴǾƛǊƻƴƳŜƴǘ ǿƘŜǊŜ ƘŀǊŘƭȅ ŀƴȅƻƴŜ άǘŀƪŜǎ ŀƴȅƻƴŜ ŜƭǎŜΩǎ Řŀǘŀ 

ŀƴŀƭȅǎŜǎ ǎŜǊƛƻǳǎƭȅέ ό[ŜŀƳŜǊ мфуоΣ ǇΦ отύΦ ²ƘŜǊŜ ŀ ŎƻƴǘǊƻƭƭŜŘ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ƴƻǘ ŦŜŀǎƛōƭŜΣ ǿƘƛŎƘ 

is usually the case in economics, the preferred method for dealing with correlation between 

ǘƘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǘƘŜ ŜǊǊƻǊ ǘŜǊƳ ƛǎ ǳǎƛƴƎ άƛƴǎǘǊǳƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎέΦ ¢ƘŜǎŜ 

instruments are basically an outside force that partly mimics the effect of a controlled 

experiment. As long as the instruments are related to the explanatory variables, but are 

uncorrelated with the error term (exogenous), the economist can better control the variables. 

This is much easier said than done, since there must be at least one valid instrument for every 

variable of interest and the criteria for validity is strenuous.  

Instrumental variables can be found in quirks of public policy or history, such as the random 

nature of the US-Vietnam War draft (Angrist 1990). History is abundant with factors 

determined long ago that presumably could not be caused by events happening today. 

Unfortunately, the econometric approach still struggles in finding appropriate instrumental 

variables, and even when they are available, using them to estimate causal parameters is like 

ŎƘƻƻǎƛƴƎ ǘƻ ƭŜǘ ƭƛƎƘǘ άŦŀƭƭ ǿƘŜǊŜ ƛǘ ƳŀȅΣ ŀƴŘ ǘƘŜƴ ǇǊƻŎƭŀƛƳόƛƴƎύ ǘƘŀǘ ǿƘŀǘŜǾŜǊ ƛǘ ƛƭƭǳƳƛƴŀǘŜǎ ƛǎ 

ǿƘŀǘ ǿŜ ǿŜǊŜ ƭƻƻƪƛƴƎ ŦƻǊ ŀƭƭ ŀƭƻƴƎέ ό5Ŝŀǘƻƴ нллфΣ ǇΦ млύΦ  

Randomized controlled experiments are the gold standard in scientific research, yet among 

economists, only the sub-discipline of behavioral economics uses subjects to find regularities 

in human behavior. Macroeconomists have not yet been able to convince an electorate to be 

used as a laboratory to test unproven theories, so the best they can do is use natural 

experiments. For example, Andrew Godley (2001) studied the different levels of 
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entrepreneurship of Eastern European Jews who moved to London versus moving to New York 

at the turn of the twentieth century. As long as moving to one city over the other was random, 

this is a great natural experiment that would demonstrate how institutional environments 

ŀŦŦŜŎǘ ŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇΦ Lƴ ǘƘƛǎ ƛƴǎǘŀƴŎŜΣ ǘƘŜ Ŏŀǳǎŀƭ ŜŦŦŜŎǘ Ŏŀƴ ōŜ ƳŜŀǎǳǊŜŘ ŀǎ ǘƘŜ άŘƛŦŦŜǊŜƴŎŜ 

ƛƴ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎέΦ ¦ƴŦƻrtunately, such flukes in history when identical groups are subject to 

ŘƛŦŦŜǊƛƴƎ άǘǊŜŀǘƳŜƴǘǎέ ǿƘƛŎƘ ŀǊƛǎŜ ŘǳŜ ǘƻ ǇǳōƭƛŎ ǇƻƭƛŎȅ ƻǊ ƳƛƎǊŀǘƛƻƴ ŀǊŜ ǊŀǊŜ ŀƴŘ ŀǊŜ ǎǘƛƭƭ 

subject to subtle initial differences between the groups. 

A preferred instrumental variable aƳƻƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ŜŎƻƴƻƳƛǎǘǎ ƛǎ ŀ ŎƻǳƴǘǊȅΩǎ Ŏƻƭƻƴƛŀƭ 

history. As long as colonies were claimed randomly throughout the world, it would qualify as 

an exogenous factor and would be suited as an instrumental variable. However, this kind of 

analysis breaks down if Britain and France intentionally calculated where they would colonize 

based on certain needs or proclivities. Without a good understanding of the historical context, 

an economist could paint a false picture of causation due to a non-random initial difference 

between the research subjects. 

The use of econometrics, especially using older historical data that has been prone to errors, 

also leads to weak instruments. A highly celebrated book on why nations fail (Acemoglu and 

Johnson 2012) used mortality rates of the initial colonial settlers as an instrumental variable 

for their propensity to establish good institutions, i.e. those that protect property rights and 

minimize rent seeking. The authors claimed that favorable institutions were in greater 

demand in locations where settlers survive, thus if settlement was random, their mortality 

would qualify as exogenous. The accuracy of the historic mortality rates was called into 

question, jeopardizing the value of the instruments used (Abouy 2012).  

The Strengths of Economic History 

While economists pursue simple models that reveal underlying causal principles, historians 

allow for ample detail and context including evidence that cannot be mathematically 

modelled. Historical methods emphasize the chronological study of events linked to their 

outcomes. This often illuminates economic processes that do not lead to a steady-state 

equilibrium. This is exemplified in the concept of path dependence, which is the idea that 

ultimate outcomes are largely directed by historical starting points and any chance shocks 

along the way. Paul David (2000, p. 17), an early proponent of this evolutionary concept, 

ǊŜƳƛƴŘǎ ŜŎƻƴƻƳƛǎǘǎ ǘƘŀǘ ƘƛǎǘƻǊƛŎŀƭ ŎŀǎŜ ǎǘǳŘƛŜǎ άƳŀȅ ŀƭǎƻ ōŜ ƎƻƻŘ ŦǳƴΣ ŀƴŘ ǿƘŜƴ ƛǘ ƛǎ ǿŜƭƭ 

done it typically manages both to provide entertainment and to satisfy particular points of 

ŎǳǊƛƻǎƛǘȅέΦ ¢Ƙƛǎ ǇŀǇŜǊ ŀǘǘŜƳǇǘǎ ǘƻ Ŧƻƭƭƻǿ ǘƘŀǘ ŀŘǾƛŎŜΣ ōȅ ƛƭƭǳǎǘǊŀǘƛƴƎ ǘƘŜ historical paths of the 

English and French economies as well as the stories of their fascinating inventors and the 

unique institutional environments in which they lived.  

Economists critical of the overuse of econometrics, such as the 2015 recipient of the Nobel 

Prize in Economics, Angus Deaton, hit the nail on the head in the debate over striking a balance 

between accuracy and importance of the issue. Deaton (2009, p. 14) fears that economists 

ǿƛƭƭ ƻƴƭȅ ǘŀŎƪƭŜ ƛǎǎǳŜǎ ŦƻǊ ǿƘƛŎƘ ƛƴǎǘǊǳƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŀƴŘ ŀǾƻƛŘ άǘƘƛƴƪƛƴƎ ŀōƻǳǘ 

Ƙƻǿ ŀƴŘ ǿƘȅ ǘƘƛƴƎǎ ǿƻǊƪέΦ ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŀƴŀƭȅǎƛǎ ŘƻŜǎ ƴƻǘ ǎƘȅ ŀǿŀȅ ŦǊƻƳ 

wide-ranging issues since it recognizes that there are many ways of establishing causality. As 

ǘƘŜ ǎŀȅƛƴƎ ƎƻŜǎΥ άŎƻǊǊŜƭŀǘƛƻƴ ƛǎ ƴƻǘ ǇǊƻƻŦ ƻŦ ŎŀǳǎŀǘƛƻƴΣ ōǳǘ ƛǘ ǎǳǊŜ ƛǎ ŀ Ƙƛƴǘέ ό¢ǳŦǘŜ нлло, p. 4). 
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Historical methods including the use of contextual details, studying the recollections and 

motives of key individuals and weighing the plausibility of competing hypotheses may provide 

enough data to determine circumstantial causation. A rigorous study should also perform an 

external check whether its explanations for historical events actually fit the facts of the real 

world and not a theoretical construct. 

This study seeks to emulate the best economic history has to offer by providing a detailed 

narrative which connects the dots of relevant events with causal links. It certainly overcomes 

the rigid view of homo economicus that implies all humans are consistently rational self-

interested agents who optimally pursue their utility, in that the study leaves ample room for 

free will among its protagonists. Their biographies and even first-hand correspondence 

illustrate the thought processes and motivations of these great individuals. 

Comparative Economic History 

Comparisons are the foundation of economic inquiry, and for that matter all the social 

sciences. This is illustǊŀǘŜŘ ōȅ ǎƻƳŜ ƻŦ ǘƘŜ ƪŜȅ ǉǳŜǎǘƛƻƴǎ ǎƻŎƛŀƭ ǎŎƛŜƴǘƛǎǘǎ ƘŀǾŜ ǇƻǎŜŘΥ ά²Ƙȅ 

ŀǊŜ ǎƻƳŜ ŎƻǳƴǘǊƛŜǎ ǊƛŎƘΣ ǿƘƛƭŜ ƻǘƘŜǊǎ ǇƻƻǊΚέ ά²Ƙŀǘ ƛǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘŜŀŎƘŜǊ-student ratios on 

ǘŜǎǘ ǎŎƻǊŜǎΚέ ά!ǊŜ ŘŜƳƻŎǊŀŎƛŜǎ ƭŜǎǎ ƭƛƪŜƭȅ ǘƻ ŜƴǘŜǊ ŀ ǿŀǊ ǘƘŀƴ ŀǳǘƘƻǊƛǘŀǊƛŀƴ ǊŜƎƛƳŜǎΚέ ! 

comparative historical analysis is especially useful in answering causal questions, such as 

which factors increased the probability of the Industrial Revolution first occurring in Britain 

versus France. Charles Ragin (1987, p. 70) highlights the value of a combined comparative 

analysis, which allows for the role of human agency, but also the structural factors, which both 

reflect actual historical processes.  

¢ƘŜ ŦƛŜƭŘ ƻŦ ŜŎƻƴƻƳƛŎ ƘƛǎǘƻǊȅ ŀǊƻǎŜ ŦǊƻƳ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ǉǳŜǎǘƛƻƴ ƻŦ άƘƻǿ ǘƘŜ ²Ŝǎǘ ƎǊŜǿ 

rich?έ. Economic history applies knowledge of economic processes to historical events using 

a unique combination of fields. While the study of history usually focuses on a case study, 

economics examines patterns within different events to determine whether they support a 

particular theory or model. Historians will typically answer a question in the form of a 

narrative. Economists, with their belief that everything can be reduced to a theory or at least 

a mechanical model, struggle with accepting any phenomena that cannot be repeatedly and 

quantitatively demonstrated empirically. While this paper will explain the importance of 

deductive and experimental science for its revolutionary role in advancing technology, it is 

realized that such a hyper-positivist methodology is inappropriate when studying humans and 

their internal decision-making processes. Before compiling and interpreting statistical results, 

a true and detailed understanding of the research subject is needed. This was widely 

understood in the wake of the global financial crisis of 2008, when many scholars and policy 

makers felt that a better understanding of economic history would have helped to call 

ŀǘǘŜƴǘƛƻƴ ǘƻ ǎƻƳŜ ƻŦ ǘƘŜ ŜŎƻƴƻƳƛŜǎΩ ǘǊƻǳōƭŜ ǎǇƻǘǎ ό9ŎƻƴƻƳƛǎǘ нлмрύΦ 

bŜǿ ŜŎƻƴƻƳƛŎ ƘƛǎǘƻǊȅ ƻǊ άŎƭƛƻƳŜǘǊƛŎǎέ ŀƭǎƻ Ƙŀǎ advantages in applying the empirical 

methodologies of economic modelling and quantification to such old historical questions, as 

the economic effects of slavery (Fogel and Engerman 1974) or the importance of steam engine 

technology on economic growth. However, cliometrics suffers from the same difficulties of 

establishing causation as its parent field of econometrics. It inherited the assumptions of 

economic laws that do not always fit with human activity, thus missing important insights from 
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the humanities (Boldizzoni 2011). There is a large intellectual gap between the cliometric 

approach and the context-rich, in-depth, historical, small-N case study. Cliometricians will 

often disparage broader historical comparisons using three accusations: 1) using a 

deterministic approach versus probabilistic; 2) assuming there are no errors in primary data 

or secondary evidence; and 3) neglecting interaction effects. Rigorous historical comparisons 

can overcome such criticisms by providing a historical context that highlights the limits of the 

approach, the critical and transparent use of sources, and testing the theoretical model 

(Osinsky and Eloranta 2015, p. 17). 

A multidisciplinary approach in the style of Karl Marx or Thorstein Veblen, who used 

complementary qualitative and quantitative methods in analyzing comparative historical 

cases, has a number of benefits. The comparative approach is a superior strategy for 

establishing causation, as one can easier isolate counterfactuals within the contrasts. John 

Stuart Mill first formulated the method of identifying commonalities of similar nations in order 

to investigate the underlying causes of a divergence (Osinsky and Eloranta 2015, p. 15). The 

literature review section highlights a number of comparative studies of the Industrial 

Revolution between England and France. However, the application of a particular case within 

the broader historical context provides further insight. For example, the steam engine was 

much more dependent on scientific knowledge than many of the other inventions of the 

eighteenth century. Therefore, this thesis delves deeper into how scientific knowledge was 

generated, disseminated and eventually employed in both Britain and France, than other 

general studies of the Industrial Revolution. 

Using Econometrics as an Inspiration 

Historical case studies are often criticized by quantitative researchers for their reliance on 

secondary evidence, such as texts written by other historians. They argue that differing 

inferences stem from the various interpretations of that evidence and it is unclear why one 

historical explanation is more favored than another. This can easily be overcome, even in a 

qualitative study, by utilizing a probabilistic approach (rather than deterministic), assuming 

there will exist measurement errors, and recognizing that there are often more than one cause 

which frequently generate interaction effects. In contrast to quantitative research, Savolainen 

notes that a case-ƻǊƛŜƴǘŜŘ ŎƻƳǇŀǊƛǎƻƴ ŀƭƭƻǿǎ άŘŜǘŀƛƭŜŘ ŎƻƴǘŜȄǘǳŀƭƛȊŜŘ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ǾŀǊious 

Ŏŀǳǎŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴ ǘŜǊƳǎέ (cited in Osinsky and Eloranta 2015, p. 14).  

In order to avoid the post hoc ergo propter hoc fallacy7, which is common among the 

explanations of the British Industrial Revolution, it is important to assess the relative 

ƳŀƎƴƛǘǳŘŜǎ ƻŦ ǘƘŜ ǇƻǘŜƴǘƛŀƭ Ŏŀǳǎŀƭ ŦŀŎǘƻǊǎΩ ƛƳǇŀŎǘΦ ²ƘƛƭŜ ǘƘƛǎ ǇŀǇŜǊ Ƙŀǎ ŀƭǊŜŀŘȅ ŀŘŘǊŜǎǎŜŘ 

the difficulties in invoking ceteris paribus in a historical setting, Nicolas Crafts (1977/1985, p. 

122-мнпύ ǇǊƻƳƻǘŜŘ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǘƻ άƳŀƪŜ ƛƴŘǳŎǘƛǾŜ generalizations by looking for empirical 

ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǾŀǊƛƻǳǎ ŦŜŀǘǳǊŜǎ ƻŦ ŜŎƻƴƻƳƛŎ ƭƛŦŜ ŀƴŘ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ όƛƴƴƻǾŀǘƛƻƴύέΦ 

One could envision a multivariate regression where each independent variable has a 

corresponding partial eŦŦŜŎǘΥ ¸ Ґ ʰ Ҍ ʲ1X1Χ Ҍ ʲnXn + e. The dependent variable Y is the location 

of the invention of the steam engine, the Xs are the proposed causal factors and the s̡ are 

their effects, while e represents an error term.  

                                                           
7 Similar to flipping a coin and then explaining why it landed on heads. 
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It is important to remember that the parǘƛŀƭ ŘŜǊƛǾŀǘƛǾŜǎ όʲǎύ Ŏŀƴ ōŜ ŜƛǘƘŜǊ ƴŜƎŀǘƛǾŜ ƻǊ ǇƻǎƛǘƛǾŜΣ 

depending on the contributing or hindering effects. The interpretation of the error term is 

ŘŜǇŜƴŘŜƴǘ ƻƴ ƻƴŜΩǎ ƴƻǘƛƻƴ ƻŦ ǘƘŜ ǊƻƭŜ ƻŦ ŎƘŀƴŎŜΦ ¢ƘŜ ŦƛǊǎǘ ōŜƛƴƎ ǘƘŀǘ ǘƘŜ ŜǊǊƻǊ ǘŜǊƳ ŎƻƳǇǊƛǎŜǎ 

the factors lost to history or are impossible to be included in the regression. This is the 

common understanding among economic historians who feel confident that they have 

ƛŘŜƴǘƛŦƛŜŘ ŦŀŎǘƻǊǎ ŎǊƛǘƛŎŀƭ ǘƻ .ǊƛǘŀƛƴΩǎ ǇǊƛƳŀŎȅ ƛƴ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴǾŜƴǘƛƻƴǎ ƻŦ ǘƘŜ LƴŘǳǎǘǊƛŀƭ 

Revolution. The danger of this approach is that it is prone to the same logical fallacy we are 

attempting to avoid. The favored interpretation of Crafts who emphasizes the similarities 

between England and France is that the error term is purely a stochastic error. In other words, 

if history was to replay itself, a twist of fate could cause the invention to occur in France. 

While this exercise provides a useful framework in evaluating the variables involved in the 

invention of the steam engine, it would be impractical to perform a regression using 

quantitative data on the causal factors in France versus England. However, such a calculation 

could determine whether a set of institutions increased the likelihood of the invention 

occurring in one country over another or if it was a genuine stochastic event, which if given a 

different combination of personalities would alter the originating country. This paper seeks to 

perform that task using the methods of economic history, but taking inspiration from such a 

regression.  
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The Case: The Steam Engine ï Step by Step 

French Beginnings, English Domination 

The idea that you could use steam when it condensed to produce a vacuum, allowing you to 

ǎǳŎƪ ǿŜŀƭǘƘ ƻǳǘ ƻŦ ǘƘŜ ƎǊƻǳƴŘΣ ǿŀǎ ƴƻǘ ƴŜǿΦ Lƴ ŦŀŎǘΣ ǘƘŜ ƳŜǊŜ ǉǳŜǎǘƛƻƴ άǿƘƻ invented the 

ǎǘŜŀƳ ŜƴƎƛƴŜΚέ ƛƴŎƛǘŜǎ ǘǊŜƳŜƴŘƻǳǎ ƘƻǎǘƛƭƛǘȅΦ Lǘŀƭƛŀƴǎ ǿƛƭƭ Ǉƻƛƴǘ ǘƻ DƛŀƳōŀǘǘƛǎǘŀ ŘŜƭƭŀ tƻǊǘŀΣ 

who designed a pump using steam power in 1606, while the French identify Salomon de Caus, 

who actually built a steam powered fountain 

described in 1615 (Arago 1839, p. 32).  Finally, the 

British mention Edward Somerset (1663/1778), Lord 

aŀǊǉǳƛǎ ƻŦ ²ƻǊŎŜǎǘŜǊΣ ǿƘƻ ƴŀƳŜŘ ŀ άǿŀǘŜǊ-

ŎƻƳƳŀƴŘƛƴƎ ŜƴƎƛƴŜέΣ ǎǳǎǇƛŎƛƻǳǎƭȅ ǎƛƳƛƭŀǊ ǘƻ ŘŜ /ŀǳǎΩΣ 

ŀǎ ƛƴǾŜƴǘƛƻƴ ƴǳƳōŜǊ су ƛƴ Ƙƛǎ мссо ǇŀƳǇƘƭŜǘ ά! 

/ŜƴǘǳǊȅ ƻŦ Χ LƴǾŜƴǘƛƻƴǎέΦ Worcester was at the very 

least inspired by Solomon de Caus, whom he may 

have met at a Paris insane asylum, during WorcesterΩs 

exile in France during the English Civil War (Stuart 

1831, p. 10). It is surprising that Worcester failed in 

his attempts to start a public company that would 

άŘǊŀƛƴ ƳƛƴŜǎ ŀƴŘ ƳŀǊǎƘƭŀƴŘǎέ ƎƛǾŜƴ Ƙƛǎ ǿŜŀƭǘƘȅ 

background and royal appointment as an inventor.  

Another Englishman named Sir Samuel Moreland 

made some sort of fire-driven water pump while he 

worked as an engineer for Charles II, King of England. Moreland took a different route with 

ǘƘŜ ƛƴǾŜƴǘƛƻƴ ōȅ άŜƴŘŜŀǾƻǊƛƴƎ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǇŀǘǊƻƴŀƎŜ ƻŦ ǘƘŜ CǊŜƴŎƘ DƻǾŜǊƴƳŜƴǘ ǘƻǿŀǊŘǎ ŀ 

ǎŎƘŜƳŜ ǿƘƛŎƘ ƘŜ ŎƭŀƛƳǎ ŀǎ Ƙƛǎ ƻǿƴΣ ŦƻǊ ǊŀƛǎƛƴƎ ǿŀǘŜǊ ōȅ ǘƘŜ ŦƻǊŎŜ ƻŦ ǎǘŜŀƳέ ό{ǘǳŀǊǘ 1831, p. 

21). Moreland was likely prevented from doing anything with his idea in England since 

Worchester was granted a monopoly patent merely based άƻƴ Ƙƛǎ ǎƛƳǇƭŜ ŀŦŦƛǊƳŀǘƛƻƴ ƻŦ Ƙƛǎ 

ƘŀǾƛƴƎ ƳŀŘŜ ǘƘŜ ŘƛǎŎƻǾŜǊȅέ ό{ǘǳŀǊǘ 1831, p. 22). While the 22-page business proposal to the 

King of France was unsuccessful, Moreland describes with mechanical accuracy the calculation 

of the volume of steam (Stuart 1831, p. 22). As steam condenses back into water in a sealed 

container, the vacuum it leaves behind takes about two thousand times the cubic area of 

water. 

Denis Papin 

While the science necessary for the steam engine stemmed from a pan-European intellectual 

enlightenment, the invention itself is almost exclusively a British affair. The exception is the 

French born Denis Papin, who built a model of the first piston steam engine. Papin worked as 

ŀ ǎŜŎǊŜǘŀǊȅ ŦƻǊ ǘƘŜ /ǳǊŀǘƻǊ ƻŦ 9ȄǇŜǊƛƳŜƴǘǎ ŀǘ CǊŀƴŎŜΩǎ ŎƻǳƴǘŜǊǇŀǊǘ ǘƻ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅΣ ǘƘŜ 

Académie des Sciences, which was actually an organ of the government. The curator, 

Christiaan Huygens happened to be at Versailles in order to repair a windmill that powered 

ǘƘŜ ǇŀƭŀŎŜΩǎ ŦƻǳƴǘŀƛƴǎΦ ¢ƘŜ ǘǿƻ ǿƻǊƪŜŘ ƻƴ ŀƛǊ ŀƴŘ ǾŀŎǳǳƳ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ǿƘƛƭŜ IǳȅƎŜƴǎΩ 

dream of a gunpowder-powered piston did not materialize (and while it is said to be the first 

Figure 3 - Worcester's Steam Fountain (Somerset 
1778) 
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internal combustion engine, thankfully it did not blow up the two) their work provided the 

ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ tŀǇƛƴΩǎ ŦǳǘǳǊŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ǎǘŜŀƳ (Bell 2008, p. 74). 

hƴ tŀǇƛƴΩǎ ƧƻǳǊƴŜȅ ǘƻ ǘƘŜ ǿƻǊƭŘǎΩ ŦƛǊǎǘ ǎǘŜŀƳ ŜƴƎƛƴŜΣ ƘŜ ŎǊƻǎǎŜǎ ǇŀǘƘǎ ǿƛǘƘ ōƻǘƘ wƻōŜǊǘ .ƻȅƭŜΣ 

replacing Hooke as his assistant ŀƴŘ ƭŀǘŜǊ ōŜŎŀƳŜ wƻōŜǊǘ IƻƻƪŜΩǎ ŀǎǎƛǎǘŀƴǘΣ ŘǳǊƛƴƎ ǿƘƛŎƘ ǘƛƳŜ 

he invented the pressure cooker. In his demonstration to the Royal Society in 1679, he 

ŘŜǎŎǊƛōŜŘ ƛǘ ŀǎ ŀ άƳŀŎƘƛƴŜ ŦƻǊ ǎƻŦǘŜƴƛƴƎ ōƻƴŜǎέ (Papin 1681). It featured a brilliantly 

innovative safety valve that automatically released excess pressure. It remains the forerunner 

ƻŦ ǘƻŘŀȅΩǎ ǇǊŜǎǎǳǊŜ ŎƻƻƪŜǊǎ ǳǎŜŘ ōȅ ŎƘŜŦǎ ŀƴŘ ŀǳǘƻŎƭŀǾŜǎ ǳǎŜŘ ǘƻ ǎǘŜǊƛƭƛȊŜ ƘƻǎǇƛǘŀƭ ŜǉǳƛǇƳŜƴǘΦ 

By 1685, Papin became a religious exile as a Huguenot when Louis XIV revoked the Edict of 

Nantes, which previously granted them religious freedom. He travelled to Venice, where he 

was the director of experiments at the failed Accademia publicca di scienze, whose lack of 

ŦƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘ ǇǊŜǾŜƴǘŜŘ ƛǘ ŦǊƻƳ ōŜŎƻƳƛƴƎ LǘŀƭȅΩs Royal Society.  

Papin later joined fellow Huguenot exiles as a 

professor at the University of Marburg in 

Germany. It was there that he invented a 

pneumatic bed, a rotary pump and fan, a 

portable grenade-launcher, a submarine 

prototype and the first atmospheric steam 

engine. Published in 1690 in the Acta 

Eruditorum, he wrote to the chagrin of his former 

mentor Christian Huygens, άƳŀŎƘƛƴŜǎ ŎƻǳƭŘ ōŜ 

constructed wherein water, by the help of no 

very intense heat, and at little cost, could 

produce that perfect vacuum which could by no 

means be obtained by gǳƴǇƻǿŘŜǊέ (cited in 

Dickinson 1939/2011, p. 10-11). The engine was 

a bit primitive compared to what would come, 

but it worked as steam in a tube pushed a piston 

up until it was grabbed by a fastener at the top, 

creating a vacuum under the piston. Then, when 

the steam condensed, atmospheric pressure 

pushed the piston back down. Strictly speaking, 

the device was a vacuum engine rather than a 

steam engine. Nonetheless, Papin is 

memorialized at the Louvre, holding his 

ŎƻƴǘǊŀǇǘƛƻƴ ǘƘŀǘ ǇǊƻǾŜŘ ǘƻ ōŜ ƻƴŜ ƻŦ ƘƛǎǘƻǊȅΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƭŜŀǇǎ ƻŦ ƳŜŎƘŀƴƛŎŀƭ 

imagination. 

Papin envisioned a ship powered by the motion of a row of pistons to paddle wheels, but he 

could not find financing for the project. He did find a patron, the Landgrave of Hesse-Kassel 

(Germany) in 1696, who wanted an engine that could lift water to be released into an elevated 

garden or fountain. Unfortunately, his prototype leaked from its joints and valves and the 

financing stopped (Winston 2010, p. 287). 

Figure 4 - Denis Papin statue at the Louvre 
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tŀǇƛƴΩǎ Ƴƻǎǘ ŦŀƳƻǳǎ ŎƻƭƭŀōƻǊŀǘƻǊ ǿŀǎ ǘƘŜ ƳŀƎƴƛŦƛŎŜƴǘ DŜǊƳŀƴ ƳŀǘƘŜƳŀǘƛŎƛŀƴΣ ŜƴƎƛƴŜŜǊ ŀƴŘ 

philosopher, Gottfried Wilhelm Leibniz, whom he met through Christian Huygens. In 1705, 

Leibniz sent Papin a sketch of a machine designed by Thomas Savery, which would raise water 

using steam power. This inspired him to revisit his own engine, which he worked furiously to 

improve and hoped to prove its superiority in a comparative trial of the two. Papin was 

ideologically opposed to patenting his inventions. He preferred to share his knowledge 

throughout the scientific community and wrote The New Art of Pumping Water by using Steam 

in 1707 in both French and Latin.  His notion of a steam-driven paddleboat was also revived 

and he built a small mechanical-paddle boat he would ride to London, where he thought he 

could convince the Royal Society to equip it with a steam engine. Together with his family, 

tŀǇƛƴ ǎŜǘ ƻǳǘ ŦǊƻƳ ǘƘŜ ǊƛǾŜǊ CǳƭŘŀ ƛƴ DŜǊƳŀƴȅΣ Ƨǳǎǘ ƛƴ ǘƛƳŜ ŦƻǊ Ƙƛǎ άŦǊŜƴŜƳȅέ [ŜƛōƴƛȊ ǘƻ ƎƛǾŜ 

him a letter of recommendation to the Royal Society. Unfortunately, lacking a permit, the local 

guild of boatmen smashed up his means of transportation afraid of competition (Smith 1999, 

p. 139-147).  

tŀǇƛƴΩǎ ōŀŘ ƭǳŎƪ ŎƻƴǘƛƴǳŜŘ ŜǾŜƴ ŀŦǘŜǊ ƘŜ Ŧƛƴŀƭƭȅ ƳŀŘŜ ƛǘ ǘƻ [ƻƴŘƻƴΣ ŀǎ ǘƘŜ tǊŜǎƛŘŜƴǘ of the 

Royal Society, Sir Isaac Newton, disregarded all his ambitious proposals. This could be because 

of the financial difficulties the Society faced at that time, but it could have also been another 

example of Newton abusing his position during his dispute with Leibniz over the invention of 

calculus8Φ tŀǇƛƴΩǎ ŦŀƛƭǳǊŜ ǘƻ ƎŜǘ ƳƻǊŜ ǘƘŀƴ ŀƴ ƻŎŎŀǎƛƻƴŀƭ ten-pound stipend from the Royal 

Society could also have been due to his foreigner status (Smith 1999, p. 143). From our 

modern eyes, he shows great business naivety for not securing a patent or commercially 

developing his idea. 

tŀǇƛƴΩǎ ŘƛŦŦƛŎǳƭǘ ƭƛŦŜ ƛƭƭǳǎǘǊŀǘŜǎ ōƻǘƘ ǘƘŜ ƎŜƴƛǳǎ ƭƻǎǘ ŘǳŜ ǘƻ ǊŜƭƛƎƛƻǳǎ ǇŜǊǎŜŎǳǘƛƻƴ9, as well as the 

challenges making a living as a seventeenth-century inventor if they were not supported by 

ƎƻǾŜǊƴƳŜƴǘŀƭ ƻǊ ŀǊƛǎǘƻŎǊŀǘƛŎ ǇŀǘǊƻƴŀƎŜ ƻǊ ŀ ƎŜƴŜǊƻǳǎ ƛƴƘŜǊƛǘŀƴŎŜΦ tŀǇƛƴΩǎ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƛǎ 

ǎǳƳƳŀǊƛȊŜŘ ŀǎ άŜǾŜƴƭȅ ŘƛǾƛŘŜŘ ōŜǘǿŜŜƴ ƎŜƴŜǊƻǳǎ ǎƘŀǊƛƴƎ ƻŦ Ƙƛǎ ǎŎƛŜƴǘƛŦƛŎ ŘƛǎŎƻǾŜǊƛŜǎ ŀƴŘ 

pleas for pensions, the latter wearing out his welcome in half a dozŜƴ ŎƻǳƴǘǊƛŜǎέ όwƻǎŜƴ нлмл, 

p. 22). 

Thomas Savery 

The sketch of the steam pump that inspired Papin to continue his innovations was actually a 

design of the first commercial steam engine developed by an English military engineer turned 

inventor named Thomas Savery. The typical story told in the development of the steam engine 

is how Savery saw an opportunity to use the recent scientific discoveries on steam as well as 

vacuum and atmospheric pressure to be applied to the problem of pumping water out of 

mines. The engine created a vacuum by first pumping steam into a cylinder and then cooling 

it down. The atmospheric pressure would draw the water up to another cylinder where the 

pressure of steam itself pushed the water out. While he does deserve credit for translating 

                                                           
8 Newton appointed an «impartial» committee at the Royal Society, which found in his favor, tainting British 
ƻǇƛƴƛƻƴ ƻŦ [ŜƛōƴƛȊΦ ¢ƻŘŀȅΣ ƛǘ ƛǎ ǿƛŘŜƭȅ ŀŎŎŜǇǘŜŘ ǘƘŀǘ ǘƘŜȅ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƛƴǾŜƴǘŜŘ ŎŀƭŎǳƭǳǎΣ ǿƘƛƭŜ [ŜƛōƴƛȊΩǎ 
notation prevailed. 
9 Despite the end of major religious wars in Europe, persecution of scientists based on ethnicity or sexual 
orientation continued even into the twentieth century with 9ƛƴǎǘŜƛƴΩǎ ŘŜǇŀǊǘǳǊŜ ŦǊƻƳ bŀȊƛ DŜǊƳŀƴȅ and the 
tragic suicide of Alan Turing in England. 
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ǿƘŀǘ ǿŜǊŜ ōŜŦƻǊŜ ƳŜǊŜ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴǘƻ ŀ άǿƻǊƪƛƴƎέ ŀƴŘ ǇǊŀŎǘƛŎŀƭ ƳƻŘŜƭΣ {ŀǾŜǊȅΩǎ ŜƴƎƛƴŜ, 

which was really a suction pump rather than a true steam engine, had many limitations that 

ultimately prevented more than a handful being built. Why an engineer was able to develop 

the steam engine and make loads of money as a result, while a scientist with a superior design 

lived and died in poverty is a fascinating story that provides the first subtle contrast between 

Britain and France.  

Savery is a great example of being in the right place at the right time. He seems to confirm the 

idea of startup entrepreneur Bill Gross (2015) through his analysis of over 200 companies, that 

ǘƛƳƛƴƎ ƛǎ ǘƘŜ ǎƛƴƎƭŜ ōƛƎƎŜǎǘ ǊŜŀǎƻƴ ǿƘȅ ǎǘŀǊǘǳǇǎ ǎǳŎŎŜŜŘΦ Lǘ ǿŀǎ ŘǳǊƛƴƎ {ŀǾŜǊȅΩǎ ƭƛŦetime when 

the raw material for charcoal, which was the preferred fuel for heating, was consumed faster 

than it could be produced. Pit coal was initially a cheap alternative, as long as you did not have 

to dig deep enough that water needed to be drained. Pumps driven by waterwheels worked 

well to raise the water out of the ground, but most mines were not conveniently located by a 

river.  

Savery had not only access to the science behind steam pressure and vacuum, but he also had 

the hindsight that his predecessors did not. He was also free from dependency on a wealthy 

aristocrat as he performed his experiments at a government facility called the Royal Office of 

Ordnance, whose sole purpose was to improve the technology of war. One location, Vauxhall, 

was desŎǊƛōŜŘ ōȅ wƻōŜǊǘ IƻƻƪŜ ŀǎ άŀ ǇƭŀŎŜ ƻŦ ǊŜǎƻǊǘ ŦƻǊ ŀǊǘƛǎǘǎΣ ƳŜŎƘŀƴƛŎǎΧ όwhere) 

experiments and trials of profitable inventions shouƭŘ ōŜ ŎŀǊǊƛŜŘ ƻƴέ ό²ŀƭƭŀŎŜΣ мфун, p. 39). It 

Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ǘƘŜ άǎŜǾŜƴǘŜŜƴǘƘ-century equivalent of the US Department of 

5ŜŦŜƴǎŜ !ŘǾŀƴŎŜŘ wŜǎŜŀǊŎƘ tǊƻƧŜŎǘǎ !ƎŜƴŎȅΣ ƻǊ 5!wt!έΣ ǿƘŜǊŜ ǘƘŜ ƛƴǘŜǊƴŜǘ ǿŀǎ ǎǳǇǇƻǎŜŘƭȅ 

invented (Rosen, 2010, p. 24). The strategic interest of mining brought the steam pump into 

the realm of Vauxhall, which is precisely where Savery likely found MorŜƭŀƴŘΩǎ ƴƻǘŜǎ ŀǎ ǿŜƭƭ 

as the critical calculation, without which, would make a working steam engine quite difficult. 

Savery was also fortunate that enough time (about thirty years) had passed since the 

ǇǳōƭƛŎŀǘƛƻƴ ƻŦ ²ƻǊŎƘŜǎǘŜǊΩǎ ƛƴǾŜƴǘƛƻƴ ǇŀƳǇƘƭŜǘ ŀƴŘ Ƙƛǎ ǎǳōǎŜǉǳŜƴǘ ƴƛƴŜǘȅ-nine year patent. 

Lƴ мунпΣ wƻōŜǊǘ {ǘǳŀǊǘ όмуомΣ ǇΦ опύΣ ǘƘŜ ŀǳǘƘƻǊ ƻŦ ά{ǘǳŀǊǘϥǎ ŘŜǎŎǊƛǇǘƛǾŜ ƘƛǎǘƻǊy of the steam 

ŜƴƎƛƴŜέ notes άŘǳǊƛƴƎ {ŀǾŜǊȅΩǎ ƭƛŦŜ-ǘƛƳŜ ǘƘŜ aŀǊǉǳƛǎ ƻŦ ²ƻǊŎŜǎǘŜǊΩǎ ŘŜǎŎǊƛǇǘƛƻƴ ƘŀŘ ƴŜǾŜǊ 

ōŜŜƴ ƳŜƴǘƛƻƴŜŘέΦ Lǘ ǎŜŜƳǎ ŀƳŀȊƛƴƎ ǘƘŀǘ {ŀǾŜǊȅ ƻōǘŀƛƴŜŘ Ƙƛǎ ƻǿƴ ŦƻǳǊǘŜŜƴ-year patent in 

1698 without any mention of the similar Worcester patent. 

The Royal Society also provided somewhat of an understated recommendation after he 

ŘŜƳƻƴǎǘǊŀǘŜŘ ŀ ǎƳŀƭƭ ƳƻŘŜƭ ƻŦ Ƙƛǎ ŜƴƎƛƴŜΣ ƴƻǘƛƴƎ ƛƴ мсфф άǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǎǳŎŎŜŜŘŜŘ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ŜȄǇŜŎǘŀǘƛƻƴΣ ŀƴŘ ǘƻ ǘƘŜƛǊ ǎŀǘƛǎŦŀŎǘƛƻƴέ ό{ǘǳŀǊǘ муомΣ ǇΦ орύΦ Lƴ ŀ ƎŜƴƛǳǎ ƳŀǊƪŜǘing 

move, Savery (1702, p. 3-4) namedrops both the King and the Royal Society, hinting of their 

ŜƴŘƻǊǎŜƳŜƴǘǎΣ ƛƴ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ Ƙƛǎ ōƻƻƪ ¢ƘŜ aƛƴŜǊΩǎ CǊƛŜƴŘΤ ƻǊΣ !ƴ 9ƴƎƛƴŜ ǘƻ wŀƛǎŜ 

Water by Fire. The book also contained a fictional conversation between him and a concerned 

miner where Savery refutes any objections made against the machine. 



31 
 

His engine did not quite live up to his 

inflated claims and even contemporaries 

ŎŀƭƭŜŘ ƛǘ άŀ ǳǎŜƭŜǎǎ tƛŜŎŜ ƻŦ ²ƻǊƪέ ό{ƳƛǘƘ 

1994, p. 2). Instead of a piston, like 

tŀǇƛƴΩǎ ŘŜǎƛƎƴΣ ƛǘ ǳǎŜŘ ǿŀǘŜǊΣ ǿƘƛŎƘ 

meant that it could only pump water. It 

had no moving parts, except for its 

valves, which had to be constantly 

opened and closed by a frantic operator. 

The boiler had to be refilled at least once 

per minute and the fire needed constant 

stoking. In fact, the water being pumped 

also needed to be boiled, wasting a lot of 

heat in the process. In addition, the 

machine was subject to the same limit 

that aggravated mining engineers and 

scientists alike ς water can only be lifted 

about thirty feet using atmospheric 

pressure. In practice, this meant that 

{ŀǾŜǊȅΩǎ ŜƴƎƛƴŜ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ōŜ ōǳƛƭǘ ƴƻ 

more than about twenty-five feet from 

the bottom of a mineshaft (Arago 1839, 

p. 41-44). The worst part was that the 

ǎƻƭŘŜǊ ƘƻƭŘƛƴƎ ǘƘŜ ŜƴƎƛƴŜΩǎ ŎȅƭƛƴŘŜǊ ƘŀŘ 

a melting temperature dangerously close 

to the high-pressure steam. In fact, an 

explosion of the boiler in 1705 caused 

Savery to discontinue building any more 

engines (Rolt and Allen 1977, p. 27). 

Thomas Newcomen 

Another English artisan who saw the promise of steam technology to assist in draining mines 

was Thomas Newcomen. Newcomen was an ironmonger who grew up around the tin and 

copper mines of Southwest England, where he sold his iron tools. He experienced how slow 

and inefficient the human, animal or even wind powered pumps were in raising water out of 

the flooded mines. Newcomen together with his plumber colleague, John Calley, concurrently 

had the same idea as Savery, but without most of its drawbacks. Firstly, Newcomen used 

copper boilers (the same expensive ones used by brewers), which could withstand high heat 

and pressure. Secondly, the engine would only rely on atmospheric air pressure, which was 

much safer than using high-ǇǊŜǎǎǳǊŜ ǎǘŜŀƳΦ [ŀǎǘƭȅΣ ǳƴƭƛƪŜ {ŀǾŜǊȅΩǎ άŦǊƛŜƴŘƭȅέ ƳŀŎƘƛƴŜΣ ǘƘƛǎ 

was reliable, albeit quite slow. However, its dependability came at a cost.  

Figure 5 - Miner's Friend (Savery 1702) 
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The machine was a stationary leviathan 

with a gigantic pivoted beam that would 

seesaw back and forth housed in a brick 

building built next to the mine it was 

draining. It was the rocking beam that was 

the key to the whole thing. It was 

connected by chain to a piston encased in 

a cylinder. Steam filled the cylinder, which 

drove out most of the air. The cylinder was 

then chilled with cold water10, which 

created a partial vacuum that forced the 

piston down, dragging the beam down 

with it. The other end of the beam worked 

the pump that lifted the water out. The 

weight on that side would bring it down as 

steam was filled into the cylinder again, 

causing the piston to rise again. 

Newcomen also figured out how to device 

ǘƘŜ ŜƴƎƛƴŜ ǘƻ ōŜ άǎŜƭŦ-ŀŎǘƛƴƎέ ƻǊ ŀǳǘƻƳŀǘƛŎ 

without the need to open and close valves 

for releasing steam or injecting water (Rolt 

and Allen 1997, p. 40-44).  

9ǾŜƴ ǘƘƻǳƎƘ bŜǿŎƻƳŜƴ ƭƛƪŜƭȅ ŘŜǾŜƭƻǇŜŘ Ƙƛǎ ŜƴƎƛƴŜ ǇŀǊŀƭƭŜƭΣ ōǳǘ ƛƎƴƻǊŀƴǘ ƻŦ {ŀǾŜǊȅΩǎ ŘŜǎƛƎƴǎΣ 

it was Savery who had a catch-all patent which forced Newcomen to sign a partnership 

agreement giving him ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻŎŜŜŘǎ ŦǊƻƳ bŜǿŎƻƳŜƴΩǎ ǎŀƭŜǎΦ ¢Ƙƛǎ ǿŀǎ ŀ ōƛǘǘŜǊ Ǉƛƭƭ ŦƻǊ 

Newcomen to swallow considering the superiority of his design, as it could raise the same 

quantity of water using considerably less fuel and labor as two Savery engines working in 

tandem (Rolt and Allen 1997, p. 65)Φ Lǘ ƛǎ ǘŜƭƭƛƴƎ ǘƘŀǘ bŜǿŎƻƳŜƴΩǎ ŦƛǊǎǘ ŜƴƎƛƴŜ ǿŀǎ ƛƴǎǘŀƭƭŜŘ 

not in his native Devon, but rather at Dudley Castle in coal-rich Staffordshire. A cautious study 

identified about 300 engines as in use between 1712 and 1781 (Harris 1967, p. 147). While 

the engine was a success given its low construction costs and long life expectancy, it was 

almost exclusively used to drain coalmines or pump water to cities.  

James Watt 

Newcomen steam engines were working at coalmines all over England for about fifty years, 

but they still could not solve the Cornish mine-owners problem of flooded mines, given the 

enormous cost of transporting coal there. A new and more economical steam engine would 

have to wait for improved cast-ƛǊƻƴ ƳŜǘƘƻŘǎ ŀǎ ǿŜƭƭ ŀǎ ŀ ǎǘǊƻƪŜ ƻŦ ƎŜƴƛǳǎΦ WŀƳŜǎ ²ŀǘǘΩǎ ŜŀǊƭȅ 

life makes it seem like he is predestined to innovate the steam engine. He was working as an 

                                                           
10 An accident actually spurred an ingenious innovation to the machine, which probably brought its efficiency 
to the point that it could actually be economically feasible. Originally, the cylinder was cooled with a jacket of 
cold water, but when a leak cause cold water to go straight into the cylinder at the precise moment it was full 
of steam, it condensed instantaneously, causing a powerful vacuum to push the piston through the bottom of 
the cylinder and ended up in the boiler. He then realized that injecting cold water directly into the cylinder was 
much more effective producing 12 to 14 strokes per minute instead of 3 to 4 (Ferguson 1967a p. 102-103). 

Figure 6 ς illustration by J.F. Horrabin (Hogben 1938, p. 555, fig. 
247) 
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instrument-maker and technician at Glasgow University, in 1763 when he was asked to repair 

a model of a Newcomen engine used for demonstrations (Muirhead 1858, p. 83).  

 

Figure 7 - James Watt and the Steam Engine: the Dawn of the Nineteenth Century (Lauder 1855) 

Spending years tinkering with the device, he realized that its inefficiency was inherent in the 

repeated cooling of the hot cylinder with a jet of cold water. An efficient engine needed to do 

two jobs at once. It needed a cylinder boiling hot enough not to condense too early, but also 

become cold enough to actually condense the steam at the right time. It seems so obvious 

now, but it took the inspiration of a Scotsman in his twenties to produce a separate condenser. 

Watt actually describes that eureka moment as an epiphany he had while taking a Sunday 

walk in the Glasgow Green Park in 1765 (cited in Smiles 1874, p. 36): 

L ǿŀǎ ǘƘƛƴƪƛƴƎ ǳǇƻƴ ǘƘŜ ŜƴƎƛƴŜ ŀǘ ǘƘŜ ǘƛƳŜΧǿƘŜƴ ǘƘŜ ƛŘŜŀ ŎŀƳŜ ƛƴǘƻ Ƴȅ 

mind, that as steam was an elastic body it would rush into a vacuum, and if 

a communication was made between the cylinder and an exhausted vessel, 

it would rush into it, and might be there condensed without cooling the 

ŎȅƭƛƴŘŜǊΧL ƘŀŘ ƴƻǘ ǿŀƭƪŜŘ ŦŀǊǘƘŜǊ ǘƘŀƴ ǘƘŜ DƻƭŦ-house when the whole 

thing was arranged in my mind.  

While Watt did keep the Sabbath day holy restraining himself from work, he had already 

turned his vision into reality just a few days later (Dickinson 1936, p. 64). However, it still took 

ten exciting years of dealing with patents, altering business partners and getting the parts just 

ǊƛƎƘǘ ōŜŦƻǊŜ ǘƘŜ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ƳŀŎƘƛƴŜ ǿŀǎ ǇǊƻŘǳŎŜŘΦ ²ŀǘǘΩǎ ƛƳǇǊƻǾŜƳŜƴǘ ǘǊŀƴǎŦƻǊƳŜŘ 

the steam engine from a powerful water pump that was originally only economical at 

coalmines, to its extensive uses that had much wider significance on Britain and the world 

(Landes 1969, p. 102).  
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A Comparative Analysis of the Drivers / 

Causes Surrounding the Development of the 

Steam Engine from Papin (late 1600s) to Watt (late 1700s): 

The literature review of explanations why England industrialized first provided numerous 

potential causes and drivers of her supremacy in invention. Many of those hypotheses are 

relevant to the investigation of the steam engine and will be used as the independent variables 

in this study. The first factor is the most foreign to economists, but nonetheless the advance 

of scientific knowledge ƻŦŦŜǊǎ ŀ ŎƻƳǇŜƭƭƛƴƎ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ ǎǘŜŀƳ ŜƴƎƛƴŜΩǎ 

invention. The next potential causal factor is the set of resource endowments present in Britain 

and France, including the presence of coal, a mining sector and the supply of critical inputs. 

Then, economic institutions such as the financing and patent systems are investigated for their 

role in incentivizing invention. Finally, various non-economic institutions like the social classes 

and their level of human capital, political structures and their influence on property rights and 

religious influences are all examined for their potential causality or contribution in the 

invention of the steam engine.  

Science 

The steam engine has done much more for science than science has done 

for the steam engine ς Lord Kelvin 

YŜƭǾƛƴΩǎ ŀŘŀƎŜ ƛǎ ǘǊǳŜ ƛƴ ǘƘŀǘ ǘƘŜ ǎŎƛŜƴŎŜ ƻŦ ǘƘŜ ǘƛƳŜ ŎƻǳƭŘ ƴƻǘ ŜȄǇƭŀƛƴ ŀƭƭ ǘƘŜ ǿƻǊƪƛƴƎǎ ƻŦ ǘƘŜ 

first steam engines and that later investigation led to the formulation of the laws of 

thermodynamics, pioneered by Carnot. Still, it is too simplistic as it disregards the key 

discovery of the vacuum, without which the steam engine would be inconceivable. The role 

of science in the invention of the steam engine can be seen as a mini-version of the larger 

debate whether the Scientific Revolution of the seventeenth century led to the Industrial 

Revolution of the eighteenth century.  

Historians explored this link exhaustively in the 1960s and 70s, surprisingly concluding that 

scientific discovery did not lead to the technologies of the industrial revolution. A. R. Hall 

όмфтпύ ƛƴ ŀǎƪƛƴƎ ά²Ƙŀǘ 5ƛŘ ǘƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴ ƛƴ .Ǌƛǘŀƛƴ hǿŜ ǘƻ {ŎƛŜƴŎŜΚέ ŀǊƎǳŜŘ ǘƘŀǘ 

inventions, such as the steam engine used very little scientific knowledge. He uses the tired 

ŀǊƎǳƳŜƴǘ ǘƘŀǘ ²ŀǘǘΩǎ ǎŜǇŀǊŀǘŜ ŎƻƴŘŜƴǎŜǊ ŘƛŘ ƴƻǘ ƴŜŜŘ ŀ ǘƘŜƻǊȅ ƻŦ ƭŀǘŜƴǘ ƘŜŀǘ ŀƴŘ ǘƘŀǘ 

ƳŀǘƘŜƳŀǘƛŎǎ ǳǎŜŘ ƛƴ ǘƘŜ ŜƴƎƛƴŜŜǊƛƴƎ ƻŦ ǘƘŜ ǘƛƳŜ ǿŀǎ ŎŜƴǘǳǊƛŜǎ ƻƭŘΦ IŜ ŀǎǎŜǊǘǎ ǘƘŀǘ άǘƘŜ 

history of the Industrial Revolution in Britain shows amply how ready the technical innovators 

were to work out new ideas empirically when, as was then often the case, science had little 

ƎǳƛŘŀƴŎŜ ǘƻ ƻŦŦŜǊέ όHall мфтпύΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ IŀƭƭΩǎ ŀƴŀƭȅǎƛǎ ŜƳǇƭƻȅŜŘ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŦƭŀǿŜŘ 

timing, using only the period of 1760 through 1830. His blunder is easily forgiven, as it is not 

always clear-cut when drawing a straight-line from a scientific discovery in one century to an 

applied technology in subsequent centuries. But, as this paper will soon establish, the 

scientific knowledge crucial for the steam engine was discovered prior to eighteenth century.  
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hƴ ǘƘŜ ƻǘƘŜǊ ǎƛŘŜ ƻŦ ǘƘŜ άǎŎƛŜƴŎŜ ƳŀǘǘŜǊǎέ ŘŜōŀǘŜ ƛǎ ǘƘŜ ŀǳǘƘƻǊƛǘŀǘƛǾŜ ǎǘǳŘȅ ōȅ !Φ9Φ aǳǎǎƻƴ 

and Eric Robinson (1969), who documented in detail, a connection from the new science of 

Robert Boyle and Isaac Newton to its application by the early industrial inventor-engineers.  

While they do not claim that science was the most important factor of the Industrial 

Revolution, they emphasized the neglected link between pure and applied science (which 

eventually leads to technology). A more recent example of this approach is found in the 

writings of Margaret C. Jacob. She defends the position through sophisticated inference that 

the growing audience for science occurring at the same time as the application of that 

knowledge demonstrates how scientific investigation was instrumental in the technological 

development of the time. She coined a clever metaphor to explain the interrelatedness of the 

science-ǘŜŎƘƴƻƭƻƎȅ ǊŜƭŀǘƛƻƴǎƘƛǇ ŎŀƭƭƛƴƎ ǘƘŜƳ άŦǊŀǘŜǊƴal twins, born into a family particularly 

eager for profits and improvement: they have different personae, different looks, but are still 

ǇǊƻŦƻǳƴŘƭȅ ǊŜƭŀǘŜŘέ όWŀŎƻō мффтΣ ǇΦ фύΦ 

When limiting the debate to the invention of the steam engine, there is a clear and direct link 

from seventeenth century science to Papin and subsequent steam engines. The upcoming 

story outlining the discovery of steam and vacuum power underscores the fact that virtually 

all the responsible scientists were Western European, beginning with Italian and German, 

while the later critical breakthroughs were largely Anglo-French.  

The Science of Steam and Vacuum: a short history  

IŜǊƻΩǎ 9ƴƎƛƴŜ 

The knowledge that water expands when heated enough has been with humanity for 

thousands of years. In fact, the very first invention associated with the steam engine was made 

in the Egyptian city of Alexandria almost 2,000 years ago by the Greek mathematician Heron. 

It was called the aeolipile or a Hero engine, which used steam exhaust from vents to cause a 

sphere to rotate. The name is a combination of the Greek ǿƻǊŘ ɮˇ˂ˇˌ ŀƴŘ Latin word pila, to 

mean "the ball of Aeolus", who was the Greek god of the air and wind. 

 

Figure 8 - Hero of Alexandria (Terry 2013) 

https://en.wikipedia.org/wiki/Greek_mythology
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IŜǊƻƴ ǿŀǎ ǳƴŘƻǳōǘŜŘƭȅ ŀƴǘƛǉǳƛǘȅΩǎ ōŜǎǘ ǘƻȅ ƛƴǾŜƴǘƻǊΣ Ƴŀƴȅ ƻŦ ǿƘƛŎƘ ǿŜǊŜ ŘƻŎǳƳŜƴǘŜŘ ƛƴ ƻƴŜ 

of his seven books called PneumatikaΣ ƛƴŎƭǳŘƛƴƎ ά¢ŜƳǇƭŜ 5ƻƻǊǎ hǇŜƴŜŘ ōȅ CƛǊŜ ƻƴ ŀƴ !ƭǘŀǊΣέ 

ŀƴŘ ά! ¢ǊǳƳǇŜǘΣ ƛƴ ǘƘŜ IŀƴŘǎ ƻŦ ŀƴ !ǳǘƻƳŀǘƻƴΣ {ƻǳƴŘŜŘ ōȅ /ƻƳǇǊŜǎǎŜŘ !ƛǊέΦ ²ƘƛƭŜ ǘƘŜǎŜ 

ŀƴŎƛŜƴǘ ŎƻƴǘǊŀǇǘƛƻƴǎ ŀǊŜ ŦŀǎŎƛƴŀǘƛƴƎ ǘƻ ǘƘƛƴƪ ŀōƻǳǘΣ ƛǘ ǿŀǎ ŀ ǎƛƴƎƭŜ ƛŘŜŀ ƘƛƴǘŜŘ ŀǘ ƛƴ ǘƘŜ ōƻƻƪΩǎ 

title, which was critical in the creation of the first steam engine. An example from childhood 

best illustrates the idea that not only moving air, but also the absence of air exerts pressure. 

As a child places their finger on top of a straw filled with liquid, they are inadvertently creating 

a vacuum by sucking the air out of the straw.  

In a sad twist of fate, this idea contradicted the theory of Aristotle (the very tutor of 

!ƭŜȄŀƴŘǊƛŀΩǎ ŦƻǳƴŘŜǊύ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ ǎǳŎƘ ǘƘƛƴƎ ŀǎ ŀ ǾŀŎǳǳƳΣ ŀƴŘ ǘƘǳǎ ǘƘƛǎ Ǿƛǘŀƭ ƛƴǎƛƎƘǘ ǿŀǎ 

lost for fifty generations. Europe can thank Islamic science, for at the very least preserving 

ancient knowledge, such as Pneumatika, which was eventually translated from an Arabic 

translation to Latin in the thirteenth century (Rosen 2010, p. 8). Before we leave the 

captivating world of Heron, it is thought provoking to note that the aeolipile, like many 

inventions prior to the Industrial Revolution, inspired no further invention and was merely 

used to entertain the rich and powerful. In fact, for most of human history, successful 

inventors were either wealthy enough by birth or were dependent on patronage provided by 

entertaining or glorifying their benefactors. 

Torricelli and Atmospheric Pressure 

²ƘƛƭŜ ǘƘŜ ŀŜƻƭƛǇƛƭŜ ƻƴƭȅ ŘŜǇŜƴŘŜŘ ƻƴ ǘƘŜ ŜȄǇŀƴǎƛǾŜ ŦƻǊŎŜ ƻŦ ǎǘŜŀƳΣ ǘƘŜ ǎǘŜŀƳ ŜƴƎƛƴŜΩǎ ǎŜŎǊŜǘ 

ingredient of the vacuum was not revealed to Europe until the spring of 1644 at the ground 

zero for both the Renaissance and the Scientific Revolution, Florence. It was there Galileo 

Galilei chose to live under house arrest for his heretical opinions that the earth revolves 

around the sun. In fact, Galileo spent his final three months alive discussing physics together 

ǿƛǘƘ ŀ ȅƻǳƴƎ ŀŘƳƛǊŜǊ ƴŀƳŜŘ 9ǾŀƴƎŜƭƛǎǘŀ ¢ƻǊǊƛŎŜƭƭƛΦ ¢ƻǊǊƛŎŜƭƭƛΩǎ ƭƛŦŜ ǇǊƻǾƛŘŜǎ ŀ ŦŀǎŎƛƴŀǘƛƴƎ 

glimpse into the world of medieval scientists. He was born into a very poor family, but was 

talented enough to be taught by his uncle, a monk. He later studied under a Benedictine monk 

who worked on hydraulic experiments and undertakings, funded by the Pope Urban VIII 

(Jervis-Smith 1908, p. 9). In exchange for his tuition, Torricelli worked as a secretary and later 

as a substitute teacher for the monk.  

Torricelli eventually succeeded Galileo as the court 

mathematician to the Grand Duke Ferdinando II of Tuscany, 

which was like professor of mathematics at the Florentine 

!ŎŀŘŜƳȅΦ DŀƭƛƭŜƻΩǎ ǊŜvolutionary attitudes towards 

experimentation and his ability to ignore established 

authorities, especially Aristotelianism, must have rubbed off on 

Torricelli. It was at the behest of the Grand Duke, whose 

engineers struggled with breaking the nine-meter limit of 

suction pumping water, that Torricelli resurrected the idea of 

the vacuum through his experiments using mercury in the same 

way the child sealed the top of the tube/straw. Unlike Coca Cola 

in a straw, Torricelli noted that the mercury sunk a bit, leaving a 

space at the top. He then observed that the amount of space 
Figure 9 - Torricelli's experiment 
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varied at different times of the day and month, accidently inventing the first barometer. He 

ǊŜŀǎƻƴŜŘ ǘƘŀǘ ǘƘŜ ǾŀǊƛŀƴŎŜ Ƴǳǎǘ ōŜ ŎŀǳǎŜŘ ōȅ άŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ǿƘƛŎƘ ƛǎ 

sometimes hŜŀǾƛŜǊ ŀƴŘ ŘŜƴǎŜǊ ŀƴŘ ŀǘ ƻǘƘŜǊ ǘƛƳŜǎ ƭƛƎƘǘŜǊ ŀƴŘ ǘƘƛƴƴŜǊέ (cited in Jervis-Smith 

1908, p. 16). Torricelli was not as brave a Galileo and quickly shifted his study to geometry 

when the religious authorities became hostile, smelling the threat to their Aristotelian 

worldview. Nevertheless, while vacuum would keep the mercury in the tube, the idea leaked 

out to scientists across Europe. 

aŀƎŘŜōǳǊƎ ƘŜƳƛǎǇƘŜǊŜǎΩ ǾŀŎǳǳƳ 

The enormous power of the atmosphere was amazingly demonstrated in the aftermath of the 

Thirty Years War in the famous Magdeburg hemispheres. Their inventor, Otto Gericke, was 

born in Magdeburg in 1602 (which would have been like my fellow NMBU student Mohamed 

Abdisalam, who was born in Somalia in the early 1980s). Magdeburg was sacked in 1631 by 

Catholic imperials for its Protestant resistance, killing more than twenty thousand. Otto 

ƘƛƳǎŜƭŦ ǊŜŎŀƭƭǎ ǘƘŀǘ ǿƘŜƴ ŎƛǾƛƭƛŀƴǎ Ǌŀƴ ƻǳǘ ƻŦ ƭƻƻǘ ǘƻ ƎƛǾŜ ǘƘŜ ǎƻƭŘƛŜǊǎΣ ǘƘŜȅ άōŜƎŀƴ ǘƻ ōŜŀǘΣ 

ŦǊƛƎƘǘŜƴΣ ŀƴŘ ǘƘǊŜŀǘŜƴ ǘƻ ǎƘƻƻǘΣ ǎƪŜǿŜǊΣ ƘŀƴŘΣ ŜǘŎΦΣ ǘƘŜ ǇŜƻǇƭŜέ όHelfferich 2009, p. 109).  By 

the time the Peace of Westphalia came about seventeen years later, less than 500 war-weary 

survivors lived in the city, which once was one of the largest in Germany. Otto returned home 

from his studies to help rebuild the city using his military engineering experience. 

 

Figure 10 - Magdeburg Hemisphere, 1672 (Granger 2012) 
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In a spectacle that likely resembled the excitement of Steve Jobs unveiling the iPhone, Gericke 

dramatically demonstrated the vacuum pump with two hemispheres whose air was sucked 

out and sealed, only to be held firmly together by the air pressure of the surrounding 

atmosphere. In fact, the vacuum was so strong that reportedly thirty horses, in two teams of 

fifteen, could not break the vacuum seal of the hemispheres. It is a mystery as to why the 

gimmick actually worked, as the vacuum force generated would have been an impressive 

4,400 lbs., which could easily have been broken by thirty horses. The risk or showmanship paid 

off as he became famous enough to be knighted by the Emperor Leopold I and featured in 

another book with the infamous title Mechanicahydraulica-pneumatica, written by the 

German mathematician Gaspar Schott (Conlon 2011, p. 7).  

Machina Boyleana 

The story of the scientific diǎŎƻǾŜǊƛŜǎ ƭŜŀŘƛƴƎ ǳǇ ǘƻ ǘƘŜ ǎǘŜŀƳ ŜƴƎƛƴŜ ǘǊŀǾŜƭǎ ǘƘǊƻǳƎƘ {ŎƘƻǘǘΩǎ 

book from Continental Europe to a wealthy British aristocrat, named Robert Boyle, who was 

educated at Eton College and devoted his life to scholarship. He pioneered the experimental 

scientific method while delving into alchemy and subsequently becoming the founder of 

modern chemistry. Fortunately ŦƻǊ ǘƘƛǎ ǎǘƻǊȅΣ ƘŜ ōŜŎŀƳŜ ŦŀǎŎƛƴŀǘŜŘ ōȅ DǳŜǊƛŎƪŜΩǎ ŀƛǊ ǇǳƳǇ 

and hired an equally brilliant, but considerably less wealthy student, Robert Hooke, to help 

him improve the pump. To assist in understanding the properties and characteristics of the 

ǾŀŎǳǳƳΣ IƻƻƪŜ ōǳƛƭǘ ǘƘŜ ŀǇǘƭȅ ƴŀƳŜŘ άƳŀŎƘƛƴŜ .ƻȅƭŜŀƴŀέ in 1659, whose glass case allowed 

them to investigate and manipulate what was happening within the vacuum chamber. The 

two performed various types of experiments, including depriving a bird of air in the pump, as 

depicted in the painting below, composed over one hundred years later. 

 

Figure 11 - An Experiment on a Bird in the Air Pump (Wright 1768) 
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Their findings were published in New Experiments Physico-Mechanical, Touching the Spring of 

the Air and Its EffectsΣ ǿƘƛŎƘ ŘƻŎǳƳŜƴǘŜŘ .ƻȅƭŜΩǎ ƭŀǿΣ ŀ ŘƛǎŎƻǾŜǊȅ that would later be used by 

James Watt in improving the efficiency of the steam engine. The law states that if you double 

the volume of gas, the pressure of the gas is cut in half (P1V1 = P2V2, for the symbolically 

inclined). In other words, if you allow the gas more room, the pressure goes down and if you 

squeeze it into less space, the pressure goes up. They also found that increasing the 

temperature of a gas would also increase pressure, providing the final bit of scientific 

knowledge needed to invent the first steam engine (Shapin and Schaffer 2011, p. 26-27). 

The Industrial Enlightenment 

It is clear that scientific concepts essential to the steam engine, such as the vacuum, were just 

ŀǎ ŀǾŀƛƭŀōƭŜ ƛƴ CǊŀƴŎŜ ŀǎ ƛƴ .ǊƛǘŀƛƴΦ IƻǿŜǾŜǊΣ ǿƘŜƴ ŀ ƳƻǊŜ ƴǳŀƴŎŜŘ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ άǎŎƛŜƴŎŜ 

ƳŀǘǘŜǊǎέ ŘŜōŀǘŜ ƛǎ ǘŀƪŜƴ ōȅ ǾƛŜǿƛƴƎ ƻŦ ǎŎƛŜƴŎŜ ŀǎ ŀ ƳŜǘƘƻŘ or culture, rather than mere 

knowledge, differences between the two countries become apparent. In the widely read A 

History of the SciencesΣ {ǘŜǇƘŜƴ aŀǎƻƴ ŜȄǇƭŀƛƴǎ ά²Ƙƛƭǎǘ ǘƘŜ content of scientific knowledge 

did not have much influence upon the development of industry up to 1850, the method of 

ǎŎƛŜƴŎŜ ŘƛŘέ όмфснΣ ǇΦ рлоύ όƛǘŀƭƛŎǎ ŀŘŘŜŘ ŦƻǊ ŜƳǇƘŀǎƛǎύΦ LƴŘŜŜŘΣ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻŦ ǘƘŜ 

Scientific Revolution were largely scientific instruments themselves (i.e. telescopes, clocks, 

Ǿƻƴ DǳŜǊƛŎƪŜΩǎ ƘŜƳƛǎǇƘŜǊŜǎΣ IƻƻƪŜΩǎ ǾŀŎǳǳƳ ƳŀŎƘƛƴŜ ŀƴŘ ǘƻ ŀ ŎŜǊǘŀƛƴ ŜȄǘŜƴǘΣ ƴŀǾƛƎŀǘƛƻƴŀƭ 

instruments) and not necessarily practical devices. If the steam engine was one of few 

exceptions of a direct science to technology link during the eighteenth century, it seems 

preposterous to compleǘŜƭȅ ŘƛǎƳƛǎǎ ǎŎƛŜƴŎŜΩǎ ǊƻƭŜ ƛƴ ǘƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴΦ .ǳǘΣ ƛŦ 

theoretical science was its only precursor, why was it not invented fifty years prior, when the 

necessary scientific principles were first discovered? 

The preeminent economic historian of the Industrial Revolution, Joel Mokyr (2002), provides 

ŀ ŎƻƳǇŜƭƭƛƴƎ ŀƴǎǿŜǊ ƛƴ Ƙƛǎ ƛŘŜŀ ƻŦ ŀ ōǊƛŘƎŜ ōŜǘǿŜŜƴ 9ǳǊƻǇŜΩǎ ƴŀǘǳǊŀƭ ǇƘƛƭƻǎƻǇƘŜǊǎ όǎŎƛŜƴǘƛǎǘǎύ 

ŀƴŘ ƛǘǎ ƛƴŘǳǎǘǊƛŀƭ ƛƴƴƻǾŀǘƻǊǎΣ ŎŀƭƭŜŘ ǘƘŜ άLƴŘǳǎǘǊƛŀƭ 9ƴƭƛƎƘǘŜƴƳŜƴǘέΦ ²ƘƛƭŜ ǘƘŜ ǘŜǊƳ ǇŜǊŦŜŎǘƭȅ 

fits the English experience, it refers to both the primarily French intellectual Enlightenment 

ŀƴŘ ǘƘŜ ŘŜŎƛŘŜŘƭȅ .ǊƛǘƛǎƘ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴΦ Lǘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ōŜƭƛŜŦ άǘƘŀǘ ƳŀǘŜǊƛŀƭ ǇǊƻƎǊŜǎǎ 

and economic growth could be achieved through increasing human knowledge of natural 

phenomena and making this knowledge accessible to those who could make use of it in 

ǇǊƻŘǳŎǘƛƻƴέ όaƻƪȅǊΣ нллфΣ ǇΦ плύΦ ¢ƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴΩǎ ƭƛƴƪ ǿƛǘƘ ǘƘŜ {ŎƛŜƴǘƛŦƛŎ wŜǾƻƭǳǘƛƻƴ 

can be traced from three interrelated phenomena, which Mokyr cites as incidental spillover 

effects from the scientific endeavor of gaining knowledge: scientific method, mentality and 

culture. 

Scientific Method: the Dethroning of Aristotle and the Church 

While the science of the eighteenth century could not theoretically explain how the first steam 

engines actually worked, it did provide a new and powerful way of asking questions. Scientific 

inquiry was essentially syllogistic, as thinkers would contemplate opposing ideas within the 

church sanctioned framework. The Scientific Revolution gets its revolution from the dramatic 

change from studying the word of God11 to utilizing empiricism as the most reliable path to 

truth. However, the transformation did not start out searching for truth; rather it started 

                                                           
11 At least as conveyed by the Roman Catholic Church. 
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looking for mistakes. As long as scientists unconditionally accepted church sanctioned 

ƪƴƻǿƭŜŘƎŜΣ ǎǳŎƘ ŀǎ !ǊƛǎǘƻǘƭŜΩǎ ǾƛŜǿ ƻƴ ǇƘȅǎƛŎǎ ŀƴŘ ōƛƻƭƻƎȅ ŀƴŘ DŀƭŜƴΩǎ ƛƴǎƛƎƘǘǎ ƻƴ ƳŜŘƛŎƛƴŜΣ 

science would be stuck in the middle ages. Galileo is the most famous revolutionary for his 

writ ings against the Aristotelian geocentric view that the earth was the center of the universe 

from which all the stars and planets revolve around. Gregory Clark (2007, p. 145) eloquently 

Ŏŀƭƭǎ Ƙƛǎ ƘŜǊŜǎȅ ǘǊƛŀƭ ŀƴŘ ŎƻƴŘŜƳƴŀǘƛƻƴ άŀƴ ŜȄŜƳǇƭŀǊ ƻŦ ǘƘŜ ǊŜƛƎƴ ƻŦ ǎǳperstition and prejudice 

ǘƘŀǘ ǿŀǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ƭƻƴƎ aŀƭǘƘǳǎƛŀƴ ƴƛƎƘǘέΦ ! ƭŜǎǎ-known, but equally revolutionary 

refutation of Aristotle was provided by the Italian biologist and poet Francesco Redi, referred 

ǘƻ ŀǎ ǘƘŜ άŦƻǳƴŘŜǊ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƛƻƭƻƎȅέΣ ǿƘƻ ŎƘŀƭƭŜƴƎŜŘ ǘƘŜ ǇǊŜǾŀƛƭƛƴƎ ǘƘŜƻǊȅ ƻŦ 

spontaneous generation with his experiments which showed maggots come from the eggs of 

flies (Bernstein and Bernstein 1982, p. 17-19).  

The massive shift in which scientists trusted their own observations over those authorized by 

the church led to an early experimental method that was at the heart of the Scientific 

wŜǾƻƭǳǘƛƻƴΦ ¢ƘŜ ŘƛǎǘǊǳǎǘ ŜȄǘŜƴŘŜŘ ŀƭǎƻ ǘƻ ŎƻƴǘŜƳǇƻǊŀǊƛŜǎ ŀǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅΩǎ 

motto nullius in verba όάƻƴ ƴƻ ƻƴŜΩǎ ǿƻǊŘέύΦ ¦ƴǘƛƭ ŀ ŎƻƴŎlusion could be replicated, you could 

not really trust it. Another epistemological transformation was that knowledge was no longer 

absolute. In other words, theories could be replaced by new and better ones, and not through 

logic alone, but through experimentation. 

Scientific Mentality: the Taming of the Natural World 

Another remarkable paradigm shift was the newfound faith in the orderliness, rationality and 

predictability of natural phenomena (Parker 1984, pp. 27-28). This meant that scientists could 

discover the formal rules that govern nature, which they did by breaking the world down into 

its component parts and thinking of the world like a machine. The use of mathematics comes 

ƛƴǘƻ Ǉƭŀȅ ŀǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ƛƴ ŘŜǎŎǊƛōƛƴƎ ŀƴŘ ŀƴŀƭȅȊƛƴƎ ƴŀǘǳǊŜΩǎ ǊǳƭŜǎΦ ¢Ƙis also opened the 

door to the idea that technology can manipulate the physical environment. This view, that 

nature and manufactured technology were subject to the same laws, was famously written by 

Newton in Principia. 

While most of these revolutionary scientists professed a thoughtful belief in a divine creator, 

they sought to separate scientific ideas from religious ones. While the church of the time 

claimed to know everything worth knowing about nature with its wholehearted adherence to 

the Aristotelian view, these non-conformists challenged this tradition with an open mind and 

willingness to experiment. Their scientific mentality allowed them to abandon the 

conventional supernatural doctrine when systematic experimentation and investigation 

provided a different explanation. 

Scientists exerted considerable intellectual energy on describing phenomena they could not 

yet understand using the three Cs of scientific observation ς counting, classifying and 

cataloging. Carl Linnaeus exemplified this spirit in performing minute descriptions and 

measurements of nature. The title of his first book says it all: Systema naturæ per regna tria 

naturæ, secundum classes, ordines, genera, species, cum characteribus, differentiis, 

synonymis, locis (or System of nature through the three kingdoms of nature, according to 

classes, orders, genera and species, with characters, differences, synonyms, places). It was not 

the measuring that made a difference, but the emphasis on accuracy, thoroughness and 

reliability of those measurements (Heilbron, 1990). 
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The scientific mentality also had a profound impact on the engineers and technological 

innovators of the time. Shortly after the first Newcomen steam engine was installed, Henry 

Beighton, the editor of the [ŀŘƛŜǎΩ 5ƛŀǊȅ12, published a table listing the horsepower of the 

various engines given the diameters of their cylinders. Again, the title illustrates this new 

approach: ! /ŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ tƻǿŜǊ ƻŦ ǘƘŜ CƛǊŜ όbŜǿŎƻƳŜƴΩǎύ 9ƴƎƛƴŜ ǎƘŜǿƛƴƎ ǘƘŜ 5ƛŀƳŜǘŜǊ 

of the Cylinder, for Steam of the Pump that is Capable of Raising any Quantity of Water, from 

48 to 440 Hogsheads an Hours; 15 to 100 Yards. One of the first studies of the steam engine 

was written by Desaguliers, a British natural philosopher and engineer of French Huguenot 

origin, who seǊǾŜŘ ŀǎ LǎŀŀŎ bŜǿǘƻƴΩǎ ŀǎǎƛǎǘŀƴǘ ŀǘ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅΦ 5ŜǎŀƎǳƭƛŜǊǎ ǎǳōǎŜǉǳŜƴǘƭȅ 

wrote in the widely read applied science Course of Experimental Philosophy, άaǊΦ .ŜƛƎƘǘƻƴΩǎ 

ǘŀōƭŜ ŀƎǊŜŜŘ ǿƛǘƘ ŀƭƭ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ƳŀŘŜ ŜǾŜǊ ǎƛƴŎŜέ (Desaguliers 1744, vol. 2, p. 534). Not 

only could the measurements be reproduced, but also they can be used to improve the 

efficiency of the machine, even when the science behind it was not fully understood. In fact, 

James Watt extensively studied that same book later stating that hiǎ άƪƴƻǿƭŜŘƎŜ ǿŀǎ ŘŜǊƛǾŜŘ 

ǇǊƛƴŎƛǇŀƭƭȅ ŦǊƻƳ 5ŜǎŀƎǳƭƛŜǊǎέ όRussell 2014, p. 132). 

{ŎƛŜƴǘƛŦƛŎ /ǳƭǘǳǊŜΥ CǊŀƴŎƛǎ .ŀŎƻƴΩǎ ±ƛǎƛƻƴ ŀƴŘ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅ 

The Industrial Enlightenment gets its industry from the Baconian belief that research should 

be directed to the practical problems of the time, such as medicine, manufacturing and 

ƴŀǾƛƎŀǘƛƻƴ ŀƴŘ ǘƘŀǘ ƛǘ ǎƘƻǳƭŘ ōŜ ƳŀŘŜ ŀǾŀƛƭŀōƭŜ ǘƻ ǎƻŎƛŜǘȅΩǎ ƛƴƴƻǾŀǘƻǊǎ όWŀŎƻō мффтύΦ .ŀŎƻƴ 

understood that science only becomes powerful when it becomes a social enterprise with free 

flow of information among its investigators. He advocated state support of empirical science 

(discoveries and techniques) to nurture its practice and dissemination, since it was the state 

that benefited most from innovation.  

In the posthumously published The New Atlantis, Bacon vividly describes what today would 

be considered a government-ŦǳƴŘŜŘ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŦŀŎƛƭƛǘȅΦ {ŀƭƻƳƻƴΩǎ IƻǳǎŜ ǿŀǎ 

home to hundreds of investigators, with Miners who performed experiments and 

άBenefactorsέ who looked for applications for the new discoveries. Interestingly, 

άBenefactorsέ were not artisans or craftsmen, since they sought innovations that would 

provide the highest value to the state. In fact, Bacon did not believe inventors should be 

granted patents or any property rights that would enrich them. 

In honor of Francis Bacon and inspired by his Salomon House and the French Montmor 

Academy, Robert Hooke and other natural philosophers received a royal charter from the king, 

establishing the Royal Society of London for the Improvement of Natural Knowledge in 1663. 

In contrast to the French Académie des Sciences, the Royal Society was not a state organ and 

regularly accepted many who were not professional scientists. In its early years, it provided 

research and practical infƻǊƳŀǘƛƻƴ ǿƛǘƘƻǳǘ ƎƻǾŜǊƴƳŜƴǘ ǎǳǇǇƻǊǘΦ ά¢ƘŜ ōǳǎƛƴŜǎǎ ŀƴŘ ŘŜǎƛƎƴ ƻŦ 

the Royal Society is to improve the knowledge of natural things, and all useful Arts, 

aŀƴǳŦŀŎǘǳǊŜǎΣ aŜŎƘŀƴƛŎƪ ǇǊŀŎǘƛŎŜǎΣ 9ƴƎƛƴŜǎΣ ŀƴŘ LƴǾŜƴǘƛƻƴǎ ōȅ 9ȄǇŜǊƛƳŜƴǘǎέ όŎƛǘŜŘ ōȅ [ȅƻƴǎΣ 

1944, p. 41). In contrast to the image of the arrogant theoretical astrophysicist depicted in the 

brilliant modern adaptation of CosmosΣ wƻōŜǊǘ IƻƻƪŜ ǿŀǎ ŀŎǘǳŀƭƭȅ ǘƘŜ ŦƛǊǎǘ άǿƻǊƪƛƴƎ Ŏƭŀǎǎέ ƻǊ 

                                                           
12 or ²ƻƳŀƴΩǎ !ƭƳŀƴŀŎƪ, which was a London periodical ŘŜǎƛƎƴŜŘ ŦƻǊ άǘƘŜ ŦŀƛǊ ǎŜȄέ ǿƘƛŎƘ ǎƻƳŜǘƛƳŜǎ ƛƴŎƭǳŘŜŘ 
puzzles dealing with Newtonian infinitesimal calculus ς a far cry from the tabloids of today. 
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salaried scientist in Britain as the curator of experiments. He was memorialiȊŜŘ ŀǎ άǘƘŜ 

greatest aŜŎƘŀƴƛŎƪ ǘƘƛǎ Řŀȅ ƛƴ ǘƘŜ ǿƻǊƭŘέ όŎƛǘŜŘ ōȅ Eds. Chapman and Kent, 2005, p. 1). 

The Lunar Society of Birmingham 

The inventions of the Industrial Revolution may owe a debt to the Royal Society, but it was 

the provincial areas that established more practical scientific academies that provided the 

perfect meeting places ŦƻǊ .ǊƛǘŀƛƴΩǎ ƛƴƴƻǾŀǘƻǊǎ. The Lunar Society of Birmingham, named as 

ǘƘŜ άƭǳƴŀǘƛŎέ ƳŜƳōŜǊǎ ƳŜǘ ƛƴŦƻǊƳŀƭƭȅ ƻƴ ǘƘŜ aƻƴŘŀȅ ƴŜŀǊŜǎǘ ǘƘŜ Ŧǳƭƭ Ƴƻƻƴ so they had 

enough light to ride home. The society was comprised of a spectrum from industrialists to 

engineers to actual scientists. James Watt and most of his innovative contemporaries were 

members, including his business partner Matthew Boulton, his chief steam engine engineer 

William Murdoch and his iron supplier John Wilkinson. Most members were not university 

educated and most were Nonconformists, putting them outside the Establishment. They echo 

a theme we will see again when examining religious institutions; that apparent disadvantages 

can actually become an inadvertent strength. They were free from the constraints of the 

stuffier formal institutions and their deference to tradition. Unlike the Parisian salons or 

English coffeehouses, they did not discuss religion or politics (Uglow 2002 p. v).  

This influential network of the first leaders of the Industrial Revolution actually racked up 

numerous scientific achievements, despite them not practicing άǇǊƻǇŜǊέ ǎŎƛŜƴŎŜΦ ¢ƘŜȅ 

exemplified the Industrial Enlightenment as they applied scientific principles to technological 

innovation. Jenny Ulgow (2002, p. 210) eloquently described them as: 

pioneers of the turnpikes and canals and of the new factory system. They 

were the group who brought ŜŦŦƛŎƛŜƴǘ ǎǘŜŀƳ ǇƻǿŜǊ ǘƻ ǘƘŜ ƴŀǘƛƻƴΧ!ƭƭ ƻŦ 

ǘƘŜƳΧŀǇǇƭƛed their belief in experiment and their optimism about progress 

ǘƻ ǇŜǊǎƻƴŀƭ ƭƛŦŜ ŀƴŘ ǘƻ ǘƘŜ ƴŀǘƛƻƴŀƭ ƭƛŦŜ ƻŦ ǇƻƭƛǘƛŎǎ ŀƴŘ ǊŜŦƻǊƳΧ¢ƘŜȅ ƪƴŜǿ 

that knowledge was provisional, but they also understood that it brought 

power, and believed that this power should belong to us all.  

The Society should not be seen as a significant contributor to the Industrial Revolution, but it 

was another arena where its brilliant heroes could meet and disseminate knowledge. 

Potential inventors could also use the numerous provincial and school libraries that started 

sprouting up in the mid-eighteenth century. There were also informal venues, such as 

ŎƻŦŦŜŜƘƻǳǎŜǎΣ ǿƘƛŎƘ ǿŜǊŜ ǇǊƻƳƻǘŜŘ ƛƴ мсфф ōȅ WƻƘƴ IƻǳƎƘǘƻƴ ǿƘƻ ǿǊƻǘŜ άŦƻǊ ŀƴ ƛƴǉǳƛǎƛǘƛǾŜ 

man, that aims at good learning, may get more in an evening than he shall by books in a 

ƳƻƴǘƘέ όŎƛǘŜŘ ōȅ /ƻǿŀƴ нллрΣ ǇΦ ффύΦ aŀǎƻƴƛŎ ƭƻŘƎŜǎ ŀƴŘ ǘŀǾŜǊƴǎ ŀƭǎƻ ǇǊƻǾƛŘŜŘ ǘƘŜ ǎŜǘǘƛƴƎ 

for public lectures on technology or lay science. This paper has already mentioned the 

contributions of John Desaguliers, who conducted lectures across the country paid for by the 

Royal Society. He was not a pioneer himself, but as a founding member of the British 

Freemasons, he was instrumental in diffusing ideas, such as the advantages of overshot water 

mills (Hills 1970, p. 98). He embodied the Industrial Enlightenment in that he made useful 

ƪƴƻǿƭŜŘƎŜ ŀǾŀƛƭŀōƭŜ ǘƻ .ǊƛǘŀƛƴΩǎ ƛƴƴƻǾŀǘƻǊǎΦ 

WŀƳŜǎ ²ŀǘǘΩǎ ŘŜōǘ ǘƻ ǎŎƛŜƴŎŜ 

An improbable amount of events ƛƴ WŀƳŜǎ ²ŀǘǘΩǎ ƭƛŦŜ ǳǇ ǘƻ Ƙƛǎ invention of the separate 

condenser steam engine seems predestined or perfectly placed to prepare him for that 
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achievement. First, he had both academics and mechanics in his blood, with this grandfather 

a mathematics instructor; Ƙƛǎ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ƳƻǘƘŜǊΩǎ ǎƛŘŜ ƘŀŘ ŎƻƴƴŜŎǘƛƻƴǎ ǿƛǘƘ DƭŀǎƎƻǿ 

University; and his father was a jack-of-all-trades. Raised a Presbyterian, he followed in the 

footsteps of other non-conformist young men, informally educated with a focus on 

mathematics. His run in with the London craft guild, who barred him from an approved seven-

year apprenticeship, taught him the silliness of treating knowledge as a zero-sum game. He 

ǿŀǎ ƭŀǘŜǊ ōƭƻŎƪŜŘ ōȅ ǘƘŜ ŦŜŀǊǎƻƳŜ ǎƻǳƴŘƛƴƎ άLƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ IŀƳƳŜǊƳŜƴέ ƎǳƛƭŘ ŦǊƻƳ 

setting up a shop in Glasgow.  

At the age of twenty, the gods smiled on Watt again as a Scottish merchant/scientist, 

Alexander Macfarlane, who lived on Jamaica, bequeathed his sizeable astronomical 

instrument collection to his alma matter, Glasgow University. During the several week trip 

from the Caribbean to Scotland, the telescopes and quadrants were damaged from the salt 

ŀƛǊ ŀƴŘ ǊƻǳƎƘ ƘŀƴŘƭƛƴƎΦ ¢ƘǊƻǳƎƘ ²ŀǘǘΩǎ ƳƻǘƘŜǊΣ WŀƳŜǎ ƘŀŘ ŀƭǊŜŀŘȅ ƳŜǘ wƻōŜǊǘ 5ƛŎƪΣ ǘƘŜ 

professor of natural philosophy at the university, who would be responsible for the sea-

damaged Macfarlane collection. Watt was offered a job to repair the instruments and joined 

the great minds of the University of Glasgow faculty as their mathematical instrument maker, 

which provided him a workshop. He was originally seen as just another skilled craftsman at 

the university, but he quickly showed there was more to him than that. 

John Robison who later became a distinguished scientist13, described when he first met Watt 

as ŀ ǳƴƛǾŜǊǎƛǘȅ ǎǘǳŘŜƴǘ ƛƴ мтруΥ άL ǎŀǿ ŀ ²ƻǊƪƳŀƴ ŀƴŘ ŜȄǇŜŎǘŜŘ ƴƻ ƳƻǊŜ ς but was surprised 

ǘƻ ŦƛƴŘ ŀ ǇƘƛƭƻǎƻǇƘŜǊΧǿŀǎ ǊŀǘƘŜǊ Ƴortfyd at finding Mr. Watt so much my superiorέ (cited in 

Burton and Tann 2012, p. 87). IŜ ŀƭǎƻ ǊŜŎŀƭƭŜŘ Ƙƻǿ άŜǾŜǊȅǘƘƛƴƎ ōŜŎŀƳŜ {ŎƛŜƴŎŜ ƛƴ ό²ŀǘǘΩǎύ 

ƘŀƴŘǎΧƘŜ ƭŜŀǊƴŜŘ ǘƘŜ DŜǊƳŀƴ ƭŀƴƎǳŀƎŜ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊǳǎŜ [ŜƻǇƻƭŘΩǎ Theatricum 

MechanicumΧŜǾŜǊȅ ƴŜǿ ǘƘƛƴƎ ǘƘŀǘ came into his hands became a subject of serious and 

ǎȅǎǘŜƳŀǘƛŎŀƭ ǎǘǳŘȅΣ ŀƴŘ ǘŜǊƳƛƴŀǘŜŘ ƛƴ ǎƻƳŜ ōǊŀƴŎƘ ƻŦ {ŎƛŜƴŎŜέ όŎƛǘŜŘ ƛƴ wƻōƛƴǎƻƴ ŀƴŘ aǳǎǎƻƴ 

1969, p. 25). Robison gave an example of when the local Masonic lodge needed an organ and 

Watt learned the study of harmonics and vibration in order to build a perfect organ (Robinson 

and Musson 1969, p. 28). 

The next inadvertent preparation for James Watt illustrates his background as a master artisan 

without the means to support a lifetime in the passionate pursuit of scientific discovery.  In 

the winter of 1763, Watt is given the most providential job of his career, when he is asked to 

repair a model of a Newcomen engine. The model would stop working after only two or three 

strokes. Watt loved a puzzle and quickly found that the problem was intrinsƛŎ ǘƻ ǘƘŜ ƳƻŘŜƭΩǎ 

size. Just as model designs can easily fail after being built in life-size if the supports cannot 

bear the true weight, a miniaturized model can also fail when scaled down. Watt did not stop 

there though as he sought to explain why the model used much more steam than could be 

accounted for.  

Watt found a mentor ƛƴ tǊƻŦŜǎǎƻǊ WƻǎŜǇƘ .ƭŀŎƪΣ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅΩǎ ŦƻǊŜƳƻǎǘ ǎŎƛŜƴǘƛǎǘ ǿƘƻ ŦƛǊǎǘ 

established the principle of latent heat. While the principle may seem arcane and unrelated 

to technology, it had a profound impact on the evolution of the steam engine. Black was 

fascinated with how water reacted from the transition of one property to another (liquid ς 

                                                           
13 Perhaps more famous today for his off-the-wall theory about the French Revolution being caused by a Masonic 

conspiracy. 
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solid ς gas). Questions such as why ice did not completely melt immediately when heated or 

why boiling water does not increase in temperature no matter how hot the fire underneath. 

Simple experiments into these phenomena led to his theory that latent heat is gained or lost 

between the changes from gas to liquid or solid to liquid (Jacob 2014, p. 28-29).  

¢ƘŜǊŜ ŀǊŜ ŦƛŜǊŎŜ ŘŜōŀǘŜǎ ƻǾŜǊ ǿƘŜǘƘŜǊ ²ŀǘǘ ōŜŎŀƳŜ ǿŜŀƭǘƘȅ ōȅ ǘŀƪƛƴƎ ŀŘǾŀƴǘŀƎŜ ƻŦ .ƭŀŎƪΩǎ 

theory in his steam engine, but a cursory read into the letters between the two demonstrates 

what a great scientist Watt was in his own right (Watt and Black 1969). It is not generally 

known, but Watt actually assisted Black in establishing the theory through his own 

experiments (Burton and Tann 2012, p. 87). Watt did take advantage of BlackΩǎ ƪƴƻǿƭŜŘƎŜ, 

but far from a scientific theory, it was actually the insight that measurements are far more 

powerful than intuition. He did not just need to recognize the existence of heat loss, but 

rather, its magnitude.  

While the benchmark for steam is obviously 100 degrees centigrade, a number of variables 

such as the material containing the liquid, will affect the boiling point. This was key in his 

understanding that water would actually boil at a lower temperature in a vacuum, but the 

ǊŜǎǳƭǘƛƴƎ ǎǘŜŀƳ ǿƻǳƭŘ ǘƘŜƴ ŘŜƎǊŀŘŜ ǘƘŀǘ ǾŀŎǳǳƳΦ ²ŀǘǘΩs notebooks are filled with 

measurements as he tried to determine the volume of steam compared to water, how much 

steam was used on a single stroke of the engine, how much water was needed to then 

condense that steam, and so on. He actually came up with a very accurate calculation of the 

ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƭƛǉǳƛŘ ŀƴŘ ǎƻƭƛŘ ǾƻƭǳƳŜǎ ƻŦ мΣупфΣ ŘǊŀǎǘƛŎŀƭƭȅ ŎƻǊǊŜŎǘƛƴƎ 5ŜǎŀƎǳƭƛŜǊǎΩ 

calculation of 14,000 (Hills 1989, p. 93). Watt himself then describe his true debt to science 

(cited in Fleming 1952, p. 4): 

I mentioned it to my friend Dr. Black, who then explained to me his doctrine 

ƻŦ ƭŀǘŜƴǘ ƘŜŀǘΧ L ǘƘǳǎ ǎǘǳƳōƭŜŘ ǳǇƻƴ ƻƴŜ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ŦŀŎǘǎ ōȅ ǿƘƛŎƘ ǘƘŀǘ 

ōŜŀǳǘƛŦǳƭ ǘƘŜƻǊȅ ƛǎ ǎǳǇǇƻǊǘŜŘΧ !ƭǘƘƻǳƎƘ 5ǊΦ .ƭŀŎƪΩǎ ǘƘŜƻǊȅ ƻŦ ƭŀǘŜƴǘ ƘŜŀǘ ŘƛŘ 

not suggest my improvements oƴ ǘƘŜ ǎǘŜŀƳ ŜƴƎƛƴŜΧ ǘƘŜ ŎƻǊǊŜŎǘ ƳƻŘŜǎ ƻŦ 

reasoning, and of making experiments of which he set me the example, 

certainly conduced very much to facilitate the progress of my inventions. 

What this theory meant for the steam engine is that after boiling a quart of water, the resulting 

ǎǘŜŀƳ ǿƛƭƭ ǘŀƪŜ ǳǇ мΣупф ǘƛƳŜǎ ǘƘŜ ǎǇŀŎŜ ƛǘ ŘƛŘ ǿƘŜƴ ƛǘ ǿŀǎ ƭƛǉǳƛŘΦ bŜǿŎƻƳŜƴΩǎ ŜƴƎƛƴŜ ƛƴƧŜŎǘŜŘ 

some water into its sealed cylinder in order to create a vacuum from the condensed steam.  

After a year of exhaustive experimentation and measurement, Watt quantified the precise 

amount of water needed to condense the steam. These test showed why the Newcomen 

engine was so inefficient, since it was caught between fundamentally incompatible goals of 

using minimal water to condense the steam, but maximum water to ensure condensation. In 

other woǊŘǎΣ ǘƘŜ ŎȅƭƛƴŘŜǊ ƘŀŘ ǘƻ ōŜ ƪŜǇǘ ŀǘ мллх/ ǘƻ ŀǾƻƛŘ ŎƻƴŘŜƴǎŀǘƛƻƴΣ ōǳǘ ŀƭǎƻ ŀǘ прх/ ǘƻ 

ŀǾƻƛŘ ǾŀǇƻǊƛȊŀǘƛƻƴΦ Lƴ ŀ ǘŜǎǘŀƳŜƴǘ ǘƻ .ǊƛǘŀƛƴΩǎ ŦŀǾƻǊŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ ƛƴǾŜƴǘƻǊǎ ƛƴ ǘƘŜ latter 

half of the eighteenth century, Watt spent many years struggling with solving this paradox. He 

finally came up with his epiphany of a separate condenser, where steam would flow and could 

be cooled without cooling the main cylinder. ¢Ƙƛǎ ƛǎ ǘƘŜ ŎǳƭƳƛƴŀǘƛƻƴ ƻŦ ²ŀǘǘΩǎ training, as 

actually building the separate condenser required his skilled hands honed by his 

apprenticeship in constructing brass compasses and quadrants. 
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Baconian (English) versus Cartesian (French) science  

The two great philosophers who ushered in modern science in the early seventeenth century 

are often seen as proxies or prophets for the views of science and its role in serving social 

progress in their native countries. Francis BaconΩǎ (English) vision was of scientists travelling 

the world collecting facts, until their accumulation reveals how nature works by induction. In 

the world of Rene Descartes, the (Cartesian) scientists should stay home and deduce the laws 

of nature by pure and rational logic and thought. While many English scientists, such as 

Faraday and Darwin were Baconians and many French, like Pascal and Laplace were 

Cartesians, the national distinction does not hold always up. In fact, the best science was a 

cross-fertilization of the two contrasting cultures. Even the president of the Royal Society, 

Isaac Newton was a Cartesian at heart, using its methods and mathematics in some of his 

theories.  

!ƴƻǘƘŜǊ ǎǘŜǊŜƻǘȅǇŜ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ǘǿƻ ŎƻǳƴǘǊƛŜǎ ƎƛǾŜƴ ǘƘŜƛǊ ǊŜǎǇŜŎǘƛǾŜ άŦŀǘƘŜǊǎ ƻŦ ƳƻŘŜǊƴ 

ǎŎƛŜƴŎŜέ ƛǎ ǘƘŀǘ 9ƴƎƭŀƴŘ ǿŀǎ ǳƴƛǉǳŜ ƛƴ ƛǘǎ ǇǊŀƎƳŀǘƛŎ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŎƛŜƴŎŜΣ ǿƘƛŎƘ ǿŀǎ 

primarily geared towards commercial means. Whereas Cartesian France was stuck in an 

abstract and theoretical program that was government-driven with no aspirations for 

ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ǘŜŎƘƴƻƭƻƎȅΦ ¢Ƙƛǎ ǾƛŜǿ ƴƻǘ ƻƴƭȅ ŎƻƴǘǊŀŘƛŎǘǎ .ŀŎƻƴΩǎ ƻǿƴ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ŀ ǎǘŀǘŜ-

sponsored science institution, but also his aversion to exploiting innovations for personal and 

not public gain. Furthermore, while most of its first members subscribed to Cartesian 

precepts, the French Académie des Sciences was never officially Cartesian rejecting doctrinal 

dogmaǘƛǎƳ ŀƴŘ ƛǘǎ ƳŜƳōŜǊǎ ŀƭǎƻ ƛƴǾƻƪŜŘ .ŀŎƻƴΩǎ ŜȄŀƳǇƭŜ ƻŦ {ŀƭƻƳƻƴΩǎ IƻǳǎŜ όIŀƘƴΣ мфтм 

p. 31). Lastly, while the Royal Society was far more Baconian than the French Académie, its 

fellows were all heavily influenced by a sort of Cartesian mechanical philosophy (Hunter 1989, 

p. 70).   

[ŜŀǾƛƴƎ ǘƘŜ .ŀŎƻƴƛŀƴ ǾŜǊǎǳǎ /ŀǊǘŜǎƛŀƴ ŘŜōŀǘŜ ŀǎƛŘŜΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜƳŜƳōŜǊ aƻƪȅǊΩǎ 

ŎƻƴŎŜǇǘ ƻŦ ǘƘŜ LƴŘǳǎǘǊƛŀƭ 9ƴƭƛƎƘǘŜƴƳŜƴǘΣ ǿƘŜǊŜ άǳǎŜŦǳƭ ƪƴƻǿƭŜŘƎŜ ǿƻǳƭŘ ƘŜƴŎŜŦƻǊǘƘ ōŜ 

judged by its intrinsic value, not by the nationality of its ƻǊƛƎƛƴέ όaƻƪȅǊΣ нллнΣ ǇΦ рпύΦ 9ǾŜƴ ƛŦ 

the science was better or more practical in one country or the other, it did not really matter 

as Western European scientists and engineers studied and copied each other. While the switch 

from Latin to vernacular languages provided access to technical and scientific writing to those 

without a classical education, it created a manageable obstacle for foreign exchange. Smeaton 

taught himself French in order to read the French theories on hydraulics. Watt also learned 

FrenŎƘΣ Lǘŀƭƛŀƴ ŀƴŘ DŜǊƳŀƴ ƛƴ ƻǊŘŜǊ ǊŜŀŘ ǎŎƛŜƴǘƛŦƛŎ ƭƛǘŜǊŀǘǳǊŜΣ ƛƴŎƭǳŘƛƴƎ WŀŎƻō [ŜǳǇƻƭŘΩǎ 

ǘǊŜŀǘƛǎŜ ƻƴ tŀǇƛƴΩǎ ŜƴƎƛƴŜΦ LƴǾŜƴǘƻǊǎ did not always have to learn a foreign language to get 

access to overseas knowledge, since scientific and practical tracts were often translated. The 

French chemists were superior to their more practical British counterparts, prompting an 

9ƴƎƭƛǎƘ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ .ŜǊǘƘƻƭƭŜǘΩǎ Art of Dyeing (Keyser 1990, p. 225). There were also 

ƴǳƳŜǊƻǳǎ ǇŜǊǎƻƴŀƭ ŎƻƴǘŀŎǘǎ ōŜǘǿŜŜƴ ǘƘŜ ŎƻǳƴǘǊƛŜǎΩ ǎŎƛŜƴǘƛŦƛŎ communities, as English 

scientists often visited France to pay homage and confer with their fellow experimental 

philosophers (Brockliss 1992, p. 79). Lastly, as described in the section on industrial espionage, 

the English Channel did not isolate useful knowledge and either spies or government 

diplomats would regularly acquire foreign technological information.  
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Resource Endowments 

Demand for Energy 

Alternative Energies: water and wind power 

Energy is the lifeblood of civilization and those who maximize it by performing their tasks most 

efficiently are the most successful. Energy is used to do work, produce things, heat buildings, 

cook, and transport. For millennia, caloric energy fueled human muscle power that allowed 

us to hunt, gather and eventually work in the fields. Humans are a bit more efficient than 

animals at converting calories into work, utilizing roughly 18 percent compared to only 10 

percent for a horse or ox. This is one of the reasons slavery or conscription was so prevalent 

in human history. However, if animals generally ate foods inedible for humans, their efficiency 

could be greater so that they could do the heavy lifting. Unfortunately, humans produce a 

pitiful amount of power, best illustrated at the local science museum by the bicycle or hand-

driven ergometer that barely illuminates a connected light bulb. In addition, when poorly fed 

(and motivated) laborers are forced to perform work, they are even more inefficient, only 

producing half of what free laborers performing the same work (Derry and Williams 1960, p. 

243).  

Harnessing nature using water and wind technology is much 

more recent, but Egyptians were using waterwheels for 

irrigation and milling over 3,500 years ago. The Chinese had 

built waterwheels to operate iron-smelting bellows in the first 

ŎŜƴǘǳǊȅΦ !ǊƻǳƴŘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ōǳǘ ƛƴ !ǳƎǳǎǘǳǎΩ wƻƳŜΣ ǘƘŜ 

engineer Vitruvius (whose writings on geometry and the 

human body inspiǊŜŘ 5ŀ ±ƛƴŎƛΩǎ ά±ƛǘǊǳǾƛŀƴ aŀƴέύΣ wrote that 

ǘƘŜ ƳŀŎƘƛƴŜǎ ŀǊŜ άǊŀǊŜƭȅ ŜƳǇƭƻȅŜŘέΣ ǿƘƛŎƘ Ƙŀǎ ǘƘŜ ŜŎƻƴƻƳƛŎ 

explanation that cheap slave labor was so prevalent in the 

Roman Empire (cited in Gies and Gies 1994, p. 35). 

Wind power came to Europe likely during the eleventh century, but its use was limited by 

geography. In northern Europe, where rivers may freeze during the winters and the land is 

flat, they offered a comparative advantage, and were thus more common. It is important to 

note that although this connection between the physical environment and wind technology 

seems straightforward, geography does not always hold up as the causal factor in new 

technologies. For example, England was littered with water mills (the Domesday survey 

recorded over five thousand as early as 1086, or roughly one for every fifty households), while 

the similar climate of Ireland did not embrace the technology (Landes, 1998, p. 45). 

Windmills and waterwheels provide a useful illustration of the gradual transition in the 

ǇƻǇǳƭŀǘƛƻƴ ǘƘŀǘ ǘƻƻƪ ǇƭŀŎŜ ŘǳǊƛƴƎ 9ǳǊƻǇŜΩǎ aƛŘŘƭŜ !ƎŜǎΦ !ŦǘŜǊ ǘƘŜ 5ŀǊƪ !ƎŜǎΣ ǿŀǘŜǊƳƛƭƭǎ 

replaced hand mills in grinding grain into flour, but only when the population became dense 

enough to justify its high fixed cost. A builder needed to not only construct the mill, but also 

invest in diverting rivers and regulating the flow of water. Industries with such high fixed costs 

and economies of scale often exploit their market power and landlords in charge of watermills 

were no exception. Peasants often complained about the high tolls charged for their use. 

Watermills were later used for other purposes, such as pumping water, sawing wood and 



47 
 

operating bellows to melt ore. Both wind and waterpower typically produced between 5 and 

мл ƘƻǊǎŜǇƻǿŜǊ όItύΣ ŀƭǘƘƻǳƎƘ ǘƘŜ Ŏƻƭƻǎǎŀƭ άƳŀŎƘƛƴŜ ƻŦ aŀǊƭȅέ ƛƴ CǊŀƴŎŜ ŘŜƭƛǾŜǊŜŘ ŀǘ ƭŜŀǎǘ тр 

HP, with a potential capacity of 124 HP (Forbes 1958, p. 148).  

Limitations of Wind and Waterpower 

Wind and water powered mills suffered from two fundamental shortcomings. First, they are 

site-specific and not necessarily in the same location where the work was needed. Secondly, 

the fixed cost nature of the technologies limited the incentives to improve them. Imagine your 

own motivation to drive economically if you were provided free gas. Water and wind 

technology saw gradual learning-by-doing advancements, which made them more powerful, 

but their operating expense largely remained the same.  

In hindsight, it is clear that steam power liberated humanity from the vagaries of nature. In 

fact, almost one hundred years into the steam revolution, John Cooke (2010, p. 111) wrote a 

paper in 1795 to the Royal Irish Academy stating: 

Water is seldom convenient; wind is a feeble and precarious agent; and 

muscular force is very expensive and very limited; but steam is free from each 

of these imperfections, and is superior to all in strength and duration. 

Nevertheless, in the context of the origin and early development of the steam engine, the 

limitations of other power sources, especially waterpower, did not play a significant role in 

most industries. In fact, it was not until after 1830 that steam power accounted for more 

than water and wind in Great Britain (Allen 2009, p. 173). The United States took even longer 

to substitute waterwheels and turbines with steam engines. There, it was not until 1880 

when the balance shifted in favor of steam (Forbes 1958, p. 148). 

So, in analyzing the effect that demand for energy had on the development of the steam 

engine in Britain and France, the industry where the technology was first applied should be 

primarily considered. While this could be considered cheating since history has already given 

its account of how steam power would be applied, it is precisely why economic history can 

provide more insights than pure economic theory or short-term statistical analysis. While 

steam power was later used to power mills, factories, boats and finally trains, the pattern of 

adoption is closely tied with the efficiency of the machines. The first steam engines only 

reached about 5 HP, which was about the same force produced by a waterwheel. Since there 

are no productivity differences between the two, the steam engine would only be purchased 

if it was more cost-effective than water or animal power. Desaguliers was the first to stress 

the economic case for steam power in reducing labor costs (Jacob 1997, p. 113). His own 

writing eloquently described the economics of the early steam engine (Desaguliers 1744, p. 

464-465): 

But where there is no water (for power) to be had, and coals are cheap, the 

9ƴƎƛƴŜΣ ƴƻǿ ŎŀƭƭΩŘ ǘƘŜ CƛǊŜ-Engine, or the Engine to raise Water by Fire, is the 

best and most effectual. But it is especially of immense Service (so as to be 

now of general use) in the Coal-Works, where the Power of the Fire is made 

from the Refuse of the Coals, which would not otherwise be sold. 
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Coal 

For most of human history, wood was the fuel of choice. However, its use was limited to 

cooking food and heating living quarters. Then, almost nine thousand years ago, in the Near 

East, fire was used to liberate copper from its ore or mineral-bearing rock. Once the 

connection was made between heat and releasing the metals from rock, our ancestors began 

mining copper and working it to make tools. Other metals, such as tin and lead were 

discovered and eventually copper was mixed with tin to make bronze. This discovery ushered 

in the Bronze Age, when ancient civilizations built their empires on the production of relatively 

strong weapons and agricultural tools (not quite beating their swords into plowshares). As 

ƭƻƴƎ ŀǎ ǿƻƻŘ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ŀōǳƴŘŀƴǘ ŀƴŘ ŎƭƻǎŜ ŀǘ ƘŀƴŘΣ ƛǘΩǎ ƘŜŀǘ ǿŀǎ ŀŘŜǉǳŀǘŜ ŦƻǊ ƘŜŀǘƛƴƎ 

homes, cooking and even metallurgy, brick and glass making, pottery and brewing. But while 

ǿƻƻŘ ƛǎ ǘƘŜ ƻǊƛƎƛƴŀƭ άǊŜƴŜǿŀōƭŜέ ŦǳŜƭΣ ƛǘ ǘŀƪŜǎ ŀōƻǳǘ ŦƻǳǊǘŜŜƴ ȅŜŀǊǎ ǘƻ ƳŀǘǳǊŜΦ Moreover, just 

as a modern-day energy crisis would spur a search for alternative energy sources, Europe 

sought a new fuel ŘǳǊƛƴƎ ƛǘǎ άǿƻƻŘ ŎǊƛǎƛǎέ ƛƴ ǘƘŜ ƭŀǘŜ ǘǿŜƭŦǘƘ ŎŜƴǘǳǊȅΣ ŀǎ ǘƘŜ ŎƻƴǘƛƴŜƴǘ ŦŜƭƭ 

many of its forests for construction and to open up enough farmland for the burgeoning 

population.  

This was very apparent in London, where the price of firewood in London rose rapidly starting 

in the twelfth century. By 1230, England was forced to import most of its timber from 

Scandinavia, but that did not stop prices from increasing. In Surrey England, the price of a 

ŦƛǊŜǿƻƻŘ ŦŀƎƎƻǘ ǊƻǎŜ άōȅ ǎƻƳŜ рл ǇŜǊŎŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ мнулǎ ŀƴŘ ǘƘŜ моолǎέ όDŀƭƭƻǿŀȅΣ 

Keene and Murphy, 1996, p. 449). The city and its industries turned their sights to coal. For 

space-ƘŜŀǘƛƴƎΣ ƳŜŘƛŜǾŀƭ 9ƴƎƭŀƴŘ ƳŀŘŜ ǳǎŜ ƻŦ άǎŜŀ ŎƻŀƭέΣ ǿƘƛŎƘ ǿŀǎ ŀ ȅƻǳƴƎ Ŏƻŀƭ ŦƛƭƭŜŘ ǿƛǘƘ 

sulfuric impurities found in easy to reach seams along the River Tyne to the North Sea. The 

noxious rotten egg smelling smoke actually caused King Edward I to ban its use and it was not 

pure enough to generate enough heat to be used for working iron or glassmaking.  

There is a debate between economic historians over whether the increases in wood prices 

were due to a timber shortage or from increased demand as the city of London grew. While 

that debate is inconsequential for this analysis, in an attempt to settle it, Robert Allen 

generated a dataset that illuminates the demand for coal in England. His graph ǎƘƻǿǎ ǘƘŜ άǊŜŀƭ 

ǇǊƛŎŜǎέ όǇǊƛŎŜ ŘƛǾƛŘŜŘ ōȅ ŀ ƎŜƴŜǊŀƭ ǇǊƛŎŜ ƛƴŘŜȄύ ƻŦ Ŏƻŀƭ ǊŜƭŀǘƛǾŜ ǘƻ ǿƻƻŘ ƛƴ [ƻƴŘƻƴ ŦǊƻƳ мплл 

to 1800. Clearly, something happened to the price of wood from 1550 and one explanation is 

ǘƘŜ ŜȄǇƭƻŘƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ǿƛǘƘ ǘƘŜƛǊ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘŜƳŀƴŘ ŦƻǊ ŦǳŜƭΦ LƴŘŜŜŘΣ [ƻƴŘƻƴΩǎ 

population jumped from about 55,000 in 1520 to 200,000 in 1600, which was the same 

timeframe in which the price of wood exploded. Things just got worse and by 1650, the gap 

between coal and charcoal prices was so great that despite its foul smell and undesirable 

qualities for cooking, coal was ƛƴ ŜȄǘŜƴǎƛǾŜ ǳǎŜ ōȅ ǘƘŀǘ ǇƻƛƴǘΦ !ǎ !ƭƭŜƴ Ǉǳǘǎ ƛǘΣ άǘƘŜ ƎǊƻǿǘƘ ƻŦ 

the coal trade was the result of the growth of the capital ς ƴƻǘ ƻŦ ŀ ƎŜƴŜǊŀƭ ǎƘƻǊǘŀƎŜ ƻŦ ǿƻƻŘΦέ 

Similar to the transition from water to steam power, the increased price of wood made 

investments in coal mining profitable. Indeed, coal production rose ten-fold in Britain from 

227,000 tons in 1560 to 2,640,000 tons in eighteenth century, mostly from mines in 

Northumberland and Durham where the bulk was shipped to London (Hatcher 1993, p. 68).  

The demand for coal energy preceded the steam engine and can be seen as a direct trigger for 

its invention (Allen 2011). Given the English domination of the coal industry in the seventeenth 
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and eighteenth centuries, it seems obvious that the steam engine would be invented there. 

Some would attribute this as a geographic accident, since Britain was naturally blessed with 

an abundance of coal. But the transition from charcoal to coal is not easy and requires a 

considerable amount of modifying existing technologies in order to use it. We will soon see 

that many industries had to adapt to this new fuel, such as home building, brewing, 

glassmaking and iron smelting. The tremendous investments made in altering methods and 

uses, which became profitable only in Britain in light of the cost of wood, essentially locked it 

into a fortuitous path dependence on coal based solutions.  

A geology professor, Richard Cowen (2016) at the University of California, Davis, has 

painstakingly described the process of coal mining during the middle ages. As coal production 

ramped up, its extraction became more cumbersome and hazardous. It required digging, 

usually into a hilltop, by rotating a large bore auger using men or tethered mules walking in 

circles. Then, miners would use picks to carve the coal from seams and cart it up to the 

ŜƴǘǊŀƴŎŜΦ aƛƴŜǊǎ ōŜŎŀƳŜ ǎƪƛƭƭŜŘ ƛƴ άƘŜǿƛƴƎέ ƭŀǊƎŜ ƭǳƳǇǎ ƻf coal, which were more valuable 

for their transport and burning quality. As the coalmines went deeper, they faced new 

challenges, such as how to support the structure and roof of the galleries to prevent cave-ins. 

Thicker pillars meant more safety, but less profit. On the other hand, if the roof collapses, 

there was a total loss, so miners were supported in an economic sense. Another issue was 

ventilation since methane gas can pool in sealed areas of mines, which can kill unsuspecting 

miners either by asphyxiation or by an explosion as they used fire for illumination. In addition, 

the deeper the mine, the more likelihood that the mine will flood with water.  

By the late seventeenth century, the deep coalmines in the Northeast were in crisis due to all 

the flooding. The ever-increasing demand for coal in Britain was putting increasing pressure 

on contemporary technologies. The English were either unaware of or unsuccessfully tried to 

use the German flat-rod engine (Stangenkunst) to drain the mines, but it was also dependent 

on some sort of external power. Animal power was the preferred method of pumping, but 

that was becoming painfully expensive to coal masters (Harris 1992, p. 4-5). It was in this 

ŀǘƳƻǎǇƘŜǊŜ ǘƘŀǘ ¢ƘƻƳŀǎ {ŀǾŜǊȅ ƳŀǊƪŜǘŜŘ Ƙƛǎ άaƛƴŜǊΩǎ CǊƛŜƴŘέΣ ǿhich served both as a water 

pump and a method of ventilation. In fact, three-quarters of patents granted in England prior 

to 1700 were mining innovations (Wallace 1982, p. 33).  

The mere presence of coal is not sufficient to initiate a coal mining industry. France had an 

expansive coalfield in the north (crossing into Belgium), as well as its central Loire coal mining 

basin. While the reserves of these areas paled in comparison to Northeastern Britain, their 

existence shows that something more than just the natural resource needs to be present. The 

population in Paris experienced a significant boom after the losses from the Wars of Religion, 

doubling from 210,000 in 1594 to 420,000 in 1634, after the spectacular recovery under the 

converted King Henry IV and Ƙƛǎ 9ŘƛŎǘ ƻŦ bŀƴǘŜǎΦ {ƘƻǳƭŘƴΩǘ ǘƘŜ tŀǊƛǎƛŀƴ ǇƻǇǳƭŀǘƛƻƴ ōƻƻƳ ƘŀǾŜ 

also spurred increased wood/charcoal prices that would lead France to develop its coalmines? 

The answer brings us back to natural resources and prices.   

Paris did face an increase in the price of firewood during the 1600s, but not nearly to the 

degree that London experienced. Coal prices in Paris were not thoroughly recorded until 1840, 

nevertheless Robert Allen (2009, p. 101) diligently compiled average real energy prices in 

Europe. The data quality can be confirmed by comparing coal prices in Paris with Antwerp. 
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Antwerp serves as a decent proxy given its supply sources (Northeast England and Liege) 

would make transportation costs quite similar to Paris. The price difference between charcoal 

and coal in Antwerp was similar to London (charcoal priced at least double of coal), which was 

enough to induce consumers to buy coal, with its noxious smoke. In Paris, charcoal was 

actually cheaper than coal well into the late 1700s, long after the invention of the steam 

engine (Allen 2009, p. 98).  

Table 1 - Energy prices in Europe (1600 to 1800). Allen (2009) 

 1600 1650 1700 1750 1800 

London, coal 2.63 3.56 3.93 3.96 3.84 

London, charcoal 5.08 10.21 11.12 10.08  

Northeast UK, coal 0.60 0.48 0.54 0.75  

Paris, coal 5.50 5.39 6.95 6.65  

Antwerp, coal 4.92 6.41 7.61 6.60 5.51 

Antwerp, charcoal 9.96 10.49 12.61 13.94 12.31 
 

The great coal-bent historian of the Industrial Revolution, John Nef (1932, p. 222-223) quoted 

a Frenchman named Ticquet who sent a letter from England to Paris in 1738 writ ing, άŎƻŀƭ ƛǎ 

one of the great sources of richness and abundance in England; I regard it as the soul of the 

9ƴƎƭƛǎƘ ƳŀƴǳŦŀŎǘǳǊŜǎέΦ While Britain was blessed with an abundance of coal, France was 

equally blessed with forests, which kept the price of firewood relatively stable, despite the 

population increase. This inhibited the need for a coal mining industry in France until the 

immense industrial demand using coal-powered steam engines well into the industrial 

revolution in the mid-1800s (Lamb 1977, p. 255). Even then, with tariffs on Belgian coal to 

provide a buffer for domestic producers, and a vast network of canals and rails, French coal 

was double the price of Belgian coal at the pit head (Milward and Saul 1973, p. 333). 

Figure 12 - "A Newcomen Engine ca. 1700" (Tobey 1961) 
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The fates of Britain and France diverged in the seventeenth century due their differing 

abundance in coal versus timber. While the demand for heat energy was similar given their 

parallel population booms, the relative supply of the energy sources determined their vastly 

ŘƛŦŦŜǊŜƴǘ ǇǊƛŎŜǎ ƛƴ ǘƘŜ ǘǿƻ ŎƻǳƴǘǊƛŜǎΦ Lǘ ǿŀǎ .ǊƛǘŀƛƴΩǎ ŦǳŜƭ ǘǊŀƧŜŎǘƻǊȅ ǘƘŀǘ ƳƻǘƛǾŀǘŜŘ ƛǘǎ Ŏƻŀƭ 

mining industry in the north and west peripheries of England. Even though the Northeastern 

mines were relatively close to the water, the transportation costs of getting piles of coal at 

the pithead to the harbor were extreme. Wains, which are large carts that could carry close 

to a ton, were used to transport coal to the water. Remember that one trip only carried a ton, 

so thousands of tons would require that many return trips. Imagine the demands on the road, 

the pastures and care needed for the horses and oxen. The great mines around the Tyne 

ƴŜŜŘŜŘ ǘƻ ƭƻŀŘ ƛǘǎ Ŏƻŀƭ ŦƛǊǎǘ ƻƴǘƻ ǎǇŜŎƛŀƭƭȅ ōǳƛƭǘ ǎƳŀƭƭŜǊ άƪŜŜƭǎέΣ ǿƘƛŎƘ then needed to be 

rowed to the sea before the coal was loaded onto larger ships bound for London or Europe. 

Finally, once their destination harbor was reached, the process started all over again to get 

the coal to its buyers (Wright 2016, p. 1). Waggonways (the predecessor to railway) and canals 

eased the transportation burden, but not until well after the invention of the steam engine.  

The high transportation costs meant that coal was extremely cheap at its pithead, which is 

ǇǊŜŎƛǎŜƭȅ ǿƘȅ bŜǿŎƻƳŜƴΩǎ ŦƛǊǎt steam engine was used to drain a coalmine in Dudley in 1712. 

The machines were terribly inefficient, using only one percent of the heat generated by the 

tremendous amounts of fuel they burnt (Thurston 1878, p. 464-470). They were only cost-

effective when the fuel was practically free, like at a coal mine where the bits that could not 

be sold could nonetheless be burned. The operation of the engine, which worked in a 

reciprocating motion, was especially suited to pumping mines. There was no other feasible 

application of those first steam engines. But this was by design, as the object of the machine 

was to drain mines. Therefore, the steam engine solved a uniquely British problem using a 

uniquely British resource. In the absence of the steam engine to pump water out of mines, the 

cost of coal surely would have increased. Not only was animal feed costly, but horses were 

not as effective in powering the water pumps. A study was made in 1752 comparing the cost 

of horses versus a steam engine in pumping water from a 72 meters deep coalmine in 

northeast England. Horses worked two at a time in three-hour shifts lifting about 300,000 

liters of water per day for 24 shillings. The steam engine handily beat the horses only costing 

20 shillings a day and pumping four times as much water (Pacey, 1992, p. 159). 

Market Size: Mining 

LŦ ǿŜ ŀƎŀƛƴ ƭƛƳƛǘ ƻǳǊ ǎŎƻǇŜ ǘƻ ǘƘŜ ǎǘŜŀƳ ŜƴƎƛƴŜΩǎ ƛƴƛǘƛŀƭ ƳŀǊƪŜǘǎ ŦǊƻƳ ǘƘŜ ŦƛǊǎǘ bŜǿŎƻƳŜƴ 

engine in 1706 to the first commercial Watt engine in 1773, it would be miraculous if it was 

invented anywhere outside of Britain. The diffusion of engines during this time is hotly 

debated as the commonly used Kanefskey database contains omissions and discrepancies 

when compared to secondary literature (Kanefskey and Robey 1980). Complicating matters, 

many engines fell into disuse or were moved from one location to another. Harry Kitsikopoulos 

(2008) uses a novel approach in dealing the shortcomings of merely counting engines by 

calculating the diffusion of horsepower in use during this period. The database provides a 

number of insights, including the growth in the horsepower during the almost seventy years 

of gradual improvements. 
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Using this dataset to distinguish the diffusion by sector shows that about 9 out of 10 engines 

were used in the mining industry. The rest of the engines went to ironworks or waterworks 

and mostly after the average horsepower exceeded 20. The regional diffusion within England 

ŀƭǎƻ ǊŜŦƭŜŎǘǎ ǘƘŜ ƛƴǾŜƴǘƛƻƴΩǎ ŘƻƳƛƴŀǘŜ ǳǎŜ ƛƴ Ŏƻŀƭ ƳƛƴƛƴƎΦ 

Table 2 - Newcomen steam engine diffusion in British counties 

1718 1742 1773 

Durham 24.9 
(21%) 

Northumberland 297.8 
(13.5%) 

Northumberland 2,254.5 
(17.3%) 

Staffordshire 18.2 
(15.3%) 

Warwickshire 289.6 
(13.1%) 

Durham 1,542.3 
(11.8%) 

Cornwall 16.9 
(14.2%) 

Durham 256.1 
(11.6%) 

Cornwall 1,473.5 
(11.3%) 

 

!ǎ ƘŀƭŦ ƻŦ .ǊƛǘŀƛƴΩǎ Ŏƻŀƭ ǿŀǎ ƳƛƴŜŘ ƛƴ bƻǊǘƘǳƳōŜǊƭŀƴŘ ŀƴŘ 5ǳǊƘŀƳΣ ƛǘ ƛǎ ƴƻ ǎǳǊǇǊƛǎŜ ǘƘŀǘ ǘƘŜǎŜ 

two counties played a leading role in adopting the steam engine. Cornwall, according to both 

Savery and Newcomen, was to be their largest market as it was there the mining industry was 

in crisis and desperately needed a solution to its flooding problems. Cornwall, on the 

southwestern tip of England, is filled with copper and tin deposits. However, its geography 

made those minerals, which were in high demand by 1700, extremely difficult to mine. Cornish 

miners had to dig individual shafts downwards (in contrast to the horizontal tunnels in 

coalmines), which were the deepest holes in Britain. Their daily commute to work included 

travelling up and down as much as 800 feet, either by ladder or a mule powered rope (Leifchild 

1968, p. 139-142). 
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Because Cornwall is on the sea, the shafts would 

continually flood, making pumping or drainage 

tunnels an absolute necessity to keep the mines 

running. A woman traveler by the name of Celia 

Fiennes wrote of the mines during her tour of the 

²Ŝǎǘ /ƻǳƴǘǊȅ ƛƴ мсфрΥ ά¢ƘŜȅ ŜǾŜƴ ǿƻǊƪ ƻƴ [ƻǊŘΩǎ 

day to keep the mines drained ς one thousand 

men and boys working on drainage of twenty 

ƳƛƴŜǎέΦ {ƘŜ ŀƭǎƻ ǊŜƳŀǊƪŜŘ ǘƘŀǘ ǎƘŜ ǎŀǿ άŀ 

hundred mines, some of which were at work, 

others that were lost by waters overwhelming 

ǘƘŜƳέ ό.ǳǊƪŜ мфтуΣ ǇΦ мтмύΦ ¢ƘŜ ŦƛǊǎǘ ƳŀŎƘƛƴŜǎ 

proved to be a false hope for both the mining 

industry and Newcomen, given the high cost of 

coal in Cornwall (both due to a duty on sea-borne 

coal as well as the tremendous shipping costs of 

mule carriage from the Cornish ports to the 

mines). By 1727, there were only five Newcomen 

engines working in Cornwall and the technology 

was not attempted again until critical efficiency 

gains in the 1770s (Leifchild 1968, p. 183). 

As the diffusion of the first steam engines was determined by the location of coalmines, one 

would expect to find them installed in France and Belgium. Indeed, there were a few 

Newcomen engines in France, but their use was not widespread (Ballot 1978, p. 384-387). This 

is apparent since the French secret agent, Jars, provided his government with a very careful 

description of a Newcomen pump in 1765 (Szostak 1991, p. 162). The French did use one 

machine installed by two Englishmen to pump water from the Seine to the city of Paris. A 

similar scheme was also introduced on the Thames in London.  

The more efficient Watt engine was introduced to France in 1776 by Jacques-Constantin 

Périer, who had acquired the right to assemble them to work in the Parisian waterworks. He 

prospered in the 1780s as his machine shop near Paris built numerous steam engines for the 

Anzin coal mine, ironworks at Le Creusot and various waterworks, but its adoption was slow 

and the business struggled in the 1790s (Payen 1969, p. 99-166). By 1810, Périer estimated 

about 200 steam engines in France, almost exclusively in coalmines, compared to 5,000 total 

in England (Henderson 1961, p. 45). Harris (1992, p. 211) presumes that Périer included 

Belgium in those numbers as he was only able to count 70 engines by 1800. Even long after 

British industry began using the steam engine to drive machinery, there were only 15 French 

factories that had steam engines (Fohlen, 1970 p. 142). Again, this is due to the excessive cost 

of coal in the industrial areas of France. 

While engines developed after Watt made tremendous fuel economy improvements, the cost 

of coal remained 45% of the total costs (with capital another 45% and labor 10%). A steam 

engine itself was extremely difficult to transport, costing almost 10% of the price of the 

machine (Price, 1981, pg. 19). A Commission of Inquiry reported that the lack of canals and 
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roads, which made coal transport so expensive, was the principal reason the steam engine 

was not used in France (Fohlen, 1970, pg. 141). While reliable coal prices prior to 1800 are 

unavailable, in 1831, a bundle mined at the pithead at Rive de Gier (in the Loire coal mining 

basin) cost just 15 francs, yet 53 francs at MulhouseΣ CǊŀƴŎŜΩǎ leading textile center just 400 

kilometers away in Alsace (Price 1981, p. 119). Steam engines were almost exclusively limited 

to mining areas in France, until transportation improvements, such as canals or railways, 

eased the cost of coal. One such example is the Alsace cotton industry, which only adopted 

steam technology after the 1833 Rhone-Rhine canal was built, which allowed easy access to 

the coal of the Loire (Fohlen, 1970, p. 144). 

The early industries in Britain and France were not located in a prime position close to the 

coalmines. England saw the rise of its cities, which set the stage for a large-scale factory 

ǎȅǎǘŜƳΦ CǊŀƴŎŜΩǎ ƛƴŘǳǎǘǊƛŀƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƎǊŜǿ ƻǳǘ ƻŦ ƛǘǎ ƳŜŘƛŜǾŀƭ ŎƻƳƳŜǊŎƛŀƭ ŎŜƴǘŜǊǎΦ ¢ƘŜ 

promise of steam technology was that factories could be located anywhere, preferably close 

to coal, transportation, labor and markets. France was at an extreme disadvantage in this 

regard, since it had labor, transportation and markets built up around water technologies. 

Building roads and canals and the natural development of cities inevitably entails significant 

sunk costs. Even if the state determined that the potential opportunities were great enough 

to justify abandoning existing industries and cities, it would be hard-pressed to convince its 

inhabitants to relocate merely to get closer to ŀ ŎƘŜŀǇŜǊ ǎƻǳǊŎŜ ƻŦ ŎƻŀƭΦ ! ǎǘǳŘȅ ƻŦ CǊŀƴŎŜΩǎ 

historical geography by Hugh Clout (1977, p. 475) found that the location of its coalfields 

άǿŜǊŜ ǎǳǊǇǊƛǎƛƴƎƭȅ ǳƴŀǘǘǊŀŎǘƛǾŜ ŦƻǊ ƪŜȅ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎΣ ǎǳŎƘ ŀǎ ǘŜȄǘƛƭŜǎ ŀƴŘ ƳŜǘŀƭƭǳǊƎȅέΦ 

Another observer reasoned that a better transportation network for coal was not developed 

ŜŀǊƭƛŜǊ ōŜŎŀǳǎŜ άCǊŀƴŎŜ ƴŜƛǘƘŜǊ ƴŜŜŘŜŘ ƴƻǊ ŦƻǳƴŘ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ǉǳƛŎƪƭȅέ 

(Dunham 1955, p. 85).  

Steam adoption in French industry did not occur until the efficiency of the machines made 

them cost-effective or the transportation network was improved, decreasing the cost of coal 

in the industrial centers. In the meantime, the French showed their ingenuity in water 

technology, as late as 1844, getting 21,710 horsepower from hydraulic engines, over the 5,982 

horsepower that would have been realized by a steam engine. The first steam engines used in 

French manufacturing were actually to supplement existing water technology, since the 

streams were so crowded there was no room for another waterwheel (Landes, 1973, p. 182).  

Britain had the first mover advantage since its northeast coalfield was the chief supplier of 

household coal. Even into the 1840s, British homes were consuming two-thirds of British coal 

ƻǳǘǇǳǘ ŀƴŘ ŀ ǎƘƻŎƪƛƴƎ пл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ όwƻǎŜƴ 2010, p. 89). In that environment of 

intense consumer demand, mine owners and industrial speculators began financing 

investments in transportation that would ease the burden of getting coal from the mines to 

ǘƘŜ ŎƛǘƛŜǎΦ !ƴ ŜȄŀƳǇƭŜ ƛǎ ǘƘŜ Ŏŀƴŀƭ ōǳƛƭǘ ōŜǘǿŜŜƴ ŀ 5ǳƪŜΩǎ ŎƻƭƭƛŜǊȅ ŀǘ ²ƻǊǎƭŜȅ ŀƴŘ ǘƘŜ ǊŀǇƛŘƭȅ 

ƎǊƻǿƛƴƎ ǘƻǿƴ ƻŦ aŀƴŎƘŜǎǘŜǊ ƛƴ мтсмΦ Lǘ ǿŀǎ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǿƛǘƘƛƴ ǿŜŜƪǎ ƻŦ ǘƘŜ ŎŀƴŀƭΩǎ ƻǇŜƴƛƴƎΣ 

the price of coal in Manchester was cut in half. At the dawn of the railway age, Britain had 

successfully linked most of its coalfields, industrial centers and ports with over four thousand 

miles of navigable waterways, rivers and canals (Bagwell and Lyth 2002, p. 8-9). 

It should be noted that an early lead in technology can sometimes be a disadvantage, since 

followers can avoid the tedious route and can easily follow a more direct and optimal path. In 
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fact, when France did widely adopt steam-engine technology starting in the 1820s, it was the 

more fuel efficient and cutting-edge Woolf design that became the standard. In fact, it is in 

this era when French engineers declared independence from the British design standards as 

they began to successfully adapt a design that was favorable to local conditions in France. 

Britain put up with their coal-guzzling Boulton and Watt low-pressure engines for many 

decades after their technology was outdated. It was not until the 1840s that English factories 

invested in the high-pressure engines of the time (von Tunzelmann 1978, p. 281). 

Supply of Inputs 

Without cheap coal, the steam engine would have remained a theoretical experiment with no 

practical application. Does that mean given access to cheap coal, the steam engine would have 

had an equal chance being invented in France? When we examine the parts and the metal 

working skills, which were used in the first iterations of the steam engine, we again find the 

British exceptionally fortunate. As Landes (1969, p. 182) notes: 

In the eighteenth century, almost all of the continental steam-engines came 

from England: if it was hard for British metal-workers to achieve the 

precision required, it was almost impossible for French or German craftsmen. 

Not only did they lack the manipulative skills, but their materials were 

inadequate to the task ς to soft or brittle and uneven in quality. 

Coke and Cast Iron 

It is one thing to build a prototype or model of a steam engine, but get the same precision and 

ǇŀǊǘǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ άƳŀǎǎέ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŀ ŎƻƳǇƭŜǘŜƭȅ ŘƛŦŦŜǊŜƴǘ ōŀƭƭ ƎŀƳŜΦ Newcomen first 

experienced the headache of finding a metal cheaper than brass to make the critical part of 

ǘƘŜ ŜƴƎƛƴŜΣ ƛǘǎ ŎȅƭƛƴŘŜǊΦ 9ȄǇƭŀƛƴƛƴƎ ǘƘŜ ǎƻƭǳǘƛƻƴ ǘƻ bŜǿŎƻƳŜƴΩǎ ŎȅƭƛƴŘŜǊ ǇǊƻōƭŜƳ ǊŜǉǳƛǊŜǎ ŀ 

slight detour, but one which provides additional insight in the differences between the 

inventive capacities in England versus France.  

Going back to the population and property boom in London during the 16th century with its 

timber crisis. Wood was not only being used to build and heat houses, glass makers were also 

rapidly cutting down the forests to make charcoal for their furnaces. Glass windows were the 

fashion of the day, first among the rich and eventually common in most homes by the 17th 

century. This is dramatically exemplified in Hardwick Hall, said tƻ ōŜ άƳƻǊŜ Ǝƭŀǎǎ ǘƘŀƴ ǿŀƭƭέΦ  
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England was desperate for alternative raw materials to make glass. One 

scheme to satisfy the demand was to build glass factories on the new 

continent (America). Indeed, together with my ancestor on the boat to 

Jamestown Virginia in 1607, were eight German and Polish glassmakers 

(as there were few skilled English craftsmen), who had vast forests and 

sand essentially free at hand. But, the realities of building an industry 

which required travel in a leaky boat for 4,000 miles in a harsh 

landscape surrounded by sometimes hostile natives, was too much and 

the idea died by 1610, along with 80-90% of the original settlers 

(Harrington 1972). The craziness of the scheme shows how desperate 

the English actually were.  

Another scheme was devised in 1612 by Sir Edward Zouche, a crafty courtier with an eye for 

a fast buck, convinced King James I (after paying him 1,000 pounds) to grant him and his 

partners a monopoly on their newly invented coal furnace. The reverberatory furnace, 

originally described by an Italian Renaissance metallurgist, attempted to prevent the impure 

coal soot from contaminating the glass by using underground pipes to draw in fresh air. One 

ƻŦ ½ƻǳŎƘŜΩǎ ŎƻƭƭŜŀƎǳŜǎΣ {ƛǊ wƻōŜǊǘ aŀƴǎŜƭƭ όǿƘƻ ǿŀǎ ŎƻƛƴŎƛŘŜƴǘƭȅ ƛƴ ŎƘŀǊƎŜ ƻŦ ǘƘe Jamestown 

operation and not coincidentally an owner of a few coalmines), bought the whole stake in the 

coal furnace monopoly. Even though the quality and price of ManǎŜƭƭΩǎ Ǝƭŀǎǎ ǿŀǎ ƛƴŦŜǊƛƻǊ ǘƻ 

his competitors, Mansell was able to convince the king (amidst rumors of bribery) to outlaw 

all fuels but coal in glassmaking. The monopoly was a constant subject of controversy and by 

1622, Mansell was taken to court by his competitors. On the jury was another enterprising 

fellow, Viscount Grandison, who after heŀǊƛƴƎ ŀōƻǳǘ aŀƴǎŜƭƭΩǎ ǿŜŀƭǘƘΣ ŘŜŎƛŘŜŘ ǘƻ ƎŜǘ ƛƴǘƻ ǘƘŜ 

coal furnace business using it to smelt lead near Bristol (Burke 1978, p. 168). 

This minor historical detour not only sets the stage for the next hero of British industry, but 

also illustrates how the first patents or monopolies in England were abused by the Royalty and 

the rich merchants (more to come on that topic). It is also important to note that these 

monopolies were eventually expired or were cancelled after the English Revolution, when 

merchants lost much of their influence over policymaking. Parliament started encouraging 

capitalist entrepreneurship in exploiting human and natural resources. The Mines Royal Act 

of 1689 ended the monopoly on brass making and the English port town of Bristol was 

especially suited to produce brass. Brass was made by combining Calamine (zinc) with copper, 

both of which were abundantly available close to Bristol (Gentle and Field 1975, p. 25). It was 

in this environment that an ambitious young Quaker14 named Abraham Darby showed up. 

Abraham Darby 

When a twenty-one year-old Darby arrived Bristol, he had already been educated as an 

ŀǇǇǊŜƴǘƛŎŜ άƳŀƭǘŜǊέ ƻŦ ōŜŜǊ ŀƴŘ ǿƘƛǎƪŜȅ ŦƻǊ ǎŜǾŜƴ ȅŜŀǊǎΦ IŜ ǿŀǎ ŀƭǎƻ ŜƳōǊŀŎŜŘ ōȅ ǘƘŜ ŎƛǘȅΩǎ 

small, but tight knit group of industrially minded Quakers, who welcomed him as one of the 

principals of the Bristol Brass Works Company. The firm attempted to produce household 

utensils, like brass cups and spoons, but the Netherlands held a near monopoly in the industry 

                                                           
14 This explains why there are no painting made of the man. 
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with their secret low-cost method for casting them. Darby travelled across the channel and 

used espionage to learn the industrial techniques of Dutch casting. Casting in clay made the 

process painstakingly time-consuming, but the Dutch secret he discovered was to cast in sand, 

which allowed for standardized, repeat production. He recruited a number of skilled Catholic 

workers, who were guaranteed freedom of worship in Bristol, and taught the Darby how to 

beat the cold brass into shapes using water-powered hammers. He quickly patented his 

prƻŎŜǎǎΣ ǿƘƛŎƘ ƳŀŘŜ ǘƘŜ ŎŀǎǘƛƴƎ ƻŦ ǿŀǊŜ άŎƘŜŀǇŜǊ ǘƘŀƴ ǘƘŜȅ Ŏŀƴ ōȅ ǘƘŜ ǿŀȅ ŎƻƳƳƻƴƭȅ ǳǎŜŘέ 

(Smiles 1864, p. 110). 

Darby realized that his new method might also work for the far cheaper material of iron. While 

he worked on casting iron in sand molds with a fellow Quaker, John Thomas, their experiments 

were carried out in the utmost secrecy, where even the key holes to the building were covered 

to prevent the same espionage Darby himself had used in the Netherlands. Darby and the 

ƻǘƘŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ŎŀǎǘƛƴƎ ōǊŀss into complicated shapes provided invaluable as they 

synthesized those techniques with those of iron founders to make iron pots that were about 

a third lighter than their competitors (Trinder 1974, p. 14). 

²ƘƛƭŜ 5ŀǊōȅΩǎ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ŎŀǎǘƛƴƎ ƛǊƻƴ ǊŜǉǳired large capital investments, the Brass 

Company refused to advance more money and he moved to Coalbrookdale in 1709, where he 

ƭŜŀǎŜŘ ŀƴ ǳƴǳǎŜŘ ƛǊƻƴ ŦǳǊƴŀŎŜ ŀƴŘ ŦƻǊƎŜǎΦ 5ŀǊōȅΩǎ ƭǳŎƪ ǿŀǎ ǳƴǇŀǊŀƭƭŜƭŜŘ ŀǎ Ƙƛǎ ŎƻƳǇŜǘƛǘƛǾŜ 

advantage and patent allowed him to succeed beyond expectations. In fact, his success even 

exceeded the capacity of the local forests to supply him with enough charcoal to keep the 

furnaces going (King 2011, p. 133).  

Similar to glass making and heating homes, a charcoal shortage was nothing new to Britain 

ŀƴŘ ƻŦǘŜƴ ŘƛǎǊǳǇǘŜŘ ƛǊƻƴ ǇǊƻŘǳŎǘƛƻƴΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ 5ŀǊōȅΩǎ ƎǊŜŀǘ-uncle, the 5th Baron Dudley, 

used an existing patent and in 1619, took out his own patent for making iron with pit coal. His 

life would be a hit reality television series today; after a strategic marriage at the age of 14, he 

struggled his whole life with paying off debts inherited from his father and supporting his 

official family of five children as well as his illegitimate family of 12 children from his longtime 

mistress (Clark and Dudley 1881, p. 4).  

.ŀǊƻƴ 5ǳŘƭŜȅΩǎ ƳŜǘƘƻŘ ŦƻǊ ƳŜƭǘƛƴƎ ƛǊƻƴ ǿƛǘƘ Ŏƻŀƭ ǊŜƳŀƛƴǎ ŀ ƳȅǎǘŜǊȅΣ ōǳǘ Ƙƛǎ ǳƴŦƻǊǘǳƴŀǘŜƭȅ 

ƴŀƳŜŘ ƛƭƭŜƎƛǘƛƳŀǘŜ ǎƻƴ 5ǳŘ 5ǳŘƭŜȅ ƛƴƘŜǊƛǘŜŘ Ƙƛǎ ŦŀǘƘŜǊΩǎ ŘǊƛǾŜ ŀƴŘ ƻƴŜ ƻŦ ǘƘŜ ŦǳǊƴŀŎŜǎ ǳǎŜŘ 

in their ironworks. Later in life, after surviving the English Civil War when he escaped capture 

as a Royalist officer, and his subsequent life as a fugitive playing a doctor, he wrote a self-

aggrandizing memoir called Dud DudleyΩǎ Metallum Martis (1665). It was somewhat of an 

investment prospectus, in which he bragged about how much high-quality iron he produced 

with little or no charcoal. He likely never did succeed though, since chemical analysis later 

showed that the coal he used was not suitable as a raw material for coke (Ashton 1951, p. xi-

xii). Despite conspiracy theories claiming that Darby inherited the Dudley knowledge of 

ǎƳŜƭǘƛƴƎ ƛǊƻƴ ǿƛǘƘ Ǉƛǘ ŎƻŀƭΣ ǘƘŜ ǘǊǳǘƘ ƛǎ ǘƘŀǘ 5ŀǊōȅΩǎ ƭǳŎƪ ŀƴŘ ǇǊƛƻǊ ŜȄǇŜǊƛŜƴŎŜ ŀǎ ŀ ƳŀƭǘŜǊ ǿŀǎ 

just what was needed to crack the code (King 2001, p. 41). 

We should be celŜōǊŀǘƛƴƎ 5ŀǊōȅΩǎ ŦƻǊǘǳƴŜ ŀǘ ǘƘƛǎ ǇƻƛƴǘΣ ŀǎ ƛǘ ǎŜǊǾŜŘ ǘƻ ǎƻƭǾŜ bŜǿŎƻƳŜƴΩǎ 

problem of mass-producing the steam engine as well as providing the iron and eventual steel 

backbone of the industrial revolution. Coalbrookdale, as the name suggests, is in one of those 
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areas in England rich in pit coal. As Dudley likely experienced, using coal to smelt iron left it 

ōǊƛǘǘƭŜ ŀƴŘ ƛƴŦŜǊƛƻǊ ŘǳŜ ǘƻ ǘƘŜ ŎƻŀƭΩǎ ǎǳƭŦǳǊ being mixed with the molten iron. It was that same 

sulfur that caused roasting barley malt with coal to make beer that tasted like rotten eggs. 

Just as Darby learned as an apprentice malter, one could use coke to minimize the problem of 

contamination.  

Coke is basically coal baked at high temperatures without air contact, which burns off the 

sulfur and leaves a cleaner fuel. However, it takes a special kind of bituminous coal to create 

ŎŀƪŜǎ ǘƘŀǘ Ŏŀƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ǎƳŜƭǘ ƛǊƻƴΦ ²ƘƛƭŜ 5ǳŘƭŜȅΩǎ Ŏƻŀƭ ǿŀǎ ǳƴǎǳƛǘŀōƭŜΣ ƛƴ ŀ ŦƻǊǘǳƴŀǘŜ 

coincidence for Darby, Coalbrookdale coal was unusually low in sulfur and was especially fit 

for the job (Ferguson 1967b, p. 265). The coke was not only much cheaper than charcoal, but 

it produced significantly more heat, which is needed to cast iron (pouring molten iron into 

molds rather than hammering a cooler iron into shape). His cheap alternative to brass arrived 

just in time for Thomas Newcomen to become his first major customer, ordering a large 

number of cast iron cylinders and boilers for his steam engines (Ashton 1951, p. 41). 

Réaumur 

Another figure in the story of cast iron, serves to introduce the comparison with France, and 

deserves special mention. René Antoine de Réaumur was a brilliant gentleman scientist who 

was educated at finest schools in France and became one of the first members of the French 

Académie at age 24. His Wikipedia entry makes him seem like the A.D.D. poster child of 

scientists conducting research in metallurgy, egg incubation, temperature measurement, 

insect behavior and motion, lost limb regeneration and much more (René Antoine Ferchault 

De Réaumur 2016). He serǾŜŘ YƛƴƎ [ƻǳƛǎ ·L± ƛƴ ŎƻƳǇƛƭƛƴƎ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ CǊŀƴŎŜΩǎ ƴŀǘǳǊŀƭ 

ǊŜǎƻǳǊŎŜǎ ŀƴŘ ƛƴŘǳǎǘǊȅΦ IŜ ǎǘǊƻƴƎƭȅ ǎǳǇǇƻǊǘŜŘ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ŀŎǘƛǾŜ ŜƴƎŀƎŜƳŜƴǘ ƛƴ 

ŦǳƴŘƛƴƎ ǎŎƛŜƴŎŜ όƻǊ άǳǎŜŦǳƭ ƪƴƻǿƭŜŘƎŜέ ŀǎ ǘƘŜȅ ŎŀƭƭŜŘ ƛǘύΣ ōŜƭƛŜǾƛƴƎ ǘƘŜ ƛƴǾŜǎǘƳŜƴǘǎ ǿƻǳƭŘ Ǉŀȅ 

off many times over, while he himself declined the huge pension granted for his discoveries. 

Ironworkers struggled with matching the different grades of iron ore to their unique process 

accommodations. Smelting iron is a lot like cooking where basic ingredients can vary greatly 

in quality. Prior to modern-day chemical analysis, they roughly categorized the iron by color. 

For example, gray iron contains graphite carbon (the same stuff as in pencils) which is well 

suited as a casting material, while white iron is combined with sulfur and other elements that 

make it a brittle substance (Oberle 2013, p.157-158). Réaumur brought a scientific view to the 

ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ǘƘŀǘ 5ŀǊōȅΩǎ ǇǊŀŎǘƛŎŀƭ ŜȄǇŜǊƛŜƴŎŜ ǿŀǎ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ǳǎŜŘ ǘƻ 

classify various forms of iron into ten grades, which is still used today to choose the optimal 

raw material (Usher 1954, p. 374). Réaumur also performed experimental research inventing 

the cupola furnace and developing malleable iron (René Antoine Ferchault De Réaumur 2016).  

Réaumur contrasted with Darby is a perfect example of the very different natures of science 

and entrepreneurship in France and Britain. He was devoted to science and pure knowledge 

in the service of his nation. Britain also had scientists like this (think Robert Boyle), who cared 

mostly about scientific glory, but she also had thousands of entrepreneurs like Darby, who 

sought to commercialize on their practical discoveries. Both the pure and applied knowledge 

approaches ended up with similar breakthroughs, but something was missing in France that 

prevent it from exploiting the technology. Even by 1780, when a new more efficient coke blast 

furnace was introduced, the French still did not use it.  



59 
 

aŀƴȅ ƘƛǎǘƻǊƛŀƴǎΣ ŀƴŘ ŜǾŜƴ ¦Φ{Φ ǇƻƭƛǘƛŎƛŀƴǎΣ ǳǎŜ CǊŀƴŎŜΩǎ ƛƴŀōƛƭƛǘȅ ǘƻ ŀdopt the new technology 

as an example to question the quality of French entrepreneurship under a high-tax monarchy 

system (Crouzet 1990, p. 29; Harris 1992, p.9). This is where it is easy to confuse causation 

with correlation by equating all the factors in the British model as causal simply because 

England gave birth to the Industrial Revolution. While English society was more capitalist with 

ŀ ŦƻŎǳǎ ƻƴ ǘƘŜ ǇǳǊǎǳƛǘ ƻŦ ƛƴŘƛǾƛŘǳŀƭ Ǝŀƛƴ ǘƘŀƴ άŜŀǎȅ-ƎƻƛƴƎέ CǊŀƴŎŜΣ ƛǘ ƛǎ ŀŎǘǳŀƭƭȅ Ŏƻŀƭ ŀƴŘ ŜƴŜǊƎȅ 

costs, which best explain why the French were so slow in adopting the new technology. In 

1780, when coal was still quite expensive in France, the coke-powered blast furnace was not 

profitable. However, by 1850 the tipping point when British engineers had improved the 

technology to the point where coke smelting was cheaper than using charcoal, France quickly 

jumped on the latest blast furnace technology (Landes 1969, p. 221).  

Robert Allen (2009, p. 149) notes, άƛǘ ƛǎ ƛǊƻƴƛŎ ǘƘŀǘ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ .ǊƛǘŀƛƴΩǎ ŜƴƎƛƴŜŜǊǎ in 

perfecting ǘƘŀǘ ǘŜŎƘƴƻƭƻƎȅ ŘŜǎǘǊƻȅŜŘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜέ. This is precisely 

why sometimes lagging behind can be an advantage. Britain expended tremendous resources 

in the invention and development of steam technology, while the continent was able to 

άƳŜǊŜƭȅέ ŜƳǳƭŀǘŜ ǘƘƻǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻƴŎŜ ŀƭƭ ǘƘŜ ƪƛƴƪǎ ǿŜǊŜ ǿƻǊƪŜŘ ƻǳǘΦ ¢ƘŜ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ 

gap between Britain and her continental competitors (France, Belgium and Germany) 

essentially closed in the late nineteenth century, once those techniques became profitable to 

adopt outside of Britain. 

WƻƘƴ άLǊƻƴ-aŀŘέ ²ƛƭƪƛƴǎƻƴ 

James Watt and Matthew Boulton were like the Steve Jobs and Steve Wozniak of their day as 

they combined their unique talents and capabilities to create a relentless partnership. While 

Boulton was working on securing a strong patent, Watt worked furiously on a flagship engine, 

which would be used to advertise the machine in a public demonstration. The engine not only 

had to be powerful and economical, but downright reliable. And while Watt worked with 

.ƻǳƭǘƻƴΩǎ ǘŜŀƳ ƻŦ ŎǊŀŦǘǎƳŜƴ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ŦƛƴŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ŜƴƎƛƴŜΣ ƘŜ ǿŀǎ ŘŜǇŜƴŘŜƴǘ ƻƴ 

ƻǳǘǎƛŘŜ ŜȄǇŜǊǘƛǎŜ ŦƻǊ ǘƘŜ ƭŀǊƎŜ ƛǊƻƴ ŎȅƭƛƴŘŜǊǎΦ IŜ ǘǊƛŜŘ 5ŀǊōȅΩǎ /ƻŀƭōǊƻƻƪŘŀƭŜ ǿƻǊƪǎ ŀǎ ǿŜƭƭ ŀǎ 

Ƙƛǎ ŦƻǊƳŜǊ ǇŀǊǘƴŜǊ wƻŜōǳŎƪΩǎ ƛǊƻƴǿƻǊƪǎΣ ōǳǘ ǿŀǎ ǊŜƎǳƭŀǊƭȅ disappointed with their quality 

ŎŀƭƭƛƴƎ ǘƘŜƳ άǳƴǎƻǳƴŘ ŀƴŘ ǘƻǘŀƭƭȅ ǳǎŜƭŜǎǎέ όAshton 1951, p. 63). He found himself stuffing 

soaked rags in the gaps between the pistons and cylinders to prevent steam from leaking out. 

The pistons needed a perfect fit to avoid friction or wobbling around and leaking air. While 

bŜǿŎƻƳŜƴΩǎ ǇǊƻōƭŜƳ ƻŦ mass-producing his engines at a reasonable cost required the 

concurrent innovation of smelting and casting iron, Watt faced a bigger problem. If he did not 

find someone who could cut the bore of a cylinder in the precise shape of its piston, he would 

not be able to produce any reliable machines, regardless of cost. 

This is where we meet another religious nonconformist innovator, John Wilkinson, whose 

father was a master ironworker whƻ ŀŎǉǳƛǊŜŘ ƻƴŜ ƻŦ ǘƘŜ 5ŀǊōȅ ŦŀƳƛƭȅΩǎ ŦƻǳƴŘǊƛŜǎΦ ²ƘƛƭŜ ǘƘŜ 

pacifist Quaker Darbys rejected military contracts, the Presbyterian Wilkinsons became an 

ideal supplier to the Office of Ordnance. John devoted his life to iron, earning his nickname as 

he built almost everything around him from iron, including an iron pulpit for his church and 

even several iron coffins for his burial. Twice married into wealth, he used his wivesΩ dowries 

and inheritance money to establish and later outright purchase his own works, the New Willey 

Company (Dawson 2011, p. 1-2).  
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²ƛƭƪƛƴǎƻƴΩǎ ƳƛƭƛǘŀǊȅ ǘƛŜǎ ŀǎƪŜŘ ƘƛƳ ǘƻ ǎƻƭǾŜ ŀ ǇǊƻōƭŜƳ ŀǊǘƛƭƭŜǊȅ ǊŜƎƛƳŜƴǘǎ ǿŜǊŜ ƘŀǾƛƴƎ ǿƛǘƘ 

exploding cannons. While the shape of a cannon was quite simple, casting an iron tube often 

left invisible imperfections that could not take the stress when gunpowder was ignited to 

target the iron ball at the enemy. The common solution was to cast a solid cylinder of iron and 

then bore a hole into it, but traditional drilling did not make a perfect hole. His genius insight 

was to drill a pilot hole into a spinning cannon, but then he used a stationary drill that could 

advance the drill with extreme accuracy (Burke 1978, p. 175). While his patented innovation 

was intended to be used for military purposes, similar to radar, penicillin, and the internet, it 

was repurposed into something that benefited all of humanity. 

 

 

This was the invention that James Watt had waited twelve long years for - a nearly perfect 

cylinder. Immediately, Boulton and Watt successfully used WilkinsƻƴΩǎ ŎȅƭƛƴŘŜǊ ƛƴ ǘƘŜƛǊ ŦƛǊǎǘ 

commercial engine and he was given an exclusive contract. Again, we see the development of 

the steam engine halted due to inadequate parts, only to be solved by other uniquely British 

innovations, which also sprung up due to EnƎƭŀƴŘΩǎ ǎǿƛǘŎƘ ǘƻ Ŏƻŀƭ ŦǳŜƭ όDƛƭōŜǊǘ мфруΣ ǇΦ пнмύΦ 

Lƴ ǘƘŜ слҌ ȅŜŀǊǎ ŦǊƻƳ bŜǿŎƻƳŜƴΩǎ ǎǘŜŀƳ ŜƴƎƛƴŜ ǘƻ ²ŀǘǘΩǎ ŎŜƭŜōǊŀǘŜŘ ƛƴƴƻǾŀǘƛƻƴ ƛƳǇǊƻǾƛƴƎ 

ƛǘǎ ŜŦŦƛŎƛŜƴŎȅΣ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ǊŜƭŜǾŀƴǘ ǎŎƛŜƴǘƛŦƛŎ ŘƛǎŎƻǾŜǊƛŜǎΦ ²ƘƛƭŜ ²ŀǘǘΩǎ ƎŜƴƛǳǎ ƛǎ 

unquestionable, it was likely the advancements made in iron technology that explain the 

timing of his innovation. 

Wilkinson was also a strong believer in steam technology and realized that as it grew, so did 

the market in symmetrically bored cylinders, for which he possessed a monopoly patent. He 

ōǊƻǳƎƘǘ ²ŀǘǘ ŜƴƎƛƴŜǎ ƛƴǘƻ Ƙƛǎ ƻǿƴ ƛǊƻƴ ǿƻǊƪǎ ǘƻ ǇƻǿŜǊ Ƙƛǎ ōŜƭƭƻǿǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŦƻǊƎŜΩǎ 
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stamping hammers and presses. He urged Boulton and Watt to expand their horizons from 

mining to the larger market of driving machinery in ironworks using rotary engines. 

²ƛƭƪƛƴǎƻƴΩǎ Ǉŀǎǎƛƻƴ ŦƻǊ ²ŀǘǘΩǎ ŜƴƎƛƴŜǎ ƳŀŘŜ ƘƛƳ very wealthy as he invested in industries 

where he saw innovations paying off, such as copper mines in Cornwall that could now use 

the more fuel-efficient Watt engines (Dawson 2011, p. 104-124).  

 Although this is not the last time we will hear about 

Wilkinson and his business, it is an ideal juncture to note 

that the last feat in his life was to take up with one of his 

servant girls at the age of 77, with whom he had his sole 

three children. Even though he declared them legitimate, 

they lost his wealth after his passing as his iron empire fell 

apart due to a nasty legal dispute over his will (Crouzet 

1985, p. 134). While he predicted he would reappear at his 

famous ironworks seven years after his death and several 

thousand people actually gathered there ready to witness 

ǘƘŜ ǎŜŎƻƴŘ ŎƻƳƛƴƎ ƻŦ άLǊƻƴ aŀŘέ ²ƛƭƪƛƴǎƻƴΣ ǊŜǎǳǊǊŜŎǘƛƻƴ 

was beyond his abilities (Weightman 2007, p. 36). 

Lag time in innovation 

The 80-year interval between the invention of the steam engine and its first major innovation 

by James Watt highlights the concepts of economic feasibility versus technical feasibility. It 

also explains the lag time between the first conceptual drawings of a steam engine and its 

invention. This section has highlighted that first steam engines were only economically 

feasible where the price of fuel was cheap enough to warrant their use in draining mines. It 

also emphasizes the limits to further innovation that would improve efficiency until air and 

watertight parts could be created which were tough enough to withstand the steam pressure. 

This obstacle was not overcome until developments in iron technology could be applied to 

producing immensely strong boilers and cylinders. John Enos (1962, p. 299-321) has studied 

other case histories to identify factors involved in the rate of innovation. A common thread is 

the reliance on other major breakthroughs. Developments in the long history of the steam 

engine were continually preceded by advances in metal-making techniques that could make 

high-quality boilers and cylinders a reality.  

An eloquent historical materialist15 explanation for the timing and location of the steam 

ŜƴƎƛƴŜΩǎ ƛƴǾŜƴǘƛƻƴ ŀƴŘ ŜŀǊƭȅ ƛƴƴƻǾŀǘƛƻƴ was provided by Karl Marx (1859/1928, pp. 12-13) in 

his introduction to A Contribution to the Critique of Political Economy: 

Mankind thus inevitably sets itself only such tasks as it is able to solve, since closer 

examination will always show that the problem itself arises only when the material 

conditions for its solution are already present or at least in the course of formation.  

The economic explanation that a change in the relative factor prices will spur invention that is 

directed at minimizing the use of the relatively expensive factor is powerful in the context of 

the development of the advanced economies. However, it suffers in its inability to explain why 

                                                           
15 Historical materialism will appear again when investigating the role of science in directing invention as well 
as the cultural and political institutions in Britain and France. 
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underdeveloped economies, with abundant labor supplies but scarce capital, do not develop 

capital-saving technologies16. One possible answer comes from the renowned expert on the 

economic history of technology, Nathan Rosenberg (1976, p. 148), who posits that there is a 

sequence starting with labor-saving innovations which are followed by a capital-saving 

άōǊŜŀƪƛƴƎ-ƛƴέ ǇǊƻŎŜǎǎ ǘƘŀǘ ǿƻǊƪǎ ƻǳǘ ǘƘŜ ŜŀǊƭȅ άōǳƎǎέ ƛƴ ǇǊƻŘǳŎǘƛƻƴ ƻǊ ŜȄǇƭƻƛǘǎ ŜŎƻƴƻƳƛŜǎ ƻŦ 

scale. He also emphasizes the feedback effects within economies noting that if 

underdeveloped countries lack a capital goods sector, they do not have the opportunity to 

develop technical skills and knowledge necessary for generating capital-saving technique. This 

underscores the precondition that a country has the required technical skills prior to a 

technological change.  

Economic Institutions 

Financing and Capital 

Transforming a great idea into a marketable product can take many years and a lot of money, 

ƴƻǘ ƻƴƭȅ ǘƻ ǎǳǎǘŀƛƴ ǘƘŜ ƛƴǾŜƴǘƻǊΩǎ ƭƛǾŜƭƛƘƻƻŘΣ ōǳǘ ŀƭǎƻ ŦƻǊ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ǊŜǉǳƛǊŜŘ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ 

research and development. An examiner in the U.S. Patent Office, Joseph Rossman (1931, p. 

54) surveyed more than 700 patentees in order to better understand their motivations. The 

ǘƘǊŜŜ ōƛƎƎŜǎǘ ƳƻǘƛǾŀǘƻǊǎ ǿƛǘƘ Ŝǉǳŀƭ ǿŜƛƎƘǘ ǇƭŀŎŜ ƻƴ ŜŀŎƘ ǿŜǊŜ άƭƻǾŜ ƻŦ ƛƴǾŜƴǘƛƴƎέΣ άŘŜǎƛǊŜ ǘƻ 

ƛƳǇǊƻǾŜέ ŀƴŘ άŦƛƴŀƴŎƛŀƭ ƎŀƛƴέΦ ¢ƘŜ ǎǳǊǾŜȅ ŀƭǎƻ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ōƛƎƎŜǎǘ ƘǳǊŘƭŜ ŦƻǊ ƛƴǾŜƴǘƻǊǎ ǘƻ 

overcome was the lack of capital. While investors do not always need inventors, inventors 

need investors. Indeed, financing was another cruel reality in a long list of headaches suffered 

by the steam engine pioneers. This was perfectly illustrated in James ²ŀǘǘΩǎ ƧƻǳǊƴŜȅ ŦǊƻƳ Ƙƛǎ 

first model funded from £1,000 borrowed from university friend, Joseph Black, to starting a 

company that manufactured steam engines.  

Raising capital in Britain in 1765 was extremely difficult as it was still reeling from the 

aftermath of the South Sea Bubble of 1720. The South Seas Company was one of the first Ponzi 

ǎŎƘŜƳŜǎΣ ŀǎ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƻƴƭȅ ǊŜŀƭ ŀǎǎŜǘ ǿŀǎ ŀŎŎŜǎǎ ǘƻ {ǇŀƴƛǎƘ ŎƻƴǘǊƻƭƭŜŘ ǇƻǊǘǎΦ Lǘǎ ǎǘƻŎƪ 

price grew ten-fold in less than a year as it promoted its own prosperity and the riches to be 

made through lavish parties and luxurious offices in London. Other such swindles were 

numerous, ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƛƴƎŜƴƛƻǳǎ άǳƴŘŜǊǘŀƪƛƴƎ ƻŦ ƎǊŜŀǘ ŀŘǾŀƴǘŀƎŜΤ but nobody to know 

ǿƘŀǘ ƛǘ ƛǎέ (Economist 2008). The Company capitalized on the unfounded exuberance by 

lobbying Parliament to prevent competition. The Bubble Act (1720) required either a royal 

charter or an Act of Parliament to set up a corporation with stocks (Harris 1994, p. 610-612). 

This meant that James Watt needed to find a venture capitalist, who would put up their own 

cash to fund the new technology in return for part of the profits. On paper, it seemed like John 

Roebuck and James Watt would be a great match. Roebuck, who was university educated in 

medicine and chemistry, made his living exploiting technological innovation in his various 

business, which included a successful iron works, a sulphuric acid plant and a coal mine that 

ǎǘǊǳƎƎƭŜŘ ǿƛǘƘ ŦƭƻƻŘƛƴƎ ǘƘŀǘ ŀ bŜǿŎƻƳŜƴ ŜƴƎƛƴŜ ŎƻǳƭŘƴΩǘ ŦƛȄΦ wƻŜōǳŎƪ ŦŀƴŎƛŜŘ ƘƛƳǎŜƭŦ ŀǎ ŀ 

scientist and ǿŀǎ ǉǳƛŎƪƭȅ ǎƻƭŘ ƻƴ ²ŀǘǘΩǎ ŘƛǎŎƻǾŜǊȅ ǘƘŀǘ ǇǊƻŘǳŎƛƴƎ ǎǘŜŀƳ ƛƴ ŀ ǾŀŎǳǳƳ ǿŀǎ ƳǳŎƘ 

                                                           
16 Thiǎ ǇǳȊȊƭŜ Ŏŀƴ ōŜ ŀŘŘŜŘ ǘƻ ƳȅǎǘŜǊȅ ƻŦ ǘƘŜ άƭŀǘŜέ ƛƴǾŜƴǘƛƻƴ ƻŦ ǘƘŜ ǿƘŜŜƭōŀǊǊƻǿΣ ǘƘŀǘ ǎǳǊǇǊƛǎƛƴƎƭȅ ŘƛŘƴΩǘ ƳŀƪŜ 
an appearance until thousands of years after the wheel and at least another thousand years to reach Europe 
after its first use in China. 
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ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ƛƴ ŀƛǊΦ IŜ ŀƎǊŜŜŘ ǘƻ Ǉŀȅ ƻŦŦ ²ŀǘǘΩǎ ŘŜōǘ ŀǎ ǿŜƭƭ ŀǎ ŀƭƭ ŦǳǘǳǊŜ ŜȄǇŜƴǎŜǎ ƛƴ 

return for two-thirds of future profits. Their partnership wore thin as Watt grew increasingly 

frustrated with the quality of RoebuckΩǎ smiths, who could not produce a perfectly round 

cylinder. In a testament to his confidence in his idea, Watt worked as a surveyor of canals on 

ǘƘŜ ǎƛŘŜ ǘƻ ǎǳǇǇƻǊǘ Ƙƛǎ ŦŀƳƛƭȅΣ ǎƛƴŎŜ wƻŜōǳŎƪΩǎ ŘŜŀƭ ŘƛŘ ƴƻt include a salary (Dickinson 1936, 

p. 42-44).  

¢ƘŜƛǊ ǇŀǊǘƴŜǊǎƘƛǇ ŎŜŀǎŜŘ ŀǎ wƻŜōǳŎƪΩǎ coalmine investment was literally underwater. Roebuck 

pleaded bankruptcy and testified that the steam engine had already eaten £3,000 and would 

require another £10,000 to make it commercially viable. Matthew Boulton, who was already 

ŦǊƛŜƴŘǎ ǿƛǘƘ WŀƳŜǎ ²ŀǘǘΣ ǎŀǿ ǘƘŜ ŘƛŀƳƻƴŘ ƛƴ ǘƘŜ ǊƻǳƎƘ ŀƴŘ ōƻǳƎƘǘ wƻŜōǳŎƪΩǎ ǎƘŀǊŜ ƛƴ ǘƘŜ 

steam engine. This would turn out to be a match made in heaven as Boulton, in a letter to 

Watt in 1769, pǊƻŦŜǎǎŜŘ Ƙƛǎ άƭƻǾŜ ƻŦ ȅƻǳέ ŀƴŘ Ƙƛǎ άƭƻǾŜ ƻŦ ŀ ƳƻƴŜȅ-ƎŜǘǘƛƴƎ ƛƴƎŜƴƛƻǳǎ ǇǊƻƧŜŎǘέ 

(cited in Dickinson 1936, p. 52). Showing the advantage of this type of partnership, Boulton 

would provide useful suggestions for improving the engine based on his manufacturing 

ŜȄǇŜǊƛŜƴŎŜΣ ŀ ƳƻŘŜǊƴ ǿƻǊƪǎƘƻǇΣ ŀƴŘ Ƴƻǎǘ ǾŀƭǳŀōƭŜΣ Ƙƛǎ Ǿƛǎƛƻƴ ǘƻ ǎǳǇǇƭȅ ŜƴƎƛƴŜǎ άŦƻǊ ŀƭƭ ǘƘŜ 

²ƻǊƭŘΧέ. 

A James Watt equivalent in France likely would not have sought private venture capital, but 

rather support from the mercantilist state. France also experienced strict government 

ǊŜƎǳƭŀǘƛƻƴ ƻƴ ōŀƴƪƛƴƎ ŀŦǘŜǊ ǘƘŜ ŎƻƭƭŀǇǎŜ ƻŦ [ŀǿΩǎ .ŀƴǉǳŜ wƻȅŀƭŜ ƛƴ мтнл ό{ƳƛǘƘ нллсΣ ǇΦ нн). 

¢ƘŜ CǊŜƴŎƘ ŘƛǊƛƎƛǎǘŜ ƳƻŘŜƭ ǿŀǎ ƭŀƛŘ ƻǳǘ ōȅ YƛƴƎ [ƻǳƛǎ ·L±Ωǎ aƛƴƛǎǘŜǊ ƻŦ CƛƴŀƴŎŜΣ WŜƴ-Baptiste 

Colbert, who sought to enrich France through commerce (Jacob 2006, p. 56). The government 

played a role in establishing new industries, subsidizing inventors and protecting successful 

industries. French financiers or merchants of the time were chiefly occupied with their own 

enterprises and would seldom expand outside their own realm. Therefore, an innovator in 

eighteenth century France would likely turn to the government for a loan or subsidy, as long 

as they could prove their worth to the French economy. There were many privileges granted 

by the state on entrepreneurs, άƳƻǎǘ ƻŦǘŜƴ ǘƘŜȅ ǿŜǊŜ ƎǊŀƴǘŜŘ ƛƴǘŜǊŜǎǘ-free loans for their first 

ǇƭŀƴǘΣ ƻǊ ŜǾŜƴ ƎƛǾŜƴ ǿƻǊƪǎƘƻǇǎΣ ƻǊ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƳŀŎƘƛƴŜǎ ǿŀǎ ǇŀƛŘ ŦƻǊέ όIƻǎŜƭƛǘȊ мфррΣ 

p. 301). Royal subsidies were often granted to entrepreneurs, even foreigners, who had 

knowledge that could modernize existing manufacturing. From the English Milne family who 

earned considerable wealth for introducing spinning technology to France, to the joint venture 

with the Wilkinsons at Le Creusot, the crown sought to subsidize and reward those who could 

imitate superior British methods (Weightman 2007, p. 10-21). 

While James Watt required capital, it was oddly not a complicated affair in the eighteenth 

century as it is today for tech start-ups. Boulton once remarked, άŀƭƭ ǘhe great manufacturers 

ǘƘŀǘ L ƘŀǾŜ ŜǾŜǊ ƪƴƻǿƴ ƘŀǾŜ ōŜƎǳƴ ǘƘŜ ǿƻǊƭŘ ǿƛǘƘ ǾŜǊȅ ƭƛǘǘƭŜ ŎŀǇƛǘŀƭǎέ όŎƛǘŜŘ ƛƴ IŀƳƛƭǘƻƴ 

1809/1967Σ ǇΦ нтмύΦ LƴŘŜŜŘ /ǊƻǳȊŜǘΩǎ όмфурΣ ǇΦ мпуύ ǎǘǳŘȅ ƻŦ .ǊƛǘŀƛƴΩǎ ŜƴǘǊŜǇǊŜƴŜǳǊǎ ǎƘƻǿǎ 

that over 70 percent of the 226 founders of large industrial undertakings had middle-class 

fathers dealing with commerce. Also, about half of them were involved in manufacturing 

themselves, as craftsmen or managers. Often, the capital needs for small artisan enterprises 

could be funded by their own earnings, as they would start small and plow profits back into 

the firm for expansion. The frugality of these industrial pioneers can be traced to the 

overrepresentation of nonconformist religions that emphasized hard work and thrift, even 
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after they had amassed wealth (Crouzet 1990, p. 188). Enterprises in France also largely 

operated with their own capital or a local loan backed by a mortgage (Palmade 1972, p. 62). 

This was fortunate given the relatively rudimentary business structures that abounded in the 

unlimited liability environments of England and France.  

Because the inventors of the eighteenth century rarely had access to financial institutions 

(there were some country banks that would lend), they would usually just raise the small 

amount of venture capital from informal networks of relatives or friends (Crouzet 1990, p. 

191). Many mentioned in this study either married well or took in partners to raise capital. 

The case of Watt, although it had a happy ending, highlights the risk of partnerships given 

conflict or financial troubles of a partner. But then again, as Boulton and Watt illustrate, they 

can also serve as an advantage given the correct division of labor.  

Comparing the disparate ways of mobilizing funds in state-dominated France versus the 

informal institutions in Britain shows their similarity. Both relied on personal connections and 

an exclusive network. Numerous studies have searched for a change in banking and interest 

ǊŀǘŜǎ ŀŦǘŜǊ .ǊƛǘŀƛƴΩǎ DƭƻǊƛƻǳǎ wŜǾƻƭǳǘƛƻƴ ό1688), often cited as the birth of parliamentary 

ascendancy and individual property rights. According to a number of economists, this is the 

turning point in British history when a favorable investment environment was created, 

fostering the Industrial Revolution (North and Weingast 1989; Acemoglu, Johnson and 

Robinson 2005; Greif 2006). However, Clark (1996) and Epstein (2000) were unable to find any 

structural improvement in investment conditions. In the end, a lack of capital was not a likely 

factor in preventing the invention of the steam engine in France. Barring private investment, 

the state would probably see the value of a steam engine in the mining industry, had factor 

endowments in France been similar to Britain. 

Property Rights and Patents 

Intellectual property rights can provide the necessary incentive for a potential inventor to deal 

with the inevitable sacrifices that accompany the brave act of invention, by allowing 

temporary monopoly profits from the sale of the creation. Many economists believe that 

profit opportunities and demand for innovation is the fundamental trigger of innovation 

(Acemoglu 2008, p. 416). John Stuart Mill (1848/1996, p. 41) was an early proponent of this 

view when he wrote the following in Principles of Political Economy: 

The labor of Watt in contriving the steam engine was as essential a part of 

production as that of the mechanics who build or the engineers who work 

the instrument; and was undergone, no less than theirs, in the prospect of a 

remuneration from the producers. 

While property rights in general have been shown to provide the necessary environment for 

ƳƻŘŜǊƴ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΣ WƻŜƭ aƻƪȅǊ όнллфΣ ǇΦ опфύ ǊŜƳƛƴŘǎ ǳǎ ǘƘŀǘ άǘƘŜ ƪƛƴŘ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴǎ 

that incentivize technological progress differ from those that support the growth of markets 

by protectinƎ ǇǊƻǇŜǊǘȅ ǊƛƎƘǘǎέΦ ! ƴǳƳōŜǊ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎŎƘŜƳŜǎ Ŏŀƴ ōŜ ŜƳǇƭƻȅŜŘ ǘƻ ǎǘƛƳǳƭŀǘŜ 

would-be inventors and investors, but it was the patent institution that emerged as the 

dominant method for national governments. Douglass North (1981, p. 164-66) posited that 

EƴƎƭŀƴŘΩǎ ǇŀǘŜƴǘ ǎȅǎǘŜƳ ǿŀǎ ŜȄŀŎǘƭȅ ǿƘŀǘ ǿŀǎ ƴŜŜŘŜŘ ǘƻ ǎȅǎǘŜƳƛŎŀƭƭȅ ƛƴŎŜƴǘƛǾƛȊŜ ƛƴǾŜƴǘƻǊǎΣ 



65 
 

ōȅ ŀƭƭƻǿƛƴƎ ǘƘŜƳ άǘƻ ŎŀǇǘǳǊŜ ŀ ƭŀǊƎŜǊ ǎƘŀǊŜ ƻŦ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ Ƙƛǎ ƛƴǾŜƴǘƛƻƴέΦ wƛŎƘŀǊŘ {ǳƭƭƛǾŀƴ 

(1989, p. 424-452) supported this view by noting that the number of patents filed in England 

started rising in the 1750s, which coincides with the traditional start of the Industrial 

Revolution. Going back to Francis Bacon and other anti-monopolists, as well as more recently, 

others have questioned the evidence linking patents to economic growth, despite their 

purpose of promoting invention and innovation (Levine and Boldrin 2008; Mokyr 2009). 

Before evaluating the use of patents in the development of the steam engine and whether it 

may have had implications for the England versus France question, a brief overview of the 

patent systems at the time in those countries is provided. 

English vs French systems 

Proponents of the view that patents triggered the industrial revolution applaud Britain for 

establishing the first patent system in the world (Dutton 1984). This is a bit of a misnomer, 

since the original meaning of patents were not to protect the rights of an inventor, but rather 

as a way for the monarch to grant a monopoly. As the British royalty was constrained by 

parliament in its ability to tax, patents became a powerful tool in rewarding friends and 

promoting commerce. It was in the last full-ȅŜŀǊ ƻŦ vǳŜŜƴ 9ƭƛȊŀōŜǘƘΩǎ ǊŜƛƎƴ мслнΣ ǿƘŜƴ ǎǳŎƘ 

schemes would be put to the test, oddly in a case on the monopoly of playing cards. Edward 

Coke (pronounced Cook) was the Attorney General of England representing the monopoly 

holder, Edward Darcy, a well-regarding courtier of the Queen. This was a peculiar pairing since 

Coke had often spoken out against monopolies due to their suppressioƴ ƻŦ .ǊƛǘŀƛƴΩǎ ŀǊǘƛǎŀƴǎ 

(Fisher 2011, p. 79). Defending Darcy meant, ά/ƻƪŜ ǿŀǎ ǘǊŀǇǇŜŘ ōŜǘǿŜŜƴ Ƙƛǎ ǇƻƭƛǘƛŎǎ ŀƴŘ Ƙƛǎ 

profession, and he twisted himself into a pretzel trying tƻ ǊŜŎƻƴŎƛƭŜ ǘƘŜ ǘǿƻέ όwƻǎŜƴ нлмл, p. 

70). Despite his strained arguments and surely to his relief, Coke lost the case as the justice 

ǊǳƭŜŘ ǘƘŀǘ 5ŀǊŎȅ ǎƘƻǿŜŘ ƴƻ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǘƘŜ άƳŜŎƘŀƴƛŎŀƭ ǘǊŀŘŜ ƻŦ ƳŀƪƛƴƎ ŎŀǊŘǎέΣ ŀƴŘ ǘƘŜ 

patent barred others from doing so. This idea, that you actually had to earn patent protection 

by demonstrating a novel improvement, was the foundation of subsequent patent law. In fact, 

it was Coke himself who twenty years later drafted the first patent law protecting inventors, 

called the Statute on Monopolies.  

Christine MacLeod (1988, p. 17) literally wrote the book on the early English patent system 

ŀƴŘ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ мснп ǎǘŀǘǳǘŜ ŦƻǊōŀŘŜ ŀƭƭ ŦƻǊƳǎ ƻŦ ƳƻƴƻǇƻƭȅ ŜȄŎŜǇǘ ǘƻ ǘƘŜ άŦƛǊǎǘ ŀƴŘ ǘǊǳŜ 

ƛƴǾŜƴǘƻǊέΦ ¸Ŝǘ ǎŜǾŜƴǘȅ-five years later, Thomas Savery was granted patent number 356, 

implying less than six patents were awardŜŘ ŀƴƴǳŀƭƭȅΦ CƻǊ ŀƭƭ ƻŦ /ƻƪŜΩǎ ŘŜǎƛǊŜ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ 

.ǊƛǘƛǎƘ άǿƻǊƪƛƴƎ-Ŏƭŀǎǎέ ŀǊǘƛǎŀƴǎΣ ǘƘŜ .ǊƛǘƛǎƘ ǎȅǎǘŜƳ ǿŀǎ ōƛŀǎŜŘ ǘƻǿŀǊŘǎ ǿŜŀƭǘƘȅ ƛƴǾŜƴǘƻǊǎ ŀƴŘ 

against those with modest resources or incremental innovators. It was a widespread view 

amongst the elites of the time that invention was the business of the wealthy and educated, 

therefore, there was no reason to make patent applications easy or affordable. Kahn and 

Sokoloff (2004, p. 396-398) have documented the defects of the British system prior to its 

reform in 1852.  For example, patent fees were five to ten time annual per capita income and 

most applicants needed the help of a patent agent to overcome the bureaucracy of the 

London offices. For a patent to be granted, the invention had to be novel, which was difficult 

to determine given the difficulty in access patent specifications. In additionΣ άƛŦ ǇŀǊǘ ƻŦ ŀƴ 

ƛƴǾŜƴǘƛƻƴ ƛǎ ŦƻǳƴŘ ǘƻ ōŜ ƳŜǊƛǘƻǊƛƻǳǎ ŀƴŘ ǇŀǊǘ ǳǎŜƭŜǎǎΣ ǘƘŜ ǇŀǘŜƴǘ ƛǎ ƭƛƪŜǿƛǎŜ ǾƻƛŘέΣ ōǳǘ ǘƘŜ 

definition of useful or meritorious was made by non-expert judges or juries (Kahn 2005, p. 35). 
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France was also eager to promote invention via state policies, but despite the differences with 

ǘƘŜ 9ƴƎƭƛǎƘ ǎȅǎǘŜƳΣ ǿŀǎ ƴƻ ōŜǘǘŜǊ ŀǘ ǊŜǿŀǊŘƛƴƎ άƳƛŘŘƭŜ Ŏƭŀǎǎέ ƛƴǾŜƴǘƻǊǎΦ ²ƘƛƭŜ ǘƘŜ Ŏƻǎǘ ƻŦ 

obtaining a patent was cheaper than in Britain, it was still quite high relative to the average 

income of the time. However, an inventor in France could choose between applying for a 

patent or a state granted title or pension in the form of a lump sum grant, interest-free loan, 

production subsidy, tax exemption or exclusive monopoly grants of a region or the whole 

ƪƛƴƎŘƻƳΦ !ǎ ŀ ǇƻǘŜƴǘƛŀƭ ƛƳǇǊƻǾŜƳŜƴǘ ƻƴ .ǊƛǘŀƛƴΩǎ ƧǳŘƎŜ ŀƴŘ ƧǳǊȅ ǎȅǎǘŜƳΣ CǊŀƴŎŜ ǿƻǳƭŘ 

examine award applications by a qualified committee that would evaluate based on the 

benefits to the public (Kahn 2005, p. 40). For all its promise, this case-specific evaluation of 

new technologies fared just as poorly as the British patent system. Rewards could be arbitrary 

and sometimes based on noneconomic criteria where some applicants were not even 

inventors, but rather had court connections (McCloy, 1952, p.171). The evaluations of 

άŘŜǎŜǊǾƛƴƎέ ƛƴǾŜƴǘƛƻƴǎ ŎƻǳƭŘ ōŜ ǾŜǊȅ ŜȄǇŜƴǎƛǾŜ ǘƻ ŎƻƴŘǳŎǘ ŀƴŘ ǘƘŜ ŜȄǇŜǊǘ ŎƻƳƳƛǘǘŜŜǎ ǿŜǊŜ 

not necessarily qualified to assess commercial value or public benefit (Kahn 2005, p. 40-41). 

The scientific community charged with judging inventions could have vested interests to 

ǇǊƻǘŜŎǘΦ IŀǊǊƛǎ όмффуΣ ǇΦ рснύ ŘŜǎŎǊƛōŜǎ άŀ ƭŀǊƎŜ ŎƻƘƻǊǘ ƻŦ ǘƘŜ ŦǊǳǎǘǊŀǘŜŘ ŀƴŘ ŀƎƎǊƛŜǾŜŘ ŀƳƻƴƎ 

ƛƴǾŜƴǘƻǊǎΧǿƘƻ ōŜƭƛŜǾŜŘ ǘƘŀǘ ǘƘŜƛǊ ŜŦŦƻǊǘǎ ƘŀŘ ōŜŜn seriously affected by theoretically biased, 

ƛƳǇǊŀŎǘƛŎŀƭ !ŎŀŘŜƳƛŎƛŀƴǎέ ōȅ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜ wŜǾƻƭǳǘƛƻƴΣ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ŎƭƻǎǳǊŜ ƻŦ ǘƘŜ 

Académie in 1793.  

As with most things associated with the French Revolution, the new patent law appeared 

modern on paper, but was quite different in reality. For example, the decree of 1790 stated 

άŜǾŜǊȅ ŘƛǎŎƻǾŜǊȅ ƻǊ ƛƴǾŜƴǘƛƻƴΣ ƛƴ ŜǾŜǊȅ ǘȅǇŜ ƻŦ ƛƴŘǳǎǘǊȅΣ ƛǎ ǘƘŜ ǇǊƻǇŜǊǘȅ ƻŦ ƛǘǎ ŎǊŜŀǘƻǊΤ ǘƘŜ ƭŀǿ 

therefore guarantees him its full and entire enjoyment. Yet the cost for filing a patent 

remained exorbitant, and did not necessarily guarantee intellectual property right protection. 

Also, in classic mercantilist fashion, a patent holder lost privileges if they applied for an 

overseas patent for the same invention (Kahn and Sokoloff, 2004, p.397). Access to patents 

for inventors without political connections or financial resources remained elusive both 

before and after the Revolution.  

The two foremost experts in eighteenth-century patents, Christine MacLeod (1988) and Liliane 

Hilaire-Perez (2000), have written complementary studies that suggest that both the French 

and the British patent systems provided about the same incentive to would be inventors 

during the century. Both countries shared the Enlightenment view that institutions should 

encourage technological innovation by awarding exclusive rights to its inventors. France did 

this through a formal state-run committee of scientists, while Britain left the assessment of 

ǘƘŜ ƛƴǾŜƴǘƛƻƴΩǎ ǿƻǊǘƘ ǘƻ ǘƘŜ ƳŀǊƪŜǘ όŀƴŘ ǘƘŜ ŎƻǳǊǘǎ ǿƘŜƴ ƴŜŎŜǎǎŀǊȅύΦ .ǊƛǘŀƛƴΩǎ ƎƻǾŜǊƴƳŜƴǘ 

limited itself to protecting property rights, while French inventors would be seen as civil 

servants by the state (Hilaire-Perez 2000, p. 72). Harkening back to the divergent scientific 

traditions, this would put typically Cartesian France squarely in a Baconian world where 

invention was to benefit the public over the inventor. In practice however, both countries 

suffered from the shortcomings inherent to their respective programs. 
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Early Steam Engine Patents  

An examination of the patents and their effects on early steam engine development in Britain 

is actually illustrative of the mixed results that a patent system can have on inventive activity. 

As noted earlier, pure scientists objected to the idea of patenting their ideas. While 

speculating is always a futile exercise, especially regarding an event occurring over three 

hundred years ago, one cannot help to think what would be different had Denis Papin 

patented his first steam engine design in the 1690. Would it have blocked Thomas Savery from 

developing his ideas and building the first commercial version?  

{ŀǾŜǊȅΩǎ мсфу ǇŀǘŜƴǘ 

We do know that Edward Somerset, Lord Marquis of Worcester, had been granted a ninety-

nine year monopoly by Parliament in 1663, just a few months before he published the idea in 

Century of InventionsΣ ōǳǘ ǘƘŀǘ ŘƛŘƴΩǘ ǎǘƻǇ {ŀǾŜǊȅ ŦǊƻƳ ǊŜŎŜƛǾƛƴƎ Ƙƛǎ ƻǿƴ ǇŀǘŜƴǘ ǘhirty years 

later (Muirhead 1858, p. 115-116). The first historians of the steam engine, Desaguliers (1744, 

p. 464-465) and John Farey (1827, p. 109-111) disagree as to whether Savery plagiarized the 

aŀǊǉǳƛǎΩ ǿǊƛǘƛƴƎǎΦ Lǘ ƛǎ ŀƭǎƻ ǳƴŎƭŜŀǊ Ƙƻǿ {ŀǾŜǊȅ ƳŀƴŀƎŜŘ ǘƻ ŎƻƴǾƛƴŎŜ tŀǊƭƛŀƳŜƴǘ ǘƻ ƎǊŀƴǘ ƘƛƳ 

ŀ ǇŀǘŜƴǘ ƛƴ ƭƛƎƘǘ ƻŦ ǘƘŜ .ǊƛǘƛǎƘ ǊŜƎǳƭŀǘƛƻƴ ǘƘŀǘ ǘƘŜȅ ƻƴƭȅ ōŜ ŀǿŀǊŘŜŘ ǘƻ ǘƘŜ άŦƛǊǎǘ ŀƴŘ ǘǊǳŜ 

ƛƴǾŜƴǘƻǊέΦ L ǎǳǎǇŜŎǘ ǘƘŀǘ ǘƘŜ ŀōǳƴŘŀƴǘƭȅ ǿŜŀƭǘƘȅ aŀǊǉǳƛǎΩ ǎƻƴΣ ǘƘŜ ŦƛǊǎǘ 5ǳƪŜ ƻŦ .ŜŀǳŦƻǊǘΣ ǿŀǎ 

either unaware or uninterested in pursuing a dispute over one of the hundreds inventions 

concocted by his father. He clearly had other things on his mind since just a few months prior 

ǘƻ {ŀǾŜǊȅΩǎ ǇŀǘŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴΣ ǘƘŜ 5ǳƪŜΩǎ ƘŜƛǊ ŀƴŘ ǎƻƴ ǿŀǎ ƪƛƭƭŜŘ ƛƴ ŀ ŎƻŀŎƘ ŀŎŎƛŘŜƴǘΦ ¢ƘŜ 5ǳƪŜ 

himself passed two years later (Seccombe 1897, p.245). 

bŜǿŎƻƳŜƴΩǎ мтлр !ƎǊŜŜƳŜƴǘ ǿƛǘƘ {ŀǾŜǊȅ 

The first example of a steam engine patent actually having an impact came when Thomas 

bŜǿŎƻƳŜƴ ŀƎǊŜŜŘ ƛƴ мтлр ǘƻ ōǳƛƭŘ Ƙƛǎ ŜƴƎƛƴŜǎ ǳƴŘŜǊ {ŀǾŜǊȅΩǎ мсфу ǇŀǘŜƴǘΦ Lƴ ŦŀŎǘΣ {ŀǾŜǊȅΩǎ 

original 14-year patent was extended to 21 years in 1699 by an Act of Parliament called the 

άCƛǊŜ 9ƴƎƛƴŜ !ŎǘέΦ ¢ƘŜ ƳƻƴƻǇƻƭȅ ŎƻǾŜǊŜŘ ŀƭƭ ŜƴƎƛƴŜs that raised water by fire, which meant 

ǘƘŀǘ ŜǾŜƴ ǘƘƻǳƎƘ bŜǿŎƻƳŜƴΩǎ ŜƴƎƛƴŜ ǿŀǎ ƳǳŎƘ ƳƻǊŜ ŀŘǾŀƴŎŜŘ ŀƴŘ ƳŀǊƪŜŘƭȅ ŘƛŦŦŜǊŜƴǘΣ ƘŜ 

was forced to collaborate ǿƛǘƘ {ŀǾŜǊȅΦ {ŀǾŜǊȅΩǎ ǇŀǘŜƴǘ ōŜŎŀƳŜ ǾŜǎǘŜŘ ƛƴ ŀ ŎƻƳǇŀƴȅ ǿƘƛŎƘ 

managed the licensing of Newcomen engines, charging as much as £420 per year to merely 

operate the engine (Oldroyd 2007, p. 14). While the proprietors of the company established 

ŀŦǘŜǊ {ŀǾŜǊȅΩǎ ŘŜŀǘƘ ƳŀŘŜ ŀ ŦƻǊǘǳƴŜΣ bŜǿŎƻƳŜƴ ǎƘŀǊŜŘ ƛƴ ǘƘŜ ǇǊƻǎǇŜǊƛǘȅ ǿƛǘƘ Ƙƛǎ ŦƛǾŜ ƻǳǘ ƻŦ 

eighty shares. In a 1722 lawǎǳƛǘΣ bŜǿŎƻƳŜƴ ŘŜǎŎǊƛōŜŘ Ƙƛǎ ƛƴǘŜƴǘƛƻƴǎ ŦƻǊ ǘƘŜ ƛƴǾŜƴǘƛƻƴ ǘƻ άǘǳǊƴ 

his engines or part of them ƛƴǘƻ ŎŀǎƘέ όŎƛǘŜŘ ƛƴ wƻǎŜƴ нлмл, p. 61). While he did not live long 

enough to exploit the expiration of the Fire Engine Act in 1733, the former ironmonger and 

lay Baptist preacher fulfilled his dream, at least in part from a portion of the proceeds. 

WŀƳŜǎ ²ŀǘǘΩǎ мтсф tŀǘŜƴǘ ŀƴŘ {ǳōǎŜǉǳŜƴǘ CƛǊŜ-Engine Act of 1775 

James Watt exemplifies both the struggles of protecting ones patent as well as abusing its 

monopoly to prevent innovative competition. Watt was a perfectionist and did not have a love 

of business, once admitting, άL ǿƻǳƭŘ ǊŀǘƘŜǊ ŦŀŎŜ ŀ ƭƻŀŘŜŘ Ŏŀƴƴƻƴ ǘƘŀƴ ǎŜǘǘƭŜ ŀƴ ŀŎŎƻǳƴǘ ƻǊ 

ƳŀƪŜ ŀ ōŀǊƎŀƛƴέ όcited in Scherer 1965 p. 173). Even though he felt his design was still quite 

beta (still undergoing extensive testing not production-ready for another 7 years), his original 

business partner, John Roebuck, was anxious to start making money. He insisted that Watt 

apply for a patent, which he was awarded after a 6-month process in 1769. The patent number 

фмо ōŜŎŀƳŜ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŦŀƳƻǳǎ ƛƴ ƘƛǎǘƻǊȅ ŀǎ άŀ ƳŜǘƘƻŘ ƻŦ ƭŜǎǎŜƴƛƴƎ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ 












































































