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PREFACE

This study has a long history. It goes back to 1954, when Professor
M. M. Postan asked me to write a chapter on technological change and
industrial development in western Europe for the Cambridge Economic
History. The subject was vast and I was soon caught up in the seamless
web of the historian’s history; so that by the time I had reached what
seemed to me to be a convenient stopping place—that point, around
1870, when the leading industrial nations of continental Europe had
effected their own breakthroughs to a modern economic system and
were prepared to compete with Britain on even terms—I had far
exceeded the space originally allotted to me. Even so, the editors of the
Cambridge Economic History felt that it was not a good idea for my
chapter to deviate in this manner from the general pattern of the larger
volume, which was to take the story into the twentieth century; and
they asked me to add a section on the period from 1870 to World War L.
This was in 1958. Isubmitted a draft of the additional material in 1960,
revised it somewhat in 1961-2, and the entire essay finally appeared in
Volume VI of the Cambridge Economic History in 1965. Publication is
a long and painful parturition.

By this time, what had begun as a chapter was as long as a book, and
I thought, as did a number of readers, that it ought to appear as such.
For one thing, the story was one that could stand on its own, even
though certain aspects of FEuropean development—in particular,
agriculture, transportation, population—had been reserved by the
editors for treatment in other chapters; hence the deliberate use of
‘Industrial Development’ in the title. For another, there was a manifest
need for a general, truly comparative survey of the course of the
European industrial revolution. The nearest thing to this in English has
been the textbooks in economic history currently used in American
colleges and universities, but a textbook has very different objectives
from an interpretive essay, and these in any case go back to before
World War II. Since Volume VI of the Cambridge Economic
History (a double volume) is too costly for all but the most affluent
students, it seemed desirable to bring the essay out separately in a less
expensive format. The officers of the Cambridge University Press
were good enough to accept this reasoning and encourage me in this
project.

The prospect of a new edition of the essay immediately posed a
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difficult choice. On the one hand, the officers of the Press felt that the
book would have considerably more usefulness if the story could be
brought up to date, and this entailed a substantial research and writing
commitment at a time when new university and personal obligations
left me even less free time than usual. On the other, here was an oppor-
tunity to revise the original text to take into account the new work in
European economic history that had appeared since the first writing;
and given the time that had elapsed and the rapid pace of research in this
field, this too was a large task. It was clear, however, that any effort to
do both would delay publication considerably.

I chose to do the former, that is, bring the story up to the present, on
the ground that this would do more to meet the specific needs of the
constituency to which the book is ditected. It remains my intention to
bring out a fully revised version of the original essay. What Ishould like
to do is not only add and modify as required by the latest findings, but
broaden the geographical perspective and give more attention to the
countries on the periphery of the western European industrial heart-
land: Scandinavia, Holland, the Mediterranean countries, the area once
comprised in the Austrian empire. This, I fear, will be an even bigger
job than the preparation of the chapters on the period since 1914. In the
meantime, I have made a few changes in that part of the text that deals
with the Industrial Revolution in Britain. This was the oldest part (the
first draft goes back to 1957); also it deals with the area where research
has been most active and productive. These changes, however, are not
the equivalent of a systematic revision. Rather they reflect some of my
own special interests and are unevenly dispersed through the chapter.
The other sections remain as before, save for some corrections of errors
of fact or print.

Given the format of the Cambridge Economic History, I was not
able, at the time of publication of the original essay, to thank the many
institutions and persons who had assisted me in its preparation and
writing. The list of obligations has since grown much longer, and I am
delighted to have this opportunity to express my gratitude. I shall not
try to list by name the individuals who helped me with their criticism
and counsel. The list would be far too long, and in view of the history of
this project, I would inevitably commit the injustice of omitting some.
Suffice it to say that L have profited from the knowledge and wisdom of
some of the best men in history, economics, economic history, and
related disciplines; and that whatever the merits or defects of this essay,
it is far better than it would have been had I been confined to my own
resources. To all of these friends and colleagues, I am grateful.

I should also like to express my gratitude to those institutions and

>undations that made it possible for me to do this research and live and
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consult with other scholars; the Center for Advanced Study in the
Behavioral Sciences in Stanford, California (I was a fellow of the class of
1957-8, which brought together one of the most brilliant groups of
economists ever assembled in one place for a protracted period of
dialogue and interaction); the Institute of Industrial Relations of the
University of California, Berkeley; the Rockefeller Foundation; the
Social Science Research Council; the Program for Technology and
Society of Harvard University (I have had the good fortune to partici-
pate in an interdisciplinary Study Group that has done much to clarify
for me the course and character of contemporary technological
change); and two informal dinner groups of economists and economic
historians—the first a Berkeley—Stanford partnership, the second a
union of interested persons from Harvard and M.LT. In all of these
contexts I have never failed to receive the kind of keen, candid criticism
that is the hallmark of true friendship and disinterested scholarship.
Finally, [ want to express special thanks to two friends who have been
engaged with me in the preparation of another work, a history of the
Berlin banking house of S. Bleichréder: Prof. Fritz Stern of Columbia
University and Mr F. H. Brunner of Arnhold and S. Bleichroder, New
York. They have stood by patiently and understandingly while I de-
voted a large share of my gee time to a project that has proved far
bigger than I had originally anticipated. I only hope I can repay them.

D.S.L.
Harvard University

April 1968






CHAPTER 1

Introduction

When dealing with ambiguous terms, the first duty of a writer is
definition. The words ‘industrial revolution’—in small letters—usually
refer to that complex of technological innovations which, by substitut-
ing machines for human skill and inanimate power for human and
animal force, brings about a shift from handicraft to manufacture and,
so doing, gives birth to a modern economy. In this sense, the industrial
revolution has already transformed a number of countries, though in
unequal degree; other societies are in the throes of change; the turn of
still others is yet to come.

The words sometimes have another meaning. They are used to de-
note any rapid significant technological change, and historians have
spoken of an ‘industrial revolution of the thirteenth century’, an “early
industrial revolution’, the ‘second industrial revolution’, an ‘industrial
revolution in the cotton south’. In this sense, we shall eventually have
as many ‘revolutions’ as there are historically demarcated sequences of
industrial innovation, plus all such sequences as will occur in the future;
there are those who say, for example, that we are already in the midst
of the third industrial revolution, that of automation, air transport, and
atomic power.

Finally, the words, when capitalized, havestill another meaning. They
denote the first historical instance of the breakthrough from an agrarian,
handicraft economy to one dominated by industry and machine manu-
facture. The Industrial Revolution began in England in the eighteenth
century, spread therefrom in unequal fashion to the countries of Con-
tinental Europe and a few areas overseas, and transformed in the span of
scarce two lifetimes the life of Western man, the nature of his society,
and his relationship to the other peoples of the world. The Industrial
Revolution, as it took place in western Europe, is the subject of this book.

The heart of the Industrial Revolution was an interrelated succession
of technological changes. The material advances took place in three
areas: (1) there was a substitution of mechanical devices for human
skills; (2) inanimate power—in particular, steam—took the place of
human and animal strength; (3) there was a marked i improvement in
the getting and working of raw materials, especially in what are now
known as the metallurgical and chemical industries.
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Concomitant with these changes in equipment and process went new
forms of industrial organization. The size of the productive unit grew:
machines and power both required and made possible the concentra-
tion of manufacture, and shop and home workroom gave way to mill
and factory. At the same time, the factory was more than just a larger
work unit. It was a system of production, resting on a characteristic
definition of the functions and responsibilities of the different partici-
pants in the productive process. On the one side was the employer, who
not only hired the labour and marketed the finished product, but sup-
plied the capital equipment and oversaw its use. On the other side there
stood the worker, no longer capable of owning and furnishing the
means of production and reduced to the status of a hand (the word is
significant and symbolizes well this transformation from producer to
pure labourer). Binding them were the economic relationship—the
‘wage nexus’—and the functional one of supervision and discipline.

Discipline, of course, was not entirely new. Certain kinds of work—
large construction projects, for example—had always required the
direction and co-ordination of the efforts of many people; and well be-
fore the Industrial Revolution there were a number of large workshops
or ‘manufactories’ in which traditional unmechanized labour operated
under supervision. Yet discipline under such circumstances was com-~
paratively loose (there is no overseer so demanding as the steady click-
clack of the machine); and such as it was, it affected only a small portion
of the industrial population.

Factory discipline was another matter. It required and eventually
created a new breed of worker, broken to the inexorable demands of
the clock. It also held within itself the seeds of further technological
advance, for control of labour implies the possibility of the rationaliza-
tion of labour. From the start, the specialization of productive functions
was pushed farther in the factory than it had been in shops and cottages;
at the same time, the difficulties of manipulating men and materials
within a limited area gave rise to improvements in layout and organiza-
tion. There is a direct chain of innovation from the efforts to arrange
the manufacturing process so that the raw material would move down-
wards in the plant as it was treated, to the assembly line and trans-
mission belts of today.

In all of this diversity of technological improvement, the unity of the
movement is apparent: change begat change. For one thing, many
technical improvements were feasible only after advances in associated
fields. The steam engine is a classic example of this technological in-
terrelatedness: it was impossible to produce an effective condensing
engine until better methods of metal working could turn out accurate
cylinders. For another, the gains in productivity and output of a given
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innovation inevitably exerted pressure on related industrial operations.
The demand for coal pushed mines deeper until water seepage became
a serious hazard; the answer was the creation of a more efficient pump,
the atmospheric steam engine. A cheap supply of coal proved a godsend
to the iron industry, which was stifling for lpck of fuel. In the meantime,
the invention and diffusion of machinery in the textile manufacture and
other industries created a new demand for energy, hence for coal and
steam engines; and these engines, and the machines themselves, had a
voracious appetite for iron, which called for further coal and power.
Steam also made possible the factory city, which used unheard-of
quantities of iron (hence coal) in its many-storied mills and its water
and sewage systems. At the same time, the processing of the flow of
manufactured commodities required great amounts of chemical
substances: alkalis, acids, and dyes, many of them consuming mountains
of fuel in the making. And all of these products—iron, textiles, chemi-
cals—depended on large-scale movements of goods on land and on sea,
from the sources of the raw materials into the factories and out again to
near and distant markets. The opportunity thus created and the
possibilities of the new technology combined to produce the railroad
and steamship, which of course added to the demand for iron and fuel
while expanding the market for factory products. And so on, in ever-
widening circles.

In thls sense, the Industrial Revolution marked a major turning point
in man’s history. To that point, the advances of commerce and industry,
however gratifying and impressive, had been essentially superficial : more
wealth, more goods, prosperous cities, merchant nabobs. The world
had seen other periods of industrial prosperity—in medieval Italy and
Flanders, for example—and had seen the line of economic advance
recede in each case; in the absence of qualitative changes, of improve-
ments in productivity, there could be no guarantee that mere quantita-
tive gains would be consolidated. It was the Industrial Revolution that
initiated a cumulative, self-sustaining advance in technology whose
repercussions would be felt in all aspects of economic life.

To be sure, opportunity is not necessarily achievement. Economic
progress has been uneven, marked by spurts and recessions, and there is
no reason to be complacent about the prospect of an indefinite climb.
For one thing, technological advance is not a smooth, balanced process.
Each innovation seems to have a life span of its own, comprising periods
of tentative youth, vigorous maturity, and declining old age. As its
technological possibilities are realized, its marginal yield diminishes and
it gives way to newer, more advantageous techniques. By the same
token, the divers branches of production that embody these techniques
follow their own logistic curve of growth toward a kind of asymptote.
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Thus the climb of those industries that were at the heart of the Industrial
Revolution—textiles, iron and steel, heavy chemicals, steam engineer-
ing, railway transport—began to slow toward the end of the nineteenth
century in the most advanced west European countries, so much so that
some observers feared that the whole system was running down. (At
this point, the Industrial Revolution in these countries was substantially
complete.) Similar dire prognoses accompanied the world depression
of the 1930’s, particularly by those Marxist critics who saw the capita-
list economy as incapable of sustained creativity. In fact, however, the
advanced industrial economies have given proof of considerable
technological vitality. The declining momentum of the early-moderniz-
ing branches in the late nineteenth century was more than compensated
by the rise of new industries based on spectacular advances in chemical
and electrical science and on a new, mobile source of power—the internal
combusion engine. This is the cluster of innovations that is often desig-
nated as the second industrial revolution. Similarly, the contraction of
the 1930’s has been followed by decades of unusual creativity, consisting
once again primarily in innovations in the application of chemical and
electrical science, plus advances in the generation and delivery of power
—the abovementioned third industrial revolution.

A more serious cause of concern lies outside the productive system
proper—in the area of political economy and politics tout court. Even
assuming that the ingenuity of scientists and engineers will always
generate new ideas to relay the old and that they will find ways to over-
come such shortages as may develop (whether of food, water, or in-
dustrial raw materials), there is no assurance that those men charged
with utilizing these ideas will do so intelligently—intelligently, that is,
not only in the sense of effective exploitation of their productive possi-
bilities but in the larger sense of effective adaptation to the material
and human environment so as to minimize waste, pollution, social fric-
tion, and other ‘external’ costs. Similarly, there is no assurance that
noneconomic exogenous factors—above all, man’s incompetence in
dealing with his fellow-man—will not reduce the whole magnificent
structure to dust.

In the meantime, however, the climb has been spectacular. Improve-
ments in productivity of the order of several thousand to one have been
achieved in certain sectors—prime movers and spinning for example.
In other areas, gains have been less impressive only by comparison: of
the order of hundreds to one in weaving, or iron smelting, or shoe-
making. Some areas, to be sure, have seen relatively little change: it still
takes about as much time to shave a man as it did in the eighteenth

century.
Quantitative gains in productivity are, of course, only part of the
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picture. Modern technology produces not only more, faster; it turns
out objects that could not have been produced under any circumstances
by the craft methods of yesterday. The best Indian hand spinner could
not turn out yarn so fine and regular as that of the mule; all the forges
in eighteenth~century Christendom could not have produced steel
sheets so large, smooth, and homogeneous as those of a modern strip
mill. Most important, modern technology has created things that could
scarcely have been conceived in the pre-industrial era: the camera, the
motor car, the aeroplane, the whole array of electronic devices from
the radio to the high-speed computer, the nuclear power plant, and so
on almost ad infinitum. Indeed, one of the primary stimuli of modern
technology is free-ranging imagination; the increasing autonomy of
pure science and the accumulation of a pool of untapped knowledge, in
combination with the ramifying stock of established technique, have
given ever wider scope to the inventive vision. Finally, to this array of
new and better products—introduced, to be sure, at the expense of some
of the more artistic results of hand craftsmanship—should be added that
great range of exotic commodities, once rarities or luxuries, that are
now available at reasonable prices thanks to improved transportation.
It took the Industrial Revolution to make tea and coffee, the banana of
Central America and the pineapple of Hawaii everyday foods. The
result has been an enormous increase in the output and variety of goods
and services, and this alone has changed man’s way of life more than
anything since the discovery of fire: the Englishman of 1750 was closer
in material things to Caesar’s legionnaires than to his own great-grand-
children.

These material advances in turn have provoked and promoted a large
complex of economic, social, political, and cultural changes, which
have reciprocally influenced the rate and course of technological de-
velopment. There is, first, the transformation that we know as industrial-
ization. This is the industrial revolution, in the specifically technological
sense, plus its economic consequences, in particular the movement of
labour and resources from agriculture to industry. The shift reflects the
interaction of enduring characteristics of demand with the changing
conditions of supply engendcred by the industrial revolution. On the
demand side, the nature of human wants is such that riscs in income
increase the appetite for food less than for manufactures. This is not
true of people who have been living on the borderline of subsistence;
they may use any extra money to eat better. But most Europeans were
living above this Jevel on the eve of industrialization; and although they
did spend more for food as income went up, their expenditures on
manufactures increased even faster. On the supply side, this shift in de-
mand was reinforced by the relatively larger gains in industrial as against
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agricultural productivity, with a consequent fall in the price of manu-
factures relative to that of primary products.

Whether this disparity is inherent in the character of the industrial
process, in other words, whether manufacture is intrinsically more sus-
ceptible of technological improvement than cultivation and husbandry,
is an interesting but moot question. The fact remains that in the period
of the Industria] Revolution and subsequently, industry moved ahead
faster, increased its share of national wealth and product, and drained
away the labour of the countryside. The shift varicd from one country
to another, depending on comparative advantage and institutional re-
sistance. It was most extreme in Britain, where free trade stripped the
farmer of protection against overseas competition; by 1912, only 12
per cent of Britain’s labour force was employed in agriculture; by 1951,
the proportion had fallen to an almost irreducible s per cent. And it
was slowest in France, a country of small landholders, where a more
gradual introduction of the new industrial technology combined with
high tariffs on food imports to retard the contraction of the primary
sector. Over half the French labour force was in agriculture in 1789
(perhaps 55 per cent or more), and this was still true in 1866, after three
quarters of a century of technological change; as recently as 1950, the
proportion was still a third.”

Industrialization in turn is at the heart of a larger, more complex
process often designated as modernization. This is that combination of
changes—in the mode of production and government, in the social and
institutional order, in the corpus of knowledge and in attitudes and
values—that makes it possible for a society to hold its own in the twen-
tieth century; that is, to compete on even terms in the generation of
material and cultural wealth, to sustain its independence, and to pro-
mote and accommodate to further change. Modernization comprises
such developments as urbanization (the concentration of the population
in cities that serve as nodes of industrial production, administration, and
intellectual and artistic activity); a sharp reduction in both death rates
and birth rates from traditional levels (the so-called demographic tran-
sition); the establishment of an cffective, fairly centralized bureaucratic
government; the creation of an educational system capable of training
and socializing the children of the society to a level compatible with
their capacities and best contemporary knowledge; and of course, the
acquisition of the ability and means to use an up-to-date technology.

All of these elements are interdependent, as will become apparent in

* Simon Kuznets, Six Lectures on Economic Growth (Glencoe, Ill. 1959), pp. s0~1;
J- C. Toutain, La population de la France de 1700 & 1959 []J. Marczewski, ed., Histoire
quantitative de I’ économie frangaise, vol. m1], in Cahiers de I'Institut de Sciences Economiques
Appliquées, Series AF, no. 3, Suppl. no. 133 (January, 1963), p. 127.
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the discussion that follows, but each is to some degree autonomous,
and it is quite possible to move ahead in some areas while lagging in
others—witness some of the so~alled developing or emerging nations
of today. The one ingredient of modernization that is just about indis-
pensable is technological maturity and the industrialization that goes
with it; otherwise one has the trappings without the substance, the
pretence without the reality.

It was Europe’s good fortune that technological change and indus-
trialization preceded or accompanied pari passu the other components
of modernization, so that on the whole she was spared the material and
psychic penalties of unbalanced maturation. The instances of marked
discrepancy that come to mind—the effort of Peter to force the
westernization of a servile society in Russia, the explosion of population
in Ireland in a primitive and poor agricultural environment, the urbani-
zation of Mediterranean Europe in the context of a pre-industrial
economy—yielded a harvest of death, misery, and enduring resentment.

Even so, industrial Europe had its own growing pains, which were
moderate only by comparison with extreme cases of accelerated
modernization or with the deep poverty and suffering of that outer
world (the so-called Third World) of technologically backward, non-
industrializing societies in Asia, Africa, and Latin America. For one
thing, if mechanization opened new vistas of comfort and prosperity
for all men, it also destroyed the livelihood of some and left others to
vegetate in the backwaters of the stream of progress. Change is demonic;
it creates, but it also destroys, and the victims of the Industrial Revolu-
tion were numbered in the hundreds of thousands or even millions.
(On the other hand, many of these would have been even worse off
without industrialization.) By the same token, the Industrial Revolu-
tion tended, especially in its earlier stages, to widen the gap between rich
and poor and sharpen the cleavage between employer and employed,
thereby opening the door to class conflicts of unprecedented bitterncss.
It did not create the first true industrial proletariat: the blue-nails of
medieval Flanders and the Ciompi of the Florence of the guattrocento are
earlier examples of landless workers with nothing to sell but their labour.
Indeed, as we shall see, the putting-out system was in its day as produc-
tive of class hostility as the factory. But the eighteenth and nineteenth
centuries did see the growth of a working class more numerous and
concentrated than ever before. And with size and concentration came
slums and class consciousness, workers’ parties and radical panaceas.

In similar fashion, the Industrial Revolution generated painful changes
in the structure of power. It did not create the first capitalists, but it did
produce a business class of unprecedented numbers and strength. The
hegemony of landed wealth, long threatened by the mobile fortunes of
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commerce but never overturned, yielded to the assaults of the new
chimney aristocrats. Largely as the result of a series of revolutions,
domestic government policy came to be determined in most of western
Europe by the manufacturing interest and its allies in trade and finance,
with or without the co-operation of the older landed establishment. In
central Europe—Germany and Austria—Hungary—the picture was dif-
ferent: the attempt at revolution failed, and the aristocracy continued to
hold the reins of government; business ambitions were subordinated to,
rather than identified with, the goals of unity and power. Even there,
however, the growing wealth and influence of the industrial and com-
mercial bourgeoisie was apparent in the course of legislation and in the
penetration by parvenus of the social and occupational strongholds of
the old elites. In the course of the nineteenth century, much of the
privileged knights’land (Rittergiiter) of east-Elbian Prussia came into the
hands of commoners; while from 1870 to 1913, the proportion of aristo-
crats in the officer corps of the Prussian army fell from 70 to 30 per cent.!

To be sure, this kind of victory often spelled a kind of defeat: the
rising bourgeois could be more snobbish than the blooded nobleman,
stiffer and more arrogant than a Junker guardsman. Whereas in Britain
and France, the new business elite competed for power, in Germany
they acquiesced in the status quo and sold their liberal birthright for a mess
of chauvinistic pottage seasoned by commercial legislation and adminis-
tration favourable to business enterprise. The fact remains that they did
have to be bought off; and indeed everywhere the balance of status and
power shifted, in greater or lesser degree, from the older landed elite
toward the new rich of industry and trade.

Two of the factors conducing in this direction were the separation of
the aristocracy from the mass of the country population and the general
decline of rural forces in national life. Partly (though only partly)
owing to industrialization, the traditional system of land tenure, wi
its vestiges of feudal privileges and its tenacious communal rights, was
replaced by one of unlimited ownership of enclosed parcels. A certain
amount of the traditional paternalistic authority of the ‘lord of the
manor’ was lost in the process, especially in those regions where the
changed was forced. Even more important, however, was a progres-
sive anaemia of rural life: on the one hand, a massive exodus to the cities
at the expense of marginal lands; on the other, an invasion of agricultural
areas by industry—how green was my valley !

The growth of a factory proletariat, the rise of the industrial bour-

* Hans Rosenberg, ‘Die Pseudodemokratisierung der Rittergutsbesitzerklasse’, in
H. U. Wehler, ed., Moderne deutsche Sozialgeschichte (Cologne and Betlin, 1966),
pp. 287-308; Karl Demeter, Das deutsche Offizierkorps in Gesellschaft und Staat 1650-
1945 (Frankfurt-am-Main, 1962), p. 26.
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geoisie and its progressive merger with the old elite, the ebbing
resistance of the peasantry to the lure of the city and to the competition
of new ways and a new scale of cultivation—all of these trends en-
couraged some observers to predict a polarization of society between a
large mass of exploited wage earners and a small group of exploiting
owners of the means of production. The trend to size and concentration
seemed inexorable and pervasive. Every advance in technology seemed
to hurt the ability of the small, independent operator to survive in the
impersonally competitive market place.

Yet this was a serious misreading of the course of change. Mass pro-
duction and urbanization stimulated, indeed required, wider facilities
for distribution, a larger credit structure, an expansion of the educa-
tonal system, the assumption of new functions by government. At the
same time, the increase in the standard of living due to higher produc-
tivity created new wants and made possible new satisfactions, which led
to a spectacular flowering of those businesses that cater to human
pleasure and lejsure: entertainment, travel, hotels, restaurants, and so on.
Thus the growth of a factory labour force was matched by a prolifera-
tion of service and professional people, whitecollar workers, func-
tionaries, engineers, and similar servants of the industrial system and
society. Indeed, as productivity rose and the standard of living with it,
this administrative and service sector of the economy—what some
economists have called the tertiary sector—grew more rapidly than
industry itself.

In sum, the Industrial Revolution created a society of greater richness
and complexity. Instead of polarizing it into bourgeois minority and an
almost all-embracing proletariat, it produced a heterogeneous bour-
geoisie whose multitudinous shadings of income, origin, education, and
way of life are overridden by a common resistance to inclusion in, or
confusion with, the working classes, and by an unquenchable social
ambition.

For the essence of the bourgeois is that he is what the sociologists call
upwardly mobile; and nothing has ever furnished so many opportuni-
ties to rise in the social scale as the Industrial Revolution. Not every-
one seized these opportunities. For many, the shift from country tocity,
from farm to industry or trade, marked simply the exchange of one
labouring status for another. The factory worker could be, and usually
was, as tradition-bound in his expectations for himself and his children
as the peasant. But for thousands, the move to town, or often to another
region or country, marked a decisive break with the past; the migrant
found himself afloat in a fluid society. Some rose and founded un-
exampled fortunes in their own lifetimes; others climbed slowly,
generation by generation. For many, education was the open-sesame to
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higher status, and this channel was in itself evidence of the more explicit
functional requirements of a technologically advanced society. More
and more, it became important to choose someone for a job or place on
universalistic rather than particularistic grounds, on the basis of what he
could do rather than who he was or whom he knew.

But universalism cuts both ways. While some rise on merit, others
must fall; some succeed, but others fail. It has been said of political
revolutions that they devour their children. So do economic revolutions.
Thus the small machines of the early Industrial Revolution were
succeeded by big ones; the little mills became giant factories; the
modest partnerships were converted to large public companies; the
victims and laggards of the early decades were succeeded by new
victims and laggards. The resulting concentration of enterprise in
certain sectors of the economy did not displace the small firm or make
it obsolete. The very forces that promoted industrial and commercial
giantism opened new possibilities for small ventures: service enterprises,
distribution agencies, subcontractors, and so on. The fact remains,
however, that smaller firms in traditional lines were pressed hard by
bigger and more efficient competitors; many collapsed in spite of all the
resistance, ingenuity, and sacrifice that old-style family enterprises are
capable of. Both casualties and survivors proved easy converts for the
preachers of discontent and reaction: in some countries they turned the
government into the instrument of vested interests; in others, they
became the troops of right-wing revolution.

For if the first effect of the Industrial Revolution was to shift drasti-
cally the balance of political power in favour of the commercial and in-
dustrial classes, subsequent economic development raised up new
enemies of the liberal, parliamentary system that was the symbol and
instrument of bourgeois government. On the one hand, there was con-
centrated, class-conscious industrial labour; on the other, the bourgeois
victims of economic and social change: the marginal entrepreneurs, the
discontented, the déclassés. Between the two extremes the gulf widened,
as each reacted to the other. The World War brought the latent conflict
to a head by stimulating the demands of labour while ravaging the
savings of the bourgeoisie. In all countries, the postwar years saw a flow
of political power outward from the centre to the extremes. In a nation
like England, the result was a new party alignment and gradual move-
ment to a new position of compromise. In countries like Germany and
Italy, the resolution was more radical. In France, the centrifugal trend
was countered by the distraction of logrolling; the heterogeneous
special interests of the bourgeoisie found a modus vivendi in the manipu-
lation of government on behalf of the status quo and at the expense of a
divided labour movement.
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In each case, of course, the nature of the political adaptation to the
economic changes wrought by the Industrial Revolution was a function
of the existing political structure and traditions, social attitudes, the par-
ticular effects of the war, and the differential character of economic
development. For the Industrial Revolution, as we shall see, was not a
uniform wave of change; nor did it roll up on like shores. On the con-
trary, it came to a great variety of places, with differing resources,
economic traditions, social values, entrepreneurial aptitudes, and tech-
nological skills.

This unevenness of timing and distribution in turn has had the most
serious consequences. Politically it has meant a complete revision of the
balance of power. The basis of military strength has shifted from sheer
numbers—and tactical inspiration—to industrial capacity, particularly
the ability to turn out guns and munitions and move them to combat.
Money was once the sinews of war because it could buy men; now it
must produce fire power as well. As a result, the nineteenth century
saw a unified Germany rise to Continental hegemony on the strength
ok the Ruhr and Silesia; while France, slower to industrialize, was never
again to enjoy the pre-eminence to which the levée en masse and the
genius of Napoleon had raised her on the eve of economic revolution.
With the spread of the new techniques, moreover, new powers arose:
the twentieth century saw the millennial predominance of Europe
dwindle before the unprecedented might of the United States and
Soviet Russia.

At the same time, the technological gap has made possible and
economic interest has called forth a spectacular expansion of Western
power in the preindustrial areas of the world; in this respect, the In-
dustrial Revolution consummated the process begun by the voyages and
overseas conquests of the fifteenth and sixteenth centuries. And while
in recent decades the tide of imperial dominion has receded, it has left its
indelible imprint wherever its waters have rolled: all of the un-
developed countries of the globe are converted to the religions of
industry and wealth with a faith that surpasses that of their teachers.
Never in the thousands of years of contact between civilizations has one
of them enjoyed such universal success.

Yet up to now, at least, faith has not been enough. The nations of the
Third World have yet to effect their industrial revolution, and the gulf
in wealth and standard of living between them and the economically
advanced countries has increased to the point of scandal and danger.
The disparity has been aggravated by the partial character of their
modernization. The West has brought them lower death rates, but not
lower birth rates; so that population growth has eaten up, and in some
instances outstripped, their gains in income. The West has provided
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them with some education—enough to know their dependence and to
dream of freedom, but not enough to create and operate a modern
economy. It has given them a distorted underview, the view from the
kitchen, the mine, and the labour camp, of the potentialities and rewards
of an industrial technology—a tantalizing taste of what seems to be
a material paradise; but it has not given them the means to satisfy the
appetite thus engendered. It has also left them a memory of brutality
;nd glnumiliation, a stain that some have argued can be erased only in
lood.*

This is not to imply that the conduct of colonial powers has always
been reprehensible or the consequences of their rule invariably bad.
On the contrary, one could argue that many of the colonial peoples
were better off under European rule than they have been since inde-
pendence. But as we all know, the evil that men do lives after them;
besides, most of the peoples in the world (with the possible exception
of Puerto Rico) have opted for freedom even in mediocrity as against
prosperity in subordination.

The explosive implications of this legacy of jealousy, frustration,
hatred and alienation need not be laboured here.

In sum, the Industrial Revolution has been like in effect to Eve's
tasting of the fruit of the tree of knowledge: the world has never been
the same. (There is no point in arguing here whether the change is for
the better or the worse. The question is one of ends more than means
and has its place in moral philosophy, not economic history.)

* * * *

So much for the wider historical implications of the Industrial
Revolution. For the economic historian qua economist, the problem has
another side. His concern is with the processes of industrial change as
such: how did they occur? why did they move faster in some p%aces
than others? why did they take different forms in different economies?
In short, he is interested in the causes and process of growth.

From this point of view, the Industrial Revolution poses two prob-
lems: (1) why did this first breakthrough to a modern industrial system
take place in western Europe? and (2) why, within this European ex-
perience, did change occur when and where it did?

Theessay thatfollows is concerned withthe second of these questions;
but it will not be amiss to consider the first by way of introduction.

The first point that needs to be made is that Europe on the eve of the
Industrial Revolution was a society that had already advanced a long

T The most powerful and llzopular expression of this thesis is the late Frantz Fanon’s
Les damnés de la terre (English translation: The Wretched of the Earth [London, 1965]).
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way economically beyond the level of minimal subsistence. The sig-
nificance of this advance is apparent from a comparison of such esti-
mates as we can make of income per head in eighteenth~century
England, say, and pre-industrial economies of the twentieth century.
Phyllis Deane, who bases her calculations on the estimates of con-
temporary observers, tells us that the average for England and Wales at
the end of the seventeenth century was about £9 per year;! in the 1750’s,
between £12 and £13. Given the revolution in consumption that has
taken place since then, it is hazardous to convert these sums into their
twentieth-century equivalents; but on the reasonable assumption that
money was worth at least eight times as much 200 and 250 years ago
(Miss Deane’s multiplier of six is far too low), we are talking of incomes
of about £70 in 1700, £100 a half-century later. Comparable figures
for the France of the eighteenth century have to be inferred from even
more precarious ‘guesstimates’ ; but it seems reasonable to suppose that
income per head was moderately lower than in Britain at the beginning
and that it kept pace fairly well until the last quarter of the century.? By
comparison, average annual income in Nigeria, one of the richer Afri-
can countries, was about £ 30 per head in the early 1960’s, while that of
India was even lower—about £25. To find something comparable to
the western European level of two centuries ago, one has to look at the
already semi-industrialized countries of Latin America: Brazilian in-
come per capita was some £ 95 per annum in 1961; Mexican income,
about £105.3

Western Europe, in other words, was already rich before the In-
dustrial Revolution—rich by comparison with other parts of the world
of that day and with the pre-industrial world of today. This wealth was
the product of centuries of slow accumulation, based in turn on invest-
ment, the appropriation of extra-European resources and labour, and

! Deane, The First Industrial Revolution (Cambridge, 1965), p. 6; cf. her ecarlier
article, ‘The Implications of Early National Income Estimates for the Measurement
of Long-Term Economic Growth in the United Kingdom’, Econ. Devel. and Cult.
Change, v, no. 1 (1955).

* In 1688, Gregory King estimated that income per head in Britain was higher than
anywhere else in Europe except Holland; and that it was 20 per cent above that of
France. On the course of French and British economic growth in the eighteenth
century, see Francois Crouzet, ‘Angleterre et France au XVIII* si¢cle: essai d’analyse
comparée de deux croissances économiques’, Annales; écononties, sociétés, civilisations,
xx1 (1966), 270. J. Marczewski, ‘Le produit physique de 1’économie frangaise de 1789
4 1913°, Histoire quantitative de I'économie frangaise (Cahiers de 'I.S.E.A., AF, 4, no. 163
[July 1965]), p. Ixxix, Table 30, shows English and French physical products per head
as approximately equal at the start of the nineteenth century. From what is known of
comparative productivities in the two economies and the effect of the Revolution on
French industry, this comparison would seem to be too favourable to France.

3 Deane, The First Industrial Revolution, p. 7.
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substantial technological progress, not only in the production of
material goods, but in the organization and financing of their exchange
and distribution.

Economic growth in this period of preparation, as it were, was by no
means continuous: there was a major setback in the late fourteenth and
fifteenth centuries, in the aftermath of the Black Death; and certain
parts of Europe suffered grievously and long in the following period
from the effects of war and pestilence. Nor was the rate of growth at
best anything like so rapid as it was to become during and af%er the In-
dustrial Revolution. (We have no true statistical estimates of pre-
modern growth; but one has only to extrapolate the levels of income
prevalent on the eve of industrialization backward at the rates of growth
prevailing after 1700, and one arrives very quickly at levels of income
too low for human survival.) Indeed, there is good reason to believe
that much of such economic growth as did take place was translated
into population growth: increased income meant lower death rates, in
some instances higher birth rates; and larger numbers either ate up the
gain or, outstripping it, set the stage for Malthusian disaster. Even so,
it seems clear that over the near-millennium from the year 1000 to the
eighteenth century, income per head rose appreciably—perhaps
tripled—and that this rise accelerated sharply in the eighteenth century,
even before the introduction of the new industrial technology.

In a sense, this preparation alone is sufficient explanation of the Euro-
pean achievement: Europe industrialized because she was ready to; and
she was the first to industrialize because she alone was ready to. But this
kind of statement is merely an evasion of the issue; the question still re-
mains, why Europe alone effected this advance.

A definitive answer is impossible. We are dealing here with the most
complex kind of problem, one that involves numerous factors of
variable weights working in changing combinations. This sort of thing
is hard to deal with even if one has precise data that lend themselves to
refined techniques of analysis. But we have almost no evidence of this
kind for the pre-modem period (say, before the eighteenth century), so
that any judgment must be based on an impressionistic examination of
the record. Such a judgment is necessarily personal: it would be hard,
I think, to find two historians who would agree across the board on the
‘causes’ of the European economic advance. Still, one man’s inter-
pretation can serve to guide or sharpen the appreciation of others, if
only on an adversary basis. The analysis that follows, therefore, is my
own—though it rests heavily on the work of those specialists whose
arguments on particular points I have found persuasive. The method of
inquiry is to seek out these factors of European development that seem
to be both significant and different; that set Europe apart, in other
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words, from the rest of the world. By holding Europe up against the
mirror of the most advanced non-European societies, we should be
able to discern some—surely not all—of the critical elements in her
economic and technological precedence.

From this point of view two particularities seem to me to be salient:
the scope and effectiveness of private enterprise; and the high value
placed on the rational manipulation of the human and material
environment.

The role of private economic enterprise in the West is perhaps unique:
more than any other factor, it made the modern world. It was primarily
the rise of trade that dissolved the subsistence economy of the medieval
manor and generated the cities and towns that became the political and
cultural, as well as economic, nodes of the new society. And it was the
new men of commerce, banking, and industry who provided the incre-
ment of resources that financed the ambitions of the rulers and states-
men who invented the polity of the nation-state. Business, in other
words, made kings—figuratively; and literally in the case of the Medici,
who ruled Florence and whose children sat on the throne of France.

To be sure, kings could, and did, make or break the men of business;
but the power of the sovereign was constrained by the requirements of
state (money was the sinews of war) and international competition.
Capitalists could take their wealth and enterprise elsewhere; and even if
they could not leave, the capitalists of other realms would not be slow
to profit from their discomfiture.

Because of this crucial role as midwife and instrument of power in a
context of multiple, competing polities (the contrast is with the all-
encompassing empires of the Orient or of the Ancient World), private
enterprise in the West possessed a social and political vitality without
precedent or counterpart. This varied, needless to say, from one part of
Europe to another, depending on comparative economic advantage,
historical experience, and the circumstances of the moment. Some
countries were better endowed by nature for industry and trade than
others. Some—especially those on the turbulent frontier of European
civilization—came to accord inordinate place and prestige to the mili-
tary and its values. And sometimes, adventitious events like war or a
change of sovereign produced a major alteration in the circumstances
of the business classes. On balance, however, the place of private enter-
prise was secure and improving with time; and this is apparent in the
institutional arrangements that governed the getting and spending of
wealth.

Take the idea and nature of property. This was often hedged around
in the pre-industrial period by restrictions on use and disposition and by
complications of title. Land especially was caught up in a thicket of con-
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flicting rights of alienation and usufruct, formal and customary, which
were a powerful obstacle to productive exploitation. Over time,
however, the nations of western Europe saw an increasing proportion
of the national wealth take the form of full property—full in the sense
that the various components of ownership were united in the person or
personsiof the possessor, who could use the object of ownership and
dispose pf it as he saw fit.

Concomitant with this development and, indeed, implicit in it was
the growing assurance of security in one’s property—an indispensable
condition of productive investment and the accumulation of wealth.
This security had two dimensions: the relationship of the individual
owmer of property to the ruler; and the relationship of the members of
the society to one another.

With respect to the first, the ruler abandoned, voluntarily or in-
voluntarily, the right or practice of arbitary or indefinite disposition of
the wealth of his subjects. The issue was joined very early, and its out-
come was clearly linked to the larger question of the political as well
as economic status of the business classes. Lambert of Hersfeld, an
ecclesiastical chronicler of the eleventh century, tells the story of a
confrontation on this score between the Archbishop of Cologne and
the merchant community. The Archbishop wanted a boat for his friend
and guest, the Bishop of Miinster, and sent his men to commandeer a
suitable vessel. The Archbishop may have been acting within his tradi-
tional rights; that is, the residents of Cologne may well have been
obliged to furnish such facilities as a corvée. But in this instance, the son
of the owner of the boat refused to submit and, calling some friends
together, drove off the Archbishop’s men-at-arms. The conflict quickly
burgeoned into a riot, which the Archbishop finally succeeded in
repressing by a show of force and threats of reprisal. Yet this was not the
end of the matter:*

...the young man, who was filled with anger and drunk with his initial
success, did not stop making all the trouble he could. He went about the
town making speeches to the people about the bad government of the
Archbishop, accusing him of imposing unjust charges on the people, of
depriving innocent men of their property, and of insulting honorable
citizens. . .It was not hard for him to arouse the populace. ..

This was surely not the last such incident at Cologne or elsewhere;
but eventually the ruler learned that it was easier and in the long run
more profitable to expropriate with indemnification rather than con-

' From the French of Jacques Le Goff, La civilisation de I'Occident médiéval (Paris,
1965), p. 368. I am indebted to my colleague Giles Constable for advice on the
significance and credibility of this account.
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fiscate, to take by law or judicial proceedings rather than by seizure.
Above all, he came to rely on regular taxes at stipulated rates rather than
on emergency exactions of indefinite amount. The revenue raised by
the older method was almost surely less than that yielded by the new;
over time, therefore, it constituted a smaller burden on the subject. But
the effect of this uncertainty was to encourage concealment of wealth
(hence discourage spending and promote hoarding) and to divert in-
vestment into those activities that lent themselves to this concealment.
This seems to have been a particularly serious handicap to the economies
of the great Asian empires and the Muslim states of the Middle East,
where fines and extortions were not only a source of quick revenue but
a means of social control—a device for curbing the pretensions of
nouveaux riches and foreigners and blunting their challenge to the
established power structure; and it was the experience of European
traders in those countries that gave us from the Arabic the word
‘avania’ (French avanie; Italian avania), meaning both insult and
exaction,!

At the same time—this is the second of our two dimensions—Euro-
peans learned to deal with one another in matters of property on the
basis of agreement rather than of force; and of contract between nomi-
nal equals rather than of personal bonds between superior and inferior.
Jerome Blum, in his valuable study of Russian agrarian society, tells of
one among many instances of violent seizure of land by a local lord
from a nominally free peasant: the people in the area called the piece in
question the ‘cudgel field’, because the servants of the rich man had
beaten the poor farmer in public to exact his consent to the transfer.? (In
most cases, of course, no beating would have been required; little men
knew their place.) Predatory behaviour of this kind was easiest and
most persistent in socicties divided by wide barriers of power and
status. Anywhere east of the Elbe, for example—in Prussia, Poland,
Russia—the local lord enjoyed so much authority over the population
that abusive treatment even of those residents who were nominally free,

T In these ‘Oriental despotisms’ one response to the threat of arbitrary levies was
the investment of business profits in land, which had two major virtues in this respect:
it was a fixed form of wealth, hence less tempting to covetous officials than liquid
assets; and it sometimes conferred on its possessor political power, that is, a certain
immunity from despoilment. Thus we find the richest business community of Safavid
Persia, the Armenian silk merchants of Julfa, ready to risk their money in trading
ventures as far afield as Poland and the Baltic, but hoarding it at home or using it to
buy country estates. Amin Banani, “The Social and Economic Structure of the
Persian Empire in Its Heyday’ (paper presented to the Colloquium in Middle Eastern
Studies, Harvard University, § January 1968).

* Jerome Blum, Lord and Peasant in Russia from the Ninth to the Nineteenth Century
(Princeton, 1961), p. §35.
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let alone the unfree serfs, was widespread and unrestrainable. In these
areas of seigneurial autonomy, moreover, conditionsactually grew worse
from the sixteenth to the eighteenth centuries, as the spread of com-
mercial agriculture enhanced the incentive to exploit the weak.

In western Europe, however, the abuse of private power and recourse
to violence were rarer and tended to diminish over time. (La Fon-
taine’s raison du plus fort was reserved increasingly to international rela-
tions.) Here, too, the trend went back to the Middle Ages, when the
ambitious rulers of inchoate nation-states succeeded in substituting their
writ for that of their vassals; and in developing, as an instrument of
royal power, a judicial apparatus operating in a context of established
rules. They were helped in this effort by the bourgeoisie (in the strict
sense of the citizens of the towns), who needed the protection of the
law to flourish and, flourishing, provided the crown with a counter-
weight to the common feudal enemy.

The shift from diffuse obligations to explicit contract was part of the
same development. Medieval society had been held together by loosely
defined, open-ended personal bonds between lord and vassal, seigneur
and serf; but business could not operate in this realm of indeterminacy
and needed a measure for all things. The new law provided the measure,
and the new nation-state enforced it.

These political and legal changes combined with economic and social
developments to undermine seigneurial authority and enhance the
personal status of the peasantry. Without attempting to examine this
process in detail, one may point to a few major influences: the Black
Death and subsequent epidemics, which altered sharply the ratio of
land to labour and compelled the propertied classes to offer substantial
inducements to attract and hold the manpower needed to work their
estates; the long inflation of the sixteenth century, which found many
peasants holding long-term leases whose burden diminished with the
value of the currency; above all, the rise throughout western Europe of
prosperous cities and towns, which offered refuge, employment and
freedom to the serf who left the land and which thus acted as a constant
source of upward pressure on the conditions of rural life. As a result,
the opportunities created by a growing market for cash crops conduced
not, as in the East, to the aggravation of labour services and a tightening
of control, but to the solution of personal bonds and the substitution of
free peasant enterprise for managed domains. This in turn laid the basis
for what was to prove a crucial element in the rise of industrial capi-
talism: the spread of commercial manufacture from the towns to the
countryside. It was this that enabled European industry to draw on an
almost unlimited supply of cheap labour and to produce at a price that
opened to it the markets of the world.
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The rise of rural manufacture was the most striking and significant
expression of freedom of enterprise; but one should not infer from the
fact of this rise a state of generalized freedom. On the contrary, the very
unevenness of this development—cottage production for market came
far earlier in England than elsewhere—is testimony to the fierce and
successful opposition it encountered from privileged interests in the
towns; and these privileges are only one example of the many fetters
on trade and industry. Thus essential commodities like food were
subject to formal and customary restrictions designed to insure the
nourishment and tranquillity of the population. Land, as noted above,
was sui generis: because of its tie to social status and power, rights of
purchase and alienation were often severely limited. Entrance into
numerous occupations was subject to official authorization or to the
permission of guilds that had every incentive to minimize competition
by excluding newcomers. By the same token, the authorities often tried
to confine business activity to fixed channels, to prohibit as unfair a wide
range of what we would consider perfectly permissible behaviour, to
discourage innovation that might harm vested interests. Much of this
reflected the values of the medieval village or town community, which
saw wealth as more or less fixed and assumed that the only way one
got rich was at the expense of one’s neighbour. Yet these constraints
made little sense in a context of increasing wealth and rising
productivity.

For all that, the scope of private economic activity was far larger in
western Europe that in other parts of the world and grew as the
economy itself grew and opened new areas of enterprise untrammelled
by rule or custom. The trend was self-reinforcing: those economies
grew fastest that were freest. This is not to imply that state enterprise or
control is intrinsically inferior to private enterprise; simply that, given
the state of knowledge in pre-industrial Europe, the private sector was
in a better position to judge economic opportunity and allocate re-
sources efficiently. Even more important, perhaps, was the impulse
given thereby to innovation: in an age when the nature and direction
of technological opportunity were far less obvious than now, the multi-
plication of points of creativity was a great advantage. The more per-
sons who sought new and better ways of doing things, the greater the
likelihood of finding them. Again the process was self-reinforcing : those
economies that were freest seem to have been most creative; creativity
promoted growth; and growth provided opportunities for further
innovation, intended or accidental.

Why the rest of the world failed to develop a business class of com-
parable vitality and influence is still more a matter for speculation than
analysis. The explanations offered by the specialists are not fully per-
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suasive; often they take the form of bald assertions of cause-and-effect
without specification of the intervening mechanism of change. Thus
Prof. Wu Ta-k’un tells us that the establishment in China of a state
monopoly of salt and metals (Han dynasty, 206 B.c. to A.D. 220)
‘effectively checked the development of a mercantile class separate from
the land-owning interest’. Perhaps; though one is more impressed by
his reference to the congruency of the administrative and landowning
elites and the assimilation of successful merchants into this group. ‘For
this reason,” he writes, ‘the development of merchant capital led, not to
the formation of a capitalist class, but to the continuous reinforcement
of the landowning ruling class.’

These and similar explanations are the ones usually offered for the
abortion of economic development in non-European societies. Some-
times the historian stresses the subordination of trade and traders to an
all-powerful central authority; sometimes the social inferiority and
disabilities of the merchant class; sometimes the precarious character of
private property and the heavy burden of arbitrary exactions; some-
times all of these. None of these was wholly absent in Europe; but the
usual argument is that the differences in degree were so great as to be
differences in kind. Where, for example, in Europe does one find any-
thing comparable to the Egyptian principle that all wealth is the
property of the ruler, lent by him to his subjects and taxable or con-
fiscable at will?

In any event, it was surely one of Europe’s great advantages that
its first capitalist entrepreneurs worked and flourished in autonomous
city-states, hence political units where the influence of landed wealth
was necessarily limited; and that even in the larger embryonic nation-
states, the special juridical status of the urban commune made it possible
for its inhabitants to develop and sustain their own distinct political
interest, while it isolated them culturally and socially from the great
agrarian world around them. In this way the cities were not only foci
of economic activity but schools of political and social association—

! Wu Ta-k’un, ‘An Interpretation of Chinese Economic History’, Past and Present,
no. 1 (1952), pp. 6, 9. Cf. Frederic Wakeman, Jr., Strangers at the Gate : Social Disorder
in South China, 1839-1861 (Berkeley and Los Angeles, 1966), p. 45: ‘But Chinese
society was bureaucratic, state-centered. Tax-farming or monopoly capitalism was the
only sure road to wealth. Instead of being an independent, vigorous class that chal-
lenged a ruling aristocracy, the Cantonese merchants lived in symbiosis with the state
and its mandarinate. Status honor being what it was, wealth invariably led to the
purchase of office, or conspicuous consumption in the scholar-gentry manner, both of
which dissipated capital. Thus the merchants of China were perpetually servile to the
honored symbols oF that society, the gentry.” For similar tendencies in the Mameluke
Empire of Egypt and Syria during the fifteenth century, sce Ira M. Lapidus, Muslim
Cities in the Later Middle Ages (Cambridge, Mass., 1967), p. 126.
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incubators of the bourgeoisie as a self-conscious, assertive interest group.
They were also crucibles for the refinement of values that, although
profoundly rooted in European culture, were still deviant and limited
to a minority—values ultimately subversive of the feudal order.

This brings us to what I suggested was the second of Europe’s salient
particularities: the high value placed on the rational manipulation of
the environment. This in turn may be decomposed into two elements:
rationality, and what we may call the Faustian sense of mastery over
man and nature. (Such decomposition does violence to the historical
reality, for the two are intertwined; but it is useful for purposes of
analysis.)

Rationality may be defined as the adaptation of means to ends. It is
the antithesis of superstition and magic. For this history, the relevant
ends are the production and acquisition of material wealth. It goes
without saying that these are not man’s highest ends; and that rationality
is not confined to the economic sphere. But whatever the area of
activity, the means-end criterion holds; besides, there is good reason to
believe that rationality is a homogeneous character trait, that is, that he
who is rational in one area is more likely to be rational in others.!

The story of rationality as value and way of life has yet to be written,
although a number of social scientists, notably Max Weber, have
expatiated on its significance for the course of Western development.
It shows up earliest perhaps in the sphere of religion, where one finds a
strong tendency in the Judaic tradition to eliminate magic and supet-
stition as a senseless degradation of faith. To be sure, this catharsis was
never complete, and the rise of Christianity introduced a new emphasis
on the instinctual and emotional aspects of faith and action. Yet the
rational tradition remained powerful and found expression in the in-
vention of a calculus of salvation and in the elaboration of codes and
techniques for the management of the material possessions of the
Church.

To what extent the Church was motivated here by internal values
and to what extent by the values of secular society, is hard to say.
Clearly the place of magic and superstition in Christian worship has
always varied markedly from one part of Europe to another; and indeed
much of the Church’s effectiveness in proselytization has stemmed from
its readiness to find compromises between an austere orthodoxy and

! Rationality in this sense should be distinguished from rationalism, which is the
doctrine or principle that the universe of perception and experience can be understood
in terms of thought or reason, as against emotion, intuition, or extra-sensory modes of

apprehension. Rationality is thus a way of doing things, the application of the prin-
ciples of rationalism to action. It is quite possible to behave rationally, however, in the

sense of adapt:;imeans to ends, without explicit or conscious adherence to the doc-
trines of rationalism; that is, one does not have to be a philosopher to act rationally.
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the ways of indigenous paganism. Yet there is good reason to believe
that already in the Middle Ages, Europe was freer of superstition
and more rational in behaviour than other parts of the world.

How does one know this? We have no measures. But there is one
indicator that may be a valid surrogate, and that is population control.
European birth rates before industrialization were well below the
biological maximum—significantly lower, for example, than the rates
of today’s pre-industrial societies before and even after the introduction
of programmes of family planning. Moreover, in so far as there were
variations in birth rates—and they range from 55 to 60 per thousand in
colonial America and French Canada to 15 per thousand in Iceland at
the beginning of the eighteenth century—they seem to have been
closely related to the ratio of resources to population.® This is evidence
presumably of self-restraint—an effort to restrict commitments to
means—and as such is an excellent example of rationality in a particu-
larly crucial and sensitive area of life.?

It is against this background that one can best appreciate the signifi-
cance of the so—called Protestant ethic for the development of European
capitalism. The reference, of course, is to the work of Max Weber, who
first advanced the hypothesis that the rise of Protestantism, particularly
in its Calvinist version, was a major factor (not the only factor) in the
creation of a modern industrial economy in western Europe. Weber
was not the first to observe a link between Protestant belief and
economic advance; already in the seventeenth century, observers were
sttuck by the apparent congruency of the Reformed faith and business
success. But Weber offered a new and coherent explanation for the
link in terms, not of the content of Protestant doctrine, but of the
pattern of behaviour inculcated by Protestantism on its adherents.

Hence the emphasis on ethics, that is, a set of values governing every-
day conduct. In brief, Weber argued that the Calvinist doctrine of pre-
destination instilled in its believers a deep anxiety about their salvation
that could be appeased only by leading the kind of life that those

! John T. Krause, ‘Some neglected factors in the English Industrial Revolution’,
Journal of Economic History, xix (1959), 528-40. Demographic research has shown,
however, that the Asian peasant who has as many children as possible is following a
rationality of his own: given the high mortality, numbers are a kind of guarantee
against a childless old age; they are the equivalent of an insurance policy. Yet this
merely displaces the question. Mortality rates were presumably just as high in western
Europe in the pre-industrial period as in contemporary Asia. Why did the European
peasant not feel this need? The answer may lie in better arrangements for mutual
support in time of need—group insurance, as it were, instead of family insurance. The
problem is much too complex and little known for us to explore here.

* Professor Henry Rosovsky tells me that there is good evidence of fertility control .
in pre-industrial Japan as well.
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destined for salvation might be expected to lead; and that this life was
one of in-the-world asceticism (as opposed to the monastic asceticism
of the Catholic Church)—a life in which one’s time and energies were
devoted exclusively to those worthy activities (prayer and work) that
conduced to the glory of God. Such a standard, argued Weber, was
obviously also conducive to the accumulation of wealth: the good
Calvinist was diligent, thrifty, honest, austere. Moreover this way of
life, originally rooted in religious doctrine, came to have a force of its
own: it became important to live this way, not because it provided
assurance of probable salvation, but because this was the right way to
live. In short, the means had become end. So that even after the first
surge of Protestant zeal had subsided, the ethic remained; and such new
Protestant sects as made their appearance in subsequent centuries—
Pietism, Quakerism, Baptism, Methodism—incorporated these stan-
dards of behaviour in their moral codes.

Few historical arguments have aroused so much controversy as the
so-called Weber thesis; there is a library on the subject, and the debate
still rages. Most of the objections follow one or more of three lines: (1)
It was not Protestantism that promoted capitalism, but the reverse:
pushful, hard-working, successful businessmen sought moral sanction
for their way of life and their gains and found it in Protestantism. (2)
The superior performance of certain Protestant business communities
may be explained, not by their religion, but by their status as persecuted
minorities. Deprived of the opportunity to enter established univer-
sities or pursue respected careers in the liberal professions or state
service, they turned to business, where they worked harder and better
than their competitors, the more so as their cohesion and mutual sup-
port gave them an advantage over outsiders. (3) There is no empirical
link between Protestantism and business success.

The last of these may be dismissed out of hand; it has been advanced
by some reputable scholars, but it is simply erroneous, as any examina-
tion of the British, French, or German record makes clear. The other
two objections are more serious, though they are not necessarily incom-
patible with the Weber thesis. It is quite reasonable to argue, for ex-
ample, that the Protestant ethic constituted religious sanction for an
already established pattern of behaviour and still attribute considerable
influence to it as a support for and propagator of this pattern in the face
of competitive value systems. And by the same token, positive religious
or ethical standards may well have reinforced the negative stimulus to
performance provided by minority status.

Still, this is much too complex and embroiled a question to resolve
here. What is important for this analysis is the significance of the
Calvinist ethic, whatever its source, as an extreme example of the ap-
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plication of rationality to life. The insistence on the value of time, the
condemnation and abhorrence of pleasure and diversion—all those
censorious prohibitions and internalized inhibitions that we denote as
puritanism with a small p—were more than a new version of the appetite
for wealth. They constituted in effect an imposition of the criterion of
efficiency on every activity, whether or not directly connected with
getting and spending.

The complement of this spirit of rationality was what we may call the
Faustian ethic, the sense of mastery over nature and things. The one
reinforced the other: mastery entailed an adaptation of means to ends;
and attention to means and ends was the precondition of mastery. The
theme is an old one in Western culture, going back to the myths of
Daedalus and Prometheus, or even to the stories of the Tower of Babel
and of Eve, the serpent, and the tree of knowledge (knowledge is
mastery). The ancients were dreadfully afraid of this emulation of the
gods, and not coincidentally the protagonists in each case were punished
for their hubris. For similar reasons, the Christian Church, itself heir
to both the Judaic and Greek traditions, repeatedly condemned as heresy
those doctrines—Pelagian and pseudo-Pelagian—that magnified man’s
natural ability and, explicitly or implicitly, denied his dependence on
God for grace and the Church for salvation. There remains a strong
current in popular Christianity that condemns certain acts of techno-
logical prowess as assaults on the divine order: if God had intended man
to fly, he’d have given him wings.

On the other hand, the very reiteration of this theme is evidence of
the persistence of the aspiration towards mastery of the environment;
and indeed some would argue that the Church itself contributed un-
wittingly to the heresy by its sanctification of work and its opposition
to animism. So long as every tree had its dryad and every fountain or
stream its naiad, man was intimidated and inhibited in his confrontation
with nature. But when, writes Lynn White, ‘saint replaced animistic
sprite as the most frequent and intimate object of popular religious
concern, our race’s earthly monopoly on “spirit” was confirmed, and
man was liberated to exploit nature as he wished. The cult of saints
smashed animism and provided the cornerstone for the naturalistic (but
not necessarily irreligious) view of the world which is essential to a
highly developed technology.’*

Be that as it may, it is clear that the urge to mastery grew with time

t Lynn White, Jr., “What Accelerated Technological Progress in the Western
Middle Ages?’, in A. C. Crombie, ed., Scientific Change (New York, 1963), p. 283.
(I owe this reference to Prof. Nathan Rosenberg.) Cf. the observations of Jacques Le
Goff on the desacralization of nature in Gothic art. La Civilisation del’Occident médiéval,
p- 435.
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and fed on success, for every achievement was justification for the pre-
tension; while the moral force of the Church’s opposition waned with
its temporal power and its own growing insecurity in the face of a
triumphant materialism. Even more important, perhaps, was the
scientific revolution of the early modern period, which not only upset
specific articles of religious faith but implicitly discredited all traditional
wisdom and authority. Science indeed was the perfect bridge between
rationality and mastery: it was the application of reason to the under-
standing of natural and, with time, human phenomena; and it made
possible a more effective response to or manipulation of the natural and
human environment.

More than that: it was precisely the applicability of scientific know-
ledge to the environment that was the test of its validity. The mode of
perception and thought that we know as science was not, and is not,
the only such mode. Certain Asian societies in particular have devoted
considerable effort to the exploration of a world that lies outside or
beyond the material universe accessible to ordinary sensory cognition.
This other world may lie within or without the observer, who enters it
usually with the assistance of drugs or through the medium of a de-
liberately induced trance-like state. Sometimes the claim is made that
this is a higher form of consciousness; sometimes, merely that this other
world is another, rich realm of a larger universe of experience. In
either case, the assumption is that this, too, is real.

Western societies have also had their exploration of other realms,
with or without drugs—their religious ecstasies, magical rites, super-
stitions, fairy tales, daydreams. But Western societies, and more par-
ticularly their intellectual and scientific leadership, established very early
the boundary line between fantasy and reality, drawing careful distinc-
tions between spiritual and material, between the realm of emotion and
imagination on the one hand and that of observation and reason on the
other. The shibboleth has been the communicability of experience:
something is real if it can and will be perceived and described, perhaps
even measured, by any person with the requisite faculties and instru-
ments in the same terms.” In other words, what you see, I see.

This communicability of experience is the basis of scientific and tech-

! To be sure, any such definition of reality would seem to exclude a whole world of
abstract phenomena, no less actual and significant for their abstractness and inscruta-
bility. One thinks of the common coin of the social sciences—concepts like nationalism,
imperialism, class consciousness, and the like. With these and most other ideational
constructs, it is hard to achieve agreement on specific instances, let alone on general
definitions. Nevertheless here too the eriterion of reality remains communicability of
experience, and in so far as the social sciences have not satisfied this criterion, they have

lagged behind the natural sciences in understanding and control (for better or worse)
of their subject matter.
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nological advance, because it makes possible the transmission and
cumulation of knowledge. The stuff of a dream is evanescent; the per-
ceptions of a ‘religious experience’ are highly personal. These transcen-
dental impressions may leave a legacy of emotions, attitudes, values.
What they do not yield is cognitive building blocks. By carefully distin-
guishing between these two forms of knowledge, Western culture saved
itself from material impotence, at the cost perhaps of a certain psychic
impoverishment. (I say ‘perhaps’ because those who have not enjoyed
transcendental experiences must take those who have at their word.)

The same point can be made about the highly complex and abstract
reasoning of certain ‘primitive’ societies—reasoning that anthropolo-
gists are currently much concerned with and that they find to be
different from, but not necessarily inferior to, the rationalism of science.
This ethnological literature is curiously defensive: by stressing the
profundity and intimacy of these other systems of thought, by mini-
mizing the differences, for example, between science and magic, the
savant seeks to elevate the “savage’ to intellectual as well as spiritual and
moral parity with the ‘civilisé’.* The cause is a worthy one. The anthro-
pologist here has assumed the mantle of the priest who preaches
humility by depreciating the works of man; and the humility of the
twentieth century is relativism.

Yet although modesty is good for the soul, it is not always true. The
difference between science and magic is the difference between rational
and irrational; that is, the one makes possible effective action and the
other does not, except adventitiously. ‘It may be objected,” writes Lévi-
Strauss, ‘that science of this kind [that s, primitive thought] can scarcely
be of much practical effect. The answer to this is that its main purpose
is not a practical one. It meets intellectual requirements rather than or
instead of satisfying needs’ (p. 9). The answer is valid on the level of
humanistic appreciation; it is irrelevant on the level of performance.

And it was primarily performance that was the criterion of the in-
terest and validity of scientific inquiry in these first crucial centuries of
intellectual exploration (as opposed to the medieval mastication of
traditional wisdom). The performance in question was the production
of wealth—hence the alchemist’s obsession with the conversion of base
substances into gold; the achievement of eternal youth; or the enhance-
ment of power—hence the preoccupation with the laws of motion and
trajectory (needed for effective use of artillery), the principles of hy-
draulics (of interest to builders of ports and canals), the chemistry of ex-
plosives (useful in the production of armaments), and similar problems.

As the reader will have noted, some of the above goals were in fact
unattainable; much of this early science was still tinged with magic.

! Thus Claude Lévi-Strauss, The Savage Mind (Chicago, 1966), pp. 8-11.
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Even so brilliant a scientist as Isaac Newton, the heir of a century
of intellectual revolution, was credulous on this score. In his famous
letter of 1669 (he was then only 26) to Francis Aston, advising that
young man how to make the most of his travels, he suggests that Aston
inquire whether ‘in Hungary. . .they change Iron into Copper by dis-
solving it into a Vitriolate water wch they find in cavitys of rocks in the
mines & then melting the slymy solution in a strong fire. ..’

Yet it would be a mistake to equate this credulity with superstition.
Rather, this kind of alchemy represented in effect 2 transitional stage
between magic and science, between the irrational and the rational, in
the sense that the change sought was to be accomplished by a real agent,
and not by patently immaterial incantations. Newton did not know
enough chemistry to realize that the kind of mutation he envisaged was
impossible. But he and his contemporaries knew enough about the
nature of reality and were sufficiently pragmatic to insist on results; so
that when all the alchemical ingenuity in the world failed to turn up the
philosophers’ stone or the clixir of life, they abandoned the search and
turned their knowledge and skills to the rational accomplishment of
feasible ends. And so alchemy became chemistry.

The significance of Newton’s letter, however, lies not in its instance
of cultural lag, but in its theme, which is one of pervasive curiosity.
Don’t waste a moment, it says; come back with all the knowledge you
can acquire. And Newton actually offers his friend a set of rules that
will enable him to maximize the intellectual return to travel—among
others: ‘let your discours bee more in Quaerys & doubtings yn peremp-
tory assertions or disputings, it being ye designe of Travellers to learne
not teach. ..” The Europeans of the Middle Ages, and even more their
children, were inveterate learners—above all, in technology. To be sure,
the history of cultural diffusion in the pre-modern period is obscure;
the specialists in the field rely heavily on discrete, ambiguous icono-
graphic materials and treacherous philological evidence. Even so, it
seems clear that Europe imported from the East over a period of
centuries a whole array of valuable and sometimes fundamental
techniques: the stirrup, the wheelbarrow, the crank (to convert
reciprocal to rotary motion), gunpowder, the compass, paper and,
very likely, printing. Many of these came originally from China, which
enjoyed at various times during the T’ang (618-907) and Sung (960
1279) dynasties the most advanced technology and economic organiza-
tion in the world.?

! H. W. Turnbull, ed., The Correspondence of Isaac Newton, vol. 1: 1661-1675 (Cam-
bridge, 1959), pp. 9-I1.

* The students of the subject are not always in agreement which innovations Europe
imported from the Orient, which ones it developed independently, which ones both
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This readiness and even eagerness to learn from others, includin,
other Europeans—industrial espionage is a theme running all throug
modern European history—was testimony to an already thriving
indigenous technology; good innovators make good imitators. It was
also a great advantage for the nascent capitalist economy, the more so as
other societies were less enterprising in this regard. The Chinese, for
example, were wont to look at the rest of the world as a barbarian waste-
land, with nothing to offer but tribute; and even the obvious lead of
Western technology in the modern period was insufficient to disabuse
them of this crippling self-sufficiency.? On the contrary, their contacts
with Europeans in the eighteenth and early nineteenth centuries only
confirmed their belief in their own superiority and enhanced the
xenophobic component: the foreigners were dangerous animals—lewd,
greedy, ignorant; and the Chinese who dealt with them always ran the
risk ot being denounced, or worse, asa traitor.? So that where the Japanese
responded with alacrity and success to the technological and political
challenge of the West, the Chinese vacillated between disdainful rejec-
tion and reluctant, constrained imitation and fell between the two stools.

In the Muslim world, it was religious rather than national or ethnic
pride that posed an obstacle to the importation of knowledge from out-
side. From the start, Islamic culture was at best anxiously tolerant of
scientific or philosophical speculation—partly because it might divert
the attention of the faithful from their obligatory concern with God,
his revelation, and the prophetic tradition; partly because profane
thought might shake belief. Certain fields of inquiry were legitimate
because they obviously contributed to the well-being of the com-
munity: medicine, a modicum of mathematics and astronomy (needed
to determine the religious calendar), geography (needed for administra~
tion), and the theory of administration itself. This is the way von
Grunebaum sees the problem:

But anything that goes beyond these manifest (and religiously justifiable)
needs can, and in fact ought to, be dispensed with. No matter how important
the conmbutlon Muslim scholars were able to make to the natural sciences,

derived from a common source, and so on; but this absence of consensus is not sur-
prising in view of the character of the evidence. See on this subject, inter alia, Lynn
White, Jr., Medieval Technology and Social Change (Oxford, 1962), and J. Needham,
‘L'unité de la science: 'apport indispensable de I'Asie’, Archives internationales
d’histoire des sciences, no. 7 [Archeion, nouv. série, xxvim] (April, 1949), pp. 563~82
(the latter inclined perhaps to overstress the Asian contribution).

I Cf. John K. Fairbank et al, ‘The Influence of Modern Western Science and
Technology on Japan and Chma in Comitato Internazionale di Scienze Storiche,
X Congresso Internazionale di Sc1enze Storiche, Roma 4-11 Settembre 1953, Relazioni,
vol. v: Storia contemporanea (Florence, n.d.), pp. 243—69, esp. pp. 254-6.

* Cf. Wakeman, Strangers at the Gate, ch. iv: “Traitor in Our Midst’.
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and no matter how great the interest with which, at certain periods, the
leading classes and the government itself followed and supported their
researches, those sciences (and their technological application) had no root in
the fundamental needs and aspirations of their civilization. Those accomplish-
ments of Islamic mathematical and medical science which continue to compel
our admiration were developed in areas and in periods where the elites were
willing to go beyond and possibly against the basic strains of orthodox
thought and feeling. For the sciences never did shed the suspicion of border-
ing on the impious which, to the strict, would be near-identical with the
religiously uncalled-for. This is why the pursuit of the natural sciences as that
of philosophy tended to become located in relatively small and esoteric circles
and why but few of their representatives would escape occasional uneasiness
with regard to the moral implications of their endeavors—a mood which not
infrequently did result in some kind of an apology for their work. It is not so
much the constant struggle which their representatives found themselves
involved in against the apprehensive skepticism of the orthodox which in the
end smothered the progress of their work; rather it was the fact, which
became more and more obvious, that their rescarches had nothing to give to
their community which this community could accept as an essential enrich-
ment of their lives. When in the later Middle Ages scientific endeavor in
certain fields very nearly died down, the loss did indeed impoverish Muslim
civilization as we view its total unfolding and measure its contribution
against that of its companion civilizations, but it did not affect the livability
of the correct life and thus did not impoverish or frustrate the objectives of
the community’s existence as traditionally experienced.*

As von Grunebaum’s analysis makes clear, the effect of this suspicion
and hostility was to isolate the scientific community, place its repre-
sentatives in an apologetically defensive posture, and render difficult, if
not impossible, the kind of triumphant cumulative advance that was to
occur in the West some hundreds of years later. Even so, the achieve-
ments of Muslim science were substantial, and it was through Arabic
translations that the classics of Greek science were transmitted to late
medicval Europe. In those days, Europe was the backward country,
and Islam, the advanced exporter of knowledge. What caused Muslim
science to vegetate just at the time when Western science was re-
awakening? And why did knowledge not flow the other way once the
balance of achievement had shifted?

The answer seems to be that the latent anti-intellectual values of the
culture triumphed, in large part owing to the same kind of physical
disaster that had overwhelmed the Roman Empire and set European
science back almost a thousand years. For Islam too, it was a series
of invaders—the Banu-Hilal in North Africa; the Crusaders in Syria,

' G.E.von Gruncbaum, Islam: Essays in the Nature and Growth of a Cultural
Tradition (2nd ed., London, 1961), p. 114.
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Palestine, and Egypt; above all, the waves of nomads from the Asian
steppe, culminating in the terrifying Mongol hordes of the thirteenth
century—that brought the classical civilization down. The political
fabric was rent; the urban centres were sacked; the indispensable capital
base of the society, the irrigation works, left in ruins. The Dark Ages
that followed saw a revival of know-nothing mysticism and a reversion
to uncompromising religious fundamentalism. Islam turned in on
itself and found its own kind of peace in spiritual self-sufficiency: ‘The
Muslim’s world is at rest, and he is at rest within it, and what strikes us
as decadence, is to him repose in the bosom of eternal truth.’

The obscurantist influence of Islam was the stronger for two con-
 siderations that distinguished sharply East and West. The first was the
all-pervasive role of the Muslim religion, which reigned sovereign even
in those spheres that had long been reserved in the West to secular
authorities. The dichotomy between Caesar and God was never
established in Islam, perhaps because the Muslim people (the ‘utmma) and
their world were a creation of the faith, whereas Christianity had had to
make a place for itself in the powerful Roman state. There was, in other
words, no legitimate source of sanction and authority in Islam outside
the teachings of the Prophet and the lessons derived therefrom.

Secondly, the unity of Islam in the matter of intellectual inquiry
worked against the success of deviant patterns of thought or behaviour.
Not that Islam did not have its schisms and heresies. Almost from the
start the faith was split into Sunnite and Shi’ite camps, and these in turn
generated their own subdivisions. These sectarian movements, however,
almost invariably embodied deviations to the ‘right’, in the direction of
mysticism, devotionalism, more rigorous observance. Throughout the
doctrinal spectrum, therefore, there prevailed a spiritual orthodoxy at
best unfavourable, at worst hostile to scientific endeavour.

The pragmatic creativity of European science, like the vitality of the
European business community, was linked to the separation of spiritual
and temporal and to the fragmentation of power within each of these
realms. Thanks to the Protestant revolt, there could be no peremptory
orthodoxy in Europe like the Shari’a of Islam. Not that Protestants
could not be as dogmatic as Catholics. But they were sectarians, and
what is more, sectarians in a world that had not known serious religious
division. There had been, to be sure, conflicts over the papal succession;
but these were political rather than religious. There had also been
eccentric heresies like that of the Cathars; but these had been confined
in space and time and had not inflicted lasting damage on the Catholic
edifice. The Reformation, on the other hand, effected the first signifi-

! J.J. Saunders, ‘The Problem of Islamic Decadence’, Journal of World History, vu
(1963), 719.
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cant rupture of Western Christianity since the suppression of the Arian
heresy almost a thousand years before. The very existence of unsub-
missive and unsuppressable Protestant sects was implicit justification for
disobedience and schism.

Even more important, perhaps, was the content of the protest: the
stress on personal faith and the primacy of conscience carried with it the
seeds of unlimited dissent. These seeds did not always flower: witness
the authority that Luther accorded the temporal power; or the con-
servative bias of English Methodism. Still, the principle was there, potent
even in quiescence; and it came to serve as cover not only for religious
nonconformity but for secular speculation. It was not hard to make the
jump from one sphere to the other: if people were to let their conscience
be their guide in matters of faith, why not let their intelligence be their
guide in matters of knowledge? The result was far greater opportunity
for scientific inquiry. In addition, more positive stimuli may well have
played a role: a generation ago Robert Merton argued in a seminal
monograph on Science, Technology, and Society in Seventeenth Century
England that it was the ethical content of early Protestantism that
accounted for the disproportionate achievement of Dissenter scientists;
and this argument has been extended by inference to explain the larger
shift of the intellectual centre of gravity from Italy to northern Europe.*
Yet surely the other side of the coin is equally important, namely, the
stultifying effect of the counter-Reformation on freedom of thought
and investigation in Catholic lands.?

By the same token, European science and technology derived con:
siderable advantage from the fact that the continent was divided into
nation-states, rather than united under the rule of an ecumenical empire.
Fragmentation, as we have seen, entailed competition, specifically
competition among cquals. In this contest, science was an asset of
state, not only because it furnished new tools and improved techniques
of war, but because it contributed directly and indirectly to the general
prosperity, and prosperity contributed to power. This was true not only
of natural science, but also of what has since come to be known as
social science: one of the principal incentives to the analysis of social
action was the pursuit of power.

Hence mercantilism. The state acted, controlling and manipulating

! Published originally in Osiris: Studies on the History and Philosophy of Science, and
on the History of Learning and Culture, IV, part 1 (Bruges, 1938). The Merton thesis has
given rise to considerable debate, which is as lively today as ever, in spite of urgings

from opponents that the argument be laid to rest. See especially the exchanges in
Past and Present, in particular, nos. 28 and 31.

* Cf. H. R. Trevor-Roper, Religion, the Refrrmation and Social Change (London,
1967), p. 42, n. 1; John Elliott, “The Decline of Spain’, Past and Present, no. 20
(November, 1961), p. 68.
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the economy for its own advantage, and theory hastened to follow. (In
this respect too, mercantilist thought and natural science had much in
common: throughout this period and indeed well into the nineteenth
century, theoretical science was in large measure devoted to under-
standing the achievements of technology.) The theory in turn pro-
vided man with new tools for mastery ofghis environment. Admittedly,
mercantilist doctrine was shapeless, inconsistent. It was inconsistent
because it reflected policy as much as guided it, and each state did with
its economy what circumstances warranted, knowledge (or ignorance)
suggested, and means permitted. Mercantilism was, in short, prag-
matism gilded by principle.

Yet mercantilism was more than mere rationalization. Precisely be-
cause it was pragmatic, because it aimed at results, it contained the
seeds of the sciences of human behaviour. Its principles were modelled
on those propounded for the natural sciences: the careful accumulation
of data, the use of inductive reasoning, the pursuit of the economical
explanation, the effort to find a surrogate for the replicated experiment
by the use of explicit international comparisons. Moreover, in this
early modern period it was quite common for the natural scientist to
interest himsclf in this realm of social behaviour. In the above-quoted
letter from Newton to Aston, the first suggestions Newton makes are

the following:

I to observe ye policys wealth & state affaires of nations so far as a solitary
Traveller may conveniently doe. 2 Their impositions upon all sorts of
People Trades or commoditys yt are remarkeable. 3 Their Laws & Customes
how far they differ from ours. 4 Their Trades & Arts wherin they excell or
come short of us in England.

The preceding discussion is not intended to imply that mercantilism
was uniformly promotive of European economic development; or
even that it was so on balance. On the contrary, we know that it was
often misdirected (just as certain efforts in the domain of natural science
and technology were misdirected), and we shall have to consider later
the effects of this misdirection on the timing and character of industriali~
zation within Burope. Our point here is simply that mercantilism was
the expression in the sphere of political economy—a particularly strik-
ing expression—of the rationality principle and the Faustian spirit of
mastery. This is why it could generate a continuing flow of knowledge
and outgrow the political circumstances that gave it birth. Because it
was built on the same cognitive basis as natural science, because it
accepted the criterion of performance, it was the initial stimulus to the
collection of economic and social statistics and the forerunner of the
whole range of economic theory, from laissez-faire to socialism.
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All of this gave Europe a tremendous advantage in the invention and
adoption of new technology. The will to mastery, the rational approach
to problems that we call the scientific method, the competition for
wealth and power—together these broke down the resistance of in-
herited ways and made of change a positive good. Nothing—not pride,
nor honour, nor authority, nor credulity—could stand in the face of
these new values. Not pride nor honour: the important thing, Newton
wrote Aston, is ‘to learne not teach’. Do not be umbrageous, he warns.
If you find yourself insulted, let it pass; no one will know about it in
England. Lack of forbearance, even under provocation, may pass
among friends; among strangers, it ‘only argue[s] a Travellers weak-
nesse’. Nor authority: Descartes’ first principle of method ‘was never
to accept anything for true which I did not clearly know to be such;
that is to say, carefully to avoid precipitancy and prejudice’. Nor
credulity: Newton’s fourth rule of reasoning stated that once one has
induced the truth from empirical evidence, one should stick by it and
not imagine or accept contrary hypotheses until there is hard evidence
to support them.

These, it seems to me, are the crucial values of that European culture
and society that gave birth to the modern industrial world: rationality
in means and activist, as against quietist, ends. But these alone will
not account for the entire discrepancy between Western economic
development and that of the leading centres of civilization elsewhere.
There was also the element of differential violence—violence, first, in
the sense of destructive incursions; and second, in the sense of dominion
and exploitation of one society by another.

Western Europe had known more than its share of the first in the late
Roman Empire and Middle Ages; indeed the central institutio.. of
medieval society—the personal subordination, the striving for self-
sufficiency, the decentralization of authority—were all primarily
responses to physical danger and insecure communications. But from
the eleventh century on, the pressure of invasion diminished: the
Norsemen settled in their new homes and became domesticated; the
Hungarians did the same; the Saracens withdrew and confined them-
selves to desultory raids. Instead, Europe began thrusting outward—
into Slavic lands to the east and Muslim countries in the Levant and to
the south. From this time on, it expanded almost without interruption
or setback; and with the exception of eastern Europe, which suffered
periodically from the incursions of nomads from the Eurasian steppe
and lost the Balkan peninsula to the Ottoman Turk, the continent was
spared the death and ruin of outside aggression. To be sure, Europe was
not free of war: one thinks of the intermittent Hundred Years’ War
between England and France; the civil and religious conflicts of the
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fifteenth and sixteenth centuries; worst of all, the disastrous Thirty
Years’ War (1618-48), which laid waste large areas of central Europe
by fire, the sword, and disease, to the point where some districts lost
five-sixths of their population by death and flight and took a century
to recover. But now the only enemy that Europeans had to fear was
other Europeans; and as the conflicting ambitions of the different
nation states worked themselves out in the form of a more stable
balance of power, the virulence of the fighting diminished, particularly
in that north-western corner of Europe that had taken the lead in
cconomic development.

Other areas were perhaps less fortunate. Certainly the Muslim world
suffered blows far heavier than those inflicted on western Europe: the
Mongol invasions of the thirteenth century were followed in the late
fourteenth by the conquests of Timur, who ranged from Anatolia in
the West to India in the East and marked his victories with minarets
and pyramids of skulls—a monument to his power and a warning to
the survivors. Timur in turn was followed by lesser Turkoman war-
lords, some of whom fought their way briefly on to the stage of history
and then disappeared, while others established dynasties of varying
durability in the successor states of the once mighty Mongol empire.
As a result of this dissolution, the Muslim world found a new, though
far from stable equilibrium in a division between Persian and Mogul
East and Turkish~Arabic West. For more than two hundred years,
from the early sixteenth century on, the Ottomans and the Safavid
Persians waged intermittent war, addressing themselves the while to
occasional bouts with other adversaries: nomads from the steppe,
Russians spreading southward and eastward, the Afghan tribes and
Mogul emperors to the east, the nations of Christian Europe in the
Danube valley and the Mediterranean. The land was forever criss-
crossed with armies; siege followed siege, massacre followed massacre.
Even the ghastliest carnages of the Thirty Years’ War—the sack of
Magdeburg for example—pale alongside the bloodbaths of Delhi. The
record of shifting dynasties, palace plots, reigns of terror, and mad rulers
reads like an Oniental version of the Merovingian snakepit.

Meanwhile the growing technological superiority of the West
enabled the European nations to impose their dominion on the most
distant lands, sometimes on the basis of formal annexation and coloniza-
tion of territory, sometimes by means of an informal commercial tie
with weaker peoples. The story of this overseas expansion is too well
known to require review here; but it is of interest to us to inquire what
contribution imperialism made to the economic development of Europe
on the one hand, to the retardation of the rest of the world on the other.

The answer is not easy to come by. For one thing, the issue is much
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vexed by political commitment and coloured by intellectual bias. Those
who are indignant or angry at the wrongs inflicted by the West on the
colonial peoples of the world+—the nationals of these countries in
particular—are inclined to impute the whole Western achievement to
exploitation: the Industrial Revolution, say some Indian historians, was
accomplished on the backs of the Indian peasant. Marxist historians
offer similar judgments, which serve among other things to increase
the burden of sin to be laid at the door of capitalism. The effect—and
sometimes the aim—is to legitimize such reprisals as the Third World
today may be able to wreak on its former masters: in the light of the
historical record, vengeance is ostensibly nothing more than retribution.
On the other side, those who reject the indictment in whole or in part
(and it is not easy on this issue to preserve the nuances), or who give
their support to capitalism as against other economic systems, are prone
to depreciate the advantages of the colonial relationship to the dominant
power and the disadvantages to the dominated. The effort here is to
deny or minimize the debt; and since the nature and extent of the
obligation of the rich nations to the poor is one of the most sensitive
and potentially explosive issues of international relations, the verdict of
history is in this case of more than academic interest.

Under the circumstances, it seems clear that we have here the kind of
problem on which consensus is impossible. History is not an exact
science (many would say that it is not a science at all), and even if we
had all the data desirable, there would be disagreement on their inter-
pretation. But we do not have all the data, so that all that one cando in
a rapid analysis of this kind is review what seem to be the relevant
considerations and see where they lead.

To begin with, one must distinguish between two kinds of return to
colonial domination. (Our context hereis the so-called Old Imperialism
of the 16th to 18th centuries.) The first is the quick, spectacular reward
of conquest: the seizure as booty of the accumulated wealth of the
conquered society. This was of little moment in most colonial areas, for
these were generally poor by European standards. The only significant
exceptions—and these, momentous—were the American Indian empires
of Mexico and Peru and the Mogul Empire of India. The former
yielded at the outset enormous treasures of gold and silver bullion; and
then for a century and more supplied a large flow of precious metal
from mines; so that much of the subsequent exploration of the New
World was motivated by the vain hope of finding other El Dorados.
The Indian tribute was smaller; but the adoption into English of such
words as nabob and Golconda is testimony to the riches that the more
enterprising and less scrupulous Europeans found there.

The significance of this booty for European economic development
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has long been a subject of controversy. Precious metals and jewels are
not productive capital; neither are they edible. But in the right hands,
they can be used to command and combine the factors of production
for useful purposes. In the right hands. .. The silver of America did
little for Spain, which re-exported most of it to pay for military
operations in other parts of Europe and for imports of food and manu-
factures from ‘less fortunate’ countries. Indeed one might reasonably
argue that the colonial windfall did Spain serious harm by encouraging
her to rely on tribute rather than work. In similar fashion, the wealth
of the nabob returning home from India to England was more likely
to go into land and office than into trade, for experience in colonial
exaction is poor training for risk-taking ventures in a competitive
market.

On the other hand, the Spanish re-export of bullion and the land
purchases of nabobs were transfer payments: the wealth did find its
way into other hands and constituted a net addition to Europe’s and
England’s money supplies. This in turn presumably eased credit,
increased demand, and stimulated industry—in those places that were
in a position to respond to this opportunity. Admittedly this was a
one-time stimulus that lost force when the inflow of precious metals
diminished; plunder, silver mining, and quick monopoly profits are
not a solid basis for development at home or abroad. Yet while the
inflationary expansion lasted, it promoted abiding changes in the
structure of the European economy: new scope for commercial
enterprise, greater specialization in agriculture and manufacture, larger
concentrations of capital, an increased scale of production in certain
branches.

More durable and more stimulating to European economic develop-
ment was the systematic exploitation of colonial territories through
settlement. Practice varied considerably. Insome areas (notably Spanish
America), the native was impressed into service; in others (the West
Indies and the southern colonies of British North America), he proved
unwilling or unable to do the work required, and the colonists killed
him or drove him off and brought in black slaves from Africa to take
his place. Farther north, the settlers did their own work, establishing in
the New World societies that were in many respects replicas of what
they had known at home. In some places the Europeans constituted a
thin surface layer over a far larger mass of Indians and Negroes; in
others they were the whole or a substantial part of the population.
Whatever the social structure, however, the significance of these
colonies for European economic development is that they produced an
ever-larger volume of goods for export, primarily food and raw
materials, and took in return a growing stream of European manu-
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factures. This was not a once-for-all gain. It constituted an enduring
increment to the pressure of demand on European industry and thus
contributed, as we shall see, to the Industrial Revolution.

To say that colonial possessions contributed to the enrichment and
development of certain European countries, however, is one thing; to
say that they were a necessary or a sufficient condition of this develop-
ment, is quite another. The necessity argument implies that if there had
been no overseas expansion, there would have been no Industrial
Revolution. It is hard to prove or disprove this kind of contrafactual
hypothesis. But it is worth observing that a similar argument about the
indispensability of imperialism to the sustenance of the European
economies in a more advanced stage of development has been put to
the test and been found wanting—even in the cases of those countries,
Belgium and Holland, most dependent on colonial profits.

The sufficiency thesis is more complicated, yet may be somewhat
easier to deal with. It asserts that once Europe achieved superior power,
it could despoil and exploit the outside world at will, and the rest—
enrichment and industrial development—followed as a matter of course.
By implication, the argument imputes enormous rewards to dominion,
and assumes that the possession of superior power necessarily entails the
rational and effective use of that power for personal or national
advantage. Yet the historian must not take anything for granted in this
regard—not even the fact of empire, for the overseas expansion of
Europe was itself made possible by previous political and technological
advances and was not a windfall. Similarly, the shift from plunder to
exploitation was not implicit in European dominion. The world, after
all, had known (and still knew and would know) other conquering
peoples, some of whom had held sway over richer lands than the forests
of North America or the semitropical isles of the Caribbean. Yet aside
from cases of outright annexation cum assimilation, none of these had
succeeded in converting their conquests into an enduring source of
wealth; rather they had always chosen to seize the quick returns—to
loot, take slaves, exact tribute. The decision of certain European powets,
therefore, to establish ‘plantations’, that is to treat their colonies as
continuous enterprises was, whatever one may think of its morality,
a momentous innovation.*

Given the innovation, however, the question then arises of the returns
to what Hobsbawm calls the ‘new colonialism’. What, after all,
constitutes a ‘sufficiency’ of gain for purposes of industrial revolution?

¥ On the differences between the colonialists of plunder and of exploitation and the
significance of the shift from the one to the other, see especially the stimulating article
of Eric Hobsbawm, “The Crisis of the 17th Century’, Past and Present, no. s (May,
1954), pp- 33-53; no. 6 (November, 1954), pp. 44-65.
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We shall have occasion to examine this problem in detail later on, when
we compare the contributions of home market and export market to
the demand for British manufactures. Suffice it here to say that while
the large and growing home market might conceivably have been
enough to elicit and sustain a revolution in the mode of production,
the export trade (of which the colonial trade formed only a part) could
not by itself have done so.

There remains one last point: the effect of European expansion on the
colonial areas. Here the record of the early modern period is one of
almost unrelieved oppression and brutalization of the indigenous
populations. The enormity of the crime is a matter of historical research
and debate: Did the Indian population of central Mexico fall from
11 million to 2 million in the first century of Spanish rule?® Was the
number of slaves shipped from Africa in the sixteenth and seventeenth
centuries (to say nothing of later years) 2 million, 3 million, or §
million?? How many died in African wars or captivity before they
could be put in the holds of a slave ship? We shall never have precise
data on these points. But the effect of European dominion is indis-
putable: the destruction, eviction, or emasculation of the indigenous
civilization.

To say this, however, is not to say that these societies would have
effected a significant technological transformation of their own
economies had it not been for European colonialism. In spite of current
efforts to enhance the achievements of the African and American
peoples before the coming of the European, it is clear that none of them
was ever in the running for world economic leadership. The only
serious contenders, going back to the Middle Ages, were China, India,
and the Islamic world. The first was not significantly affected by
European imperialism before the late eighteenth century, and by that
time, the contest was over. The Muslim world suffered earlier wounds:
the Spanish reconquista, the Crusades, the endemic piracy of the
Mediterranean (which cut both ways). But the sources of the economic
backwardness of the Muslim world must be sought, as we have seen,
in the cultural and political history of the Islamic heartland—Egypt,
Syria, Iraq, Persia; and here the effect of European expansion was not
the decisive consideration. The same was true of India. Whatever
nefarious deeds one may acribe to imperialism, one can hardly argue

' See Sherburne F. Cook and Woodrow Borah, The Indian Population of Central
Mexico 1531-1610 [Ibero~Americana, no. 44] (Berkeley and Los Angeles, 1960).

? Daniel P. Mannix and Malcolm Cowley, Black Cargoes: A History of the Atlantic
Slave Trade 15181865 (New York, 1962), p. 32, gives the following estimates of slaves
shipped from ‘all parts of Guinea’ to the New World: 900,000 in the sixteenth
century; 2,750,000, in the seventeenth.
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that the states of the subcontinent were on their way to an industrial
revolution before the Europeans interrupted.

In all instances, indeed, the failure of the colonial society to stand up
to European aggression was in itself testimony to severe internal
weakness. Karl Marx saw it very well in the case of India:*

A country not only divided between Mohammedan and Hindoo, but between
tribe and tribe, between caste and caste ; a society whose framework was based
on a sort of equilibrium, resulting from a general repulsion and constitutional
exclusiveness between all its members. Such a country and such a society,
were they not the predestined prey of conquest? If we knew nothing of the
past history of Hindostan, would there not be the one great and incontestable
fact, that even at this moment India is held in English thraldom by an Indian
army maintained at the cost of India? India, then, could not escape the fate
of being conquered, and the whole of her past history, if it be anything, is the
history of the successive conquests she has undergone.

From the side of the victim, therefore, as well as from the side of the
conqueror, one cannot take the fact of domination cum exploitation for
granted. The case of Japan is there to show that an alert and self-
disciplined society, though backward in technology and armament,
could stand up to European pressure—first by self-imposed isolation
and then, when that became impossible, by meeting and matching the
Westerner on his own ground of industrialization.

* * * * *

So much for the priority of Europe’s industrial revolution. We may
now turn to our central concern: why some countries in Europe
accomplished this transformation earlier than others; also how the
pattern of development differed from one nation to another and why.
These are important matters, for they throw light on the general
problem of growth and, by implication, mutatis mutandis, on the
character and difficulties of contemporary industrialization. For this
purpose, indeed, western Europe offers an ideal subject of analysis. It
offers the possibility of comparing a good many of what would seem
to be the relevant variables: we have in Europe large countries and
small, rich countries and poor, all forms of government, a rich mosaic
of social traditions and organization, a great variety of political ex-
perience. Europe also presents for analysis the fundamental contrast
between self-generated change—Britain—and emulative response. In
sum, if history is the laboratory of the social sciences, the economic
evolution of Europe should provide the data for some rewarding ex-
periments.

! In an article in the New York Daily Tribune of 8 August 1853 ; reprinted in Karl
Marx and Frederick Engels, Selected Works in Two Volumes (Moscow, 1958), 1, 352.
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On the other hand, the very wealth of the material imposes handicaps
on the author of a short synthesis. Clearly it is impossible to treat so
complex a phenomenon in detail within the compass of a single book.
We shall therefore be obliged to concentrate our attention on what
seem to be the main threads of the story. In particular, we shall focus
to begin with on those industries that have played the decisive role in
the general transition: the textile manufacture because it was the first
to convert to modern techniques of production and long was far and
away the most important in terms of capital invested, labour force,
value of product, and the other traditional criteria; metallurgy and
chemicals, because of their direct link to all other industries; machine-
building, because the machine is the heart of the new economic
civilization. Coal mining will be considered not so much for itself (it
was not changed so much as the others by the new technique), but as a
part of the general problem of energy. And all of these will be situated
in the context of industrial organization, a comprehensive rubric that
includes not only all aspects of co-ordination of the factors of produc-
tion, but also the handling and movement of the objects of manufacture
in the course of their transformation.



CHAPTER 2

The Industrial Revolution in Britain

In the eighteenth century, a series of inventions transformed the manu-
facture of cotton in England and gave rise to anew mode of production
—the factory system. During these years, other branches of industry
effected comparable advances, and all these together, mutually rein-
forcing one another, made possible further gains on an ever-widening
front. The abundance and variety of these innovations almost defy
compilation, but they may be subsumed under three principles: the
substitution of machines—rapid, regular, precise, tireless—for human
skill and effort; the substitution of inanimate for animate sources of
power, in particular, the introduction of engines for converting heat
into work, thereby opening to man a new and almost unlimited supply
of energy; the use of new and far more abundant raw materials, in
particular, the substitution of mineral for vegetable or animal sub-
stances.

These improvements constitute the Industrial Revolution. They
yielded an unprecedented increase in man’s productivity and, with i,
a substantial rise in income per head. Moreover, this rapid growth was
self-sustaining. Where previously, an amelioration of the conditions of
existence, hence of survival, and an increase in economic opportunity
had always been followed by a rise in population that eventually con-
sumed the gains achieved, now for the first time in history, both the
economy and knowledge were growing fast enough to generate a con-
tinuing flow of investment and technological innovation, a flow that
lifted beyond visible limits the ceiling of Malthus’s positive checks.
The Industrial Revolution thereby opened a new age of promise. It
also transformed the balance of political power, within nations, between
nations, and between civilizations; revolutionized the social order; and
as much changed man’s way of thinking as his way of doing.

In 1760 Britain imported some 23 million pounds of raw cotton to
feed an industry dispersed for the most part through the countryside of
Lancashire and existing in conjunction with the linen manufacture,
which supplied it with the tough warp yarn it had not yet learned to
produce. All of its work was done by hand, usually (excluding dyeing
and finishing) in the homes of the workers, occasionally in the small
shops of the master weavers. A generation later, in 1787, the consump-
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tion of raw cotton was up to 22 million pounds; the cotton manufacture
was second only to wool in numbers employed and value of product;
most of the fibre consumed was being cleaned, carded, and spun on
machines, some driven by water in large mills, some by hand in smaller
shops or even in cottages. A half-century later, consumption had in-
creased to 366 million pounds; the cotton manufacture was the most
important in the kingdom in value of product, capital invested, and
numbers employed; almost all of its employees, except for the still
large number of hand-loom weavers, worked in mills under factory
discipline. The price of yamn had fallen to perhaps one twentieth of
what it had been, and the cheapest Hindu labour could not compete in
either quality or quantity with Lancashire’s mules and throstles. British
cotton goods sold everywhere in the world: exports, a third larger than
home consumption, were worth four times those of woollens and
worsteds. The cotton mill was the symbol of Britain’s industrial great-
ness; the cotton hand, of her greatest social problem—the rise of an
industrial proletariat.

Why did this revolution in the techniques and organization of manu-
facture occur first in Britain? A few theoretical considerations may help
us to organize the argument. Technological change is never automatic.
It means the displacement of established methods, damage to vested
interests, often serious human dislocations. Under the circumstances,
there usually must be a combination of considerations to call forth such
a departure and make it possible: (1) an opportunity for improvement
due to inadequacy of prevailing techniques,” or a need for improvement
created by autonomous increases in factor costs; and (2) a degree of
superiority such that the new methods pay sufﬁcwntly to cover the
costs of the change. Implicit in the latter is the assumption that, however
much the users of older, less efficient methods may attempt to survive
by compressing the costs of the human factors of production, entrepre-
neurial or labour, the new techniques are enough of an improvement
to enable progressive producers to outprice them and displace them.

The techno%ogical changes that we d}c):note as the ‘Industrial Revolu-
tion” implied a far more drastic break with the past than anything since
the invention of the wheel. On the entrepreneurial side, they necessi-
tated a sharp redistribution of investment and a concomitant revision of
the concept of risk. Where before, almost all the costs of manufacture
had been variable—raw materials and labour primarily—more and
more would now have to be sunk in fixed plant. The flexibility of the
older system had been very advantageous to the entrepreneur: in

* The criterion of adequacy would, for my purposes, be marginal costs. Steeply

rising costs per unit of one or more factors of production under conditions of growing
demand would imply an opportunity for and incentive to technological improvement.
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time of depression, he was able to halt production at little cost, resuming
work only when and in so far as conditions made advisable. Now he
was to be a prisoner of his investment, a situation that many of the
traditional merchant-manufacturers found very hard, even impossible,
to accept.

For the worker, the transformation was even more fundamental, for
not only his occupational role, but his very way of life was at stake.
For many—though by no means for all—the introduction of machinery
implied for the first time a complete separation from the means of pro-
duction; the worker became a ‘hand’. On almost all, however, the
machine imposed a new discipline. No longer could the spinner turn
her wheel and the weaver throw his shuttle at home, free of supervision,
both in their own good time. Now the work had to be done in a
factory, at a pace set by tireless, inanimate equipment, as part of a large
team that had to begin, pause, and stop in unison—all under the close
eye of overseers, enforcing assiduity by moral, pecuniary, occasionally
even physical means of compulsion. The factory was a new kind of
prison; the clock a new kind of jailer.

In short, only the strongest incentives could have persuaded entre-
preneurs to undertake and accept these changes; and only major advan-
ces could have overcome the dogged resistance of labour to the very
principle of mechanization.

The origins of the entrepreneurial interest in machines and factory
production must be sought in the growing inadequacy of the older
modes of production, an inadequacy rooted in internal contradictions,
themselves aggravated by external forces.

Of these pre-factory forms of organization, the oldest was the
independent craft shop, with master often assisted by one or more
journeymen or apprentices. Fairly early, however—as far back as the
thirteenth century—this independence broke down in many areas, and
the artisan found himself bound to the merchant who supplied his raw
materials and sold his finished work. This subordination of the pro-
ducer to the intermediary (or, less often, of weak producers to strong
ones) was a consequence of the growth of the market. Where once the
artisan worked for a local clientele, a small but fairly stable group that
was bound to him personally as well as by pecuniary interest, he now
came to depend on sales through a middleman in distant, competitive
markets. He was ill-equipped to cope with the fluctuations inherent in
this arrangement. In bad times he might be completely idle, with no
one to sell to; and when business improved, he usually had to borrow
from his merchant the materials needed to get started again. Once
caught on a treadmill of debt—his finished work mortgaged in advance
to his creditor—the craftsman rarely regained his independence; his
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work sufficed to support him—no more—and he was in fact if not in
principle a proletarian, selling not a commodity, but labour.

Aside from his pecuniary difficulties, the local artisan was in no
position to know and exploit the needs of distant consumers. Only the
merchant could respond to the ebb and flow of demand, calling for
changes in the nature of the final product to meet consumer tastes,
recruiting additional labour when necessary, supplying tools as well as
materials to potential artisans. It was largely in this way that the rural
population was drawn into the productive circuit. Very early, urban
merchants came to realize that the countryside was a reservoir of cheap
labour: peasants eager to eke out the meagre income of the land by
working in the off-season, wives and children with free time to pre-
pare the man’s work and assist him in his task. And though the
country weaver, nail-maker, or cutler was less skilled than the guilds-
man or journeyman of the town, he was less expensive, for the marginal
utility of his free time was, initially at least, low, and his agricultural
resources, however modest, enabled him to get by on that much less
additional income. Furthermore, rural putting-out was free of guild
restrictions on the nature of the product, the techniques of manufacture,
and the size of enterprise.

The above description of a long and complex historical process
inevitably oversimplifies. If it seems reasonable to assert that, taking
Europe as a whole, most putters-out came from the mercantile side, it
is important to note the many exceptions: the weavers who became
clothiers by hiring their less enterprising neighbours; the fullers and
dyers who had accumulated capital in the finishing processes and
integrated backwards by contracting directly for yarnand cloth. Insome
areas, most notably the region around Leeds in the West Riding of
Yorkshire, rural artisans organized their own small weaving sheds,
joined when necessary to create common facilities, and sold their
pieces as independent clothiers in the weekly cloth halls. But even in
Yorkshire, this fragmentation of enterprise was characteristic primarily
of the woollen trade; in the worsted manufacture, where capital
requirements were greater, the productive unit was larger and the
merchant putter-out more important.!

The English textile industry built its fortune in the late medieval and

' In his discussion of the shift from urban to rural industry, P. Mantoux, The
Industrial Revolution in the Eighteenth Century (London, 1928), pp. 64~6, conveys the
impression that the putting-out system was the result of the decay of what he describes
as ‘domestic manufacture’, that is, dispersed independent cottage industry of the kind
found in Yorkshire. Often, as we noted, this was true, but even more often, probably,
putting out was the product of mercantile initiative seeking new sources of labour
and drawing the rural population into the commercial circuit.
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early modern periods on rural manufacture. No centre of production,
except perhaps Flanders, was so quick to turn from the towns to the
countryside; it is estimated that as early as 1400 over half the output
of wool cloth was accounted for in this manner.* The trend continued:
by the mid-eighteenth century, the great preponderance of the British
wool manufacture was cottage industry; of all the towns immemorially
associated with the wool trade, only Norwich remained as an important
urban centre, and it was rapidly declining in relative importance.
Allowing for such regional variations, moreover, and for occasional
pauses, the industry as a whole had prospered impressively. In the late
seventeenth and early eighteenth centuries, at a time when the Italian
manufacture was a shadow of its former self, when Dutch cloth output
was shrinking steadily, and when France was in the throes of a pro-
longed depression, British consumption of raw wool was growing at
the rate of about 8 per cent a decade; and from about 1740 to 1770, the
decennial increase was 13 or 14 per cent.?

This growth merits detailed attention, for it was the principal pre-
cipitant of the changes we denote by the Industrial Revolution, and
understanding it may help us understand the reasons for British pre-
cedence in technological and economic development. In part the wool
industry grew because of favourable conditions of production. Thus
no country had so abundant a supply of raw wool, particularly the
long wool required for the lighter, harder, worsted fabrics. And rural
manufacture, largely unhampered by guild restrictions or government
regulation, was in a position to make the most of this resource advantage
by suiting its product to demand and changes in demand. In particular,
it was free to develop cheaper fabrics, perhaps less sturdy than the
traditional broadcloths and stuffs, but usable and often more comfort-
able. This freedom to adjust and innovate is particularly important in
light industry, where resources and similar material considerations
often are less important as locational factors than entrepreneurship. A
good example from within the British wool industry is the rapid
growth of the Yorkshire worsted trade, to the point where it passed the

! H. L. Gray, ‘The Production and Exportation of English Woollens in the
Fourteenth Century’, English Historical Review, xxx1x (1924), 32.

*P. Deane, “The Output of the British Woollen Industry in the Eighteenth
Century’, J. Econ. Hist. xvi (1957), 220, These figures are derived from informed con-
temporary guesses and are therefore gross approximations. But it is the trend that
interests us here. On this, compare the much slower growth of the Verviers- Hodimont
area near Liége, one of the most enterprising centres of wool manufacture on the
Continent. P. Lebrun, Lindustrie de la laine & Verviers pendant le XVIIIe et le début du
XIXe sicle (Liége, 1048), pp. $18-19. Note also the difference in size of output between
Yorkshire alone (aulnage returns in T. S. Ashton, An Economic History of England: the
Eighteenth Century (London, 1953), pp. 249-50) and the Verviers area.
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older centre of East Anglia in the course of the eighteenth century;
compare Clapham’s explanation: ‘the ordinary case of a pushing, hard-
working locality with certain slight advantages, attacking the lower
grades of an expanding industry’.! We shall have occasion to remark
comparable examples of the advantages of entrepreneurial freedom
when we turn to the continental countries. In the meantime, we may
note that the British wool manufacture profited the more from its
liberty because some of its most dangerous competitors across the
Channel were being subjected in the seventeenth and early eighteenth
centuries to increasing regulation and control.

Finally, one should cite the relative freedom of British industry from
the disturbance and destruction of war, the uneven but long and often
rich inflow of skilled foreign artisans, and the access of the producing
centres to water transport, hence distant markets—all factors conducive
to lower costs of manufacture and distribution.

On the demand side, the British wool manufacture was comparably
favoured. The population of the kingdom was not large, but it was
growing, faster probably by the middle of the eighteenth century than
that of any of the countries across the Channel. From not quite
6 millions around 1700, it rose to almost 9 millions in 1800; 70-90 per
cent of the gain came in the second half of the period.>? What is more,
the absence of internal customs barriers or feudal tolls created in
Britain the largest coherent market in Europe. This political unity was
confirmed by the geography of the island: the land mass was small; the
topography, easy; the coastline, deeply indented. By contrast, a
country like France, with more than three times as many people, was
cut up by internal customs barriers into three major trade areas, and by
informal custom, obsolete tolls and charges, and, above all, poor com-
munications into a mosaic of semi-autarkic cells.

Moreover, what nature bestowed, man improved. From the mid-
seventeenth century on, there was a continuous and growing investment
of both public and private resources in the extension of the river system
and the construction of new roads and bridges. By 1750 there were
over a thousand miles of navigable streams in Britain; and Parliament

! J. H. Clapham, ‘The Transference of the Worsted Industry from Norfolk to the
West Riding”, Econ. J. xx (1910), 203. Eric M. Sigsworth, Black Dyke Mills: a History:
with Introductory Chapters on the Development of the Worsted Industry in the Nineteenth
Century (Liverpool: University Press, 1958), p. 17, subscribes to this point of view.

* For different but roughly concordant estimates of this increase, see Phyllis Deane
and W. A. Cole, British Economic Growth 1688-1959: Trends and Structure (Cambridge,
1962), p. 5, 0. 3. In the same period, the population of France went from about 20 to
27} millions. E. Levasseur, La population frangaise (3 vols.; Paris, 1889), 1, 201-6,
215-18.
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had been passing turnpike acts at the rate of eight a year for half a
century. Impressive as this development was, it was inadequate to the
needs of the economy, and the pace of investment increased markedly
in the fifties and sixties. These years saw the first canals (Sankey
Navigation, 1755-9; Duke of Bridgewater’s canal, 1759-61) and turn-
pike acts at the rate of forty a year. In two decades (1760-80), navigable
water and solid roads linked the major industrial centres of the North
to those of the Midlands, the Midlands to London, and London to the
Severn basin and the Atlantic.

Within the market of Britain, purchasing power per head and stan-
dard of living were significantly higher than on the Continent. We
have no precise measures of national income for the eightcenth century,
but there is an abundance of impressionistic testimony by travellers
from both sides of the Channel to the greater equality of wealth, higher
wages, and greater abundance to be found in Britain. Thus one of the
best signs of comfort in Europe is the consumption of white bread; in
the nineteenth century, one can almost follow the rise in per capita
income and the diffusion of higher living standards among the poorer
sections of the population, into rural areas, and into central and eastern
Europe by the wheat frontier. In the eightcenth century England was
known as the country of the wheaten loaf. This was an exaggeration: in
large areas, particularly in the Midlands and North, rye and barley were
the staple grains, especially in the early part of the century. Even there,
however, the bread grew whiter over the years, and nowhere was there
anything like the reliance one found across the Channel on coarser
cereals like buckwheat and oats. Similarly, there was much myth in
the image of John Bull, beefeater. Yet when Arthur Young sat down to
soup in the Pays Basque—°‘ what we should call the farmer’s ordinary’—
he received ‘ample provision of cabbage, grease, and water, and about
as much meat for some scores of people, as half a dozen English farmers
would have eaten, and grumbled at their host for short commons’.2
Even workhouse menus, hardly designed to make life agreeable for the
residents, provided for meat daily or at least several times a week.3

The English labourer not only ate better; he spent less of his income
on food than his continental counterpart, and in most areas this portion
was shrinking, whereas across the Channel it may well have risen

' See, however, the article of P. Deane, ‘“The Implications of Early National
Income Estimates for the Measurement of Long-Term Economic Growth in the
United Kingdom’, Economic Development and Cultural Change, v (1955), 3-38.

* Young, Travels during the Years 1787, 1788 and 1789 (2 vols.; Dublin, 1793), 1,
87 £, 93.

3 Cf. Dorothy Marshall, The English Poor in the Eightcenth Century (London, 1926),
p- 268.
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during much of the eighteenth century.! As a result, he had more to
spare for other things, including manufactures. The Englishman was
reputed for wearing leather shoes where the Fleming or Frenchman
wore clogs. He was dressed in wool where the French or German
peasant often shivered in linen, a noble fabric for table or bed, but a
poor shield against the European winter. Defoe vividly and proudly
described the importance of this demand for British manufactures in his
Plan of the English Commerce in 1728:*

.. .for the rest, we see their Houses and Lodgings tolerably furnished, at least
stuff’d well with useful and necessary household Goods: Even those we call
poor People, Journey-men, working and Pains-taking People do thus; they
lye warm, live in Plenty, work hard, and [need} know no Want.

These are the People that carry off the Gross of your Consumption; "tis for
these your Markets are kept open late on Saturday nights; because they usually
receive their Week’s Wages late. . .in a Word, tﬁcse are the Life of our whole
Commerce, and all by their Multitude: Their Numbers are not Hundreds or
Thousands, or Hundreds of Thousands,but Millions; ’tis by their Multitude,
I say, that all the Wheels of Trade are set on Foot, the Manufacture and
Produce of the Land and Sea, finished, cur’d, and fitted for the Markets
Abroad; 'tis by the Largeness of their Gettings, that they are supported, and by
the Largeness of their Number the whole Country is supported; by their
Wages they are able to live plentifully, and it is by their expensive, generous,
free way of living, that the Home Consumption is rais’d to such a Bulk, as
well of our own, as of foreign Production. . ..

Defoe’s reference to the Englishman’s ‘ expensive, generous, free way
of living’ calls to mind a final aspect of the British domestic market: a
consumption pattern favourable to the growth of manufactures. More
than any other in Europe, probably, British society was open. Not
only was income more evenly distributed than across the Channel, but
the barriers to mobility were lower, the definitions of status looser.
Nothing is more revealing in this regard than a comparison of contem-
porary images of society in the different countries of western Europe.
For Britain, we have schemes like those of Gregory King or Joseph
Massie—congeries of occupational groups ranked according to wealth
and so intermingled as to preclude the drawing of horizontal status
lines across the whole of the social pyramid. For France, we have a
neater tripartite structure: aristocracy, bourgeoisie, peuple; within these,
to be sure, there are fine distinctions, and it is not always easy to rank

* This is the position of C. E. Labrousse, Origines ef aspects économiques et sociaux de la
Répolution frangaise (1774-1791) [‘Les Cours de Sorbonne’] (Paris, n.d.), pp. 54-8.

? [Daniel Defoe], A Plan of the English Commerce (Oxford: Blackwell, 1928),
pp. 76-7.
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people of different occupations or to place borderline groups like
artisans and retail shopkeepers; nevertheless, the arrangement is
orderly, traditionally logical. For most of west Germany, we have
the French system, but more rigid and carefully defined, to the point
where status, even of sub-groups, is often written into law. And east
of the Elbe, society was simpler yet: a small landholding aristocracy;
the large mass of personally dependent peasants; in between, a thin
layer of commercial bourgeois, spiritually and often ethnically alien to
the body social within which they lived and moved encapsulated.

So far as the rate of consumption is concerned, the implications of
greater equality of income are a matter of some debate.” Similarly,
mobility is ambiguous in its effects: some people will save to climb;
others will consume to announce their arrival. The net result will
depend on circumstances.

Quality and direction of consumption, however, are something else
again. In non-primitive societies, where skills are fairly advanced and
there has been some accumulation of wealth, inequality fosters a taste
for extravagant luxuries and services among the few, whereas equality
encourages a demand for more sober, solid comforts among the many.
Great riches amid a sea of poverty are generally the product of a low
capital-labour ratio (or of misinvestment of capital). They give rise to
a prodigal expenditure of labour on pleasure and elegance: an over-
abundance of domestics—to the point where the mistress of the house
spends more time supervising her staff than more modest wives spend
doing their own chores; ornamental garments of great price; lavish
decoration of residences; the production of exquisitely difficult works
of art.

A more even diffusion of wealth, however, is the result of costly
labour. This was indeed the case in Britain, where wages—allowing for
the uncertainty and partial incomparability of the estimates—ran about
twice as high as in France and higher yet than east of the Rhine. In
such an economy, production functions are more capital-intensive,
while the rich consumer caters less to whim and satisfies himself with a

* The traditional assumption is that inequality does increase the savings ratio. But
there is some question whether this is justified for a pre-industrial society, especially
one in which a small privileged group commands the levers of power and can draw a
kind of tributary income from the rest of the nation. It seems quite probable, for
example, that the court aristocracy of eighteenth~century France lived beyond its
income, consuming freely in the knowledge that there would always be ways of
obtaining more from the crown. Cf. Milton Friedman, 4 Theory of the Consumption
Function (Princeton, 1957), pp. 235 f., who argues that inequality of ‘permanent’ (as
against measured) income per se does not affect the consumption-savings ratio; that it
is uncertainty about future income that promotes savings, against a rainy day as it
were.
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greater abundance of those goods that are available on a smaller
scale and in lower quality to his poorer fellows. On the other hand, the
relatively high purchasing power of the poorer elements of the popula-
tion implies a correspondingly greater demand for the things they need
and can afford—the cheaper, plainer articles most susceptible of mass
production.!

Mobility in such a society is a force for standardization. For mobility
implies emulation, and emulation promotes the diffusion of patterns of
expenditure throughout the population. Where there is no movement
between status groups, clear, inviolate distinctions of dress and way of
life mark the gradations of hierarchy. Where there begins to be move-
ment, as in the late Middle Ages, sumptuary laws are often needed to
keep peoplein their place. And where mobility has become so common-
place as to seem to many a virtue, discriminatory controls over expendi-
ture are unenforceable.

In England, sumptuary laws were dead letters by the end of the
sixteenth century; they were repealed by James I in 1604. Over the
next two centuries, the trend toward homogeneity of expenditure—
the effacement of vertical regional differences as well as horizontal social
distinctions—continued. Contemporaries complained of the luxury of
the lower classes, who dressed so 4s to be indistinguishable from their
betters. This was an exaggeration; social lament as a literary genre is
invariably hyperbolic. Besides, much of the elegance of the populace
was meretricious, the result of an active trade in second-hand clothes.
Even so, the very demand for cast-offs was evidence of the absence or
decay of customary distinctions: the poor man could and did wear the
same kind of coat as the rich. Similarly, contemporaries complained
of the farmer’s imitation of city ways, his abandonment of the rustic
simplicity of yore. Again an exaggeration—yet the truth was that in no
economy was the countryside so closely integrated into the commercial
circuit; nowhere were thelocal pockets of self-sufficiency so broken down.

! On the implication of inequality of income, or, more precisely, inequality of con-
sumption, for the nature and composition of industrial output, see the suggestive
article of W, Paul Strassman, ‘ Economic Growth and Income Distribution’, Quarterly
J. of Economics, 1xx (1956), 425-40; also S. Kurnets, ‘Economic Growth and
Income Inequality’, Amer. Econ. Rev. XLv (1955.), 1-28, which is more concerned with
the reverse relation.

The best single index to relative factor costs and the pattern of consumption is the
extent and character of domestic service: the twentieth century, sometimes called the
era of the common man, is also the age of the disappearing maid. And while the
British merchant of the cighteenth century had less cause for frustration than his
present-day descendants, he had his servant problem. Cf. Defoe, Everybody’s Business Is
Nobody’s Business, in The Novels and Miscellaneous Works of Daniel Defoe (‘Bohm’s
Standard Library’; 7 vols.; London, 1889), 11, 499-500. See also J. Jean Hecht, The
Domestic Servant Class in Eighteenth-century England (London, 1956), esp. chs. 1and v1.
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All of this was part of a general process of urbanization, itself a
reflection of advanced commercialization and industrialization. London
alone was a monster: Defoe estimated in 1725 that it contained a
million and a half inhabitants, almost a quarter of the people in the
kingdom. This figure is testimony, not to Defoe’s accuracy, but to the
impression the ‘great wen’ made on contemporaries; yet even con-
servative estimates put the population of the metropolitan area at about
half that number. In the provinces, the cities and towns developed
steadily after the Civil War; among the most rapidly expanding were
unincorporated ‘villages’ like Manchester, which had Ferhaps 12,500
inhabitants in 1717 and 20,000 by 1758. An estimate of 15 per cent of
the population in cities of 5000 and over by mid—century and 25 per
cent by 1800 is probably close to the truth By contrast, the French
figure on the eve of the Revolution was something over 10 per cent;
and Germany was even more rural.

But it was not only that England had more people living in cities
than any other European country except perhaps Holland;? it was the
character of British urban life that made the pattern of settlement par-
ticularly significant. On the Continent, many of the cities were
essentially administrative, judicial, ecclesiastical in function. Their
populations consisted essentially of bureaucrats, professionals, soldiers,
and the shopkeepers, artisans, and domestics to serve them. The city
was not so much a node of economic activity, trading manufactures and
mercantile services for the products of the countryside, as a political and
cultural centre drawing tax revenues and rents from the rural population
in return for government and by traditional right. Madrid is the classic
example of thiskind of agglomeration; but Paris was much like this, and
perhaps a majority of the larger French provindial cities—including
places like Arras, Douai, Caen, Versailles, Nancy, Tours, Poitiers,
Aix, and Toulouse—were little else. In Germany, of course, the very
fragmentation of political power was an incitement to the multiplica-
tion of semi-rural capitals, each with its court, bureaucracy, and garrison.

By contrast, the relatively smaller size of Britain’s political apparatus
and its concentration in London left the older provincial centres to
somnolence and decay. Nothing is more striking about the map of
Britain in the cighteenth century than the modernity of the urban
pattern. The medieval county seats—Lancaster, York, Chester, Stafford

* Phyllis Deane and W. A. Cole, British Economic Growth, 1688-1959: Trends and
Structure (Cambridge, 1962), p. 7.

* And Holland’s urban population was declining sharply, both relatively and
absolutely. Cf. William Petersen, Planned Migration: the Social Determinants of the
Dutch-Canadian Movement [University of California Publications in Sociology and
Social Institutions, vol. n] (Berkeley and Los Angeles, 1955), p. 20.
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—were overshadowed by younger places like Liverpool, Manchester,
Leeds, and Birmingham, and there was already a substantial shift of
population in favour of the North and Midlands. Much of the increase,
moreover, did not take place within the cities proper, but took the
form of a thickening of the countryside. Numerous overgrown indus-
trial villages sprang up—concentrations of hundreds of spinners and
weavers in the manufacturing districts of Lancashire and Yorkshire,
similar in many ways to the earlier rural agglomerations of East Anglia.

The pattern throughout was one of close contact and frequent
exchange between city and land. Trade and shops went to the custo-
mers: the late A. P. Wadsworth noted the numerous advertisements of
cottages-to-let for tradesmen in the villages around Manchester, reflect-
ing on both sides the keen response to economic opportunity.” In spite
of the sparseness of the data, it seems clear that British commerce of
the eighteenth century was, by comparison with that of the Continent,
impressively energetic, pushful, and open to innovation. Part of the
explanation is institutional : British shopkeepers were relatively free of
customary or legal restrictions on the objects or character of their
activity. They could sell what and where they would; and could and did
compete freely on the basis of price, advertising, and credit. If most
shopkeepers continued to haggle, many followed the lead of the Quakers
in selling at fixed, marked prices. In so far as such methods prevailed,
they conduced to a more eflicient allocation of economic resources and
lower costs of distribution.

In sum, the home market for manufactures was growing, thanks to
improving communication, increase in population, high and rising
average income, a buying pattern favourable to solid, standardized,
moderately priced products, and unhampered commercial enterprise.
How much it grew, however, one cannot say precisely; we have no
statistics on domestic consumption.

We are better informed about foreign trade, if only because most of
the commodities that came in or went out of the country had to pass
under the eyes of the customs officers. Admittedly, the trade statistics
are incomplete, inaccurate, and biased by the use of fixed values in a
world of fluctuating prices. But they do furnish an order of compari~
son, showing for example a three- or fourfold gain in British exports
(including re-exports) in the century from 1660 to 1760.

We have seen that the growth of Britain’s sales abroad, as at home,
reflected in large part her natural endowment; to this should be added
some institutional and historical advantages. She had a strong maritime
tradition, and, unlike most of her continental rivals, did not divert her

I A. P. Wadsworth and Julia de L. Mann, The Cotton Trade and Industrial Lanca-
shire, 1600-1790 (Manchester, 1931), p. 276, 1. 2.
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energiesinto the maintenance of costly armies and territorial aggrandize-
ment. Rather she concentrated her efforts on securing trading privi-
leges and a colonial empire, in large part at the expense of her leading
continental rivals, France and Holland. This kind of thing cost less than
European territory and in the long run paid better. No state was more
responsive to the desires of its mercantile classes; no country more alert
to the commercial implications of war. Mr Ramsey perceptively notes
the role of London in promoting this harmony of trade and diplomacy,
contrasting in this regard the isolation of Bordeaux, Marseilles, and
Nantes from Paris and Versailles.

At the same time, Britain developed a large, aggressive merchant
marine and the financial institutions to sustain it. Of all the Continental
countries, only Holland again could rival her in this regard, and the com-
parative advantage of Holland lay in trade, not industry. Between
Dutch mercantile power and Britain’s combination of mercantile and
industrial strength, the issue was never in doubt; the greatest asset of a
port is a productive hinterland.

In the long run, this was Britain’s forte: the ability to manufacture
cheaply precisely those articles for which foreign demand was most
elastic. The most promising markets for Britain in the seventeenth and
eighteenth centuries lay not in Europe, whose own industries were
growing and whose mercantilist rulers were increasingly hostile to the
importation of manufactures, but rather overseas: in the New World,
Africa, the Orient. These areas were very different in needs and tastes.
The tribesmen of Africa and the plantation hand of the Antilles
wanted thin, cool fabrics, bright colours, flashy metal—light woollens,
the cotton-linen checks of Manchester, the cheap stampings of Birming-
ham. The requirements of the Indian or Chinese peasant were similar
(excluding most cotton goods) though more sober. The New England
farmer or Philadelphia merchant, confronted by a harsher, more
variable climate and more sophisticated technologically, bought
heavier cloth and sturdier hardware. For all, however, there was one
common denominator, and that a negative one: they were not especially
interested in costly, highly finished luxuries.

The effect of increased export, then, was to reinforce the pressures
toward standardization as against differentiation, quantity as against
quality. The sacrifice of quality to quantity was an old story in English
manufacture. By this I do not mean adulteration or the sale of inferior
goods as first quality—this was an international evil, as the iteration of
government and guild regulations on the Continent evidences. Rather
I mean the adoption of new methods of production that save costs at

' G. D. Ramsay, English Overseas Trade during the Centuries of Emergence (London,
1957), pp- 247 £
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the expense of solidity or appearance; the use of coal in place of wood
in glass-making or brewing is the best example.?

This readiness to abandon old ways for new, to place profit above
craft pride and even the appearances of pride, implies a certain separa-
tion of the producer from production, an orientation to the market
instead of to the shop. To some extent it reflected the early domination
of British manufacture by mercantile interests and the reduction of the
rural artisan to a mere employee of the putter-out. Clearly, however,
this is not enough to account for the phenomenon; in the wool industry,
for example, the most enterprising centre of manufacture was in
Yorkshire, a stronghold of the small independent clothier; and in
metallurgy, glass-making, brewing, and chemicals—the industries most
affected by the introduction of mineral fuel—the organization of
production had nothing to do with putting-out.

Instead, this cost-mindedness must be seen as part of a larger ration-
ality, itself in some measure the result of material circumstances—
above all, the greater cohesiveness of the British market and the effec-
tiveness of competitive pressures—but also as an ideological force of its
own, whose sources still remain to be explored. In no country in the
eighteenth century, with the possible exception of Holland, was
society so sophisticated commercially. Nowhere was the response to
profit and loss so rapid; nowhere did entrepreneurial decisions less
reflect non-rational considerations of prestige and habit. We shall have
occasion to consider this again when we speak of investment and the
supply of capital for industrialization. At the moment, my only con-
cern is to explain where market pressures were pushing the producers
and why the producers responded.

How much of the increase in demand and the trend toward mass pro-
duction of cheaper articles is to be attributed to the expansion of home as
against foreign markets is probably impossible to say. We have only
the grossest, global estimates of the proportion of domestic to over-
seas sales, and these presumably comprise everything, including agri-
cultural products. What interests us here, however, is the demand for
manufactures, and only certain manufactures at that. One may perhaps
attempt this kind of comparison for the wool industry: at the end of
the seventeenth century English exports of wool cloth probably

T J. U. Nef has argued in a number of works that the adoption of mineral fuel itself
gave strong impetus to the production of ‘ quantity and utility rather than quality and
elegance’. See, inter alia, his Cultural Foundations of Industrial Civilization (Cambridge,
1958), pp. 52—3. Yetitis clear that the readiness to accept coal was itself indicative of a
deeper rationality; such nations as France, confronted with the same choice, obdurately
rejected coal—even where there were strong pecuniary incentives to switch over to the

cheaper fuel.
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accounted for upwards of 30 per cent of the output of the industry; by
1740, the proportion had apparently risen, possibly to over half, and in
1771-2, something under a half.” In this important branch, then, the
major impetus seems to have come from the export trade, and the most
active exporting area in the industry, Yorkshire, was also the most
rapidly growing centre of manufacture. It has indeed been argued that
not only was the minimum critical market required to induce a techno-
logical breakthrough too big for any one country to provide, but that
only a large fraction of the growing world demand could supply the
necessary push; and that it was that peculiar combination of economic
and political circumstances that permitted Britain to win for herself in
the eighteenth century so large a share of the trade in manufactures that
accounts for the successful leap to the ‘higher’ mode of production.?

Yet the answer is not so simple. Such figures as we have on British
exports (overwhelmingly manufactures) show a distinct levelling off
in the third quarter of the century. The volume of woollen shipments
falls from the late fifties; cottons falter in the late sixties and seventies;
the break comes later in iron and steel—in the late sixties—but it is
sharp and the drop persists until the nineties.3 David Eversley argues
cogently against the casy acceptance of exports as the leading sector of
the economy in process of revolution: noting the weight and relative
stability of home demand, he reasons that only the existence of this
kind of dependable market justified and permitted the accumulation of
capital in manufacture. On the other hand (as in many historical
questions, one can fairly shuttle back and forth between pros and cons),
this very variability of exports was surely a stimulant to industrial
change and growth. It is not only that the marginal increment of sales
often spells the difference between profit and loss; the bursts of overseas
demand placed abrupt and severe burdens on the productive system,
pushed enterprise into a position of rapidly increasing costs, and en-
hanced the incentive for technological change. Certainly, from the late

¥ These figures are based on Phyllis Deane, ‘“The Qutput of the British Woollen
Industry in the Eighteenth Century’, J. Econ. Hist. xvm (1957), 209-10, 211-13,
215-16, 220. The article itself makes clear the limitations of these figures, which are
essentially informed inferences from informed guesses.

* Cf. Kenneth Berrill, ‘International Trade and the Rate of Economic Growth’,
Econ. Hist. Rev. 2nd ser. xu (1960), 351-9; also P.A., “The Origins of the Industrial
Revolution” [summary of a symposium], Past and Present, no. 17 (1960), pp. 71-81.

3 Deane and Cole, British Economic Growth, pp. 46, 59.

4 D. E. C. Eversley, ‘The Home Market and Economic Growth in England,
1750-80’, in Land, Labour and Population in the Industrial Revolution (London, 1967)
pp- 206—59.
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eighteenth century on, the waves of investment seem to follow on
increases in sales abroad.*

In any event, this rising demand contained the seeds of difficulty.
Every mode of industrial organization has, built into it, opportunities
for conflict between employer and employed. These are particularly
serious in putting-out because the system furnishes the arms as well as
the causes of hostility: the worker has custody of the materials of the
employer and transforms them in his own good time, in his own home,
free of supervision. The only resource of the merchant is his limited
control over the income of his employees: if he pays them little enough,
they are compelled to work for fear of hunger; and if he abates their
pay for any departure from standards of quality, they are compelled to
maintain a minimum level of performance. To be sure, the exercise of
such constraints is contingent on the establishment of some kind of
monopsonistic bond between employer and worker; otherwise the
employer can do no more than accept the prevailing market price for
labour. That such a nexus did in fact often exist—because of actual
monopsony in some areas, or personal ties, or debt—and that it led to
abuses, seems incontrovertible.” There is a substantial body of folklore
built around the figure of the grasping clothier and his even greedier
minion, Jimmy Squeezum.

On the other hand, it is equally clear that these controls were at best
spotty and limited in effect; that the worker early learned to eke out his
income by setting aside for his own use or for resale some of the raw
materials furnished by the merchant. Such embezzlement was usually
effected at the expense of the finished product: the yarn was sized to
give it false weight; the cloth was stretched up to and beyond the point
of transparency. Nor was there any feeling of moral compunction
about such abstraction; it was looked upon as a normal perquisite of the
trade, more than justified by the exploitation of the manufacturer.

The employer’s control over labour was strongest in a declining
market. At such times, the menace of unemployment hung heavy over
the domestic workers, and indeed, from the manufacturer’s point of
view, one of the greatest advantages of the putting-out system was the
ease of laying off labour; overhead costs were minimal. (Later on,

1t Cf. Frangois Crouzet, ‘La formation du capital en Grande-Bretagne pendant la
Révolution Industrielle’, Deuxiéme Conférence Internationale d’Histoire Economique, Aix-
en-Provence 1962. [Ecole Pratique des Hautes Etudes, Sorbonne, Sixitme Section:
Sciences Economiques et Sociales, ‘Congres et colloques’, vin] (Paris, 1965), pp. 589~
640.

* For one example of the role of debt in holding a worker to his employer, cf.
T. S. Ashton, ‘The Domestic System in the Early Lancashire Tool Trade’, Econ. Hist.
Rev. 1 (1926), 136. )
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when the alternative of concentrated factory production became
available, many an entrepreneur, in the continental countries especially,
delayed shifting over because of the flexibility of the older arrangements.)
In the eighteenth century, however, the British putter-out was con-
fronted with a secularly expanding market, which sapped industrial
discipline while aggravating the conflicts endemic in the system. Thus
the worker’s predilection for embezzlement, sharpened in depression
by the desire to compensate for increased abatements and lack of work,
was nowise dulled in prosperity; on the contrary, the reward for theft
was greater.

What is more, though the system was flexible downwards, expansion
of output was difficult. Up to a point, rural manufacture expanded
easily by opening new areas—moving from the environs of the manu-
facturing towns into nearby valleys, invading less accessible mountain
regions, spreading like a liquid seeking its level, in this case the lowest
possible wage level. It was in this way that the woollen industry filled
the dales of Wiltshire and Somerset and came to thrive all along the
Welsh marches by the end of the sixteenth century; on the Continent,
the growing woollen fabrigues of Verviers and Monschau were secking
their weavers in the Limburg by the mid-eighteenth century, while the
cotton manufacture of Normandy, after covering the Paysde Caux, was
spilling over into Picardy.

But in eighteenth~century Britain, the possibilities of geographical
expansion had been largely exhausted. The most accessible areas had
been explored and drawn into the system. The worsted weavers of the
West Riding were buying yarn in the northern dales and as far afield as
East Anglia. In Lancashire, by mid—century, weavers were walking miles
to collect the weft needed to keep their looms busy the rest of the day
and buying the spinsters with ribbons and other vanities. Much of the
difficulty was due to the difference in labour requirements for spinning
and weaving: it took at least five wheels to supply one loom, a pro-
portion ordinarily at variance with the composition of the population.
So long as it was merely a question of finding rural spinsters—whose
husbands worked in the fields—to furnish yarn to urban weavers, there
was no problem. But once weaving spread to the countryside and the
men gave up cultivation for industry, the imbalance was bound to
become an obstacle to expansion. There is evidence that some spinners
had begun to specialize in particular types of yarn by the middle of the
cighteenth century, that a division of labour had come about, in parts
of Lancashire at least, in response to the pressure of demand. But this
was hardly enough, given the state of technology, and the price of
yarn rose sharply from the late seventeenth to the mid-eighteenth
century.
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Essentially the increase was due to the ever-wider dispersion of the
labour force, for nominal spinning wages changed little. The cost of
transport was high to begin with; even more serious, in a world of
poor communications, the price of moving goods is not a smooth
function of distance; costs jump sharply each time one has to cross a
natural barrier or bridge gaps in the network of roads and waterways.
Sooner or later, therefore, the expanding manufacturer was caught in
a cost cage and compelled to seek higher output from within his zone of
operations.”

In the long run, to be sure, he could expect immigration and natural
increase to augment his labour force. Thus there was considerable
movement of population in spite of restrictions due to the laws of
settlement; Lancashire in particular was a kind of internal frontier,
attracting thousands from the adjacent counties as well as from Ireland
and Scotland well before the coming of machinery and the factory. And
industrial activity, by providing new resources, made possible extensive
division of the land, encouraged early marriage, and gave rise to
densities of settlement that would otherwise have been inconceivable.
Professor Habakkuk and others have called attention to the attraction of
industry for overpopulated areas;? but here, as so often in history, the

rocess is one of reciprocal reinforcement: rural industry frequently
aid the basis of what was eventually to become overpopulation.’

Yet migration and natural increase are slow-acting palliatives. In the
short run, the manufacturer who wanted to increase output had to get
more work out of the labour already engaged. Here, however, he
again ran into the internal contradictions of the system. He had no way
of compelling his workers to do a given number of hours of labour;
the domestic weaver or craftsman was master of his time, starting and
stopping when he desired. And while the employer could raise the

1 The above is not intended to imply that there was a profit squeeze (for which T
have no evidence); simply that the costs of distribution and collection set spatial limits
to the labour market, even under conditions of rising demand. But given the nature of
putting-out, in particular the worker’s temporary custody of the raw materials, one
can conceive of the possibility that an increase in demand for and price of the finished

article would so encourage pilferage (on which, see below), that labour cost per unit
would rise sharply and profits diminish—at least until countermeasures could be taken.

? Cf. H. J. Habakkuk, ‘Family Structure and Economic Change in Nineteenth-
Century Europe’, J. Econ. Hist. xv (1955), 1-12; Joan Thirsk, ‘Industries in the
Countryside’, in F. J. Fisher, ed., Essays in the Econamic and Social History of Tudor and
Stuart England in Honour of R. H. Tawney (Cambridge, 1961), pp. 70-88.

3 Perhaps the best study of the social and psychological, as well as economic,
mechanisms by which the introduction of industry into the countryside promotes a
higher rate of population growth is provided by Rudolf Braun’s pioneering study of
the Zurich highlands: Industrialisierung and Volksleben: Die Verdnderungen in einem
lindlichen Industriegebiet vor 1800 (Erlenbach-Zurich and Stuttgart, 1960).
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piece rates with a view to encouraging diligence, he usually found that
this actually reduced output. The worker, who had a fairly rigid con-
ception of what he felt to be a decent standard of living, preferred
leisure to income after a certain point; and the higher his wages, the less
he had to do to reach that point. In moments of affluence, the peasant
lived for the day; gave no thought to the morrow; spent much of his
meagre pittance in the local inn or alehouse; caroused the Saturday of
pay, the sabbath Sunday, and ‘Holy Monday’ as well; dragged himself
reluctantly back to work Tuesday, warmed to the task Wednesday,
and laboured furiously Thursday and Friday to finish in time for
another long weekend.”

Thus precisely at those times when profit opportunities were greatest,
the manufacturer found himself frustrated by this unreasonable inver-
sion of the laws of sensible economic behaviour: the supply of labour
decreased as the price rose. Nor was the other tack more effective.
Outright wage cuts were not feasible in the face of increasing demand,
for there was a limit to the employer’s hold over his workers. More
common were surreptitious increases in the worker’s task: he was
given longer warps or less credit for waste; or procedures of measuring
and weighing were altered in the employer’s favour. This kind of
cleverness, however, brought with it its own penalties. The resentful
workers were incited thereby to embezzle the more, and frictions
built into the system were correspondingly aggravated. The cighteenth
century saw a persistent effort to halt the theft of materials by making
embezzlement a criminal offence, providing employers and law
officers with special rights of search and seizure, placing the burden of
proof on any person holding materials he could not account for, and
repeatedly increasing the penalties for violation. These last included
corporal punishment, for fines were of no effect on penniless spinners
and weavers. The very iteration of these acts is the best evidence of their
ineffectiveness; by the last quarter of the century the black market in
wool and yarn had become an organized business and many a cotton
manufacturer was said to have begun his career by buying materials

* Adam Smith (Wealth of Nations, Book 1, ch. vm) perceptively noted the con-
nection between intense application and prolonged relaxation, and argued that the
former gave rise to the latter. Cf. T. S. Ashton, An Economic History o_/g England: the
Eighteenth Century (London, 1955), p. 205. This interpretation seems to put the cart
before the horse. It was because the worker preferred this kind of leisure and could
achieve it by working at full speed for two or three days that he adopted this sporadic
pattern; not because he enjoyed working himself to the limit for a few days and
needed a long weekend to rest. The latter position is equivalent to arguing that
students rest the first three months of the term because of the heavy ‘cramming’ they
do for final examinations.
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from this source.® Similarly the laws to compel workers to finish their
tasks promptly and to fulfil their obligations to one employer before
hiring out to another—a problem that apparently grew with the demand
for labour—were little more than admissions of difficulty and expres-
sions of intent. The discipline of the industrial system was breaking
down.

The shift in attitude toward the labouring poor in the late seventeenth
and early eighteenth centuries reflects in part the employer’s frustration
and vexation. Where once poverty had been looked on as an unavoid-
able evil and the poor man as an object of pity and a responsibility to his
neighbour, now poverty was a sin and the poor man a victim of his own
iniquity. Defoe is only the clearest and most effective spokesman for
this viewpoint, which castigated the worker for the sloth that made
him waste his time in idleness and low diversion, and the vice that led
him to squander his scanty resources on alcohol and debauchery. This
virtuous indignation seems to have softened from the middle of the
century; at least writers on economic matters were beginning to
argue that labour was not incorrigibly lazy and would in fact respond
to higher wages. Mr Coats has suggested that this shift owed much to
the introduction of machinery and the promise of a definitive solution
to the problem.? Perhaps; in the meantime, the businessman continued
sceptical, and in places like Manchester people were still told in 1769
that the ‘best friend” of the manufacturer was high provisions.> One
can understand why the thoughts of employers tumed to workshops
where the men would be brought together to labour under watchful
overseers, and to machines that would solve the shortage of manpower
while curbing the insolence and dishonesty of the men.

Yet if the presence of this growing need for a change in the mode of
production clarifies the demand side of technological innovation, it
will not suffice to explain the supply side: the conditions that made
possible the devising of new methods and their adoption by industry.
One thing seems clear: if Britain was the country that felt most keenly
the inadequacy of the prevailing system, she was not the only one. The
major continental centres were also disturbed by shortages of labour
and the abuses of domestic manufacture. As noted above, the weavers

I Travis, Notes. . .af Todmorden and District (1896), p. 36, cited by Wadsworth and
Mann, Cotton Trade, p. 399.

* A. W. Coats, ‘Changing Attitudes to Labour in the Mid-Eighteenth Century’,
Econ. Hist. Rev. 2nd ser. x1 (1958), 46-8.

3 Arthur Young’s famous testimony, from bis Six Months Tour Through the North of
England (4 voks.; London, 1770), m, 248-9. Cf. Edgar S. Furniss, The Position of the
Laborer in a System of Nationalism (New Haven, 1920), pp. 98-105.
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and merchant-manufacturers of Normandy and Verviers, of the Rhine-
land and Saxony, were obliged to find their yarn over an ever wider
radius, often in the face of laws in the country of origin forbidding its
export to competitors. Nor was this the first time in history that
demand had pressed hard on the capacity of craft and domestic manu-
facture: in medieval Italy and Flanders analogous difficulties arose
without calling forth an industrial revolution.

The problem may be broken down into two aspects: the conditions
governing the invention of labour-saving devices; and those determin-
ing the adoption of these devices and their diffusion in industry.

On the first, it would seem clear, though by no means easy to demon-
strate, that there existed in Britain in the eighteenth century a higher
level of technical skill and a greater interest in machines and ‘gym-
cracks’ than in any of the other countries of Europe. This should not be
confused with scientific knowledge; in spite of some efforts to tie the
Industrial Revolution to the Scientific Revolution of the sixteenth and
seventeenth centuries, the link would seem to have been an extremely
diffuse one: both reflected a heightened interest in natural and material
phenomena and a more systematic application of empirical searching.
Indeed, if anything, the growth of scientific knowledge owed much to
the concerns and achievements of technology; there was far less flow of
ideas or methods the other way; and this was to continue to be the
case well into the nineteenth century.”

All of which makes the question of British mechanical skill the more
mysterious. The testimony of contemporary observers on this point is
mixed: some found the British creative as well as highly gifted crafts-
men; others looked upon them as simply clever imitators; there is no
evidence before the great innovations of the eighteenth century of any
exceptional reservoir of talent in this sphere. To be sure, there were the
millwrights, clock-makers, joiners, and other craftsmen whose experi-
ence in construction and contriving trained them in effect to be the
mechanics of a new age. But England was not the only country with
such artisans, and nowhere else do we find this harvest of inventions.

Yet if there is no positive evidence of a superior level of technical
skill in Britain, there is a strong indirect argument for this assumption:
even after the introduction of the textile machines (and the new metal-
lurgical and chemical techniques, as well), the continental countries
were not prepared to imitate them. The most effective of the early
copies were almost all the work of British emigrant mechanics, and it
was a matter of decades before the rest of Europe freed itself from
dependence on British skills. Nor was this long apprenticeship drawn

* This was true even of the stcam-engine, which is often put forward as the prime
example cf science-spawned innovation. See below, p. 104.



62 THE UNBOUND PROMETHEUS

out simply because of a desire to employ more productive workers.
The English artisans who came to the Continent were costly, homesick,
insubordinate. Their employers could hardly wait to be rid of them.

Why the British developed these skills earlier and faster than others is
another matter. Was it because corporate controls of production and
apprenticeship had largely broken down by the end of the seventeenth
century, whereas the continued influence of guild organization and the
active supervision of mercantilistic governments on the Continent
tended to fix techniques in a mould and stifle imagination?' Is the
Encyclopédie, with its careful descriptions of the proper way to do
things, a symbol of this rigidity? Or was it because the avenues of
social advancement were different in Britain than in the aristocratic
monarchies of the Continent, that talent was readier to go into business,
projecting, and invention than in more traditionalistic societies? One is
struck by the middleclass origins of most of the creators of the first
textile machines. John Kay was the son of a ‘substantial yeoman’;
Lewis Paul, the son of a physician. John Wyatt’s background is
vague, but he had attended grammar school and was presumably from
the kind of family that felt schooling was desirable. Samuel Crompton’s
father was a farmer who produced cloth on the side and was apparently
comfortably situated. Edmund Cartwright was the son of a gentleman
and a graduate of Oxford. It was not discreditable in the eighteenth
century for children of good families to be apprenticed outto weaversor
joiners.* Manual labour and dexterity were not stigmata of the peuple,
as opposed to the bourgeoisie.

1 See Gabriel Jars’s comparison of Sheffield, where industry was still fettered by the
guild system in 1764-5 (though the growth of certain enterprises had burst these bonds),
and Birmingham, where any man could engage in any business and at most 20 per cent
of the workers had properly served their apprenticeships. “The multiplicity of trades
has given rise to emulation such that each manufacturer is ceaselessly occupied in
inventing new means of cutting down labour costs and thereby increasing his profits.
This has been pushed to such an extent that it seems unthinkable that ironmongery
can be produced anywhere so cheaply as in Birmingham.’ Chevalier, ‘La mission de
Gabriel Jars’, Trans. Newcomen Soc. xxv1 (1947/8 and 1948/9), 63.

* Thus Peter Ewart, son of a Scots clergyman, one of whose brothers became minis-
ter to the Prussian court, another a physician, a third, partner to John Gladstone in the
Liverpool trade: because of his talent for mechanical matters, he was apprenticed as
a millwright to John Rennie. W. C. Henry, ‘A Biographical Notice of the Late Peter
Ewart, Esq.”, Memoirs of the Literary and Philosophical Society of Manchester, and ser.
v (1846). Or James Watt, father of the famous inventor: son of a mathematics
teacher who was an Elder of the presbytery and Kirk Treasurer at Cartsdyke (Scot-
land), he was apprenticed to a carpenter-shipwright. His brother was trained in
mathematics and surveying. S. Smiles, Lives of Boulton and Watt (London, 1865),
pp. 81-3. Ot Charles Tennant, son of a farmer and *factor to the Earl of Glencairn’,
who was apprenticed to a weaver. E. W. D. Tennant, ‘The Early History of the
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A further consideration suggests itself. Was it not only that the
English atmosphere was more favourable to change, but also that
special experience in certain areas provided unique facilities for training ?
What, for example, was the role of the Newcomen engine in shaping
English metallurgy and machine construction? Or does the explana-
tion lie simply in the greater need for innovation on the island (2 matter
of degree, to be sure, but questions of degree can often be decisive):
need for labour-saving devices in a textile manufacture whose products
lent themselves to mass production; for effective pumping equipment
in mines; for ways to make use of mineral fuel in a country with the
largest appetite for iron in the world?

The fresh and important researches of A. E. Musson and Eric
Robinson offer an impressive picture of the energy with which Lanca-
shire mobilized and trained technological skill in the second half of the
eighteenth century—importing craftsmen from as far away as London
and Scotland and capitalizing on its own strong traditions of skilled
labour to turn joiners into millwrights and turners, smiths into foundry-
men, clock-makers into tool and die cutters.” Even more striking is
the theoretical knowledge of these men. They were not, on the whole,
the unlettered tinkerers of historical mythology. Even the ordinary
millwright, as Fairbairn notes, was usually ‘a fair arithmetician, knew
something of geometry, levelling, and mensuration, and in some
cases possessed a very competent knowledge of practical mathematics.
He could calculate the velocities, strength, and power of machines:
could draw in plan and section....”* Much of these ‘superior attain-
ments and intellectual power’ reflected the abundant facilities for
technical education in ‘villages’ like Manchester during this period,
ranging from Dissenters’ academies and learned societies to local and
visiting lecturers, ‘mathematical and commercial’ private schools with
evening classes, and a wide circulation of practical manuals, periodicals,
and encyclopaedias.

Whatever the reasons for British precocity in this domain, the results
are clear; and equally clear is the relative ease with which inventors

St Rollox Chemical Works’, Chemistry and Industry, 1 November 1047, p. 667.
Similarly, there was no derogation in marrying a craftsman. See the pedigree of the
Pilkington family in the eighteenth and early nineteenth centures. T, C. Barker,
Pilkington Brothers and the Glass Industry (London, 1960), pp. 20-30.

* A. E. Musson and Eric Robinson, ‘The Origins of Engineering in Lancashire’,
J. Econ. Hist. xx (1960); “Science and Industry in the Later Eighteenth Century’,
Econ. Hist. Rev. 2nd ser. x11 (1960). Also G. H. Tupling, * The Early Metal Trades and
the Beginnings of Engineering in Lancashire’, Trans. Lancashire and Cheshire Anti-
guarian Soc. 1x1 (1949), 25 .

* Wm, Fairbairn, Treatise on Mills and Millwork (2nd ed.; 2 vols.; London, 1864),
I, vi.
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found financing for their projects and the rapidity with which the pro-
ducts of their ingenuity found favour with the manufacturing com-
munity—if anything, too much favour, for many of the earlier
inventors spent more time enforcing their patent rights than earning
them.! Some have accounted for this swift diffusion of change by the
relatively greater accumulation of capital in Britain than anywhere else
in Europe except Holland (which was kind enough to send some of its
surplus funds to England, rather than invest them in its own industry).
They argue that the greater supply of capital was reflected in lower
interest rates, which tended to decline in the course of the eighteenth
century, and that this in turn made change that much less costly and,
pari passu, that much more profitable and attractive.?

The argument is persuasive, but the historical facts tend to modify it
at a number of points, diminish its import at others. On the one hand, it
is most unlikely that differences in the rate of interest of the order of
two, three, even half-a-dozen points are a decisive consideration where
the mechanical advantage of innovation is as great as it was for the
early textile machines. One can understand that the timing of canal and
road construction, or similar costly projects of slow gestation, was
affected by shifts in the rate of interest, in part because the very possi-
bility of flotation was frequently dependent on an easy money market.
But for the prospective textile entrepreneur, the problem was not
'whether his profits would cover 6 per cent or 12 per cent on borrowed
capital, but whether he could raise the capital at all.

In this regard, the cotton manufacturer of the eighteenth century was
favoured by the very newness of the Industrial Revolution. The early
machines, complicated though they were to contemporaries, were

I A number of writers have laid stress on the incentive effect of patent legislation.
Iam inclined to doubt its significance. This kind of protection was not new; the basis
of the system was laid by the Statute of Monopolies of 1624. In our period, the cost
and difhculty of obtaining a patent was rising steadily. Cf. Witt Bowden, Industrial
Society in England Towards the End of the Eighteenth Century (New York), 1925, pp.
26-30. At the same time, there was good reason to doubt the efficacy of patents
against determined competitors, as numerous inventors learned to their sorrow, and
many an entrepreneur placed his reliance on secrecy, rather than the law.

* This was the position of Prof. T. S. Ashton in his Industrial Revolution, 1760-1830
(‘Home University Library’, London, New York, and Toronto, 1949), pp. 9-11,
90-1, but he has since modified it considerably, emphasizing, not cost of capital but its
availability. The rate of return on government securities was important, he argues,
because of the 5 per cent ceiling on the rate of interest: when the funds fell and the
return (including the prospect of capital gains) rose, capital would shift in that direc-
tion, diminishing the supply to industry and trade. An Economic History of England:
the Eighteenth Century, pp. 26-9. There is an excellent discussion in L. S. Pressnell,
“The Rate of Interest in the Eighteenth Century’, in Pressnell {ed.), Studies in the
Industrial Revolution (London, 1960), pp. 190-7.
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nevertheless modest, rudimentary, wooden contrivances, which could
be built for surprisingly small sums. A forty-spindle jenny cost perhaps
£6 in 1792; scribbling and carding machines cost £1 for each inch of
roller width; a slubbing billy with thirty spindles cost £10. 105." And
these were new. Similar equipment was frequently advertised in used
condition at much lower prices. The only really costly items of fixed
investment in this period were buildings and power, but here the
historian must remember that the large, many-storeyed mill that awed
contemporaries was the exception. Most so—called factories were no
more than glorified workshops: a dozen workers or less; one or two
jennies, perhaps, or mules; and a carding machine to prepare the
rovings. These early devices were powered by the men and women
who worked them.? Attics and cottages were reconverted for the
purpose; later on a steam-engine mightbe added to this kind of impro-
vised structure. Moreover, there were premises to rent—here we have
another example of the responsiveness of English capital to economic
opportunity. Not only were complete buildings offered to prospective
tenants, but larger mills were subdivided and let in small units. So
that an industrialist could in fact start with a minimal outlay—renting his
plant, borrowing for equipment and raw materials, even raising funds
for payment of wages by contracting in advance for the finished product.
Some no doubt began with nothing more than the dapital accumulated
by petty local trading in yarn and cloth; others, as noted above, ap-
parently built their fortunesin the black market for embezzled materials.

On the other hand, a good many of the early mill owners were men
of substance—merchants whose experience in selling finished com-

¥ W. B. Crump (ed.), The Leeds Woollen Industry, 1780-1820 (Leeds: The Thoresby
Society, 1931), pp. 212-13, 293; also Herbert Heaton, ‘Benjamin Gott and the
Industrial Revolution in Yorkshire®, Econ. Hist. Rev. m (1931), s2. For purposes of
compatison, a cotton weaver earned perhaps 7s. 64. a week in 1770, a hand spinner
between 2s. and 3s. Thus the 4o-spindle jenny cost about two weeks wages of the
forty women it replaced. Wage figures from Wadsworth and Mann, Cotton Trade,
Pp- 402-3. A traditional hand-Joom cost more than ajenny; anywhere from £7to £10.

* The first application of water power to the mule was apparently in 1790 at the
New Lanark mills. The increased drive made possible ‘double mules’ of 400 spindles;
thus capital bred capital. George W. Daniels, The Early English Cotton Industry
{Manchester, 1920), p. 125. It is not clear when the steam-engine was first so used—
perhaps in the late 1780’s, certainly in the carly 1790’s. A large proportion of these
early engines were employed, not to drive the machinery directly, but to raise water
upon a wheel; some of them, indeed, were Savery-type steam pumps (see below,
p- 101), which were preferred to more efficient machines because of their lower initial
cost. An engine delivering 2-4 h.p. could be had new for between £150 and £ 200.
Alarger Boulton and Watt rotative engine (15-z0h.p.) cost four or five times as much.
Steam came carlier to frame spinning: Arkwright’s atmospheric engine at Shudehill
(Lancs.), to raise water for a wheel, was installed in 1783. A. E. Musson and E. Robin-
son, “The Early Growth of Steam Power’, Econ. Hist. Rev. 2nd ser. 1 (1959), 418-39.
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modities had alerted them to the possibilities of large-scale, mechanized
production; putters-out, who had had direct experience in manufacture;
even independent small producers with enough set by to change their
methods and expand. Thus of 110 cotton spinning mills established in
the Midlands in the period 1769-1800, 62 were the creations of hosiers,
drapers, mercers, and manufacturers from other districts or from other
branches of the textile industry.* This previous accumulation of wealth
and experience was a major factor in the rapid adoption of techno-
logical innovation—as it was in industries like iron and chemicals. We
are now come full circle: the inventions came in part because the
growth and prosperity of the industry made them imperative; and the
growth and prosperity of the industry helped make their early and
widespread utilization possible.

All of which serves to emphasize an important caution: it was not
capital by itself that made possible Britain’s swift advance. Money
alone could have done nothing; indeed, in this regard, the entrepreneurs
of the Continent, who could often count on direct subsidies or mono-
poly privileges from the state, were better off than their British counter-
parts. What distinguished the British economy, as we have already had
several occasions to remark, was an exceptional sensitivity and re-
sponsiveness to pecuniary opportunity. This was a people fascinated
by wealth and commerce, collectively and individually.

Why this was so is a question worthy of investigation. Certainly the
phenomenon was closely related, as both cause and effect, to the alteady
noted openness of society; and this was linked in turn to the peculiar
position and character of the aristocracy.

Britain had no nobility in the sense of the other European countries.
She had a peerage, composed of a small number of titled persons, whose
essential and almost unique perquisite was the possibility of sitting in
the House of Lords. Their children were commoners, who often
received, to be sure, courtesy titles in token of their high birth, but were
no different in civil status from other Britons. Even the peers had only
the most modest privileges: trial by their fellow noblemen in criminal
proceedings, for example, or the right of direct access to the sovereign.
They did not enjoy fiscal immunities.

Below the nobility stood the gentry or so-called squirearchy, an
amorphous group, without legal definition or status, that had no
equivalent on the Continent. Its edges were blurred, its ranks loosely

* This figure of 62 actually understates the role of textile men in the new factory
cotton manufacture, for it does not include some fifteen mills established by Arkwright,
Strutt, and partners, most of whom were drawn from this milieu. Stan},cy D. Chap-
man, The Early Factory Masters: The Transition to the Factory System in the Midlands
Textile Industry (Newton Abbot, 1967), p. 78.
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and heterogeneously constituted. Some gentry were of noble ante-
cedents; others had made their fortunes in trade or the professions or
government service and had purchased estates as much for their social
prestige as for their income; others were scions of old country families;
still others were farmers or yeomen grown wealthy. They had two
things in common: land ownership and a way of life that was a vestige
of medieval seignorialism. These were the local notabilities—lords of
the manor, justices of the peace, county sheriffs. With the peers, they
were the true rulers of provincial Britain.

Both nobility and gentry generally practised primogeniture: the
oldest male child inherited both title (where pertinent) and land. This
had two large consequences: it increased the economic burden of the
head of the family; and it compelled most of the children to earn their
living, in whole or part.

Thus it was no easy task to preserve and if possible increase the family
estate for transmission to one’s heir while finding places for younger
sons and dowries for daughters. Daniel Finch, Earl of Nottingham, put
the point well in a letter of 1695 to his executors; he favoured primo-
genitary strict settlement, he wrote,

not so much out of a vain affectation of contnuing a great estate in my
family, as because {my son] will thereby be under a necessity of observing
some good economy that he may be able to provide for his younger children,
and consequently will not run into that foolish or extravagant way of living
which debauches and corrupts the manners of many famuilies, as well as ruins
their fortunes. ...

To be sure, British society had provided careers for cadets of good
family: remunerative offices in government; Church livings; commis-
sions in the armed forces; a growing number of potentially lucrative
situations in the colonies (not really important unti! the second half of
the eighteenth century). Yet excessive and otiose as many of these
places appeared to contemporary reformers, they were not enough to
satisfy the demand, as the competition for patronage testifies, and they
had to be shared with such other groups as the legal profession and the
mercantile interest. Sinecures and offices came high, and it was a rare
father who could place more than two or three sons well. To quote
Nottingham again: ‘no estate can provide so fully for younger children,
but that they must in great degree help themselves’. The fourth and
fifth sons, of gentry anf even noble families, would have to be appren-
ticed to trade—not the trade of the shop, to be sure, but the interna-

! Quoted by H. J. Habakkuk, ‘Daniel Finch, 2nd Earl of Nottingham: His House
and Estate’, in J. H. Plumb (ed.), Studies in Social History: A Tribute to G. M. Trevelyan
(London, New York, Toronto, 1955), p. 156.
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tional commerce that was at once the pride of the English economy and
the seed-bed of new houses.

Admittedly, there were rarely as many as four or five sons that sur-
vived to manhood, and the flow of gentle talent into business was
presumably small.? Certainly it was less important in the eighteenth
century than it had been in earlier periods, partly perhaps because the
royal house brought with it from Hanover strong German prejudices
against this kind of mobility, partly because the proliferation of office
and the extension of British dominion were opening up alternative
opportunities that were more attractive and preferentially accessible.3
Yet it was not so much the substantive contribution to enterprise that
counted, as the symbolism of the example, the sanction that this legiti-
mate participation, however small, conferred on trade as a respectable
activity and on pecuniary rationality as a way of life.

In the meantime, the head of the family had to build the patrimony
and make it work for him and his children. Not all landowners did
well in the contest for fortune or even tried, but at their best they
formed a class of ‘spirited proprietors’ that warmed the hearts of
improvers like Arthur Young. Noble or gentle, they lived on their
estates (and not at the court), rode their lands and noted their yield,
sought 1mprovements to enhance traditional revenues, conceived new
ways to produce income. They rarely cultivated or operated directly—
though one can cite contrary instances like Thomas Fitzmaurice,
brother of the Earl of Shelburne, who, among other enterprises,
bleached and sold the linens woven by his Irish tenants.* (Even if they

! Much depended, however, on necessity and opportunity. In Scotland, the gentry
were poor and had few claims to preferment. The Established Church was closed to
them; the prospect of fighting the battles of England, unattractive; foreign commerce
and colonial enterprise offered few employments until the century was well advanced.
The more intellectual could prepare for the Bar, but these were necessarily few. Many
sought their livelihood, therefore, as shopkeepers, alias ‘merchants’. As Henry G.
Graham puts it in his classic study, *...in those days, a gentleman’s son felt it as
natural to fall into trade as for a rich tradesman to rise out of it’. The Social Life of
Scotland in the Eighteenth Century (4th ed.; London, 1950), p. 33.

2 We really do not know how important, absolutely or relatively, was the partici-
pation of these younger sons of noble or gentry families in business. A systematic
survey of the entrepreneurs of the Industrial Revolution would be immensely valuable,
though difficulties of definition (what is active participation?) would confuse the
issue, especially as regards the aristocratic contribution. In the meantime, we are
reduced to discrete impressions. Cf. Walter E. Minchinton, ‘The Merchants in
England in the Eighteenth Century’, Explorations in Entrepreneurial History [henceforth
Explorations), x (1957), 62.

3 For the earlier period, see Lawrence Stone, ‘“The Nobility in Business’, ibid.
pp. 54-61.

4 A. H. Dodd, The Industrial Revolution in North Wales (Cardiff, 1933),

PpP. 32-3.
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had made their fortune in trade and continued in the firm, they inevi-
tably gave less time to mercantile concerns.) Rather they leased their
land to tenants—peasants, commercial farmers, or industrial contractors.
When they financed business ventures, it was as creditors more than as
partners; or they bought shares in joint-stock companies and trusts.
Their interests were generally handled by stewards, agents, and
solicitors, and this exposed them to abuses of confidence. Yet that was
all the more reason to supervise their affairs closely, and many of them
made the decisions that are the hallmark of active entrepreneurship.
A significant few opened mines, built iron works and mills, dug canals,
developed ports, and leased their urban properties for building. What is
more, they anticipated demand, undertook investmentson speculation,
advertised if necessary for tenants, and stood ready to operate their
installations through agents or partners if no lessees were forth-
coming,.

They also enclosed the land, concentrated their holdings, introduced
or found tenants who would introduce better crop rotations and
techniques of cultivation, helped spread new ideas about the country.
This is not the place to discuss the so-called ‘agricultural revolution’ of
the eighteenth century, or to assess the benefits or injustices that
accompanied it. My aim here is to underline the generality of this spirit
of innovation and its effects; and also to recall the well-known fact that
this was a society that interposed relatively few institutional barriers to
a fundamental change of this kind. The Tudor monarchy may have been
concerned about enclosures; the parliamentary regime of the eighteenth
century was less paternalistic. For good or evil, Britain’s countryside
was being kneaded like dough; and the improving landlords were a
powerful leaven.

It is probable that such industrial ventures as people “of name’ under-
took were on the whole less remunerative than competitive efforts by
‘professional’ businessmen; or for that matter, that the great estates
could not bear comparison with the lands of the small proprietors in
their neighbourhood.? It is also true that the nobility and gentry tended
over time to change from active entrepreneurs into rentiers; this was
the experience, for example, of areas like Wales and Northumberland,
where large coal and ore deposits had initially provided a favourable
base for industrial activity by landowners. Yet the significance of these
efforts lay in the efforts themselves, not in their return. Once again it
lay in the legitimacy conferred on innovation and the pursuit of wealth
as a way of life.

A comparison will illuminate the argument. Thus far I have treated

' Cf. Adam Smith, Wealth of Nations, Book 1m, ch. m; Arthur Young, Travels
during the Years 1787, 1788 and 1789, 1, 90, 99, 108, and especially 198.
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this permeation of country life by the spirit of enterprise and calculation
as a consequence of social structure and the system of inheritance. There
was undoubtedly more to it. In part, it reflected the quickening pace of
the economy : new men kept moving up and the older families had to
move faster to hold their own. In part, it was probably a response to
new opportunities, in particular, to the increasing demand for resources
that lay in the hands of the landed proprietors. Yet this response was
neither necessary nor inevitable. It would have been just as easy for the
nobility and gentry to turn their backs on their new rivals and break off
competition by defining the means of their ascension as intrinsically
ignoble. This is what the aristocracy of Europe had done in the Renais-
sance, when it had developed the very idea of the gentleman as a
weapon against the pretensions of the bourgeoisie.” And this was to be
the reaction of much of Europe’s aristocracy in the nineteenth century
in the face of industrial revolution and a corresponding shift in the
balance of political power. The British nobility and gentry chose to
meet the newcomers on middle ground: they affirmed their distinction
of blood or breeding; but they buttressed it with an active and produc-
tive cultivation of gain.

This momentous decision was self-reinforcing. The concern of the
British gentleman for the accretion of his fortune made him a partici-
pant in society rather than a parasite upon it—whatever judgement one
may pass on the character of this participation. Business interests
promoted a degree of intercourse between people of different stations
and walks of life that had no parallel on the Continent. “We used to sit
down to dinner,” wrote Lord Hervey in 1731, ‘a little snug party of
about thirty odd, up to the chin in beef, venison, geese, turkeys, etc.;
and generally over the chin in claret, strong beer and punch. We had
Lords Spiritual and Temporal, besides commoners, parsons and free-
holders innumerable.”* Compare Arthur Young’s reflections on a visit
with the Duc de la Rochefoucauld:3

At an English nobleman’s, there would have been three or four farmers
asked to meet me, who would have dined with the family amongst the ladies
of the first rank. Ido not exaggerate, when I say, that I have had this at least
an hundred times in the first houses of our islands. It is however, a thing that
in the present state of manners in France, would not be met with from Calais
to Bayonne, except by chance in the house of some great lord that had been
much in England, and then not unless it was asked for.

I See the article by Arthur Livingston on ‘Gentleman, Theory of the’ in the En-
cyclopaedia of the Social Sciences and the references given there.

* A. Goodwin (ed.), The European Nobility in the Eighteenth Century (London,
1953), P- 4-

3 Young, Travels, 1, 207.



THE INDUSTRIAL REVOLUTION IN BRITAIN 71

Or, to return to Britain, consider the friendship of Robert Hewer,
successful supercargo and trader turned landowner and lord of the
manor of Manadon (near Plymouth), with the Duke and Duchess of
Bedford: he spent weeks as their guest at Woburn Abbey, where he
was ‘of all their parties of pleasure !’; and the visit was repeated several
times.” Such a continuing relationship is more significant of true society
than a dozen marriages between noble blood and bourgeois gold pour
redorer le blason.*

Below the level of the gentry, there was no barrier between land and
trade—not even a permeable membrane. Given the rural character of
most industry and the intermittent claims of agriculture, many cultiva-
tors were at the same time manufacturers or middlemen or both. This
was true not only of textiles, but of branches like metallurgy where one
might think the nature of the manufacturing process would have im-
posed a more rigorous division of labour: witness Isaac Wilkinson,
Aaron Walker, Jedediah Strutt and others. Note that where similar
conditions prevailed on the Continent, one found the same combina-
tion of activities: the land brought forth industrial enterprise and
enterprisers. Yet again, what sets Britain apart is a question of degree.
Nowhere else, as we have seen, was the countryside so infused with
manufacture; nowhere else, the pressures and incentives to change
greater, the force of tradition weaker. It was all of a piece: improving
landlords, enclosures, commercial farming, village shops, putting-out,
mines and forges, the active mortgage market—all combined to break
the shackles of place and habit, assimilate country and city, and promote
a far wider recruitment of talent than would have otherwise occurred.
In a society of which four of five people lived on the land, this was a
powerful stimulus to overall development.

By the same token, the flow of entrepreneurship within business was
freer, the allocation of resources more responsive than in other econo-
mies. Where the traditional sacrosanctity of occupational exclusiveness
continued to prevail across the Channel, enforced sometimes by law but
in any case by habit and moral prohibitions, the British cobbler would
not stick to his last nor the merchant to his trade. It was not merely a
kind of negative phenomenon—that is, the absence of confining regula-
tions or opprobrious strictures; rather it was a positive drive, an
ambitious versatility that was always alive to the main chance. One

! Conrad Gill, Merchants and Mariners of the Eighteenth Century (London, 1961),
p- 138.

* There was much of that tcoo—on the Continent as well as Britain. But inter~class
alliances are to be found in all but rigid caste societies. The real test is not the union;

itis what follows: how many great families in such circumstances are willing to know
their new relations after the wedding?
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cannot but be impressed by a man like this Thomas Griggs, grocer and
clothier of Essex in the mid-eighteenth century, who invested and
speculated in real estate, fattened cattle for market, malted barley, lent
money on pawn.” Or like Thomas Fox, Quaker clothier of Wellington,
who was moved by hard times in the wool trade to look into the
possibilities of lead, calamine, or copper mining—or all three.?

One could extend the list considerably, but one final example will
have to suffice: Samuel Garbett of Birmingham, originally brassworker,
then merchant and chemist, partner in spinning, chemical (Birmingham
and Prestonpans, near Edinburgh), iron-smelting (Carron works,
Scotland), and flour-milling (Albion Mills, London) enterprises, and
shareholder in the Cornish Metal Co. (copper mines). To appreciate
the force of this drive for wealth, one must remember that these men
were risking their fortunes at each throw of the entrepreneurial dice.
With rare exceptions, there was no haven of limited liability. Garbett
went bankrupt in 1772 because of the failure of one of his partners.

Similarly, the structure of the firm was more open and rational in
Britain than in the continental countries. Everywhere, the fundamental
business unit was the individual proprietorship or the family partner-
ship, but where, in a country like France, the family firm was almost
always closed to outsiders, British entrepreneurs were far more willing
to enter into association with friends or friends of friends. Indeed, this
seems to have been the preferred way of raising capital to expand or of
attracting and attaching special skills to the enterprise. In textiles, a
capitalist like George Philips would seek out and take as partner an
experienced manager like George Lee, late employee of Peter Drink-
water; or an already hardened flax spinner like John Marshall, faced
with a crisis in the trade, could throw out his partners (“As they could
neither of them be of any further use, I released them from the firm and
took the whole upon myself’); and when, shortly after, though
mortgaged to the hilt, he determined to expand, would bring in new
ones for much larger amounts.3 In brewing, where the need for
capital was so great and urgent ‘that it could not be produced fast
enough from the profits of the firms’, ‘established concerns welcomed
into their partnerships bankers and merchants, who of necessity brought
in the social and political consequences of vast wealth made in other
fields’#* In machine building, it was probably skill more than capital

T K. H. Butley, ‘An Essex Clothier of the Eighteenth Century’, Econ. Hist. Rev.
2nd ser. x1 (1958), 289-301I.

* Herbert Fox, Quaker Homespun (London, 1938), pp. 46 f.

3 These were the Benyons, woollen merchants of Shrewsbury. W. Gordon
Rimmer, Marshall’s of Leeds, Flax-Spinners 17881886 (Cambridge, 1960), pp. 40-4.

4 Peter Mathias, ‘ The Entrepreneur in Brewing, 1700-1830", Explorations, x (1957),
73-6.
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that was the scarce factor, though it took thousands of pounds to turn
a repair shop into an engineering plant. Boulton and Watt are perhaps
the best model of this alliance of money and talent, but one could cite
many similar associations, with varying division of contributions and
responsibilities.! The pattern was probably most widespread in metal-
lurgy; there the requirements of both capital and talent were heavy,
and the partnership was the normal business form.? Even where a
firm was essentially a family affair—the Crawshay smelting mill at
Cyfarthfa or ironmongery in London, for example—outsiders were
brought in as nceded; bought out later if advisable; and new partners
found. Professor Ashton has pointed out the importance in this con-
nection of interfamilial associations of Dissenters: the bonds of a
common, persecuted religion proved almost as effective a business tie
as blood itself.?

The cohesiveness and mutual support of the nonconformist business
community was only one element in their commercial success. They
suffered numerous disabilities because of their religion, and business was
in many ways the most convenient outlet for their energy and ambition;
and their faith itself, with its stress on diligence, thrift, and rationality as
a way of life, was often a competitive advantage. They may also, as a
result of child-rearing practices that gave early scope for initiative and
freedom, have inculcated on their young a peculiarly intense need for
achievement. This at least is the contention of David McClelland, who
asserts that an independently established index of the need for achieve-
ment in England turns up sharply at the beginning of the eighteenth
century, just in time for the Industrial Revolution.* In any event, it is
surely no coincidence that Dissenters were most numerous in the North
and Midlands, the centres of most rapid industrial development; or that
a disproportionately large number of the leading entrepreneurs of the

* Thus Bateman and Sherratt of Salford: Fenton, Murray and Wood of Leeds;
Hazeldine, Rastrick and Co. of Bridgnorth (Salop); and somewhat later, Maudslay,
Son and Field of London; Nasmyth, Gaskell and Co. of Manchester; Sharp, Roberts
and Co. of the same city; et al.

* To be sure, some of the facilities available in textiles were present in metallurgy as
well. Thus landowners, desirous of increasing their incomes, were often ready to let
mineral rights on favourable terms and otherwise promote enterprisc on their estates;
sometimes, as at Cyfarthfa and Dowlais, leases fixed at absurdly low rates ran for a
century. Also, it was often possible to rent plants already built for a moderate sum.
Nevertheless, it took a thousand pounds or more to launch even a modest furnace or
forge; and a giant like Carron, capitalized at £12,000 at its founding in 1759-60, had
fixed plant valued at £47,400 a decade later. R. H. Campbell, “The Financing of
Carron Company’, Business History, 1 (1958), 21-34.

3 Ashton, Iron and Steel in the Industrial Revolution (2nd ed.; Manchester, 1951),
ch. 1x: ‘The Ironmasters’.

4 David C. McClelland, The Achieving Society (Princeton, 1961). The argument
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Industrial Revolution were from this group.! On the other hand,
Britain was not alone in having Calvinists, who played the role of an
entrepreneurial, leaven throughout Europe. What distinguished Bri-
tain was the extent to which her religious nonconformists conformed
to a wider social pattern; the entreprencurial differences were differences
of degree, and not of kind.

The same observations are relevant to the oft—ited thesis that price
inflation brought bigger profits, and that bigger profits made possible
industrial change.> Even if it could be shown that profits did increase
over the century and that it was higher prices that were responsible—
and the usual demonstration proves nothing of the sort—the fact
remains that Britain was not the only nation to have price inflation in
this period; that the best enterprises on the Continent made just as high
rates of profit and relied more, if anything, on self-financing.3 The
point again is not so much the rate of return as the manner of its use:
where British firms ploughed profits back into the business, their
competitors abroad too often transferred them from trade to more
honorific callings, or held them as a reserve in the form of land,
mortgage loans, and similar non-industrial placements.

Finally, a word should be said about the role of banks and bank
credit. In no country in Europe in the eighteenth century was the
financial structure so advanced and the public so habituated to paper

has been subjected to careful scrutiny by M. W. Flinn, ‘Social Theory and the Indus-
trial Revolution’, in Tom Burns and S. B. Saul, eds., Social Theory and Social Change
(London, 1967), pp. 9-32. Flinn finds significant differences in the child-rearing prac-
tices of Dissenter sects: by McClelland’s criteria, some were far less conducive to the
inculcation of ‘need-achievement’ than others. Flinn gives low marks to the Metho-
dists, whom McClelland makes much of; and gives the highest marks to the early
Quakers and the Congregationalists. On balance, he is inclined to give some weight
to McClelland’s thesis.

1 Cf. the survey of Everett Hagen, On the Theory of Social Change (Homewood, Ill.,
1962), pp. 305-8, based on men mentioned in Ashton’s little classic on the Industrial
Revolution.

* The locus classicus is Earl J. Hamilton, ‘Profit Inflation and the Industrial Revolu-
tion’, Quart. J. Econ. LVI (1041-42), 257-70. See also his earlier article, ‘ American
Treasure and the Rise of Capitalism, 1500-1700°, Economica, 1x (1929), 338-57,and
his reply to the criticisms of John U. Nef; ‘Prices and Progress’, J. Econ. Hist. x1t (1952),
32549,

3 See the excellent analysis of the problem in David Felix, ‘Profit Inflation and
Industrial Growth: the Historic Record and Contemporary Analogies’, Quart. J.
Econ. 1xx (1956), 441-63. One should note that most of the price increase in the
second half of the eighteenth century occurred in the 1790’s. Felix argues that such
expansion of profits as did take place was the result of greater productivity rather than
a combination of price inflation and wage lag. This is clearly so: the very industries
that were making the most rapid technological advances were the ones whose prices
were falling and the nominal wages of whose workers (or real wages, for that matter)
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instruments as in Britain.! Nominally, the credit offered by the growing
multitude of private banks was for short periods—up to ninety days—
to cover commercial transactions; in fact, much of it was in the form
of revolving and open credits, or even of standing overdrafts, which
served as quasi-capital.? What is more, the development of a national
network of discount and payment enabled the capital-hungry industrial
areas to draw for this purpose on the capital-rich agricultural districts.
The system was just developing in the last quarter of the eighteenth
century. By the 1820’s and 1830’s, however, when the problem of dis-
posing of the products of British factories had become more difficult
than that of fmancing technological change, bank credit was a pillar
of the industrial edifice.

The role of bank credit was the more important because, in the early
decades of the industrial revolution, working capital was still far more
important than fixed capital. This was true even of enterprises in heavy
industry—in mining, metallurgy, machine manufacture. Thus Sidney
Pollard offers a sample of business accounts of firms in copper mining,
copper refining, tinmaking, engineering, and light metals manufacture
for dates ranging from 1782 to 1832: the lowest proportion of fixed
capital to total inventory valuation of assets is 8-8 per cent; the highest,
33-2 per cent.3 Other measures of this relationship—for cxample, com-
parisons of fixed capital with accounts receivable or payable—for other

were rising through most of this period (r760-1830). The mule spinners were a
privileged group. What is more, there is considerable direct evidence that rates of
profit in these industries were not increasing over the long run, but rather reached a
peak with the introduction of the critical mechanical innovations (Schumpeter’s
entrepreneurial profits) and then declined as new firms were attracted into the field.

! Note, in this regard, the experience of Robert Owen, who foundin 1797 that the toll
collectors of the Glasgow-New Lanark turnpike preferred the notes of the local banks
to gold coin. The Life of Robert Owen by Himself, ed. M. Beer (New York, 1920), p. 71.

* Not to speak of accommodation paper, which was a means of obtaining credit, if
only for short periods, with or without the co-operation of the banks. With the con-
nivance of banks or discount houses, accommodation paper could be the basis for
generous medium- and long-term credit. On all this, see W. T. C. King, History of the
London Discount Market (London, 1936); L. S. Pressnell, Country Banking in the Indus-
trial Revolution (New York, 1956); D. S. Landes, Bankers and Pashas: International
Finance and Economic Imperialism in Egypt (London, 1958).

3 8. Pollard, ‘Fixed Capital in the Industrial Revolution in Britain’, J. Econ. Hist.
xx1v (1964), 209-314. Actually Pollard’s analysis requires one modification. The low
ratio of fixed to circulating capital does not hold for the start of an enterprise when
accounts receivable have not yet accumulated. See, for example, the year-by-year
accounts of Oldknowe, Cowpe & Co., cotton manufacturers, whose proportion of
fixed capital dropped from go per cent in the first year (1786), to 35 per cent a decade
later. Chapman, The Early Factory Masters, p. 126. Thus initial fixed—capital require-
ments could be large and a bar to entry; and if the banks provided little long-term
capital, it was not necessarily because little was demanded.
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firms at other times show similar results. And Pollard argues that some
of the largest, most heavily capitalized enterprises of the Industrial
Revolution were actually in trouble because they found it hard to
raise circulating capital commensurate with the size of their fixed plant.
Paradoxically, they were too rich for their own good.

Although the development of an integrated national money market
clearly promoted an casier, more abundant flow of resources from land
to industry, the nature and direction of the balance of payments between
these two sectors are less obvious. It is a commonplace of economic
literature that one of the major aspects or criteria of development is the
shift of resources from agriculture to manufacturing; and that a condi-
tion of rapid development is an increase of productivity in husbandry
that will generate the savings to finance industrial expansion. The best
example of such a sequence is Japan, where output per head in agricul-
ture almost doubled in the space of a generation (1878/82-1903/7) at
little expense of capital; and where, especially in the early years, the land
tax drained a substantial fraction of farm income for investment in de-
velopment.? The British case, however, differs sharply. For onc thing,
gains in farm productivity were assuredly far lower. The statistics avail-
able are in no way comparable to the Japanese but such as they are, they
have led one authority to speculate that ‘output per head in agriculture
increased by about 25 per cent in the eighteenth century, and that the
whole of this advance was achieved before 1750°.2 The same source
suggests that the real output of the farm sectors rose about 43 per cent
in the course of the century, 24 per cent during the critical decades
from 1760 to 1800;3 by contrast, Japanese agricultural product about
doubled from the late 1870’s to the early 1900’s.

Moreover, the increase in British farm output was due in large
measure to enclosures and the improvements they made possible: con-
centration of holdings, elimination of fallow, more productive choice
and rotation of crops, selective breeding of livestock, better drainage
and fertilization, more intensive cultivation. It is still a matter of
dispute how rapidly these new techniques spread or how quickly they
followed on enclosure itself. What is clear is that both the division of
the land and the subsequent improvements in its use cost money: for
legal expenses, roads, ditches, and fences, to begin with; and eventually
for buildings, equipment, drains, and materials. Unfortunately, we

! Kazushi Ohkawa and Henry Rosovsky, ‘The Role of Agriculture in Modem
Japanese Economic Development’, Econ. Devel. and Cult. Change, 1X, no. 1, part i
{October 1960), 43-67; also G. Ranis, *The Financing of Japanese Economic Develop-
ment’, Econ. Hist. Rev. 2nd ser. x1 (1959), 440-54.

* Deane and Cole, British Economic Growth, p. 75.

3 Deane and Cole, op. cit. p. 78.



THE INDUSTRIAL REVOLUTION IN BRITAIN 77

have no figures of the area affected, but such partial statistics as are
available—enclosure of commons and waste, for example, by parlia-
mentary act—suggest that from 1760 to 1815 Britain enclosed mullions
of acres at an initial cost of redistribution of upwards of £1 per acre,
and at an eventual cost of anywhere from (5 to [25 per acre, de-
pending on the original condition of the soil and the nature of'its use.!
Such investments paid, as the higher yields and rents on consolidated
land show. But it may well be that in the early decades of heavy en-
closure, that is, the very years that also saw the birth of modem
industry, British husbandry was taking as much capital as it was giving;
while in the period from 1790 to 1814, When food prices rose to record
levels, the net flow of resources was probably toward the land. The
great contribution of agriculture to industrialization came after 1815,
when both enclosure and the breaking of marginal soil slowed and
proprietors and tenants reaped the fruits of earlier efforts. Yet even then,
these returns depended on protection against foreign corn and were
therefore not a net addition to the savings generated by the economy.
Rather, they were bought at the price of a certain misallocation of
resources, and abundant and responsive though they may have been,
they were probably less than what the land would have provided under
more competitive conditions. Still, it was thanks to enclosures and
what is sometimes called the ‘Agricultural Revolution’ that Britain
fended off as well as she did Ricardo’s ‘stationary state’—that end of
growth and accumulation wherein the pressure of population on the

supply of food has so raised the cost of subsistence and hence wages,
that manufacturers can no longer make a profit and the wealth of the
nation flows as rent to the owners of the land.

To sum up: it was in large measure the pressure of demand on the
mode of production that called forth the new techniques in Britain,
and the abundant, responsive supply of the factors that made possible
their rapid exploitation and diffusion. The point will bear stressing, the
more so as economists, particularly theorists, are inclined to concen-
trate almost exclusively on the supply side. The student of economic
development, impressed on the one hand by the high cost of indus-
trialization, on the other by the low level of savings in underdeveloped
countries, has devoted most of his attention to the problem of capital
formation: on ways to raise the rate of net investment from, say, 5 per
cent to 12 or more; and on devices to prevent increased income from

' On the cost of enclosure, cf. Great Britain, Board of Agriculture, General Report
on Enclosures (London, 1808), p. 97. On subsequent expenses of improvement,
Albert Pell, ‘The Making of the Land in England: A Retrospect’, Journal of the Royal
Agricultural Society of England, 2nd ser. xxm (1887), 355-74.
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dissipating itself on increased consumption.” His approach is essentially
analogous to that of an economic historian like Hamilton, with his
thesis of industrial revolution born of and fed by profit inflation. And
indeed, many a planner has seriously contemplated the deliberate use
of inflation, which tends to shift resources from consumers to savers,
to promote industrialization.

Yet however justified this concern with saving and capital may be in
this age of costly equipment and facilities and abysmally poor would-be
industrial economies, it is less relevant to the British experience. To
begin with, eighteenth-century Britain enjoyed, as we have seen, more
wealth and income per head than the unindustrialized countries of
today ; she started, in other words, from a higher base. Furthermore, the
capital requirements of these early innovations were small—usually
within reach of a single person or family; and the successful enterprise
could build the growth of each period on the profits of the one before.?
Finally, these critical innovations were concentrated at first in a small
sector of the economy, and their appetite for capital was correspondingly
limited; while on the larger scale of the economy as a whole, just as
within the smaller world of the enterprise, growth built on this narrow
base by a process of derived demand that fed on eatlier success.3 It was
the flow of capital, in other words, more than the stock, that counted
in the last analysis. So much for the preoccupation with primitive
accumulation.

Under the circumstances, it is not surprising to learn that the aggre-
gate volume of investment was a relatively small proportion of national

* One could cite numerous examples. For some idea of the wide spectrum of
thought along this one line, cf. W. A. Lewis, The Theory of Economic Growth (London,
1955), pp. 201 f.; W. W. Rostow, ‘The Take-off into Self-Sustained Growth’,
Econ. J. 1xv1 (1956), 25-48; and a review by O. Ehrlich of Gerald M. Meier and
Robert Baldwin, Economic Development: Theory, History, Policy (New York, 1957), in
J. Econ. Hist. xvim (1958), 74.

* On the ability of British enterprises to grow by reinvestment of profits, sce the
statistics assembled by Frangois Crouzet, * La formation du capital en Grande-Bretagne’,
Deuxiéme Conférence Internationale d’Histoire Economique, pp. 622—3. He offers a sample
of fifteen firms from the textile manufacture, metallurgy, and brewing. In the first
two branches, compound growth rates range from 35 to 29-8 per cent per year, and
some of the companies show for several decades semi-logarithmic curves of growth
that are almost straight lines. What is more, these figures give only an incomplete idea
of the ability of these enterprises to generate profits. In the years 1794-1828 the capital
of John Marshall & Co. (linen manufacture, Leeds) rose from £ 14,000 to £ 272,000;
but in the years 1804-1815, that is, in about a third of the time, Marshall and his
partners earned some £,446,000. Admittedly these war years were especially favour-
able. Ibid., p. 619, n. 3; Gordon Rimmer, Marshalls of Leeds, Flax-Spinners 17881886
(Cambridge, 1960), pp. 69, 71 L.

3 So much for hypotheses of balanced growth; the historical experience, under
conditions of relatively unplanned development, followed other lines. See below,
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income in these early decades of the Industrial Revolution, and that it
was only later, when a more elaborate technology required large out-
lays and Britain had increased her product per capita to the point where
she could save more, that the proportion rose to the level that econo~
mists once looked upon as a characteristic of industrialization. Thus
according to Phyllis Deane, the ratio of net capital formation to income
did not go above § or 6 per cent through most of the eighteenth cen-
tury, rising to perhaps 7 or 8 per cent only in the last decade, when the
Industrial Revolution was in tull swing. Not until the railway boom of
the 1840’s did the proportion rise to 10 per cent.*

The same pattern seems to hold for other industrializing countries,
though it would be dangerous to make fine comparisons between the
rough estimates of capital formation currently available. For France,
we have the tentative findings of Jean Marczewski’s research group at
the Institut de Science Economique Appliquée which propose an im-
plausibly low average net rate of 3 per cent of net domestic product for
France until the railway years of the 1840’s, when it rises to 8 per cent;
not until the Second Empire, with even more railway construction and
extensive urban improvement, does the proportion go up to 12-1 per
cent.?

For Germany, unfortunately, we have no figures for the period before
the 1850’s. By that time mining, heavy industry, and the railway net-
work were all expanding rapidly; even so, the rate of met capital
formation for the two decades 185070 averaged less than 10 per cent.?

In general, there is good reason to believe that until very recently
economists and economic historians were wont to exaggerate the
significance of capital formation as a motor of economic growth.

pp- 3141, 321, 338. Also John Hughes, ‘Foreign Trade and Balanced Growth: the
Historical Framework’, Amer. Econ. Rev. XLIX, no. 2 (May 1959), 330-37; and Goran
Ohlin, ‘Balanced Economic Growth in History’, ibid. pp. 338-53.

1 Deane, ‘Capital Formation in Britain before the Railway Age’, Ecor. Develop-
ment and Cultural Change, 1%, no. 3 (April 1961), 352-68; Deane and Cole, British
Economic Growth, ch. viii.

? Marczewski, ‘The Take-Off Hypothesis and French Experience’, in W. W.
Rostow, ed., The Economics of Take-off into Sustained Growth (London, 1963), p. 121.

3 Simon Kuznets, ‘Quantitative Aspects of the Economic Growth of Nations,
VI: Long-Term Trends in Capital Formation Proportons’, Econ. Development and
Cultural Change, 1X, no. 4, part 1t (July 1961), 14. For Japan, Henry Rosovsky suggests
rates averaging between 7 and 9 per cent for the decades from 1887 to 1917; rates of
gross capital formation ran about s per cent higher. Much of this, moreover, was
military expenditure, which contributed only in part to economic growth. If one
excludes military outlays, one arrives at decennial average net rates between 4+ s and 6-8
per cent. Capital Formation in Japan, 1868-1914 (Glencoe, L., 1961), pp. 9, 15. On all
the above, cf. Rondo Cameron, *Some Lessons of History for Developing Nations’,
American Econ. Review, LvII, no. 2 (May 1967), 313-14.
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Newer research has made clear that increase of capital will account for
only a small fraction of gains in aggregate output; indeed that the com-
bined inputs of the traditional factors of production—land, labour, and
capital—play a minority role in the overall process.! Whence these gains,
then? They seem to derive from the quality of the inputs—from the
higher productivity of new technology and the superior skills and
knowledge of both entrepreneurs and workers. And here again, as we
have seen, the Britain of the Industrial Revolution was especially
favoured.

Technological innovations are only part of the story. The question
remains why they had the effect they did. An institutional order is a
remarkably complex and elastic system; not everything can turn it
upside down. Only changes of a certain quality and scope could have
transformed the mode of production and initiated a self-sustaining
process of economic development.

The manufacture of almost any textile may be analysed into four
main steps: preparation, in which the raw material is sorted, cleaned,
and combed out so that the fibres lie alongside one another; spinning,
in which the loose fibres are drawn and twisted to form a yarn; weav-
ing, in which some yarn is laid lengthwise (the warp) and other yarn
(the weft) is run across over and under the longitudinal lines to form a
fabric; finally, finishing, which varies considerably with the nature of
the cloth, but may comprise fulling or sizing (to give the cloth body),
cleaning, shearing, dyeing, printing, or bleaching.

At the beginning of the eighteenth century, only a handful of these
processes had as yet been mechanized. In the wool manufacture, the
fulling mill, its heavy hammers driven by water, was known on the
Continent as early as the eleventh century and by the thirteenth had
spread widely over the English countryside. The gig mill, which raised
the nap on the cloth preparatory to shearing, dated from the sixteenth
century; and though legal prohibition and the opposition of the shear-
men delayed its diffusion, the repeated clamour against the device is the
best evidence of its gains. There had also been two major improvements
on the immemorial loom: the knitting frame, a complex, hand-run
contrivance for weaving hosiery (invented by William Lee in 1598);

T On this whole question of the residual—that part of growth which cannot be
explained by the conventional factor inputs—see S. Kuznets, Modern Economic Growth:
Rate, Structure, and Spread (New Haven and London, 1966), pp. 79-85. Kuznets offers
calculations of the value of the residual for the United States and Norway in the
twentieth century, and for Soviet Russia. They seem to indicate a rise in the signifi-
cance of quality as against quantity as industrialization proceeds. It may be, then, that

comparable calculations for the Britain of the Industrial Revolution would show a
much smaller residual than now.
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and the Dutch or small-wares loom, invented at about the same time,
and designed to weave as many as twenty-four narrow tapes or ribbons
simultancously.

Another precocious mechanical innovation was the silk-throwing
machine, which twisted the filaments to form a thread. It was invented
in the seventeenth century in Italy, where the secret was jealously
guarded. But the plans were smuggled out by an Englishman named
John Lombe in 1716-17, and within a few years John’s brother Thomas
built a huge throwing mill at Derby, a soo-foot power-driven factory
of five or six stories and some 460 windows that was one of the wonders
of the age. By the middle of the century, similar plants had been
established in London and the provinces, some of them even larger than
Lombe’s monster.

In addition to these complex devices, which anticipate in their
ingenuity and relative cfficiency the better-known inventions of the
mid-eighteenth century, a number of less spectacular advances had
occurred, gradually and almost unnoticed. Over the centuries, the
spinning wheel, large or small, had replaced the distaff, and the wheel
itself had been altered to work faster and turn out a more even yarn.
At the same time, those processes that required the use of fuel—
dyeing, for example—had from the sixteenth century on learned to
use coal instead of the more expensive wood. Finally, a variety of
small improvements had been made in preparing the fibre for spinning,
weaving the yarn in more complex patterns, and finishing it with the
sheen and smoothness that betokened quality.

None of these advances, however, was suflicient in itself to trigger a
process of cumulative, self-sustaining change. For it took a marriage
to make the Industrial Revolution. On the one hand, it required
machines which not only replaced hand labour but compelled the con-
centration of production in factories—in other words, machines whose
appetite for energy was too large for domestic sources of power and
whose mechanical superiority was sufficient to break down the resis-
tance of the older forms of hand production. On the other hand, it
required a big industry producing a commodity of wide and elastic
demand, such that (1) the mechanization of any one of its processes of
manufacture would create serious strains in the others, and (2) the
impact of improvements in this industry would be felt throughout the
economy.

Neither the knitting frame nor the Dutch loom nor the throwing
mill could satisfy these conditions. The first two, hand driven, were
quite suited to domestic manufacture; and all three were employed in
the production of goods whose actual market was small and potential
demand limited. It was not until the techniques of spinning and



82 THE UNBOUND PROMETHEUS

weaving cheap textiles were transformed that the threshold of revolu-
tion was crossed.

It was crossed first in the cotton manufacture. Why in cotton? One
would have expected the passage to occur in wool, which was far and
away the most important industry of the day, whether in terms of
numbers employed, capital invested, or value of product. In England,
imports of raw cotton (net of re-exports) in the first decade of the
century averaged a little over a million pounds a year, worth perhaps
430,000 or £ 35,000; at that time, if we are to rely on available estimates,
the woollen industry was consuming about 40 million pounds of material,
valued at some /2 million. Even some decades later, in 1741, when
both cotton consumption and prices were up and the price of wool had
fallen, the disparity was still enormous: something over 1} million
pounds of raw cotton worth around /55,000, as against almost 6o
million pounds of wool valued at perhaps £1,500,000.F In the other
countries of Europe, the comparison was equally in favour of the older
industry.

It has long been customary to explain this apparent paradox by
denying it, that is, by asserting that it was just because the cotton
industry was new, hence free of traditional restrictions on the scale and
character of production, that it was able to adopt new techniques. The
argument will not stand scrutiny. In England—which is the country
that counts for our purposes—the extensive development of putting-
out in the West Country and East Anglia and the rise of independent
clothiers in Yorkshire had long freed the bulk of the wool manu-
facture from guild controls; indeed, in so far as legal restrictions
entered into account, they favoured the older industry, on which the
economic prosperity of the nation had been built.

On the other hand, the smallness of the cotton manufacture on the
eve of the Industrial Revolution should not deceive us. For so young a
creation, it was a spectacularly lusty child, and so rapid were its gains
that almost from the beginning the older wool and linen trades were
impelled to demand succour from the state. In England, a whole series
of laws and decrees were passed from the late seventeenth century on to
stimulate the consumption of domestic wool cloth: sumptuary laws
like the Act requiring that all dead be buried in wool shrouds; pro-
hibitions on the import of competitive fabrics; restrictions on the out-
put of calicoes at home (1721). To no avail. The closing of England to
East Indian cottons simply encouraged the domestic producers, whose
fustians and linen—cottons (they were not yet able to turn out pure

T Cotton figures from Wadsworth and Mann, Cotton Trade, pp. 520-2; wool from

P. Deane, ‘“The Output of the British Woollen Industry in the Eighteenth Century’,
J. Econ. Hist. xvu (1957), 220.



THE INDUSTRIAL REVOLUTION IN BRITAIN 83

cottons) did not come under the interdiction. By the middle of the
century, gains at home and abroad had made the cotton manufacturers a
vested interest too powerful for even the still pre-eminent wool trade
to overcotne.

Still more important, cotton lent itself technologically to mechaniza-
tion far more readily than wool. Itis a plant fibre, tough and relatively
homogeneous in its characteristics, where wool is organic, fickle, and
subtly varied in its behaviour. In the early years of rudimentary
machines, awkward and jerky in their movements, the resistance of
cotton was a decisive advantage. Well into the nineteenth century,
long after the techniques of mechanical engineering had much im-
proved, there continued to be a substantial lag between the introduction
of innovations into the cotton industry and their adaptation to wool.
And even so, there has remained an element of art—of touch—in wool
manufacture that the cleverest and most automatic contrivances have
not been able to eliminate.

Once mechanization did come to cotton, of course, it was successful
far beyond what it could have hoped to be in wool. On the one hand,
the elasticity of supply of the raw material was substantially greater:
one can increase acreage sown far more rapidly than the number of
sheep. Thus cotton prices rose by about half in the 1770’s and 1780’s
under the pressure of demand from the new spinning machines, while
imports increased more than sixfold. Once the North American plan-
tations entered the market, moreover, and the cotton gin made slave
labour profitable, imports kept rising spectacularly while prices fell.
In the peak year of 1860, Britain purchased over 1°4 milliard pounds
of cotton at about the same 7} pence it cost at the start of the eighteenth
century.

On the other hand, the market for cotton goods was more elastic
than for wool. Not only was the trend of taste in favour of the new
fibre—for centuries, there had been an irregular but almost uninter-
rupted shift in the direction of lighter fabrics—but the availability of a
cheap, washable textile gave rise to new patterns of dress of unforeseen
potential. No longer was it the wealthy alone who could enjoy the
comfort and hygiene of body linen; cotton made it possible for millions
to wear drawers and chemises where before there had been nothing
but the coarse, dirty outer-garments. A new kind of work~clothing
was born—tough, yet comfortable to the skin and easy to clean and
maintain. Even the rich, impressed with the colour and elegance of
cotton prints, learned to distinguish more and more between the
seasons and dress for the summer in muslins and calicoes.

At the same time, the bulk of the untapped markets in the pre-
industrial areas of the world lay in the warmer climes or in temperate
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areas with hot summers. Already in the sixteenth and seventeenth
centuries, a good part of Britain’s gains as an exporter of wool cloth
had been in the countries bordering the Mediterranean, the western
plantations, and India; similarly, the spurt in re-exports of Indian
calicoes that marked the late seventeenth century was due to the new
demand of semi-tropical lands enriched by sugar, tobacco, and other
‘colonial wares’. The story was no different in the eighteenth and
nineteenth centuries: the commercial frontier of Britain lay overseas—
in America, Africa, south and east Asia. The first was by far the most
important: the West Indies and mainland colonies together bought
10 per cent of English domestic exports in 1700-1, 37 per cent in 17723,
about 57 per cent in 1797-8." Wool had played a big part in these gains:
the sale of cloth in the new Atlantic market (America and Africa) grew
sixfold from the beginning of the century to the eve of the American
Revolution.? Now it was cotton’s turn.

And so, although the first of the famous series of inventions that
transformed the textile industry—both the fly-shuttle of Kay (1733)
and the spinning frame of Wyatt and Paul (1738)—were designed for
the manufacture of wool, the requirements of technology and the
logic of the economic situation willed otherwise.

There is neither time nor space to review at this point the history of
these inventions, which will be familiar to most readers. A number of
summary observations, however, are indispensable.

(i) They came in a sequence of challenge and response, in which the
speed-up of one stage of the manufacturing process placed a heavy
strain on the factors of production of one or more other stages and
called forth innovations to correct the imbalance. We have already noted
the difficulty of supplying weavers with yarn. Kay’s fly-shuttle, which
did not really catch on until the 1750’s and 1760’s, only aggravated an
already serious disequilibrium. The problem was solved by a family of
spinning devices: carding machines by Paul and others (in use from the

' Deane and Cole, British Economic Growth, p. 34. These figures show a somewhat
more rapid increase to the 1770's than those of Ralph Davis, *English Foreign Trade,
1700-1774’, Econ. Hist. Rev. 2nd ser. xv (1962), 292.

* Ibid. p. 291. The sale of ‘other manufactures’—nails, tools, metal wares, leather
goods, cordage, other textiles, and the like—grew even faster, to almost nine times its
volume at the beginning of the period. As a consequence, the share of wool manu-
factures in total exports shrank from more than two-thirds to perhaps 27 per cent over
the course of the century. Even at the end, however, they were still worth twice as
much as cotton exports. Deane and Cole, British Economic Growth, pp. 30-1. Cottons
followed a deviant geographical pattern: major expansion in overseas areas to about
1770, that is, the eve of technological revolution; then the most rapid gains, in Europe.
Wadsworth and Mann, Cotton Trade, p. 146.
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1750’s); Hargreaves’s jenny (c. 1765; patent 1770); Arkwright’s water
frame (1769); Crompton’s mule (1779)—so called because it com-
bined some of the features of the frame and the jenny.!

The mechanical advantage of even the earliest jennies and water
frames over hand spinning was enormous: anywhere from six up to
twenty-four to one for the jenny; several hundred to one for the
frame. The spinning wheel, which had taken some centuries to dis-
place the rock, became an antique in the space of a decade. Morcover,
the victorious jenny scarcely outlived its victim; even the later models,
with eighty and more spindles, could not compete in productivity—to
say nothing of quality—with power-driven mules of two and three
hundred. By the end of the century, the jenny was obsolete.

What is more, the quality of the machine-spun yamn was better than
anything the distaff or wheel had been able to produce. A thread spun
by hand is necessarily uneven in thickness and strength; and no two
hanks are ever the same. One of the most difficult tasks of the manu-
facturer of the eighteenth century was to assemble suitable assortments
of yarn. On occasion, he paid a premium for the work of an especially
gifted spinster. The machine changed all this. Not only was its work
more regular and stronger in proportion to weight, but the mule,
which drew and twisted the roving simultaneously and continued to
draw even after the twisting stopped, could spin higher counts than
man had ever known: where the most skilful Indian spinner working
with the wheel, or Swiss spinster using a distaff, could barely surpass

! Technically the family was composed of two branches. On one side were the
throstles (beginning with the water frame and continuing through various avatars
down to the cap and ring machines of the present day), which drew the roving out
first and then imparted twist. On the other were the jenny and mule, which imitated
the action of the human spinner by drawing and twisting simultaneously. Because
the weakness of the untwisted thread limited the length of the draw, the throstle could
not produce fine counts and was used primarily for the production of warps. In the
early period, this was extremely important since the jenny—and later the mule—spun
too loose a thread for this purpose. On the other hand, because the long draw gave
more play to the twist, which concentrated in the thinner spots and built them up, the
mule made a more regular thread than the frame; moreover, later improvements
enabled the mule to produce a harder twist, and from 1800 the throstle tended to fade
from use. There was a renewal of favour in the 1820’s and 1830’s, however, with the
development of the ring principle and the growing use of power looms, which especi-
ally at first needed the strongest possible warps. Nevertheless, the British cotton
industry, with its steady shift to finer yarn and cloth, has never made so much use of
the throstle as the continental countries. Cf. Daniels, The Early English Cotton Industry,
p. 164; also Julia de L. Mann, ‘The Textile Industry: Machinery for Cotton, Flax,
Wool, 1760-1850’, in Ch. Singer et al., A History of Technology, vol. 1v: The Industrial
Revolution (Oxford: Clarendon, 1958), pp. 28391 and the sources cited there; and
F. Nasmith, ‘Fathers of the Machine Cotton Industry’, Trans. Newcomen Soc. vi
(1925-6), 167-8 (letter of E. J. Welffens).
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150 hanks to the pound, the better mule operatives were able to
approach 300 by the start of the nineteenth century.

The tremendous increase of the supply of yarn that resulted from these
inventions—reflected in a more than twelve-fold increase in cotton
consumption from 1770 to 1800'—made improvements in weaving
imperative. This was the golden age of the hand-weaver, whose
unprecedented prosperity was a shock to all, a scandal to some. The
answer was the power loom, invented by Cartwright in 1787. It
caught on with difficulty owing to mechanical shortcomings (the main
problem was how to achieve speed without excessive breakage of the
threads), and its diffusion can be linked directly to fluctuations in the
demand for cloth and hence the cost of hand labour. Thus its adoption
was slow during the first two decades of the century, when war and,
later on, tariff barriers cut Britain off from important markets. In the
meantime, performance was improved, and where, in the first decade
of the century, the machine worked hardly faster than the traditional
hand loom, the technical advantage had risen by the mid-1820’s to as
much as 7} to 1, and one boy on two looms could do up to fifteen
times as much as the cottage artisan.? At that point, the aim seems to
have been not so much to speed the machine as to simplify its opera-
tion so that one person could handle more units at the same time: in
1833, a young man with a twelve-year old assistant could run four looms
and turn out as much as twenty times the output of a hand worker.?

Such figures are clearly impressionistic and unstandardized. Yet they
convey a general picture of the growing gap between machine and
man, a gap reflected in the statistics, themselves approximate, of power
looms in operation in Great Britain: 2400 in 1813, 14,150 in 1820,
55,500 in 1829, 100,000 in 1833, 250,000 by mid-century.4 By con-
trast, the number of hand-loom weavers declined, although at a rate
that testified to the obstinacy and tenacity of men who were unwilling
to trade their independence for the better-paid discipline of the sheds.
In the teens, their number actually rose to about a quarter of a million,
and hung steadily there for another decade, though wages had fallen

! Average net imports, 1768-72; 3,703,000 Ib.; 1798-1802, 47,233,000 Ib.

2 Cf. Edward Baines, A History of the Cotton Manufacture in Great Britain (London,
1835), p- 240, citing R. Guest, A Compendious History of the Cotton Manufacture
(Manchester, 1823).

3 It is not clear how common this practice was. The impression one gets from com-
parisons between British and Continental practice is that the usual work load in a
British cotton shed remained two looms until the 1870’s, when conflicts arose over the
effort to double the assignment.

4 The figures up to 1833 are from Baines, History of the Cotton Manufacture, pp. 2357,
The 1850 number is from the factory reports, cited by T. Ellison, The Cotton Trade of
Great Britain (London, 1886), pp. 76-7.
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by over a half; by 1830 these reached an apparently irreducible mini-
mum of about 6s. a week. The next two decades saw attrition shrink the
weavers—in spite of recruitment of Irish immigrants whose subsistence
level was even lower than that of the English artisans—to a remnant of
40,000. It is likely that many, if not most of these, were employed only
part time—a reserve supply of labour in the event of unusual demand.
A dozen more years, and there were perhaps 3000 left.

One point remains to be made about the pattern of challenge and re-
sponse. The prominence of the inventions in spinning and weaving has
tended to obscure the importance of this principle for all stages of
textile manufacture. In particular, the mechanization of spinning
would have been unthinkable without a corresponding speed-up of the
preliminary processes of cleaning, carding, and preparation of the
roving. The eighteenth century saw, therefore, the development of an
entire complex of pre-spinning machines, linked in rationally calculated
combinations to the frame and the mule; the early machine builders
often sold their products in sets or ‘assortments’ covering the various
stages of manufacture from raw fibre to yarn. Similarly, the finishing
processes were transformed: it was no longer feasible to bleach cloth
in open meadows when more of it was being turned out than there
was ground available. The answer lay in the use of chemical agents:
often sulphuric acid at first; from the 1790’s on, chlorine. In the same
way, cylinder printing was introduced in place of the block press in
London in 1783; it had been known for some time before; but by then
the need was ripe, and it spread quickly to the rest of the country.

(ii) The many small gains were just as important as the more
spectacular initial advances. None of the inventions came to industry
in full-blown perfection. Aside from the trial and error of creation,
there were innumerable adjustments and improvements—in articulation
of parts, transmission of power, and the materialsemployed—before these
primitive contrivances would work commercially. The first decades of
industrialization saw a ceaseless war against breakdowns. By the turn of
the century, however, not only the heavy motionless frame of the
machine could be built of iron, but also the moving parts; leather
belts had replaced pulley-ropes of cotton-mill waste. In subsequent
decades, improvements in the steam-engine produced a smoother
stroke; gearing and shafting were rationalized; and increasing auto-
maticity achieved its consummation in Roberts's self-acting mule (1825).

?11;) Nothing illustrates better the continued importance of purely
technological considerations than the persistent lag of mechanization
in the woollen industry. It was not until the 1780’s that the jenny came
into general use in the Leeds area, and the mule was not really a success
until the 1830’s. In worsted, where the combed fibres will take more
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strain, machines came in faster: in the 1780’s and 1790’s, Yorkshire
mills and shops were using jennies, hand- or animal-powered mules,
and modified water frames. The first use of the steam-engine dates
from before the turn of the century, and by 1820 there were perhaps
two dozen steam-powered factories in the West Riding. By then
hand spinning was almost a curiosity.*

Even when mechanized, the wool industry was compelled to work
more slowly than cotton. William Fairbairn, probably the greatest
authority of the period on factory design, has the mules of his sample
cotton plant running at 232 r.p.m., those of his hypothetical woollen
mill at 152.> Limitations of speed were still more serious in weaving,
where the power loom offered nothing like the gains in productivity
characteristic of the new spinning equipment. Thus Fairbairn’s cotton
looms were working at from 140 to 160 picks per minute, while his
woollen equipment was doing 46. To be sure, it was harder to weave
woollen yarn than the tougher worsted, but even in worsted the power
loom came in slowly. The transition in the West Riding came in the late
1830’s and 1840’s: 2768 power looms in 1836, 11,458 in 1841, 19,121 in
1845, 35,298 in 1856.3 The woollen manufacture was about a decade
behind (6275 power looms in Yorkshire in 1856, $733 in Lancashire,
14,391 in the whole of Great Britain); and even after the hand loom
had been driven from the sheds of larger enterprises, it survived in the
Yorkshire countryside—a fortiori in the West Country, the home of the
old-fashioned broadcloth trade.

Because of its subsequent importance, the iron industry has some-
times reccived more attention than it deserves in histories of the
Industrial Revolution. Looking back from the vantage of one hundred
years and more, living in a world in which heavy industry is the basis
of the economy, writers have tended to overemphasize the immediate

T The best source is Eric Sigsworth, Black Dyke Mills: A History (Liverpool, 1958),
chs. 1-11; see also J. James, A History of the Wool Manufacture in England from the Earliest
Times (London, 1857).

Another reason for the slower mechanization of the woollen, as against the worsted,
manufacture was the relatively high cost of the raw material. Figures for 1772 show
the raw wool accounting for one third of the value of the finished product in the cloth
branch; for only one sixth, in the worsted branch. The share of labour was thus far
greater in the latter, and the potential economy offered by the use of machinery was
that much larger a proportion of total price. Cf. Deane, ‘The Qutput of the British
Woollen Industry’, p. 215.

* Treatise on Mills and Millwork (2nd ed.; 2 vols.; London, 1864~5), 1, 187, 195.

3 H. Heaton, The Yorkshire Woollen and Worsted Industries (Oxford: Clarendon,
1920), p. 357; Parl. Papers, 1857 Sess. 1, xv, 180. The last is for the county of York-
shire as a whole; the vast majority, however, were in the West Riding.
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significance for the eighteenth century of the technological advances
in smelting and refining. Not in number of men employed, nor
capital invested, nor value of output, nor rate of growth could iron
be compared with cotton in this period. If the unit of production,
larger at the start than in other industries, grew under the stimulus of
technical change, the social impact of this growth was nowise com-
parable to that of the transition from putting-out to factory in textiles.
On the other hand, the growing supply of ever—cheaper metal did
facilitate enormously the mechanization of other industries, the shift
from water to steam power and, eventually, the transformation of the
means of transportation. In the process, the units of manufacture in
metallurgy grew until they overshadowed in their vastness and
Vulcanian energy the largest cotton mills in the kingdom.

To understand the history of the iron and steel industry, a knowledge
of the purely technological determinants is indispensable. In this
regard, three points must be kept in mind:

(1) Metallurgy is a chemical process: the problem is to reduce the
ore, which is iron in compound form, to a suitably pure metal. The
reaction requires large quantities of carbon as well as heat, and the
fuel, which serves a double purpose, is necessarily placed in direct con-
tact with the ore. This in turn poses special difficulties. All fuel,
whether vegetable or mineral, contains substances other than carbon—
oils, as well as minerals like sulphur and phosphorus—that are harmful
to the final product. Charring will get rid of the volatile impurities;
already in ancient times, smelters and smiths were using charcoal rather
than wood, and the introduction of coal as a fuel in the late Middle
Ages was soon followed by the development of the analogous coked
form. But charring or coking will not get rid of mineral impurities,
which are far more serious in coal than in wood. So that although
techniques were developed by the seventeenth century for using coke
in glass-making, malting, dyeing, and other heavy energy-consuming
industries where fuel and raw material can be kept separate, efforts to
employ it in iron smelting failed.* Not until a semi~adventitious mix of
fairly clean ore and coal was achieved by Darby at Coalbrookdale in
1709 did coke-blast iron become a commercial reality.> Even then, the
process did not spread until half a century later, after decades of empiri-
cism had achieved a knowledge of mix and finished product that made

' A simple point, but generally overlooked. Thus J. W. Nef, ‘Coal Mining and
Utilization’, in C. Singer et al., A History of Technology, m, 79.

* There is some question about the exact date. See M. W. Flinn, ‘ Abraham Darby
and the Coke-smelting Process’, Economica, n.s. xxv1 (1959), s4-9; and R. A, Mott,
‘“Coles™: Weights and Measures, with Special Reference to Abraham Darby and
the Coke-smelting Process’, ibid. pp. 256-9.
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it possible to make use of less favourable materials and improvements
in the blast had yielded the higher temperatures required. Moreover,
another generation had to pass before innovations in refining made it
possible to convert coke-blast iron into competitive wrought iron,
comparable in tenacity and malleability to metal made with charcoal.”
Britain was only the first country to face the problem: the late adop-
tion of coke smelting on the Continent was in large measure due to
the same chemical difficulties. Similar considerations were to prove
decisive in the second half of the nineteenth century in the application
of new techniques for the mass production of steel.

(2) The charcoal or coke used in the blast furnace must be at once
porous enough to provide as large a surface as possible to combustion
and passage to heat and flames, yet at the same time strong and rigid
enough to withstand the weight of the charge. This is one reason why
there have always been limits—especially before the coming of the
railway—to the transport of either fuel; once crumbled by jolting
and handling, they are useless. This also explains why not all coal is
suitable for metallurgical coke: if it is very oily, the end product of
carbonization is too hollow, hence friable; and if it has little or no oil,
like anthracite, the result is too solid for combustion. To be sure, there
is a certain amount of leeway, and indeed modern metallurgy has
made major advances in mixing otherwise unsuitable qualities of coal
to produce a satisfactory coke. Nevertheless, differences in quality
impose differences in costs, and in the nineteenth century especially,
the distribution of coking coal—which was particularly favourable to
Britain and western Germany—was a critical factor in the location and
competitive position of metallurgical enterprise.

(3) Efficient combustion in the blast furnace requires a powerful,
forced draught; the larger the furnace, the more powerful the draught.
The substitution of coke for charcoal required and encouraged the use
of ever bigger furnaces. Efforts to increase the blast of traditional water-
powered leather bellows were on the whole unsatisfactory. Not until
the cast-iron blowing cylinder (c. 1760 at Carron) was combined with
the rotative steam-engine (1776 at John Wilkinson’s furnace at Willey
in Shropshire) was the problem solved.* Even then, furnace technique
fell far short of the chemical possibilities of the combustion process. To
exploit these, one had to alter the character of the blast itself. The first
and most rewarding step on this path was to preheat the air (Neilson in

1 In 1765 Jars wrote: ‘the production of good wrought iron from pit-coal pig iron
is considered impossible.” Gabriel Jars, Voyages métallurgiques (3 vols.; Lyons, 1774~
81), 1, 250.

« H. R. Schubert, History of the British Iron and Steel Industry (London, 1957), pp.
332-3; cf. Gabriel Jars, Voyages, 1, 277.
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1829; see below, p. 92). The next, not taken until after the Second
World War, was to modify the wind by maintaining humidity constant
and/or by enriching it with oxygen.

(4) The product of the blast furnace is pig iron, a hard metal too
brittle to work. The only way to shape it is to cast it in moulds; even
then, the resulting pieces will not stand up to pressure, strain, or blows.
To change this form of iron into one that can be worked and will
support stress (what is called wrought or malleable iron), one must
refine it by removing most of the remaining carbon and such other
chemical impurities as diminish its malleability, tensile strength, duc-
tility, and other virtues. In the early eighteenth century, this was done
by heating and reheating the metal in charcoal fires and pounding out
the dross with hammers—a long, costly process that yielded a product
of high, though uneven, quality and irregular shape.

From the 1730’s on, British forgemasters devoted great effort and
expense to finding a shorter, surer technique that would use mineral
rather than vegetable fuel. The search took half a century. The first
advance provided only a partial solution: by introducing a refinery
hearth and sometimes also a reverberatory fire (one in which the flames
did not play on the metal directly) between the furnace and the
forge, it was possible to use coal or coke rather than charcoal for
some and eventually all of the fining process. The operation was still
slow and the resulting product was not so good as charcoal bar, but it
was cheaper, and by 1788 according to one estimate, about half the
wrought iron in the kingdom was being made with mineral fuel.* By
this time, however, the definitive triumph of coal was assured by the
invention of a quite different technique—Henry Cort’s combination of
puddling and rolling (patents of 1784 and 1783). The former process
made use of a reverberatory furnace to decarburize the pig in one step,
alternately heating and cooling the metal until the wrought iron could be
separated out by reason of its higher melting-point. After some pre-
liminary hammering, the rolling mill—long used for such light work as
slitting rods—then squeezed rather than beat out the dross, shaping the
iron the while. This application of the rotative principle (see below,
p- 309, 1. 1)offered two great advantages over the reciprocating action of
the tilt-hammer : it worked perhaps fifteen timesas fast; and by grooving
or otherwise preforming the rolls, one could now turn out an almost
unlimited range of those standardized crude shapes—beams, bars, rails
and the like—that have come to constitute the framework of industry,
construction, and transport.

The course of technological change in metallurgy suggests the
following generalizations:

' Ashton, Iron and Steel, p. 88. No source given.
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(x) There is in iron-making, as in textile manufacture, a see-saw of
challenge and response. Thus the diffusion of coke-smelting put new
pressure on refming, in spite of the ingenuity of ironmasters in develop-
ing new applications for cast iron. Cort’s combination of puddling and
rolling temporarily eased the difficulty, but the construction of new
and larger furnaces gave rise in the course of the nineteenth century to a
new imbalance. The fundamental difficulty was the physical hardship
of puddling, which called for exceptional strength and endurance.
There was simply a limit to what flesh could stand, and after a while
the only way to increase output was to train more men and build more
hearths. Much money and effort was expended on finding a way to
mechanize the process. In vain: the imbalance was not corrected until
Bessemer and his successors learned to make cheap steel.

(2) Again, in iron as in textiles, small anonymous gains were pro-
bably more important in the long run than the major inventions that
have been remembered in the history books. And again, as in textiles,
the reason is to be found in part in the empirical approximateness of
these early advances. Patents were a beginning as well as an end, and
ironmasters found that each combination of ore and fuel or metal and
fuel required its own recipe. The word is used advisedly. Iron manu-
facture was essentially a kind of cookery—requiring a feel for the
ingredients, an acute sense of proportion, an ‘instinct’ about the time
the pot should be left on the stove. The ironmasters had no idea why
some things worked and others did not; nor did they care. It was not
until the middle of the nineteenth century that scientists learned
enough about the process of converting ore to metal to provide a
guide to rational technique and measures for testing performance. As
late as 1860, Bessemer was baffled by the failure of his converter on
phosphoric ores.

Aside from the adaptation of the processes of smelting and refining
to ores and fuel of different characteristics, the lesser improvements in
iron technology were concentrated for the most part in three areas:

(a) Fuel economy. The gains are hard to measure because of statistical
incomparability. In South Wales, changes in the blast and in the shape
and size of the furnace cut coal consumption (including engines and
lime and ore kilns) per ton of pig from perhaps 8 tons in 1791 to 34 in
1830. The most important single- advance was Neilson’s hot blast,
introduced in Scotland in 1829: with some materials, it yielded a fuel
saving of over a third if coke was employed, more than two-thirds if
coal, the while increasing output per furnace markedly. The hot blast
was the beginning of a surge of Scottish iron production: the make of
pxg rose from 29,000 tons in 1829 to 825,000 in 1855. Results were
impressive but less spectacular south of the Tweed, and certain areas,



THE INDUSTRIAL REVOLUTION IN BRITAIN 093

like the Black Country and South Wales, were decades in switching to
the new technique. In general, British interest in fuel economy was
limited by the cheapness of coal; much of what improvement there was,
was simply a by-product of growth—larger, more efficient furnaces
tended to burn less coke per unit of output.

In refining, the traditional techniques had consumed 24-3 tons of
charcoal per ton of crude iron produced. The use of mixed fuel (part
coke, part charcoal) reduced the ratio to about 2 to 1. Puddling then
brought it down to 14 to 1, and with further improvement, to about
1 to 1 by the middle of the ninetcenth century.” The gains were thus
substantial, though less important than in smelting. One should keep
in mind, however, that every technique that permitted the substitution
of mineral for vegetable fuel added that much to man’s energy resources.

(b) Economy of metal. The problem was especially serious in refining :
in the early puddling furnaces, half the pig was drawn off in the slag.
A series of changes, culminating in the late 1830’s in Joseph Hall’s
furnace bed of roasted tap cinder (instead of iron-hungry sand), cut
waste to 8 per cent while speeding the conversion process. Hall’s
innovation pushed iron economy almost to its limit; at the end of the
nineteenth century, waste still amounted to about § per cent.?

(c) Adaptation to growth. The constant enlargement of the blast
furnace was aimed, not so much at saving raw materials as at raising
output and, if possible, the productivity of labour; it brought with
it a great increase in the number of puddling furnaces. At the same
time, greater familiarity with the uses of iron brought a demand for
ever-larger pieces of metal. With this growth of both output and size of
product came difficulties in moving the raw materials and in handling
and shaping the work. These were solved by a variety of devices:
elevated platforms for loading the blast furnace, rails for transportation
within the plant and even within the forge sheds, overhead chain
pulleys and cranes to lift the blooms and finished pieces. The steam
hammer, conceived in 1839 by Nasmyth and first applied by Bourdon
of Le Creusot (the debate over priority has assumed the character of a
national quarrel), was in effect a way of placing in the hands of the
forge worker unprecedented power and strength, subject to precise
control; large boring machines were an analogous advance.

! Over the same period, the producers of charcoal-wrought iron fought hard to
hold their market. Among other things, they succeeded in cutting their own fuel
consumption to less than 14 tons of charcoal per ton of crude bar. On this phenomenon
of the technological stimulus of obsolescence, see below, p. 260.

? David Mushet, Papers on Iron and Steel (London, 1840), p. 32; W. K. V. Gale, ‘A
Technological History of the Black Country—Iron Trade’ (typewritten MS.), p. s8.
T am grateful to Mr Gale for allowing me to consult his extremely informative study.
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The development of the British iron industry was directly linked to
these technological considerations. Up to the middle of the eighteenth
century, the pecuniary and material limitations on the transport of
charcoal or wood restricted growth and often compelled the ironmaster
to halt work for as much as several months while sufficient fuel was
collected for another run; the effect was to raise overhead charges
enormously. The irregularity of the supply of water for power, due to
drought in the summer and, less often, frost in winter, imposed similar
interruptions. Both difficulties combined on occasion to push the
furnaces and forges into lonely rural areas, where abundance of fuel and
water was largely offset by isolation from the market.

It has long been customary to argue that the excessive appetite of the
British iron manufacture had by the eighteenth century so exhausted
its supply of wood that numerous furnaces and forges were forced to
shut down, that overall output fell or at least stood still from about 1660
to 1760, and that only the introduction of mineral fuel saved the
industry from slow starvation. Recent studies, however, have modified
the picture, noting that the wood employed by the furnacemaster was
coppice rather than construction timber; that much of this was system-
atically cultivated for the iron industry, so that in some areas, at least,
the supply increased; and that a substantial number of new furnaces
and forges were fired after 1660, more than compensating for those
that had to be abandoned.* The fact remains that charcoal was getting
ever costlier in some of the traditional iron-making areas; far more of
the new furnaces were founded before 1700 than after; much of the
industry survived in the face of Swedish and Russian competition only
thanks to customs duties; and production, though rising, was rising
far more slowly than imports or the output of more prosperous
industries. Mr Flinn has suggested an increase of ‘upwards of 10,000
tons’ from 1660 to 1760; this would imply at most a gain of 75 per
cent. By comparison, purchases of iron from Sweden and Russia more
than doubled from 1711-15 to 1751~5.%

As early as 1740, Great Britain was using perhaps 10 or 11 pounds of
wrought iron per person a year. In the next fifty years, consumption
about doubled. By comparison, the French were using around 5 pounds
per head at the later date, and the average for the Continent as a whole

! See especially M. W, Flinn, ‘The Growth of the English Iron Industry, 1660~
1760°, Econ. Hist. Rev. 2nd ser. x1 (1958), 144-53; G. Hammersley, ‘The Crown
Woods and Their Exploitation in the Sixteenth and Seventeenth centuries’, Bull. of the
Institute of Historical Research, XXX {1957), 136-61.

* H. Scrivenor, History of the Iron Trade (London, 1854), p. 58; K. G. Hildebrand,
‘Foreign Markets for Swedish Iron in the 18th Century’, Scandinavian Econ. Hist. Rev.
VI {1958), 4-15.



THE INDUSTRIAL REVOLUTION IN BRITAIN [*}]

was far lower. These gross estimates arc confirmed by the qualitative
impressions of observers: thus Arthur Young, who notes with surprise
that ‘the wheels of these [French] waggons are all shod with wood
instead of iron’.! Whatever the sources of this ferruginous temper—
which Alfred Marshall attributed to ‘that sturdy, resolute Norse
character’ of his ancestors?>—it is the more impressive for having
developed in the face of the growing scarcity of fuel; until well into the
eighteenth century, Britain used iron because she wanted to, not
because it was abundant or chzap. (To be sure, the most likely sub-
stitute, wood, was perhaps even dearer.) Even so, one can but wonder
what would have happened, had she had to go on depending on costly
and inelastic foreign sources for much, if not most, of the principal
structural material of modern technology.3

In any event, the problem was solved by the substitution of coal for
wood, which, thanks to Britain’s exceptional resource endowment and
favourable transport conditions, changed a high-cost industry into the
most efficient in the world. The make of pig iron rose sharply (the
1780’s seem to mark a definite break in the curve), and where, in 1750,
Britain imported twice as much iron as she made, by 1814 her exports
alone amounted to five times her purchases. Some of this rapid increase
in output reflected the special needs of the war years. But the coming
of peace simply brought other sources of demand to the fore: engin-
eering; the construction of factory plant and equipment; the manu-
facture of agricultural implements, hardware, piping for water and
gas, and, especially after 1830, rails. Most important, exports of iron
rose almost twentyfold by the middle of the century (57,000 tons in
1814; 1,036,000 in 1852). In the 1780’s Britain’s output of iron was
smaller than that of France; by 1848 she was smelting almost two
million tons, more than the rest of the world put together.

The development of mechanized industry concentrated in large units
of production would have been impossible without a source of power
greater than what human and animal strength could provide and inde-
pendent of the vagaries of nature. The answer was found in a new con-
verter of energy—the steam-engine; and in the exploitation on a
tremendous scale of an old fuel—coal.

Each of these called the other forth. The strongest source of demand

I Young, Travels, 1, 46. % Industry and Trade (London, 1919), p. 60.

3 On the rigidity of the Swedish supply after 1750, cf. Eli F. Heckscher, An Eco-
nomic History of Sweden (Cambridge, Massachusetts: Harvard, 1954), p. 178. On
Russia, cf. M. Goldman, ‘The Relocation and Growth of the Pre-Revolutionary
Russian Ferrous Metal Industry’, Explorations in Entrepreneurial History, Ix (1956-7),
20; R. Portal, L’Oural au XVIlIe sidcle (Paris, 1950); R. Portal, ‘Une route du fer au
XVIle siécle’, Revue historigue, cCxt (1954), 19-29.
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Table 1. Pig-Iron Output of Great Britain (in long tons)

1740 17,350 1830 678,417
1788 68,300 1835 940,000
1796 125,079 1839 1,248,781
1806 258,206 1848 1,998,568
1825 581,367 1852 2,701,000

Sources. For the years 1740-1830 and 1852, Scrivenor, History of the Iron Trade,
Pp- 136, 302; for 1835, M. Meisner, Die Versorgung der Weltwirtschaft mit Bergwerks-
erzeugnissen, 1, 18601926 [in Weltmontanstatistik, pub. by the Preussische Geologische
Landesanstalt] (Stuttgart, 1929), p. 84; for 1839, Mushet, Papers on Iron and Steel,
f. 421; for 1848, Ludwig Beck, Geschichte des Eisens in technischer und kulturgeschicht-
icher Beziehung (s vols.; Braunschweig, 1894-1903), 1v, 665. Note that all of these
are informed guesses. The first official returns of iron production do not come untit
1854. Cf.R.Hunt, “The Present State of the Mining Industries of the United Kingdom’,
J. Royal Statistical Soc. xtx (1856), 317; Howard G. Roepke, ‘Movements of the
British Iron and Steel Industry—1720 to 1951° [Illinois Studies in the Social Sciences,
vol. sooxvi] (Urbana, 1956), p. 24.

for increased power was mining, especially coal mining. From the
sixteenth century on, as we have noted, the need for new sources of
thermal energy in a country almost denuded of its forests led Britons to
substitute mineral for vegetable fuel in a wide variety of heat-absorbing
industrial operations. At the same time, the consumption of coal for
domestic purposes rose steadily: there was perhaps a time, in the six-
teenth century, when the Englishman recoiled at the acrid, sulphurous
fumes of burning coal; but by the modern period, such scruples were
laid by familiarity and necessity.

The more coal man used, the deeper he dug; until, by the end of the
seventeenth century, the pits in many areas had penetrated beneath the
water table and flooding threatened to put an end to further extraction.
(The same difficulties were beginning to afflict the tin, lead, and copper
mines of Cornwall.) Ingenious systems were devised to lead off the
water, when possible, or to pump or raise it out of the pits by animal
power. But the task was fast getting out of hand: in one colliery in
Warwickshire, five hundred horses were employed to hoist the water,
bucket by bucket.

The use of five hundred horses is evidence of a simple but sometimes
neglected fact: there is in principle no limit but numbers to the amount
of work that can be accomplished or power that can be generated
by human or animal labour. One thinks, for example, of the construc-
tion of the pyramids or of such comparable tasks as the removal of a
327-ton obelisk in Rome in 1586 by the massed efforts of 800 men and
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140 horses working forty capstans in the presence of the official
executioner.

Yet the use of gangs or of veritable herds of animals poses logistical
difficulties that increase sharply with the number of labour units: there
is the problem of co-ordination, first, and linked to it, the sheer limita-
tions of space and the high cost of a complex system for the transmission
of power. Moreover, man and beast are subject to fatigue; they must
be relieved, and the more there are, the more difficult the passage from
one team to the next. Mass labour of this kind is reasonably effective—
if certain precautions are observed and discipline is maintained—in the
performance of sporadic work demanding intense effort for short
periods. It is ill suited to providing the steady, concentrated power
required by industry.

Here lay the great advantage of the steam-engine. It was tireless, and
one could direct its tens of horsepower far more effectively than one
could combine the efforts of five hundred horses. Moreover—and in
the long run, this was the key to the steam-engine’s revolutionary
effects on the pace of economic growth—it consumed mineral fuel and
thereby made available to industry, for the provision of motive power
as against pure heat, a new and apparently boundless source of energy.
The early steam-engines were grossly inefficient, delivering less than
1 per cent of the work represented by their thermal inputs. This was a
far cry from the performance of organic converters: both animals and
man can deliver gom 10 to 20 per cent of inputs, depending on condi-
tions. But neither man nor beast can eat coal. And since the supply of
organic nourishment was and is limited—as the Malthusian checks of
famine and disease abundantly testify—it is this increment of fuel made
available by the steam-engine, however wastefully used, that counted.

To make the point clear, compare man’s consumption of coal with
its hypothetical alimentary equivalent. By 1800 the United Kingdom
was using perhaps 11 million tons of coal a year; by 1830, the amount
had doubled; fifteen years later it had doubled again; and by 1870 it
was crossing the 1oo-million-ton mark. This last was equivalent to
800 million million Calories of cnergy, enough to feed a population of
850 million adult males for a year (actual population was then about
31 million); or to supply one-fourth as many people with the compiete
energy requirements of a pre-industrial society.2

! See the contemporary pictorial representation of this operation in T. K. Derry
and Trevor I Williams, A Short History of Technology from the Eatliest Times to A.D.
1900 (Oxford, 1960), frontispiece; also pp. 180, 24s.

% That is, the energy required for heat and manufacture, as well as for the internal
nourishment of the biological organism. C. Cipolla, ‘Sources d’énergie et histoire de
Phumanité’, Annales: E.S.C. xv1 (1961), 528.
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Or—to approach the subject from a different angle—in 1870 the
capacity of Great Britain’s steam-engines was about 4 million horse-
power, equivalent to the power that could be generated by 6 million
horses or 40 million men.® If we assume the same patterns of food
consumption as prevailed in the eighteenth century, this many men
would have eaten some 320 million bushels of wheat a year—more
than three times the annual output of the entire United Kingdom
in 1867-71. And this does not take into account the even larger number
of workers required for activities other than furnishing power, or the
young, old, and other unemployed members of our hypothetical
coal-innocent society.

It would be easy, by selecting a later date and a higher consumption
of energy, to conjure up more awful pictures. From 1870 to 1907, the
capacity of prime movers in British industry alone more than doubled,
and from 1907 to 1930, doubled again; to this would have to be added
the even greater increase of engines in land transport and shipping. Or,
to shift to a larger scene, world consumption of commercial sources of
energy multiplied six times in the fifty years from 1860 to 1900 and
more than tripled in the next half~century. One can imagine an in-
dustrial world compelled to depend exclusively on animal engines for
work, a world swarming with so many men and beasts that every inch
of the earth’s surface, including mountain, desert, and icy tundra, would
not suffice to feed them. But one need not persist in these fantasies.
The point is obvious: no such industrial world could come into being.
It is precisely the availability of inanimate sources of power that has
enabled man to transcend the limitations of biology and increase his
productivity a hundred times over. It is no accident that the world’s
industry has tended to localize itself on and near the earth’s coal
measures; or that the growth of capital has been proportional to the con-
sumption of mineral fuel. Coal, in short, has been the bread of industry.?

At this point, some words of caution are advisable. Like food, coal
has been a necessary but not a sufficient cause of industrial performance.

! This is a conservative estimate, for the equivalency is between capacities over
brief periods of time, a working day, for example. And while many of these steam-
engines undoubtedly operated only part of the time and then ofien at less than full
load, it seems reasonable to assume that animal generators would deliver an even
smaller fraction of capacity. Thus men, and the beasts they use, rest most of each day
and a substantial portion of the days in each year; whereas many steam-engines worked
around the clock, day in and day out, year after year. On balance, double the number
of men or animals would seem a more accurate equivalent.

% The above discussion owes much to conversations with Professor Carlo Cipolla.
See his Economic History of Population (London, 1962), ch. m. Also Fred Cottrell,
Energy and Society (New York, 1955); E. A. Wrigley, Industrial Growth and Population

Change (Cambridge, 1961); and idem, ‘The Supply of Raw Materials in the Industrial
Revolution’, Econ. Hist. Rev. 2nd ser. xv (1962), 1-16.
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One cannot work without eating; yet the availability of food will not
make one work. We shall have several occasions in the course of this
survey to consider feats of industrial accomplishment by localities or
countries poor in energy resources. Some of these have benefited from
compensating advantages; others have transcended their handicaps by
acts of creative entrepreneurship. Usually, however, these triumphs
have occurred in light industry, where energy requirements are a
relatively small portion of total cost. Itis (or was) hard to make bricks
without straw; or iron and heavy chemicals without cheap fuel.

It should be remembered, moreover, that the coal-steam combina-
tion was not the only source of inanimate power available to the
European economies of the eighteenth century. The force of the wind
had been harnessed for millennia, first by means of sail for navigation,
then from the Middle Ages on, through mills for pumping and
grinding. Even more important was water power. Already known in
antiquity, the water mill first came into wide use in the Middle Ages,
perhaps as an answer to the growing scarcity of slave labour. Its intro-
duction into British wool manufacture to drive the fuller’s hammers
gave rise to that rapid expansion of rural production that Professor
Carus-Wilson has described as ‘an industrial revolution of the thirteenth
century’. In the eighteenth century and the first decades of the nine-
teenth, the water wheel accounted for the greater, though a diminishing,
share of the power used by British industry; and there is no doubt that,
had Britain been better endowed by nature with hydraulic energy, or
had she been poorer in coal, the dominance of the wheel would have
continued much longer than it did. This was the case in the United
States, where the great coal deposits lay in what were at first the rela-
tively inaccessible lands west of the Appalachians and where the eastern
slopes of the same range offered superb sites for the erection of water-
driven mills. The same was true of comparable areas in Europe, the
whole Alpine region, for example—Dauphiné, Switzerland, Baden,
Bavaria, northern Italy.

Coal and steam, therefore, did not make the Industrial Revolution;
but they permitted its extraordinary development and diffusion. Their
use, as against that of substitutable power sources, was a consideration
of costs and convenience. The advantage of wind and water power was
that the energy employed was free; their great disadvantage was that
it was often not abundant enough and in any event was subject to
variations beyond human control. The wind might not blow; the
stream might dry up or freeze. By contrast, the steam-engine could be
relied oninall seasons; but the initial outlay was higher and it was costly
to operate. As one writer of 1778 put it, “the vast consumption of fuel
in these engines is an immense drawback on the profit of our mines, for



100 THE UNBOUND PROMETHEUS

every fire-engine of magnitude consumes £3,000 worth of coals per
annum. This heavy tax amounts almost to a prohibition.” This was
clearly an exaggeration, for the use of steam was growing. Stil, it cost
only £900 a year to feed those five hundred horses in Warwickshire,
Small wonder that the early engines were generally employed only
where coal was extremely cheap—as in collieries; or in mines too deep
for other techniques, as in Cornwall; or in those occasional circum-
stances—the naval drydock at Saint Petersburg for example—where
cost was no object.

As a consequence, the leitmotif of steam technology was the effort
to increase efficiency, that is, the amount of work performed per input
of energy. By comparison, the goal of greater power, that is, work per-
formed per unit of time, took second place, although the two objectives
were linked and what made for the one, permitted or yielded the other.

This pursuit of fuel economy and power, like other movements of
technological advance, had its multitude of small and often anonymous
gains: better materials, closer tolerances, the introduction of safety
valves and gauges, the recognition and adoption of coal specially suited
to the production of steam, the collection of accurate information on
the performance of engines under different conditions. But it was also
punctuated by some great leaps forward, each marked by a critical inno-
vation that widened substantially the commercial applicability of steam.

The first practicable device for the conversion of thermal energy into
work was Thomas Savery’s ‘fire-engine’ of 1698. It was in effect
steam-engine and pump combined. There was no piston, no transmis-
sion of power to other machinery. Steam was heated in a boiler, then
passed into a ‘receiver’, where it was condensed to create a partial
vacuum. This drew in water from below (more accurately, the water
was driven up into jt by air pressure), which was then expelled upwards
by the next injection of steam, and the cycle began again. The waste of
energy was enormous, not only because of the alternate heating and
cooling of the receiver, but also because, in the absence of a piston, the
steam came into direct contact with the cold water. The system had
one other serious drawback: one could increase the power only by
raising the pressure, and some of the Savery engines were worked at as
much as three atmospheres. That was about the limit of safety. Given
the quality of the materials employed and of the metal work of the day,
anything higher was almost certain to result in an explosion, as a
number of operatives learned too late. The only altcmauve, in deep
mining, for example, was to use two or more engines in tandem, a
costly procedure and one especially vulnerable to breakdowns.

*Price, in the Appendix to Mineralogia Cornubiensis, cited by Robert A. Thurston, A His-
tory of the Growth of the Steam Engine (Centennial edition;; Ithaca, New York,1939),p.71.
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What Thurston calls the first true engine, that is, a device for
generating power and transmitting it to a machine performing the work
desired, was the contribution of Thomas Newcomen, ironmonger and
blacksmith of Dartmouth, England, in 1705. Here the pump was
separate from the cylinder that received the steam. The vacuum pro-
duced by condensation was used, not to draw in water, but to work a
piston connected to one end of a see-sawing cross-beam, the other end
of which rose and fell and thereby operated the rod of the water pump.
Note that the steam was not used to drive the piston, but only to
create a vacuum; ordinary air pressure provided the force that pushed
the piston downward against the weight of the pump at the other end
of the beam. Hence the name, ‘atmospheric engine’.

Newcomen'’s method offered two advantages over Savery’s concep-
tion. First, it eliminated the loss of heat due to contact with the water
being pumped. The saving was not large and was almost dissipated in
the transmission of force from engine to pump. Years later, when con-
struction of both types had much improved, tests of the two engines
showed duties generallyranging between five and six million foot-pounds
per bushel of coal, a yield of less than 1 per cent. Still, every bit helped.

Far more important, the use of a piston made it possible to obtain
more force without increasing the steam pressure; all that was required
was a larger surface on which the atmosphere could push, that is, a
larger piston. As a result, the Newcomen engines were at once more
powerful, safer, and more dependable. Indeed, some of them were to
remain at work for five decades and more, well into the nineteenth
century.

Not that the Savery steam pump disappeared. Builders like John
Wrigley in Lancashire were manufacturing improved versions of it to
the very end of the eighteenth century, and so enterprising a cotton
spinner as John Kennedy used ‘Savary’s’ machine to drive his improved
mules in Manchester in 1793. One would like to know how many of
these there were, where they were used, and for what purposes. Those
we know of were small, generating a few horsepower, and were used
to raise water to drive the wheels of light industrial plants.

By contrast, the Newcomen engine dominated the market for large
prime movers. Thurston writes that within a few years of its invention,

‘it had been introduced into nearly all large mines in Great Britain’;
and that many new mines were dug that could not have been exploited
before. The statement may be exaggerated; we do not have statistics on
this point. But we do know that the engineer Smeaton found 57 of
these machines, totalling 1200 horse-power, in the Newcastle basin
alone in 1767, and 18 large engines in the Cornish mines in 1780. In the
Midlands, the Coalbrookdale foundry, better known for its pioneering
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of coke smelting, was the major supplier of Newcomen engines to the
collieries of the region; and even after the introduction of the Watt
engine, the older type continued in demand, for coal at pithead was
cheap or even a free good (many boilers burned unsaleable slack), and
the lower initial cost of the Newcomen engine, its simplicity of main-
tenance, and its remarkable durability gave it the preference.”

Yet the persistence of the Newcomen engine should not lead us to
underestimate the crucial significance of Watt’s contribution. By
building a separate condenser (patent of 1769; first commercial applica-
tion, 1776), he saved the energy that had previously been dissipated in
reheating the cylinder at each stroke. This was the decisive break-
through to an ‘age of steam’, not only because of the immediate
economy of fuel (consumption per output was about a fourth that of
the Newcomen machine), but even more because this improvement
opened the way to continuing advances in efficiency that eventually
brought the steam-engine within reach of all branches of the economy
and made of it a universal prime mover. Watt himself effected some of
the most important of these further gains (patents of 1782 and 1784):
the double-acting engine, with the steam working alternately on each
side of the piston; the use of stcam to drive the piston as well as to
create a vacuum; the cut-off stroke, which took advantage of the
expansive force of the steam to obtain a substantial saving of energy;
above all, the sun-and-planet gear, which converted the reciprocating
stroke of the piston into rotary motion and made it possible to drive
the wheels of industry.

Watt believed firmly in the low-pressure engine; and, indeed, most
of the power of his machine derived, not from the force of the steam,
which rarely went above 14 atmospheres, but from the vacuum on the
other side of the piston. Other men were less dogmatic. Around the
turn of the century, William Bull, Richard Trevithick, the American
Oliver Evans, and others evolved the high-pressure engine (two or
more atmospheres), which eventually yielded fuel economies of 1:1%
and better. In the beginning, however, its main advantage lay in its
simplicity and its ability to deliver the same work with a smaller piston;
it was thus lighter and cheaper than the low-pressure engine and used
far less water. This saving of space and materials was of primary im-
portance in the construction of movable engines. The locomotive and
steamboat would have been sharply restricted commercially had only
low pressure been available.

¥ On the continued use of the Savery and Newcomen engines, see A. E. Musson
and E. Robinson, “The Early Growth of Steam Power’, Econ. Hist. Rev. 2nd ser. x1
059), 418-39; Thurston, History of the Growth, pp. 68 ff.
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Moreover it was high pressure that made possible the effective
application of compounding, which made use of the energy that
remained in the stcam after it had driven the piston, by leading it into a
second cylinder (eventually a third and even a fourth) of larger
dimensions. The principle was the same as that which made possible the
cut-off stroke : theoretically there is no difference between the expansion
of the steam in one cylinder or more than one. Practically, there is a
significant gain in efficiency: the sum of the forces exerted by more than
one piston varies less throughout the action than that of a single piston;
more important, the temperature of each cylinder varies less if the
range of expansion of the steam is divided than if it is confined to one
vessel. The result was a major saving of fuel: by the middle of the
nineteenth century, an average compound engine used slightly over
2} pounds of coal per horsepower-hour; Watt’s machine needed about
73, and the Newcomen engine of 1769 used 30." Jonathan Hornblower
built a two-cylinder engine on these lines as early as 1781, but he used
steam of low pressure, and his machine was found to be no more
efficient than that of Watt; moreover the latter sued him for infringe-
ment of patent, and when Homblower was unable to pay royalties and
fine, he was clapped into prison. It was Arthur Woolf who, in 1804,
produced the first commercially successful compound engine. He used
high pressure and a separate condenser—by this time Watt’s patent had
expired. In the long run, compounding found its widest application in
shipping, where the saving on fuel was multiplied by the space released
thereby for cargo and passengers.

Unlike the wooden machines for spinning and weaving cotton or
wool, the steam-engine required from the start a corresponding revolu-
tion in the relevant fields of metallurgy and construction. Smeaton
predicted that Watt would not be able to build his engine because it
required more accuracy than the techniques of the day permitted; and
indeed some seven years elapsed between the patent and the first com-
mercial realization. The difficulty was solved in part through the
ingenious efforts of John Wilkinson, who learned to bore cylinders with
some precision; as Watt put it, he could ‘promise upon a seventy-two
inch cylinder being not farther distant from absolute truth than the
thickness of a thin sixpence [say 0-05 in.] at the worst part’. Even this
was hardly close enough for an effective vacuum, and Watt and
engineers after him continued to use packed rope or hemp and tallow
to plug the gaps between piston and cylinder. Not until well into the
nineteenth century had materials and machine construction advanced

! For figures on coal consumption and a discussion of the statistical difficulties

involved, see W. Stanley Jevons, The Coal Question (London, 1906), pp. 145-9; also
Conrad Matschoss, Die Entwicklung der Dampfmaschine (2 vols.; Berlin, 1908), 1, 506~7.
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to the point where full advantage could be taken of the intelligence of
Watt’s conception.

This raises the related but larger issue of the connection between
science and technology. It is often stated that the Newcomen machine
and its forerunners would have been unthinkable without the theoretical
ideas of Boyle, Torricelli, and others; and that Watt derived much of
his technical competence and imagination from his work with scien-
tists and scientific instruments at Glasgow. There is no doubt some
truth in this, though how much is impossible to say. One thing is
clear, however: once the principle of the separate condenser was
established, subsequent advances owed little or nothing to theory.
On the contrary, an entire branch of physics, thermodynamics,
developed in part as a result of empirical observations of engineering
methods and performance.® Nor is it an accident that this theoretical
work was begun in France, where a school like the Polytechnique
devoted its efforts explicitly to the reduction of technique to mathe-
matical generalization. All of which did not prevent England from
continuing to lead the world in engineering practice and invention.

Because of the steam-engine’s early shortcomings, it was less suited
than the gently turning water wheel for work requiring a certain
smoothness and regularity of motion. This, together with purely
economic considerations like relative size of firm, goes far to explain
the slower adoption of steam in wool than in cotton. As late as 1850,
more than a third of the power available to the wool manufacture of
England and Wales came from water (12,600 h.p. steam; 6800 water);
for the cotton industry of all of Great Britain, the corresponding figure
was about one-eighth (71,000 steam; 11,000 water). The biggest users
of steam power among the other industries were mining and metal-
lurgy; unfortunately, overall figures are not available. We are thus
reduced to crude estimates for the kingdom as a whole. Thus it has been
suggested that there were no more than one thousand engines in use in
1800; guessing at an average size of 10 h.p. (it would not matter to the
argument if one chose a multiplier twice as large), one arrives at an
aggregate capacity of perhaps 10,000 h.p. Fifteen years later, according
to the French observer Baron Dupin, this total had risen, for Great
Britain alone, to 210,000 h.p.; and by the middle of the century it had
further increased more than sixfold. For the United Kingdom in 1850,
Mulhall estimates 500,000 h.p. of stationary engines, 790,000 h.p. of
mobile engines, mostly in the form of railway locomotives. The latter
had constituted an insignificant category a generation earlier.

* T. S.Kuhn, ‘Energy Conservation as an Example of Simultaneous Discovery’, in
M. Clagett, ed., Critical Problems in the History of Science (Madison, Wisc., 1959).
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One of the cherished myths of economic history is the image of a
swift and drastic shift from rudimentary hand tools to machines.
According to this, we begin with carpenters and millwrights with
chisels and files, cutting and scraping by eye and feel; and then, within
two generations, we have machinists and engineers operating precision
power tools and working to specifications and blueprints. In fact, as is
so often the case with revolutions, the old and new were not that far
apart, and the change was slower than usually pictured.

The craftsman of the mid-eighteenth century, particularly in fields
like clock-making, was familiar with an impressive variety of machines,
including lathes, punches, drills, and screw- and wheel—cutting engines.
These were slow and only moderately accurate; yet they were adequate
to the industry of the day—both pre- and post-innovations—and indeed
have survived in some out-of-the-way places to the present.* Of the
great mechanical inventions of this period, only the Watt steam-engine
required, as noted above, an immediate advance in metal-working
technique.

In the long run, however, the diffusion of mechanized manufacture
called forth major improvements in tool design. For one thing, the
productivity of the new machines for making consumers’ goods was
directly related to speed of operation and efficient utilization of power;
both of these in turn demanded precise, smoothly working parts. For
another, the scarcity of skilled wood and metal workers created a
need for the kind of equipment that would enable a mechanic to do
more in less time and with as little training as possible. And both these
considerations were reinforced by the growth of an autonomous,
specialized machine—construction industry in which imaginative arti-
sans had an opportunity to modify old tools and devise new ones; the
same process of gradual, cumulative technological advance by anony-
mous increments that characterized the consumers’-goods industrics
was equally important in the manufacture of capital goods.

Because of the anonymity of many of these improvements and the
great diversity of practice, it is impossible to convey more than
an approximate notion of the overall pace of advance. In the cotton
industry we can at least count spindles and categorize them under
rubrics like ‘mules’ or ‘water frames’, which, though embracing
equipment of different efficiencies, are homogeneous enough to be
meaningful. In machine construction, we have no counts, and even

I On the technical competence of wood and metalworkers before the Industrial
Revolution, see especially Musson and Robinson, *The Origins of Engineering in
Lancashire’, J. Econ. Hist. xx (1960), 200-33. Also M. Daumas, ‘Precision Mechanics’,
and K. R. Gilbert, ‘Machine Tools’, in C. Singer et al., A History of Technology, v:
The Industrial Revolution, c. 1750—c. 1850 (Oxford, 1958), 379-441.
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if we had, the range of variation between tools of the same name is so
great as to render classification illusory and even the timing of innova-
tion uncertain. Two examples will suffice. We know that gauges were
being employed by machine builders as early as the 1770’s and 1780’s;
indeed, the use of the word to designate an instrument for measuring
dimensions dates to the late seventeenth century. Yet it hardly seems
likely that men were ‘working to gauge’ in this early period, that is,
using these devices, not only to measure size or scribe lines, but to
assure standardization. Where and when the latter technique was intro-
duced, and how fast it spread, is impossible to say. Similarly, we know
that the slide rest was in wide use in the eighteenth century. Yet the
invention of this basic instrument of precision work, which took the
cutting tool out of the fallible hands of the artisan and made possible
control of the direction and depth of its action, was attributed by
Nasmyth and others to Maudslay. A myth? Perhaps. More likely,
however, contemporaries who credited him with it had in mind some
change in its character or innovation in its usc, perhaps simply insistence
on its use where others were content to work by hand.

But if we cannot measure the state of technique at a given point in
time we can speak of the trend. In the space of two generations, in
large part owing to a handful of gifted figures who learned from each
other and formed as it were a family of toolmakers, wood- and metal-
working techniques were transformed, at least at the margin.’ Tools
became heavier and more rigid (Maudslay’s all-metal lathe), more
automatic and precise (Clement’s self-regulating lathe and double-
driving centre chuck, Nasmyth's self-acting nut-milling machine and
shaper, a whole succession of improvements in planing), more versa-
tile and casier to operate (the turret-lathe and milling machines). By
the middle of the ninetcenth century ‘the majority of the machine
tools now in use...had been brought into existence’,* and men like
Nasmyth were toolmakers to machine builders, stocking standard
models and selling from catalogue descriptions.3

The means of performance came first; the standards of accuracy
after. The invention of power tools did not change the personal

! For the family trec of innovations and innovators in machine-tool manufacture,
see Joseph W. Roe, English and American Tool Builders (New Haven, 1916), p. 7;
Gilbert, ‘Machine Tools’, p. 418. This pattern of direct employer—employee contact
as a source of technical training and seed-bed for entrepreneurship characterized the
continental industry as well. On Germany, see F. Redlich, *The Leaders of the
German Steam-engine Industry during the First Hundred Years’, J. Econ. Hist. 1v
(1944), 146.

* Gilbert, ‘Machine Tools’, p. 441.

3 See A. E. Musson, ‘James Nasmyth and the Farly Growth of Mechanical
Engineering’, Econ. Hist. Rev. 2nd ser. X (1957). Nasmyth expressed his intention of
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character of the work. Each craftsman remained judge of his own per-
formance, working to approximate specifications that were not always
uniform even within the shop. The assembling of any piece of machinery
required a costly and time-consuming adjustment of all the parts, which
were individually filed down to fit the whole. Reproduction or
replacement was similarly approximate. Every screw had its individual
thread.

Maudslay and Clement made an effort to correct some of these short-
comings by insisting on the use of true plane surfaces and standardizing
the screws produced in their shops. But the major work in this area was
done by one of their pupils, Joseph Whitworth, who, building on the
work of his masters, worked out standard threads for bolts and screws
of all sizes and developed the gauges that bear his name. Diffusion of
these principles and techniques was another matter. Whitworth’s con-
tributions go back to the 1830’s and his methods were made public
in 1840, yet in 1856 he was still pleading for accuracy.

Generally speaking, standardized precision work, which made
possible interchangeable parts, preceded the adoption of common,
industry-wide norms. Thus if working to gauge was still the exception
before 1850, it was spreading rapidly, and a number of machine makers,
like Roberts of the self-acting mule, had long made use of templets and
jigs to facilitate the performance of repetitious operations. Uniformity
of standards of screw and bolt manufacture, on the other hand, came
only in the second half of the century (common within the enterprise
by 1860) and for a long time stood alone; all the weaknesses of human
vanity combined with habit and the cost of change to deter acceptance
of general patterns by particular producers.

One field in which standardization of product was achieved early
was stampings. The principle went back to antiquity, when dies were
used to mint coins of uniform design. In the early modern period, the
punch was introduced, and made possible regularity of shape and size.
In industry proper, the technique was obviously appropriate to the
manufacture of buttons, gewgaws, buckles, and similar small objects.
Birmingham, if not the first to use it, was the city that made the most of
it while limitations of power restricted its application to the light metal
trades; in the nineteenth century, a number of minor industries—pen
nib manufacture, for example—were revolutionized by adaptations of
this process.

Such products are clearly not to be compared to interchangeable
parts, which must be exact enough to fit and interact with others in a
operating on this principle as early as 1836 in letters to his future partner Gaskell.

Cited in R. Dickinson, ‘James Nasmyth and the Liverpool Iron Trade’, Trans. of the
Historical Society of Lancashire and Cheshire, cviu (1956), 99.
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larger mechanism. Nor are they—and the less so in this early period—
so strong as pieces wrought, forged, and milled in the traditional
sequence. (Even today a drop-forged blade commands a premium over
a stamped one.) Nevertheless, the principle was as promising as that of
precision machining, which would always be more expensive, and the
application was enormously broadened by the introduction of power
presses and similar big equipment. By the middle of the century, the
steam hammer was beginning to be used in the manufacture of railway
wheels. This was only a beginning, but it was the herald of a new kind
of machine construction that was eventually to make possible the
streamlined, inexpensive hard goods of the twentieth century—auto-
mobiles, refrigerators, bicycles, television sets.

Like the machine-building and engineering trades, the chemical
industry has tended to be neglected in textbook histories of the Indus-
trial Revolution, in part for the same reasons: the complexity and many-
sidedness of its devefopmcnt, and the need for technical knowledge that
the historian rarely possesses. Probably even more important, however,
in promoting this oversight have been (1) the unrevolutionary character
of this development—the organization of labour remained essentially
unaltered while gains in productivity were usually smaller in chemicals
than in those areas where mechanization was feasible; and (2) the
secondary position of the industry in this early period—its growth was
largely a response to the needs of other branches of manufacture, in
particular, textiles, soap, and glass. We are accustomed today to look
on the chemical manufacture as a giant, partly because of its success in
creating wondrous new materials like nylon or plastics, partly because
of the ‘miracle’ drugs that pour out of its laboratories in an endless
stream; we are less aware of the enormous output of what is generally
known as the heavy chemical industry, which is concerned with those
inorganic agents, acid and alkali, used in the production of other
commodities.

Yet the derivative character of this growth in our period in no way
diminishes its importance. The transformation of the textile manufac-
ture, whose requirements of detergents, bleaches, and mordants were
growing at the same pace as output, would have been impossible with-
out a corresponding transformation of chemical technology. There was
not enough cheap meadowland or sour milk in all the British Isles to
whiten the cloth of Lancashire once the water frame and mule replaced
the spinning wheel; and it would have taken undreamed-of quantities
of human urine to cut the grease of the raw wool consumed by the mills
of the West Riding.

The solution was found in a simultaneous advance along several lines:
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(1) by substituting where possible vegetable for animal sources of raw
material; (2) by substituting inorganic for organic raw materials; (3) by
making use of the by-products of each reaction to produce other
reactions yielding useful compounds; and (4) by improving the tools
and equipment of the industry—furnaces, vats, mixers, piping, and the
like—so as to permit the more rapid processing of larger quantities with
greater safety. The first two were analogous in significance to the sub-
stitution of coal for wood in metallurgy: they freed the industry from
the bondage of inelastic supplies. The third is particularly characteristic
of the chemical manufacture and largely accounts for the conditions of
increasing return that prevailed in the heroic age of early innovation.
The fourth yielded perhaps the smallest gains in our period, but was to
grow increasingly important as innovations in the other areas were
absorbed and the increasing scale of production shifted attention to the
physical plant and the logistical problems of work flow.

The course and character of this advance are best conveyed by exam-
ining the changes in the production of those key compounds that are
the basis of the heavy chemical manufacture and the industrial commod-
ities derived from them. The most important of these, even then,
was sulphuric acid, a substance of such versatility (oxidizing agent, de-
hydrating agent, acid, electrolyte) that its use has come to serve as a
rough index of industrial development. In the first half of the eighteenth
century, sulphuric acid was employed chiefly as a nostrum, occasionally
asa bleach. The method of preparation was slow, constrained, inefficient;
the price, Is. 6d. to 2s. 6d. an ounce, prohibitive for most industrial use.
Within the space of a few decades, however, the introduction from the
Continent of the bell process (first successful application by Joshua
Ward and John White at Twickenham in 1736) and then the substitu-
tion of large lead-lined vats for the much smaller glass ‘bells” (John
Roebuck and Samuel Garbett at Birmingham in 1746) increased the
scale of operation a thousand-fold and pushed the cost down to 33d. a
pound. By the end of the century Britain, which had once eked out the
home supply with purchases from Holland, was exporting up to two
thousand tons a year.t

In industrial chemistry, one compound leads to another. Sulphuric
acid, in combination with salt, yielded as one product hydrochloric
acid, from which chlorine could be freed for use as a bleaching agent.
The method of accomplishing this was wasteful, and chlorine in its
pure form was dangerous and so corrosive that it tended to rot the

* A. and N. Clow, The Chemical Revolution: a Contribution to Social Technology
(London, 1952), pp. 132-9; Pub. Record Office, T. 64/241: ‘An Account of the
Exports of British Manufacturers from Scotland to Holland....” I am indebted to
Dr T. C. Barker for this material,
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fabric being treated. Yet it offered important advantages over such
older bleaches as sunshine, buttermilk, and even dilute sulphuric acid,
and the search began for chlorine compounds or mixtures that would
handle more easily. The first of these were liquors, the most important
of which, potassium hypochlorite or Javel water, was invented in
France in 1796 and has remained a household cleaning agent ever since.
For the textile manufacture, however, the major advance was Charles
Tennant’s invention of bleaching powder (patents of 1797 and 1799),
made by absorbing chlorine in slaked lime. Tennant’s output of the
powder rose from §7 tons the first year, to 239 tons in 1810, 910 tons in
1825, §719 tons in 1850; in 1852, production for Great Britain as a
whole was 13,100 tons. In the meantime, the price fell to one-tenth its
original level—from /140 to £ 14 per ton.!

Alkalis too were indispensable to the manufacture of textiles; and of
a wide variety of other commodities as well. Two types were employed:
potassium carbonate (commonly in the form of potash or the purer
pearl ash) and sodium carbonate (generally called soda), along with
compounds related to one or the other. Potassium alkalis were com-
bined with tallow or other animal fat to make soft soap, used especially
by the woollen industry for scouring and fulling; were mixed with
sand to produce one of the silicates that we call glass; went into the
manufacture of gunpowder and alum; and were employed in bleaching
and cleaning cloth and in the softening of leather. For all their ver-
satility, however, they had the disadvantage of deriving from raw
materials in scarce and inelastic supply. Potassium carbonate was
obtained from prepared wood ash in a ratio of perhaps 1 part of pure
compound to 600 parts of wood, necessitating a rate of consumption
that was out of the question in timber-starved Britain. Europe and
America were combed for supplies, and from the middle to the end of
the century imports grew from about 1500 to 9000 tons. Moreover
England was not the only country in the market; as demand outstripped
supply, the price went up substantially, doubling in the period from
1780 to 1815. Not until the 1860’s, when the Germans began to exploit
the rich deposits of mineral potash in the Stassfurt area, did this bottle-
neck ease. By that time, a revolution in the manufacture of sodium
carbonate had altered drastically the relative importance of the two
alkalis,

Sodium alkali is as versatile as the potassium variety; indeed, the two
are substitutable for each other in many of their applications. The main
difference industrially is that soda is used in the manufacture of hard
soaps and curd soaps—hence, of a household staple as well as of a

I These and other details of this discussion are taken from L. F. Haber, The Chemical
Industry during the Nineteenth Century (Oxford, 1958), ch. m.
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production good. In the eighteenth century, sodium alkali also was
obtained from the ashes of plants: the-saltwort, which grew chiefly in
Spain and the Canary Islands and yielded barilla, containing 20-35 per
cent by weight of soda; and dried seaweed from western Scotland and
Ireland, from which was derived kelp, with a soda content of from 5 to
10 per cent. The latter was able to compete because barilla, though
richer, paid duty; moreover imports were just about cut off during the
Napoleonic wars.

The supply of sodium alkali was more elastic than that of potash but
could not possibly keep pace with increasing demand. Once again, the
answer was found in the substitution of mineral for vegetable raw
materials—in this instance, an especially abundant mineral, common
salt. The actual technique was worked out in France in the 1780’s by
Nicolas Leblanc: conversion of salt to saltcake (sodium sulphate) by
means of sulphuric acid (whose usefulness was multiplied thereby many
times); and burning the saltcake in mixture with coal and calcium car-
bonate (usually in the form of limestone) to yield sodium carbonate
and wastes.

British producers, who were certainly aware of the Leblanc process
by the end of the eighteenth century, were slow to adopt it; large-
scale manufacture began only in 1823. Scholars have usually attributed
this delay to the effects of the tax on salt; more important, probably,
was Britain’s continued access to the traditional vegetable sources,
combined with the conservatism of alkali users, who were reluctant to
change over to the synthetic product even after James Muspratt made
it available at a favourable price.! By contrast, France, which was cut
off from Spanish barilla during the Napoleonic wars, had begun
commercial manufacture in 1808 and within a decade was producing
between ten and fifteen thousand tons of Leblanc soda a year.? Once
the initia] resistance was overcome, however, British output of syn-
thetic alkali increased spectacularly, from the few hundred tons of 1820
to almost 140,000 tons in 1852. (French output at the latter date was
perhaps 45,000 tons.) This rise was accompanied by a sharp fall in
the price of soda; crystals, for example, went from a wartime peak of
£59 a ton, to £36. 10s. on the eve of Leblanc, to £s. 10s. by mid-
century.

Owing to the importance of bulky raw materials in chemical manu-
facture—it took ten to twelve tons of ingredients to make one ton of
soda—the industry was sharply localized almost from the start. The

' Cf.T. C. Barker, R. Dickinson and D. W. F. Hardie, *The Origins of the Synthe-
tic Alkali Industry in Britain’, Economica, n.s. xxm (1956), 158-71.

* Based on J. A. Chaptal, De l'industrie frangoise (2 vols.; Paris, 1819), 1, 70, 173,
which gives the price as 10 frs. per quintal and output as 2-3 million francs.
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three main centres were the Glasgow area, Merseyside and Tyneside.
The first was oriented originally to the local textile industry. Its
resource position was not so strong as that of the other two, and its
continued importance was a tribute to the technical creativeness and
commercial energy of the Tennant firm. This enterprise built its fortune
on bleaching powder and branched out from there into the manufac-
ture of acids, alkals, fertilizer and related commodities. Overall, it was
the biggest chemical producer in the world in the thirties and forties,
and its giant works at St Rollox, with its skyscraper chimney of 4554 feet
to dissipate the noxious fumes high above the countryside, was the
world’s largest chemical factory.

Merseyside was favoured by the availability of coal on one side and
salt on the other, a network of excellent waterways, and proximity to
the biggest textile market in the world. Its major product was soda ash,
whose availability promoted the related soap manufacture: by 1835,
the output of hard soap along the Mersey was 47,750,000 Ib., as against
32,650,000 in London; output had tripled since 1820, as against a 75 per
cent increase for the nation asa whole. Cheap soda and saltcake (sodium
sulphate) were also factors in the rapid growth of glass-making in Lanca-
shire—though less important than in soap; where in 1832 the factories
1n the Liverpool area paid less than an eighth of the excise on glass, by
1870, this region was probably making half the glass manufactured in
England.*

The greatest centre of chemical manufacture was the Tyne basin,
again an area with easy access to water transport and an abundant
supply of cheap coal. Salt, on the other hand, had to come across the
island from Cheshire; and the local market for chemical products was
small, for there was no textile industry in the area and little manufacture
of soap and glass. Yet the Tyneside firms found ample compensation in
London and abroad, especially in northern Europe. From a late start—
output of alkalis and acids was negligible in 1820—the north-east came
by mid—century to account for half of the chemical plant, labour force
and output of the entire kingdom.*

The encouragement given by the mass production of heavy chemicals
to other branches of manufacture was only in part a function of the
supply and price of the chemicals themselves. On the one hand, the
availability of relatively pure compounds made possible the adoption of
new raw materials that would otherwise not have been susceptible of
treatment. Thus the development of purer soda ash made it feasible to

* T. C. Barker and J. R. Harriss, A Merseyside Town in the Industrial Revolution,
St Helens, 1750-1900 (Liverpool, 1954), pp. 202, 363. Unfortunately for our statistical
evidence, the excise duty on glass was removed in 1845.

* For a partial census in 1852, see Haber, The Chemical Industry, p. 18.
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use palm oil instead of animal fat in soap manufacture. The importance
of this is apparent: the demand for fats was growing even faster than
population and the traditional sources of supply were relatively
inelastic; by mid—century, vegetable oils were being used in food,
candles, and lubricants as well as soap.

On the other hand, the manufacture of synthetic compounds gave
rise to enormous quantities of waste, which, by a kind of paradox not
uncommon in technology, were a powerful stimulus to innovation.
There was the positive lure of profit: waste turned to use had value;
and the negative goad of expense: unexploited waste had to be dis-
posed of. There were two tons of ‘galligu’ for every ton of soda made,
and land for dumping cost a small fortune. Moreover, much of the
waste was noxious and brought down on the chemical manufactures a
hail of lawsuits, the attention of Parliament, and eventually official
inspection and controls.

It would be impossible here to follow in detail the various solutions
to this problem, or the interaction of these new techniques with one
another and with outside processes to open new possibilities for growth.
The story of chemicals in the first two-thirds of the nineteenth century
is in large part this effort to use up all the materials, an effort which
stemmed largely from soda manufacture but in specific instances
originated elsewhere, in the production of chlorine for bleaching, for
example. Every operation undertaken led to others, and the size of the
productive unit grew with the proliferation of commodities. Yet this
was not an industry that employed large numbers of men; as in
metallurgy, plant and materials were the most important factors of
production. In 1851 the industrial census gave 9172 adult workers in
chemical manufacture, as against 292,340 in cotton, 152,205 in woollen
and worsted, some 390,000 in the building trades.* The importance of
chemicals, however, was clearly out of proportion to its numbers, or
even its capital investment.

One aspect of the industry is worthy of special note. More than in
any other, development derived from scientific research. This is not to
say that the research itself was always conducted along correct theo-
retical lines—there was much empirical trial and error in the laboratories
of this period—or that the industry made as much use of scientific
knowledge or scientists as it might have. On the contrary, many of the
advances were the work of self-taught ‘chemists’ and the more
successful enterprises were characterized not so much by innovations in
chemical process as by the effective organization of the factors of pro-
duction within the prevailing scientific and technological framework.

' Parliamentary Papers, 18523, Lxxxvu1, Part 1, Table xxvm, pp. cexl-cclxii (males
and females, twenty years of age and over).
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The fact remains, however, that the laboratory was indispensable, at
least to the invention of new procedures, whereas it was to all intents
and purposes unknown in other fields. In this regard, the really
important research in theoretical and applied chemistry was being done
abroad, where the education of chemists was already more systematic
and thorough than in Britain. For the moment, however, the abund-
ance of cheap raw materials and economies of scale gave Britain a
tremendous competitive advantage: soda exports, for example, went
from 75,704 cwt. valued at £44,575 in 1840 to 2,049,582 cwt. worth
nearly £1 million in 1860." Not until the last quarter of the century
did new techniques in both light and heavy chemicals threaten
this hegemony.

Machines and new techniques alone are not the Industrial Revolution.
They meant gains in productivity, a shift in the relative importance of
the factors of production from labour to capital. But by revolution we
mean a transformation of the organization as well as the means of
production. In particular, we mean the assemblage of large bodies of
workers in one place, there to accomplish their tasks under supervision
and discipline; we mean, in short, w}ﬁat has come to be known as the
factory system.

In this regard, two important questions call for consideration. The
first is the relationship between the supply of labour and the extension
of the new mode of production; the second, the place of the factory
system in the overall pattern of economic change.

The first—the recruitment of a factory labour force—has been the
subject of much debate. The facts are reasonably clear. By 1830 there
were hundreds of thousands of men, women, and children employed
in factory industry.? They had entered the mills in spite of a strong fear
of the unknown, an aversion to supervision and discipline, and resent-
ment of the unremitting demands of the machine. The rules of the
early factories are our best indication of the importance of these issues:
the heaviest fines were reserved for absence (the cardinal sin, often
worth several days’ pay), lateness, and distraction from the job.

The interpretation of these facts is something else again. For a long
time, the most accepted view has been that propounded by Marx and
repeated and embellished by generations of socialist and even non-

Y Hansard's Parliamentary Debates, 3rd ser., vol. cLxvi, col. 14553,

% Even after passage of the Act of 1833 and the institution of regular inspection, we
have no full count of the factory labour force at a given point of time. For one thing,
the official definition of factory limited the term to power-driven textile mills; for
another, employment varied constantly, and the different inspectors collected their

statistics over a period of some months. See the data for 1835 in A. Ure, Philosophy
of Manufactures (London, 1835), Appendix.
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socialist historians. This position explains the accomplishment of so
enormous a social change—the creation of an industrial proletariat in
the face of tenacious resistance—by postulating an act of forcible
expropriation: the enclosures uprooted the cottager and small peasant
and drove them into the mills. Recent empirical research has invali-
dated this hypothesis; the data indicate that the agricultural revolution
associated with the enclosures increased the demand for farm labour,
that indeed those rural areas that saw the most enclosure saw the largest
increase in resident population.’ From 1750 to 1830, Britain’s agricul-
tural counties doubled their inhabitants. Whether objective evidence of
this kind will suffice, however, to do away with what has become
something of an article of faith is doubtful.

A more recent interpretation takes the opposite tack and argues that,
since the factories were manned in the long run, there was never any
problem of recruitment; that in the deceptive language of common
sense, there was no labour shortage.

The proposition is non-refutable, hence meaningless. From the
hindsight of any given level of resource utilization, the resource in
question has proved adequate to that level. Besides, the economist
knows no shortage; he knows only relative prices. The meaningful
question is the influence of labour supply on the choice of techniques
and rate of investment.>

Here, unfortunately, we are confronted by the apparent contradic-
toriness of the reladionship. On the one hand, as we have seen, the high
and rising cost of English labour was an encouragement to mechaniza-
tion, hence growth, in the eighteenth century. Even after the initial
period of industrialization, the rate of substitution of machines for men
reflected fluctuations in wages or wage demands; thus the textile manu-
facturers introduced automatic spinning equipment and the power
loom spasmodically, responding in large part to strikes, threats of
strikes, and other threats to managerial authority. That famous apologist
for the factory system, Andrew Ure, wrote a happy chapter on the

! See the important article of J. D. Chambers, “Enclosure and the Labour Supply in
the Industrial Revolution’, Econ. Hist. Rev. 2nd ser. v (1953), 318-43.

* Cf. Morris Morris, ‘Some Comments on the Supply of Labour to the Bombay
Cotton Textile Industry, 1854—1951°, Indian Economic Journal, 1 (1953), 138-52; and
his ‘Recruitment of an Industrial Labor Force in India, with British and American
Comparisons’, Comparative Studies in Society and History, 1 (1960), 30528, This
position derives in part from the experience of industrialization in India, where the
pressure of an almost unlimited labour reserve and the development of a kind of
symbiotic relationship between factory employment and village subsistence facilitated
recruitment. Similar forces eased the transition in Japan as well. Characteristic of both
economies has been the extreme paternalism of the industrial employer: ‘A job with

Tata’s is like a piece of land.” It would be most dangerous, however, to infer from
the Asian to the British experience.
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capacity of the machine for taming labour.! In sum, high wages were a
stimulus to innovation and technological advance.

On the other hand, one can have too much of a good thing. British
industry could not have grown much if factory labour had been so
much more costly than, say, agricultural labour, or so much more
costly than labour in other countries that it no longer paid to invest in
manufacturing. Something of the kind was happening in the late
eighteenth century when, with the power loom not yet practicable
and English weavers enjoying the unprecedented demand consequent
on the introduction of machine spinning, it began to pay to ship British
yarn to central Europe, there to be woven by peasants accustomed to a
far lower standard of living than Englishmen.? The difficulty that
certain isolated country millsfound in obtaining workersat commercially
feasible wages, to the point of being compelled on occasion to leave
new equipment idle, is another example.3

Fortunately, the supply of labour increased substantially in Britain
from the mid-eighteenth century on, almost as much, indeed, as the
demand. In the first place, the rapid growth of population created a
surplus of labour in the countryside, much of which found its way into
the new urban centres of the North and Midlands. Secondly, while
eighteenth-century England does not fit the econemists’ model of the
pre-industrial society with unlimited supplies of labour,;*—there were
two socicties nearby which do fit it and were in a position to send
some of their surplus humanity to England—Scotland and, even more,
Ireland. And finally, though least important, the same highly developed
rural textile industry that had absorbed the free labour of the English
countryside released an increasing number of workers as mechaniza-
tion of weaving advanced and immigrant Irish labour began to compete
for employment. The hand-loom weavers went into the mills reluc-
tantly, but they went.

Even so, the task would have been immeasurably more difficult had
the technological requirements of manufacture, especially in the early
years of the jenny and water-frame, not allowed the employment of
marginal elements—children, women, vagrants when necessary; and
had social and political institutions not permitted a certain amount of
explicit and concealed conscription, especially of parish apprentices.

1 Ure, The Philosophy of Manufactures, pp. 364~70.

2 It was this yarn trade that brought Nathan Rothschild to Manchester in 1797, to
lay the foundations of the British dynasty. It was this also that inspired Wm. Radcliffe

to write his Origins of Power Loom Weaving (London, 1828).
3 Cf. A. Redford, Labour Migration in England, 1800-1850 (Manchester, 1926), p. 88.
4 The excellent analysis of W. Arthur Lewis, ‘Economic Development with
Unlimited Supplies of Labour’, The Manchester School, xx1 (1953), 139-91, is applic-
able to Britain only with major modifications.
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With the coming of the power mule, however, grown men were
required in increasing numbers and the employer was compelled to
turn to the free labour market. This time it was the familial organiza-
tion of factory labour that eased the change: the employer could hire
parents and children together, which not only increased the financial
incentive but also, by preserving the parents in their tutorial role,
reconciled them the more casily to the undesirable features of factory
work. By the time further technological advances—the introduction of
long mules and the self-actor in the twenties and thirties—and limita-
tions on child employment once again changed the composition of the
labour force, a new generation had grown up, inured to the discipline
and precision of the mill.”

How, now, does one reconcile the advantages of scarce labour and
abundant labour in explaining Britain’s economic development? It is
not possible yet to give a definitive answer; we need to know a lot more
of the facts before generalizing from them. At the moment, one can only
advance the tentative hypothesis that the factor cost pattern required
for a technological breakthrough is different from that needed for
exploiting the possibilities of that breakthrough. Scarce labour seems
to have encouraged a deepening of capital in eighteenth—century
Britain; while a more abundant supply facilitated widening in the
following decades.

Our second question is the place of the factory in the economy as a
whole. There was a time when the coming of the factory system was
pictured as a cataclysm, overwhelming the old order and transforming
British industry within a generation. This was certainly the impression
of contemporaries who, engaged in a fierce polemic over the social
consequences of technological change, inevitably starkened the issues
and saw everything in black and white. Some of the early economic
historians accepted this view, though largely for different reasons.
Among other things, the tendency to see the factory system as the last

I On the recruitment of the factory labour force in cotton, see, in addition to
Redford’s classic study of Labour Migration, George Unwin, Samuel Oldknow and the
Arkwrights (Manchester, 1924); R. S. Fitton and A. P. Wadsworth, The Strutts and the
Arkwrights, 1758-1830 (Manchester, 1958); F. Collier, * An Early Factory Community’,
Econ. Hist. 11 (1930), 117-24; Frances Collier, The Family Economy of the Working Classes
in the Cotton Industry, 1784-1833 (Manchester, 1964); Neil Smelser, Social Change
in the Industrial Revolution: An Application of Theory to the Lancashire Coiton Industry,
1770-1840 (London, 1959). For comparable problems in other industries, see D. C.
Coleman, The British Paper Industry 1495-1860: a Study in Industrial Growth (Oxford,
1958), ch. x1; A.H.John, The Industrial Development of South Wales, 1750-1850
(Cardiff, 1950), ch. m. Also D.F. Macdonald, Scotland’s Shifting Population, 1770~
1850 (Glasgow, 1937), chs. m1 and iv; and J. E. Handley, The Irish in Scotland, 1798-
1854 (Cork, 1945), ch. 1v.
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of a sequence of ascending stages of industrial organization, beginning
with the craft shop and passing through putting-out, implied the mutual
exclusiveness of these forms and obscured those peculiar competitive
advantages of each that have made possible their co-existence to the
present day. Only in this century have scholars reversed the interpreta-
tion by stressing continuity rather than change. Clapham’s classic
Economic History of Modern Britain is a monument to this new point of
view; it is, in Herbert Heaton’s words, ‘a study in slow motion’.*

The economic basis for the survival of the older modes of production
is to be found partly within them, partly in the demands of the factory
system and the general growth attending its development. Thus both
craft shop and factory make possible the control of the work process
from above (in the shop, the employer is usually worker as well); and
while the factory is able to turn out more goods cheaper, the shop can
work far more economically to special order. So that although factory
production meant the end of many shops, it meant the beginning of
many more. Machine building and maintenance, in particular, called
forth a swarm of small artisanal enterprises; but large-scale industry in
general found it desirable, for rational pecuniary reasons, to subcontract
for much of its work.

The putting-out system is weak on both scores: the domestic artisan
is rarely skilled enough to make individual finished products of the
highest quality; nor can he compete with the factory in mass produc-
tion of standardized items. Yet the weakness of putting-out is in many
ways deceptive. For one thing, the capacity of dispersed manufacture
for improvements in productivity should not be underestimated. Thus
the division of labour made possible remarkable levels of output in
certain trades—the metal-working ones in particular—well before the
coming of machinery. Moreover, while the simplification of the work
process implicit in such specialization is an invitation to mechanization,
the devices that result often reinforce at first the position of the home
worker; the early punching, cutting, and stamping machines were
eminently suited to the cottage or the cellar. It is only when a higher
stage of machine construction is reached, with the building of large,
power-driven devices, that factory manufacture wins out.

Even where specialization and simplification cannot be pushed very
far, in textiles for example, the home worker has one great advantage:
he is cheap. He is usually able to draw some of his sustenance from the
soil, if only from a garden plot; and his affection for the freedom of
home work is such as to reconcile him to wages that a mill hand would
not tolerate. For the manufacturer, moreover, he is dispensable; the
immobilization of capital in plant and equipment is minimal, and in

* Heaton, ‘Industrial Revolution’, Encyclopedia of the Social Sciences, s.v.
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time of difficulty work may be halted without fear of heavy, uncom-
pensated fixed costs.”

For these reasons, the putting-out system proved hardier than might
have been expected. It dragged on unconscionably in those trades
where the technological advantage of power machinery was still small
(as in weaving) or where the home artisan could build himself a rudi-
mentary power device (as in nail-making and other light metalwork).
And it often survived in symbiosis with the factory; many manufac-
turers found it profitable to install only so much machinery as would
supply a conservatively estimated normal demand, relying on a
reserve pool of dispersed labour for additional output in time of
prosperity.

At the same time, much of the ground that the craft shop and putting-
out lost in the newly mechanized industries was made up in other fields.
On the one hand, the gains in productivity in certain stages of manu-
facture, with resultant reduction in price and rise in demand for the
finished product, increased the labour requirements of the other,
traditionally organized stages. Thus the clothing trades profited from
the transformation of spinning and weaving, and lace-making and
embroidery from the availability of cheap yarn. On the other hand,
certain kinds of technological advance created craft and domestic
industry where they had not existed before or extended them far
beyond their traditional boundaries. The sewing-machine is an
excellent example: it made ordinary women seamstresses and seam-
stresses tailors, and so doing hastened the transformation of what had
once been the task of every woman into a professional activity.

In general, the whole tendency of industrialization and urbanization
was to specialize labour ever farther and break down the versatility of
the household. A whole range of occupations—baking, butchering,
the manufacture of things as diverse as candles, soap, and polish—
expanded or appeared in response. Along with this, the growth of
population and per capita real income—as a result of productivity
gains in agriculture as well as industry—augmented consumption and
increased the portion devoted to manufactures and services, with con-
sequent stimulation of the traditionally organized trades as well as the
newly mechanized ones. Housing alone required an army of carpenters,
masons, plumbers, plasterers, glaziers, tilers, and plain labourers.

All of this is clearly brought out by the occupational statistics. The
British census of 1851—for all its inaccuracies—shows a country in
which agriculture and domestic service were far and away the most

T Por a theoretical analysis of some of the competitive advantages of putting-out,

see A. Hirschman, ‘Investment Policies in Underdeveloped Countries’, Amer. Econ.
Rev. xivm (1957), §57-60.



120 THE UNBOUND PROMETHEUS

important occupations; in which most of the labour force was engaged
in industries of the old type: building trades, tailoring, shoemaking,
unskilled work of all sorts. Even in the cotton manufacture, with over
three-fifths of its working force of over half a million (of a total of
almost sixteen millions) in mills,* almost two-thirds of the units making
returns employed less than fifty men;* the average mill in England
employed less than 200; and tens of thousands of hand looms were
still at work in rural cottages.

Yet just as it would be wrong to picture the factory system as a tidal
wave, so we would be deceiving ourselves to see it as a gentle erosion
of the traditional order. For one thing, there was the trend: in the
period from 1834, when the factory inspectors sent in their first returns,
to mid-century, the number of cotton mill operatives in Britain
increased from 220,825 to 330,924—and this in spite of substantial
gains in productivity. In other industries—leather, paper, the metal
trades—factory employment was growing even more rapidly; they
were where cotton had been two generations earlier. Moreover the
speed of the shift from old to new was increasing pari passu with the
rate of technological change. In particular, the improvements in the
technique of machine construction meant the rapid translation of con-
cepts and devices developed in one industry to analogous operations in
others; it is a short jump from cutting cloth to cutting leather or
metal. They also meant larger and faster equipment that demanded
power and was incompatible with domestic manufacture.

In a class by themselves, but following a similar path to factory
organization, were those industries in which work had always been
separated from the home and dispersion of labour was impossible.
Iron, chemicals, machine work, shipbuilding all fall into this category.
Long before the coming of the cotton mill, these branches of manu-
facture had been characterized by large units of production. A charcoal
iron furnace of the early eighteenth century might employ eight or
ten men, plus as many as a hundred digging ore, cutting and charking
wood, transporting materials, and generally servicing the smelters.
In the same period, the naval arsenal at Chatham employed upwards of a
thousand men, all of them carefully assigned and supervised, so that
‘tho’ you see the whole Place as it were in the utmost Hurry, yet you
see no Confusion, every Man knows his own Business. .. .3

* The figures are of population and working force ten years of age and older,

* Thisis a guess based on the assumption that most of those employers who did not
give the number of their men employed less than fifty. J. H. Clapham, An Economic
History of Modern Britain (3 vols.; Cambridge, 1932-9), 1, 35.

3 Daniel Defoe, Tour thro’ the Whole Island of Great Britain, ed. G. D. H. Cole;
2 vols. (London, 1927), p. 108.
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Should such units be designated as factories? From the standpoint
of the two critical criteria—concentration of production and main-
tenance of discipline—the term certainly fits. At the same time, they
differed in one important regard from the textile mills that were in fact
the prototype of the factory as we know it: however thoroughly the
work in these forges and yards was supervised, the pace wasset by men
and not machines. It was spasmodic rather than regular. There were
moments that required a burst of concentration and effort: when the
furnace was tapped or the vat poured; the mast hoisted or keel launched;
the hot blooms moved or turned. And there were quiet moments,
while the mix boiled or the men waited for the next piece to be ready.
At their loosest (disregarding the question of mobility), these pro-
duction units were very much like the assemblage of craftsmen and
assistants on a building job; or the construction gang on a canal or
railway project.

Such enterprises multiplied and grew considerably in average size as
a result of industrial expansion. In 1849 Dowlais, probably the largest
iron plant in the kingdom, employed 7000 men to work its eighteen
blast furnaces, its puddling ovens, rolling mills, mines, and the rest.* Yet
the difference from the foundries and forges of the eighteenth century
was more one of degree than of kind, and the social impact of this
development was not so great as that of the rise of a disciplined prole-
tariat in the textile mills.

On the other hand, the effect of improved technology was to push
the man-paced industries toward the precision and regularity of
spinning and weaving. In iron and steel, the rolling mill, steam
hammer, and more effective handling equipment all led in this direc-
tion; and throughout the metal trades, the development of special-
purpose machine tools and more precise parts was a portent of the
assembly lines of the twentieth century.

Secondly, the contribution of factory industry to the economy was
out of proportion to its share of total production. Thus the factory
promoted a higher rate of investment, hence of growth, than other
forms of manufacture. Partly this was simply a consequence of capital
intensity: the man who lived by the machine was more likely to be
interested in and save for mechanical improvements than the merchant
who relied on cheap cottage labour.? Even more, it reflected the

T Beck, Geschichte des Eisens, v, 663.

* Cf. A. O. Hirschman and G. Serkin, ‘Investment Criteria and Capital Intensity
Once Again’, Quarterly Journal of Economics, Lxxu (1958), 470, who cite the contrast
in this regard between the owner of the land-intensive hacienda and the operator of
the capital-intensive plantation. On this point, see also E. R. Wolf and S. W. Mintz,
“Haciendas and Plantations in Middle America and the Antilles’, Social and Economic
Studies, vI (1957), 380-412.
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technological orientation implicit in concentrated production. In
contrast to putting-out, where the entrepreneur was primarily a seller,
a merchandiser of goods turned out by others by methods inattentive
to market needs and opportunities, the factory placed the emphasis on
making : the mill owner was first and foremost a production man, able
within fairly wide limits to alter the techniques and conditions of work
at will. As a result, technique was responsive to economic opportunity
as never before. The pressures for change already inherent in the new
technology—with its calculus of efficiency, its systematization of
empirical investigation, its implicit and growing ties to a growing body
of scientific theory—were thereby enormously reinforced. The factory
was a new bridge between invention and innovation.

In sum, one must not mistake the appearance for the reality. The
census returns and other numbers to be found between the covers of
dusty patliamentary papers are the economic historian’s butterfly
under glass or frog in formaldehyde—without the virtue of wholeness
to compensate for their lifelessness. As described by occupational data,
the British economy of 1851 may not seem very different from that of
1800. But these numbers merely describe the surface of the society—
and even then in terms that define away change by using categories of
unchanging nomenclature. Beneath this surface, the vital organs were
transformed; and though they weighed but a fraction of the total—
whether measured by people or wealth—it was they that determined
the metabolism of the entire system. We have seen that, in so far as
small-scale enterprise continued to flourish, it did so largely because of
demand derived from the growth of concentrated manufacture: the
demand of the large producers themselves; of their employees; and of
the urban agglomerations that grew up around them. But not only
small industry was tied in this way to the modern sector. Agriculture,
trade, banking—all came increasingly to depend on the needs, the
products, the bills of exchange, the investments of Lancashire, the
Midlands, and the other nodes of British factory industry. The people
of the day were not deceived by the pristine air of much of Britain’s
landscape. They knew they had passed through a revolution.

It was, moreover, a revolution like nothing ever experienced.
Previous transformations, political or economic, had always finished by
stabilizing at a new position of equilibrium. This one was clearly con-
tinuing and bid fair to go on indefinitely. Many Britons would have
stopped it in its course, or even turned it back. For good reasons or bad,
they were distressed, inconvenienced, or outraged by its consequences.
They mourned a merrie England that never was; deplored the soot and
ugliness of the new factory towns; bemoaned the growing political
power of crass parvenus; cried out against the precarious poverty of a
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rootless proletariat. This is not the place to assess these judgements,
which have remained a matter of controversy to the present day.
But it is worth noting that these pessimists, vociferous though they
were,were a small minority of that part of British society that expressed
an opinion on the subject. The middle and upper classes were convinced
by the marvellous inventions of science and technology, the increasing
mass and variety of material goods, the growing speed of movement
and convenience of everyday activitics, that they were living in the
best of all possible worlds and what is more, a world getting better all
the time. For these Britons, science was the new revelation; and the
Industrial Revolution was the proof and justification of the religion of
progress.

The ‘labouring poor’, especially those groups by-passed or squeezed
by machine industry, said little but were undoubtedly of another mind.



CHAPTER 3

Continental Emulation

It is something of a commonplace that the Crystal Palace Exposition
in 1851 marked the apogee of Britain’s career as the ‘workshop of the
world’. True, the historian can detect premonitory indications of
successful emulation by other nations, even evidence of foreign
superiority in special areas of manufacture. But then, there is little the
historian cannot detect if he sets his mind to it, and such harbingers of
trouble hardly alter the general picture. This little island, with a popula-
tion half that of France, was turning out about two-thirds of the world’s
coal, more than half of its iron and cotton cloth. (The figures are
approximate, but they furnish orders of proportion.) Her income per
capita, which cannot be compared precisely with that of the continental
countries, all ingenious efforts to the contrary, was correspondingly
higher than that of her neighbours.” Her merchandise dominated in all
the markets of the world; her manufacturers feared no competition; she
had even—in a move that marked a break with hundreds of years of
economic nationalism—removed almost all the artificial protections of
her industrialists, farmers, and shippers against foreign rivals. What
other country could follow suit? She was, in short, the very model of
industrial excellence and achievement—for some, a pace-setter to be
copied and surpassed; for others, a superior economic power whose
achievements rested on the special bounty of an uneven Providence,
hence a rival to be envied and feared. But all watched and visited and
tried to learn.

* An impressionistic estimate of 1832, by the Baron de Morogues, De la misére des
ouvriers et de la marche & suivre pour y remédier (Paris, 1832), gave French per capita
income as 198 fr. 30; English at 800 fr. Cited by E. Buret, De la misére des classes
laborieuses en Angleterre et en France (2 vols.; Paris, 1840), 1, 126. The gap would
seem too large. More recent calculations, presumably more accurate (but caveat lector 1),
indicate that per capita income was about £32+6 for the United Kingdom in 1860,
£21°1 for France (1859), and £ 133 for Germany (18609 average, 1913 area). Francs
and marks have been converted to s at 25'18 and 20742 to I, respectively.
Sources: for the United Kingdom, Mulhall estimate, as given in P. Deane, ‘Con-
temporary Estimates of National Income in the Second Half of the Nineteenth
Century’, Econ. Hist. Rev. 2nd ser. x (1957), 459; for France, F. Perroux, ‘Prise de
vues sur la croissance de 'économie frangaise, 1780-1950’, in S. Kuznets, ed., Income
and Wealth, Series v (London, 1955), p. 61; for Germany, P. Jostock, ‘The Long-term
Growth of National Income in Germany’, ibid. p. 82.
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Actually the learning process had started long before. By the middle
of the eighteenth century, it was already obvious that British industrial
technique had advanced significantly beyond that of the rest of the
world. Government representatives and private businessmen came from
the Continent on tours of inspection; their reports, often published, are
among our best sources for the industrial history of the period. The
heyday of these visits was roughly the third quarter of the century,
before the British became aware of the competitive advantage afforded
by their methods and began, in the best historical tradition, to erect
barriers to their diffusion.

In this effort to study and emulate British techniques, the nations of
western Europe were favoured by a number of advantages. To begin
with, they had behind them an experience of organized and increasingly
effective political behaviour. In one decisive respect, their ‘age of
troubles’ was over: the issue of central versus fragmented authority had
been largely settled in favour of the former, and the remnants of feudal
jurisdiction and provincial autonomy were being steadily eroded by
the limitless pretensions of the Beamtenstaat. Here, indeed, lay the basis
and justification of monarchical supremacy: the creation of a standing
bureaucracy administering a known corpus of law and separating the
function and prerogative of office from personal interest. This it was
that made possible the elaboration of coherent policy and the pursuit of
continuing objectives; this, that insured the victory of the crown over
insubordinate vassals who could fight better than they could govern.
And if, in this struggle, the rising commercial and industrial interest
generally found itself on the side of the king, it was in part because the
bureaucratic state offered that definition and stability of the political
environment that is propitious, if not indispensable, to business.

Similarly, their supply of capital and standard of living were sub-
stantially higher than in the ‘backward’ lands of today. And with this
went a lewel of technical skill that, if not immediately adequate to the
task of sustaining an industrial revolution, was right at the margin.
Cnlturally, of course, the outlook was even brighter. The continental
countries were part of the same larger civilization as Britain; and they
were certainly her equals, in some respects her superiors, in science and
education for the elite. In short, if they were in their day ‘under-
developed’, the word must be understood quite differently from the
way it is today.

Nevertheless, their Industrial Revolution was substantially slower
than the British. Although they were able to study the new machines
and engines almost from the start and indeed acquire them in spite of
prohibitions on their export, they were generations in absorbing them
and even longer in catching up to British practice.
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Why the delay? Surely, the hardest task would seem to have been
the original creative acts that produced coke smelting, the mule, and
the steam-engine. In view of the enormous economic superiority of
these innovations, one would expect the rest to have followed auto-
matically. To understand why it did not—why even the quickest
nations marked time until the third and fourth decades of the nine-
teenth century—is to understand not only a good part of the history of
these countries but also something of the problem of economic
development in general.

The industrialization of continental Europe may be broken down
analytically into two aspects: (1) the response to endogenous pressures
toward change, of the kind that precipitated an economic revolution in
Britain; and (2) the reaction to the new methods developed across the
Channel.

In order to clarify the first, one must examine briefly the character of
continental industry in the pre-factory period. For one thing, nature
had not been so kind to the lands across the Channel as to Britain. The
key consideration was space: these countries were larger in proportion
to population; and size, combined with difficulties of terrain, made for
higher transport costs and fragmentation of markets. Roads were bad
everywhere in the eighteenth century, but the British roads were
possibly a little better and certainly shorter. And Britain had the sea.
On the Continent, only Holland was so well served by water transport.
The rivers of western Europe were used as much as possible for the
movement of goods, but their usefulness was often vitiated by natural
shortcomings—they were too shallow in the dry season, too rapid and
treacherous at the full—and by poor communication between the
different basins.

On the supply side, the contrast between Britain and the Continent
was less sharp. Yet the resources of the mainland countries were in fact
less favourable to industrial expansion than those of Britain even before
the change in raw materials requirements consequent on the Industrial
Revolution. The cloth industries of France, the Low Countries, and
Germany, for example, had to import the bulk of their fine wool from
abroad. And the lack of concentrated, easily accessible known deposits
of coal led to a neglect of the possibilities of mineral fuel; here, indeed,
even nature’s bounty hurt, for the relative abundance of timber seems
to have encouraged retention of the traditional technique.

Too often, moreover, man aggravated the handicaps that nature had
set in his way. Thus the very best roads and waterways were dotted
along their length by toll stations, whose exactions were so outrageous
and formalities so tedious as to drive shippers miles out of their way
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and compel them on occasion to break and remake cargoes in an
effort at evasion. Political boundaries were a further obstacle. Germany
especially—and what are now Belgium and Italy somewhat less—was a
patchwork of kingdoms, archduchies, duchies, bishoprics, principalities,
free cities, and other forms of sovereignty, each with its own laws, courts,
coinage and, above all, customs barriers. Even France, a unified
polity by the end of the seventeenth century, continued to be divided
economically into trade zones reflecting the gradual accretion that had
built the nation-state. And these formal barriers were complicated by a
network of informal boundaries defining markets and zones of supply
for goods, like grain or wood or salt, that were vital to local survival.
Finally, there were instances of the deliberate use of power to cripple
trade. What is now Belgium was the worst victim: the natural access of
the southern Low Countries to the sea via the Scheldt had been inter-
rupted by the Dutch in the early seventeenth century and was to remain
blocked until the annexation of the area by France during the revo-
lutionary period. Efforts to make Ostend another Antwerp were
only partly successful. The manufacturers of Wallonia, the industrial
heart of the country, were compelled to turn to central Europe for
markets.

These direct obstacles to the flow of goods were compounded by
social and institutional limitations on demand. We have already had
occasion to note that income and wealth were more unequally distri-
buted on the Continent than in Britain, that indeed the societies of the
mainland were cleft by deep horizontal fissures that discouraged emula-
tive consumption of standardized products. The contemporary thesis
linking luxury and prosperity—which Sombart picks up, with a
wealth of illustrative detail, in his Luxus und Kapitalismus—makes some
sense in this context. Some of the most important industrial enter-
prises were largely dependent on the orders of the wealthy few: the
numerous courts, large and small, ranging from Versailles to the Hof of
some German princeling; the Catholic Church; the socially aspiring
haute bourgeoisie. By contrast, the great mass of near-subsistence con-
sumers operated in an entirely different market. They could afford only
the shoddiest articles, requiring a minimum of craft skill. What they
could, they made at home; the poor of the cighteenth century entered
the market as little as possible. Nor was what they bought standardized
or mass-produced—in spite of its coarseness and simplicity. It was
almost always the work of local artisans, turning out textiles and
even tools in accordance with local tradition rather than some regional
or national standard. Thus provincial patterns of dress lingered
much longer on the Continent than mn Britain, and longest in those
semi-isolated rural areas where status and home were most firmly fixed.
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Moreover, the poor of Europe were, as already noted, far worse off
than those of Britain. The diaries of travellers offer abundant testimony
to the contrast: one finds repeated references to bare feet, meatless
tables, glassless windows, and the absence of iron where one would
expect to find it—on the wheels of wagons, for example. Listen to
Arthur Young’s indignant reflections on the poverty of the Dordogne:*

Pass Payrac, and meet many beggars, which we had not done before. All the
country girls and women are without shoes or stockings; and the plough-
men at their work have neither sabots nor feet to their stockings. This is a
poverty, that strikes at the root of national prosperity; a large consumption
among the poor being of more consequence than among the rich: the wealth
of a nation lies in its circulation and consumption; and the case of poor people
abstaining from the use of manufactures of Jeather and wool ought to be
considered as an evil of the first magnitude.

Of the large number of similar comments, I shall confine myself to one,
chosen to convey the progressive diminution in the demand for manu-
factures as one proceeds eastward. In 1835 a young German officer
named Moltke travelled down the Danube on his way to an assignment
in Turkey. Seeking means of land transport in Wallachia, he observed
that the common vehicle of the country was ‘like a child’s wagon. .
so short and narrow that one man could hardly sit in it, if he brought
along even so little baggage as we. On the whole waggon, there is not
the smallest piece of iron: hub, axle, everything of wood. Nor is there
any more point in looking for any kind of metal in the horse’s harness”.2
Nothing conveys better the circular link between poverty, the absence
of industry, and a pattern of consumption that reconciles need with
means and confines means to need.

Continental producers were similarly handicapped in foreign markets.
Aside from higher costs due in large part to the material difficulties
discussed above, they paid more for all the accessory commercial and
financial services—insurance, bank credit, shipping. To be sure, the
assistance of the most efficient middleman of the day, Holland, was
available in principle to all. In fact, however, the nation that stood most
to gain from this, France, systematically discouraged recourse to Dutch
intermediaries in an effort to build up her own merchant marine—
in spite of the cost and occasional impracticabih'ty of this challenge to
the rules of comparative advantage

On the supply side, we have tie same combination of political and

! Travels (2 vols.; Dublin, 1793), 1, 38.

* Cited in Karl Braun-Wieshaden, Eine tiirkische Reise (2 vols.; Stuttgart, 1876),

I, 339.
3 On this form of self-impoverishment, cf. Adam Smith, Wealth of Nations, Book

1v, ch. ii. Navigation Acts were a far more serious handicap to the French than to



CONTINENTAL EMULATION 129

social considerations compounding natural handicaps. Thus, far more
than in Britain, continental business enterprise was a class activity,
recruiting practitioners from a group limited by custom and law. In
France, commercial enterprise had traditionally entailed derogation
from noble status; and although the monarchy made repeated efforts
from Louis XIII on to make trade, especially international trade, and
large-scale manufacture compatible with aristocracy, it found social
values more powerful than decrees. In much of Germany, the cleavage
was even wider, for there class prejudice was reinforced by law, and
lines were carefully drawn between noble, burgher, and peasant enjoin-
ing each from trespassing on those areas reserved to the others. Indeed,
the farther east one goes in Europe, the more the bourgeoisie takes on
the appearance of a foreign excrescence on manorial society, a group
apart scorned by the nobility and feared or hated by (or unknown to) a
peasantry still personally bound to the local seigneur.*

This is not to say that European aristocrats did not engage in indus-
trial activity, especially in those ficlds, like mining and metallurgy, that
depend heavily on the ownership of land; or that they did not on occa-
sion invest in manufacturing at the behest of a mercantilist sovereign
intent on promoting economic development. Even there, however,
their entrepreneurship was more often than not vicarious, and the few
aristocratic industrialists who have caught the attention of scholars are
not enough to alter significantly the picture of a class deriving its
material strength at best from agriculture and estate management, at
worst from rents, feudal dues, state offices, royal favours, and other
perquisites of gentle birth. Here, as always, attitude is more decisive
than law or fiat; and the attitude of most continental noblemen was
summed up in the sententious quip of one Austrian magnate:
‘Geschifte macht kein Windischgritz’.

The eftect of this invidious social segregation of business enterprise
was to discourage outside talent and capital from entering the field and
to draw out the most successful of those already engaged. If the aristo-
crat was too high to stoop to trade, the ambitious, capable novus homo
preferred to by-pass it and seek eminence via the professions and
government service. Those who, for want of instruction, because of
religious discrimination, through personal opportunity, or for other

the British, and Paris had to make numerous exceptions to insure the flow of goods to
and from the colonies. E. Levasseur, Histoire du commerce de la France (2 vols.; Paris,
I9II), 1, 439-90.

! Foreign often in the literal sense: it is precisely in these traditionalistic agricultural
societies, with their strong suspicion of trade and the trader, that commerce was left
almost entirely to the metic, the stranger in the midst—]Jew, Greek, or western
European.
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reason, sought their fortunes in manufacturing or commerce found
financial assistance hard to obtain. Free capital flowed to the land, whose
price was bid up to a point where a substantial and persistent gap de-
veloped between the rate of return in agriculture and industry. One
does not find on the Continent the opportunities that offered themselves
in Britain to the small man with more skill and ambition than money.
The owners of non-business wealth, of land and buildings, were not
awakened to the possibilities of gain that lay in converting such property
and renting it for industrial use. Contrast, for example, the facilities
offered in South Wales and the royalty policy of a firm like Boulton and
Watt with the Draconian terms imposed on mining firms leasing New-
comen steam-engines in the Hainaut in the mid-eighteenth century: the
machines had to be worked at minimum force (thereby multiplying fuel
consumption per horsepower many times) for fear of straining them;
and royalties ran as high as 10 per cent of gross output.” Mineral re-
sources usually belonged to the state and were conceded on terms that
made them inaccessible to thin purses. Loan funds, even at short term,
were scarce and expensive; in those rural areas where industry would
ordinarily be expected to locate, interest rates of 15 per cent and more
were not uncommon. In effect, capital was limited to those who had
received it from their ancestors or accumulated it by their own efforts.

At the same time, capital accumulated in business was continually
draining off into more honorific channels: land, office, aristocratic
status. So seriously were industry and trade weakened by this chase
after prestige that the state intervened. In France, patents of nobility
began to stipulate that the new rank was conditional on continuance of
the family enterprise. On the whole such efforts to keep the bourgeois a
bourgeois were no more successful than those to turn the gentleman
into one. A majority of the descendants took their capital into the
country to finance a life of gentility, while a handful carried on the
business, at least for a while.

Turning from the supply of talent and capital to industry and trade
to the actual conduct of business affairs, one is again struck by the con-
trast between continental confinement and inhibition and British free-
dom. The effect of mercantilist and guild controls on the scale and
techniques of production is too well known perhaps to require dis-
cussion here. Suffice it to say, simply, that almost to the end of the
eighteenth century the tendency of continental governments was to
extend and reinforce these restrictions, partly from a conviction that
this was the only way to maintain quality of production and hence

* A. Toilliez, ‘ Mémoire sur I'intreduction et I'établissement des machinesa vapeur

dans le Hainaut’, in Société des Sciences, des Arts, et des Lettres du Hainaut, 3¢
anniversaire de la fondation de la Société (Mons, 1836), pp. 57-8.
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sales (particularly sales abroad), partly because both the enforcement of
regulation and derogations therefrom were excellent sources of revenue.
A country like France actually reversed the decay of this medieval
institution, bolstering the guilds where they were declining, establishing
them where they never had been. Even when the state accorded rural
craftsmen in 1762 the right to weave cloth for market, it did so not in
belated recognition of a sphere of free enterprise, but in order to bring
this growing volume of unregulated output under inspection and
control.

Yet enterprise, like love, usually finds ways to laugh at locksmiths,
and institutional restrictions will explain only a small part of the
shortcomings of continental industry. More important, probably,
were social and psychological attitudes unfavourable to effective
entrepreneurship.

We have already had occasion to allude in passing to some of the
differences between Britain and the Continent in this regard. To begin
with, the business firm in France, the Low Countries, or Germany was
far more likely to be exclusively familial, indeed to be so closely identi-
fied with the family as to be almost indistinguishable from it. The
British entrepreneur had come a long way toward seeing a given
industrial venture as a means to an end, as a device to be rationally
utilized for making money. For his competitors across the Channel,
however, the firm, in conjunction with the family whose reputadon it
contributed to and whose way of life it made possible, was an end in
itself. This in turn had important consequences for the conduct of the
enterprise. It made it difficult to view techniques and products imper-
sonally, to sacrifice when necessary quality to quantity, to abandon
traditional ways when more efficient and profitable tools and methods
became available. It placed a premium on security and led to an over-
estimation of risk in investment decisions. It discouraged the use of
outside capital, whether in the form of long-term loans or share invest-
ment, and, by throwing the firm on its own resources, drastically
limited its opportunities for expansion while encouraging a policy of
pricing that maximized unit rather than total profit.*

This pattern of behaviour was reinforced by the dominant values of
the society as a whole. Thus the identification of the producer with his

¥ This reluctance of family firms to borrow, except in extremis, goes far to explain
the paradox of the large and persistent gap between the interest paid by state funds and
other ‘safe’ investments and that charged industrial enterprise. For an analysis of
this entrepreneurial pattern and its implications for growth, see D. S. Landes, ‘French
Entreprencurship and Industrial Growth in the Nineteenth Century’, J. Econ. Hist.
1x (1949), 45-61; and idem, ‘French Business and the Businessman: a Social and
Cultural Analysis’, in E. M. Earle, ed., Modern France: Problems of the Third and Fourth
Republics (Princeton, 1951), pp. 334-53. Also A. Gerschenkron, ‘Social Attitudes,
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tools and methods and his reluctance to scrap old ways for new was
closely related to a worship of thrift that characterized the bourgeoisie
as well as the peasantry to a degree unknown in Britain. I use the word
‘degree’ advisedly, for we are not dealing here with differences of
kind. Yet it seems clear that along the wide spectrum of attitudes on
this issue, ranging from the prodigality of an American family trained
to look on a three-year-old automobile as unfashionable, even unpatri-
otic, to the parsimony of Maupassant’s peasant bending to pick up a
piece of string, the Englishman of the eighteenth century was sub-
stantially closer to a psychology of abundance than the Frenchman or
the German. The reason lay partly in the fact of abundance: the English
entrepreneur, as noted above, simply had more and cheaper resources
at his disposal. But it also reflected greater security. The British farmer
or burgher did not know war as did the Walloon or Bavarian; it was
generations since his land had last been wasted by armies, his home
pillaged; and no one in Europe could afford to be so confident of
freedom from arbitrary exactions and confiscation. He had, in short,
less fear of a ‘rainy day’.

Similarly, the entreprencur’s preference for the greatest possible
profit per unit of sale, as against higher total profitat some larger output,
accorded with a general condemnation of competition, particularly
price competition, as unfair and even socially subversive. The societies
of the Continent and the local communities of which they were com-
posed tended to see the total product of the group, as well as the
aggregate demand for that product, as more or less fixed, growing
only slowly over time with population. Under the circumstances, a
man could become rich only at the expense of his neighbours, who,
however inefficient they might be, had a right to sustenance appro-
priate to their station so long as they performed work of acceptable
quality and satisfied thereby the needs of the community. The rich
man who built his fortune on the ruins of less productive or talented
competitors was not a model of achievement, a culture hero; he was a
mangeur d’hommes.

Entrepreneurship, and Economic Development’, Explorations in Entrepreneurial
History, v1 (1953-4), 1~19; Landes, ‘ Social Attitudes, Entrepreneurship, and Economic
Development: a Comment’, ibid. v1 (1953-4), 245—-72; Gerschenkron, ‘Some Further
Notes. ..’, ibid. vir (1954-5), 111-19; Landes, ‘Further Comment’, ibid, vi (1954-5),
119-20.

T This attitude, like the obsession with thrift, once again derives originally from the
conditions of the rural community. Given a limited supply of land for cultivation, the
peasant does in fact add to his holdings at the expense ofP his neighbour, who may well
finish as his tenant or—in other times and societies—his debt bondsman. With the
rise of towns and cities in the Middle Ages, this fear of the impoverishment and
dependency consequent on inequality was transferred to the urban community, where
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These generally accepted sanctions go far to explain why those
continental enterprises that stood out above their fellows in size and
efficiency did not take advantage of their superiority to wipe out
smaller competitors and impose their technology on industry as a
whole. For one thing, there were serious social penalties for incon-
siderate behaviour, penalties that should not be underestimated in
societies that place so much emphasis on ‘connections’—in all matters,
from profitable business transactions to honorific marriages. For another,
social attitudes were translated into political institutions, and local
authorities in countries like France and Prussia could on occasion
interpose real obstacles to free-wheeling enterprise. Finally, there wasa
serious material deterrent: in a market dominated by a few large units
amid a swarm of small, aggressive price competition by one giant is
sure to invite painful reprisal from the others.

This is not to say that there was no competition or that there was no
elimination of inefficient firms. The contrary is clearly true. The point
is that these patterns of behaviour diminished the effectiveness of the
price mechanism as a force for rationalization and slowed the diffusion
of technological change. The effect varied from industry to industry. In
one sense it was most significant—that is, it made the most difference—
where it was not reinforced by and inextricably bound up with con-
tributory factors—in textiles and other light manufactures, for example,
where transport costs were not high enough to cut down competition
regardless of entrepreneurial policy.

As a result of this combination of natural and human limitations on
the demand for manufactured products and the supply of effective
industrial enterprise, pre-industrial, pre-Revolutionary Europe was a
conglomeration of small, semi-autarkic markets, each with its own
fairly complete array of trades. The scale of operations of the individual
enterprise was small enough to make locational resource and supply
considerations almost irrelevant. Textiles were produced everywhere,
most often with local flax or wool; small out-croppings of iron fed
the local furnaces and forges, placed along streams in wooded areas to
insure a provision of fuel. Only a few industres were compelled by
special requirements to concentrate in suitable localities: porcelain
manufacture, certain branches of the chemical industry, non-ferrous
metallurgy.

To be sure, even in those industries that were most dispersed, there
were centres of exceptional activity catering to more than local needs:
it inspired much of the guild regulation of production and competition. The guilds

have long since disappeared, but in countries like France and Germany, the reproba-
tion of judgment by the market place prevails to this day.
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French Flanders, Verviers, Saxony, Normandy, Languedoc in woollen
cloth; Switzerland, south Germany, Normandy in cottons and fustians;
Wallonia, the Nivernais and upper Marne valley, the Siegerland,
Silesia, and Styria in iron. Some of this localization reflected a specially
favourable resource position: large flocks of sheep in Saxony; easy
access to overseas cotton sources in Normandy; generous iron deposits
in the Liégeois, Nivernais, or Siegerland; rapid streams in the Sauer-
land for the refining and working of the crude pig. Sometimes it
rested on long tradition and a consequent inheritance of special skills:
thus weaving in Flanders or the cutlery manufacture at Solingen and
Thiers. Sometimes it was largely a product of entrepreneurial initiative,
as in the textile centres created by Calvinist refugees at Krefeld, Elber-
feld, and other points in the Rhine valley; and sometimes a fabrigue was
created by the state, as the fine-cloth manufacture at Sedan. Usually,
as in the meta] industries of Li¢ge, it is a combination of two or more
of these that accounts for growth. Finally, the localization of industry,
particularly in textiles, was a function of the availability of cheap rural
labour; spinning and weaving were most active in areas where the
parsimony of the soil or the excessive fragmentation of the land com-
pelled the peasant to eke out his living with the wages of industry. All
the better 1f he was engaged in livestock raising or mixed husbandry
rather than simple cultivation; his hands would be the smoother for
handling yarn and fabric.

It is hardly surprising that the most successful of these centres—
those growing most rapidly if not always the largest in absolute output
~—were almost invariably those unhampered by guild regulation. In
France, where most industry was in principle subject to control, a city
like Lille waged a long, vain struggle against the overgrown textile
villages of the plat pays, which were stimulated by competition ‘to
by-pass the regulations, seek new processes, and vary their fabrics
continually’.® In the Low Countries, the woollen trade of Liege
declined steadily, while a few miles away, the free fabrigue of Verviers
throve; what is more, freedom raised a rival to Verviers itself, as from
the middle of the eighteenth century the weavers of Dison pushed ico-
noclasm almost to the limit and built their prosperity on the use of
waste yarn, the so-called queues et pennes.* In Aachen, the intro-
duction of regulation merely served to drive the most enterprising
producers to the suburb of Burtscheid.3

T A. de Saint-Léger, in a review of J. Crombé, L’organisation dy travail & Roubaix
avant la Révolution (Lille, 1905), in Annales de I'Est et du Nord, 1 (1906), 414.

* Pierre Lebrun, L'industrie de la laine & Verviers pendant le XVIIF et le début du XIX*
siecle (Lidge, 1048), part 11, section 1, ch. iii.

3 C. Bruckner, Aachen und seine Tuchindustrie (Horbam Neckar, 1049); cf. thefailure
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What is in some ways surprising is the supetior performance of free
industry to that of state-supported enterprise. The seventeenth and
cighteenth centuries saw most of the governments of continental
Europe—foremost among them France, Prussia, and the Austria of
Maria Theresa—engage in extensive "and costly programmes of
industrial development. Their objectives were more or less the same:
political aggrandizement through wealth and employment; but their
methods, which were essentially empirical and dependent on uncertain
resources, varied with place and time. In the beginning, the emphasis
was usually on direct participation in economic life: almost every
nation had its state enterprises producing the staples of royal consump-
tion—armaments first, and then decorative furnishings like mirrors,
tapestries, and porcelain. InPrussia the monarchy, with its large Silesian
properties, was the largest producer of iron and coal in the kingdom.

Yet the economic ambitions of the state surpassed its resources in men
and money, and compelled it from the start to rely heavily on private
industry. Assistance sometimes took the form of direct investment,
but more often of fiscal favours, assignment of labour, patents on
techniques or exclusive sales privileges, guaranties of supplies, techno-
logical advice, loans at low interest or no interest, outright subsidies,
or some combination thereof. From 1740 to 1789 the French monarchy
lent without interest some 1-3 million livres and gave away § million
more; to this, certain regional authorities like those of Brittany and
Languedoc added their own subventions. All of these did not add up
to much; but they were intended as ‘seed money’, planted in pilot
enterprises in the hope that it would bring forth a crop of imitators.
The state also designated numerous manufactures royales and privilégiées,
and when necessary gilded the honour with monopoly rights as an
inducement to the foundation of new industries or importation of new
techniques. Finally, it sent observers abroad on technical missions;
engaged inventors and manufacturers, for the most part Britons like
Kay and Wilkinson, to teach their methods to French industry; and
encouraged foreigners like Holker and Milne to scttle in France
and set up their own enterprises.

In Germany, Prussia was most active in this campaign of forced
industrialization. Businessmen, even noblemen and local govern-
ments, were urged to set up ‘factories’ for the production of textiles,
glass, chemicals, nonferrous and ferrous metals. This royal invitation
was usually equivalent to a command, particularly to those Jewish
merchants and court purveyors whose situation in a virulently anti-

of similar efforts to contain enterprise in the wire industry of western Germany.
R. Sommer, ‘Die Industrie im mittleren Lennetal’, in Spicker: Landeskundliche Beitrdge
und Berichte (Miinster), no. 7 (1956), p. 37.
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Semitic country was utterly dependent on the pleasure of the ruler.
Hundreds of enterprises were brought into existence in this manner,
many in the newly conquered province of Silesia, which was an object
of special solicitude.” The other governments of central Europe were
less energetic only by comparison: witness Maria Theresa and her con-
sort Francis, whom Frederick the Great called ‘the greatest manufac-
turer of his time’; or the successive Kurfiirsten of Saxony; ot on a
modest scale, the rulers of such lesser states as Wiirttemberg, Hesse and
Nassau-Saarbriicken.

In the long run, however, these efforts were only moderately
successful. The state of the seventeenth and eighteenth centuries was
incapable of planning development nationally or allocating resources
efficiently. It lacked the conceptual tools, even the empirical statis-
tical data, required; it had a strong affection for the wrong products,
for labour-intensive luxuries like Gobelins tapestries and Dresden fig-
urines; it promoted monopoly, when nothing could have been more
harmful to long-run development; and it was not even sure of its own
purposes in the face of resistance from conservative interests—corporate
industry, landed proprietors, military leaders with their own ideas
how to spend the nation’s money.

In the particular, state assistance was more often than not an encour-
agement to laxity and a cover for incompetence. With some notable
exceptions, privileged manufactories were sloppily managed and
required repeated transfusions of royal capital. Often they turned out
an inferior product that could be disposed of only to captive customers
~—army regiments or, in Germany and Austria, Jewish and foreign
merchants. As the elder Trudaine put it, ‘the money of the king brings
bad luck to those who receive loans or advances’.? Many of these enter-
prises failed the moment a change in government personnel or an
ideological shift toward laissezfaire cut them off from state largesse.
Within his own lifetime, Frederick the Great saw dozens of his creations
fold; most of the rest followed soon after his death.

This is not to say that this effort to promote industrial development
from above was a complete waste of energy and money. It clearly was
not. If it did nothing else, mercantilism did prepare many of the
bearers of economic change. Thus these abortive manufactories and
factories were often training grounds for the next generation; the
fine—cloth ‘factory’ at Brno in Moravia was a stumbling undertaking
that eventually collapsed, but its alumni helped to make the city the

T The standard work remains H. Fechner, Wirtschaftsgeschichte der preussischen
Provinz Schlesienin der Zeit ihrer provinziellen Selbststindigkeit, 1741-1806 (Breslau, 1907).

2 Cited in Ch. Schmidt, ‘Les débuts de 'industrie cotonniére en France, 1760-1806,
II. De 1786 & 1806°, Revue d’histoire économique et sociale, v (1914), 30 n. 2.
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centre of textile manufacture in what is now Czechoslovakia.! Simi-
larly, there were few British technicians who emigrated to the
Continent to set up shops and mills who did not teach, sometimes in-
advertently, some of their eventual competitors. Finally, one must not
underrate the long-run importance of the technological civil service—
with men like Trudaine and Jars in France, Heinitz, Stein and Reden in
Prussia—which continued to influence economic development on the
Continent after the other aspects of mercantilistic policy had been dis-
carded. The zeal of these officials was no substitute for a high general
level of skill and empirical ingenuity; but they were a force for the
rational study and promotion of change, and once the initial steps had
been taken on the path of industrial revolution, once the process of
cumulative advance had begun, they did channel innovation effectively.

In striking contrast, the industrial centres of west Germany—Krefeld,
Monschau, the Wuppertal in textiles, Solingen and Remscheid in
metalwork—grew rapidly without assistance and gave rise to large
firms of international reputation. It was these and similar areas like
Verviers-Hodimont that were the potential sources of technological
revolution, for it is here that we find those bottlenecks in the supply
of the factors which triggered change in Britain. The shortage of water
power was already compellmg a costly dispersion of iron-working in
the Sauerland and Siegerland.? And the growing demand for labour
led the merchant clothiers to seek spinners and even weavers, first
in the nearby countryside, and then far afield in heavily populated
agricultural areas like the Limburg, which lay at the centre of the tria-
angle marked off by Verviers, Monschau and Aachen. Spinning was
the worst bottleneck: sometimes the state intervened and prohibited
the export of yarn in an effort to protect the supply of its own nationals.
In the meantime, embezzlement seems to have increased, in spite of
repressive measures comparable to those imposed in England.3

How heavy was this growing pressure on supply? Clearly much less
than in Britain. Such evidence as we have indicates that up to the last
decade of the century, the flow of cheap labour on the Continent
continued to be abundant; the marginal cost of this factor was not

I See the unpublished dissertation of Herman Freudenberger, ‘A Case Study of the
Government’s Role in Economic Development in the Eighteenth Century: The
Brno Fine-Cloth Factory’ (Columbia University, 1957).

2 Max Barkhausen, *Staatliche Wirtschaftslenkung und freies Unternehmertum im
westdeutschen und in nord und siidniederlindischen Raum bei der Entstehung der
neuzeitlichen Industrie im 18. Jahrhundert®, Vierteljahrschrift fir Sozial- und Wirt-
schaftsgeschichte, xLv (1058), 234, 239. An important article.

3 Cf. C. Schmidt, ‘Une enquéte sur la draperie 2 Sedan en 1803°, Revue d’histoire
des doctrines économiques et sociales, v (1912), 100, 103; A. Crapet, ‘L’industrie dans la
Flandre wallonne 4 la fin de I'Ancien Régime’, Revue dhistoire moderne, xu (1909), 28.
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rising. On the contrary, the growth of population was outstripping
that of industry and giving rise in some areas to the kind of pauperized
rural proletariat that is a signpost of economic backwardness. Some
of the strongest opponents of mechanization in the late eighteenth
century were officials and peasants who feared that increased produc-
tivity would reduce thousands to unemployment and starvation. There
was still room to expand industry in the burgeoning villages of Flanders,
the Limburg, Saxony, and Bohemia-Moravia. In the last-named area,
to take one example, the number of wool weavers rose from 12,700 to
24,800 between 1775 and 1788/9, while spinners more than doubled,
increasing from 26,400 to §9,000; taken together, they represented 1 in
every 9o persons at the earlier date, 1 in 50 at the later.* Similarly, the
very slowness of certain technological changes is negative evidence of
abundant labour: in France, the spinning wheel did not widely dis-
place the distaff until the middle of the eighteenth century;? in Flanders,
it was only in the early years of the nineteenth century that Liévin
Bauwens introduced the fly~shuttle into the cotton industry of Ghent.

How long growth could have continued without necessitating a
change in technique is another matter. Yet the issue is an idle one, for
the continental countries did not have the opportunity to work out
their own destinies. The changes across the Channel drastically changed
their economic and political situation. For private enterprise, the
immediate effects were frightening: traditional domestic industries,
wherever they were unprotected, began to smother under the weight of
cheap British goods. By the same token, exporters found their com-
petitive position in international trade gravely undermined; and while
most were reconciled by this time to seeing English manufactures win a
privileged position in overseas markets, they were not prepared to

' H. Freudenberger, ‘The Woollen-Goods Industry of the Habsburg Monarchy in
the Eighteenth Century: a Case Study in Development’, J. Econ. Hist. xx (1960).
This increase gave rise, however, to institutional bottlenecks. In spite of the readiness
of individual lords to allow manufacturers to hire serfs on their estates, the inability of
the rural population to move toward work made impossible the swollen villages that
had characterized East Anglia and Lancashire. Manufacturers began to compete for
labour, wages went up, and the state attempted to ease the pressure by allotting
regions to each establishment. So long as serffdom prevailed, however, concentrated
factory production was unfeasible. In 1781 the state recognized the nature of the
problem and declared that the abolition of serfdom would ‘usefully influence the
improvement of agricuiture and industry’. A Klima, ‘Industrial Development in
Bohemia, 1648-1781°, Past and Present, no. 11 (1957), 96-7.

* Cf. P. Leuilliot, ‘Commerce et industrie en Europe du XVIe an X VIIle siécle; les
industries textiles; problémes généraux et orientation des recherches’, in Comitato
Internazionale di Scienze Storiche, X Congresso Internazionale di Scienze Storiche,
Relazioni, vol. 1v: Storia Moderna (Florence, n.d. [1955]), 287.
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abandon the struggle entirely. Moreover change had its positive attrac-
tions; the British had opened a mine of profit for all the world to see.

For the state, British progress was a direct, unavoidable challenge.
The governments of Europe had long come to look upon economic
development as the key toa favourable balance of trade—hence wealth;
to large tax revenues—hence power; and to stable employment—
hence public order. They had tradidonally encouraged enterprise as
best they knew, cherishing especially those trades that furnish the
means of war. Now they found the entire balance of economic forces
upset. Industrialization was, from the start, a political imperative.

Admiration of British performance was one thing, however; emu-
lation, another. The same objective obstacles to industrial expansion
and technological change remained, aggravated in some respects by the
nature of the innovations across the Channel. Thus Britain’s advantage
in industrial resources was greater than ever, now that cotton, a material
of overseas origin, replaced wool as the chief textile fibre, and coal
replaced wood as the main source of fuel. The continental countries
not only had too little coal. What they had was widely dispersed, usually
at a distance from associated raw materials like iron and, more often
than not, of the wrong kind. France, for example, had little coking
coal to begin with and has discovered little since. The rich deposits of
the Ruhr were as yet unsuspected. Only in Belgium and Silesia were
there known to be substantial, accessible coal measures, and in both
places, particularly in Silesia, oil content was too high; the coke
obtained was friable and not suited to furnaces above a certain size.

More than ever, therefore, the producers of the Continent found
themselves confined by cost disadvantages to home consumers; and
now the problem of scale was more acute as a result of the higher
productive capacity of the new equipment. The old geographical and
social limitations on demand were still there, and the same abundance
of untapped rural labour that had made possible the expansion of the
pre-factory period now acted as a deterrent to mechanization and
concentration. Moreover, the lack of requisite technical skills posed an
obstacle to innovation that only time could overcome.

Actually, time secemed to work at first against the continental
economies. In France, a bare handful of cotton mills were built in the
1770’s and 1780’s, using jennies and water frames; one official estima-
ted at goo the total number of jennies in the entire country in 1790.
Clearly mechanization was proceeding far more slowly than in
Britain. The pace may have quickened, however, as a result of the Eden
treaty of 1786, which opened the French market to British cottons and
made modernization a matter of survival.

In metallurgy, the government promoted efforts to learn and apply
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the technique of coke smelting. William Wilkinson, ironmaster of
Bersham, was brought over to act as technical adviser; it was he who
suggested Le Creusot as a promising site, and it was there in 1785, in a
furnace apparently built to his specifications, that Ignace de Wendel
produced the first coke-blast iron on the Continent. For the moment,
however, he had no imitators. Nor did anyone attempt to introduce
Cort’s puddling and rolling processes for another generation. French
metallurgy was growing in scale but changing little in technique.

Le Creusot was also the first place in France to use the rotative steam-
engine—one in 1784 to drive d[;e hammers of the forge, in addition to
four other Watt-type machines for pumping the mines and blowing the
furnaces.” Butin this too it was exceptional. Elsewhere the steam-engine,
particularly the separate-condenser type, was a curiosity. On the other
hand, it was in large measure a French-built curiosity (beginning in
1780-1, the brothers Perier were constructing pompes d feu at their works
at Chaillot just outside of Paris), and this was in itself a major techno-
logical advance.

The other continental countries were even slower to change. The
first German cotton-spinning mill, using Arkwright’s water frame, was
established in 1794 in a village appropriately named Kromford, east of
Diisseldorf. In Saxony, the frame and mule came in just before the
turn of the century; in the Low Countries (Verviers and Ghent)
slightly later. In metallurgy, it was Silesia that took the lead, thanks to
the pertinacity of Reden and the fimancial support of the Prussian
government; the resemnblance to the French experience is striking. The
first coke-blast iron was tapped in 1791-2 from a charcoal furnace in the
royal works at Malapane, and in 1794~6 a true coke-blast furnace was
built at Gleiwitz by a Scots engineer named John Baildon (formerly
employed at Carron) and two gifted German technicians, Bogatsch and
Wedding. Similar attempts in western Germany, beginning in the
1760’s in the Saar, were unsuccessful.* The Low Countries, by contrast,
seem to have done little in this sphere before the 1820’s.3

* The first atmospheric engine to be used in France had been installed at the Fresnes
coal-mine near Condé (Nord) in 1732. The second came at Anzin in 1737; the third at
Littry in Normandy in 1749. For purposes of comparison, around 1765 there were
127 atmospheric engines in the Newcastle district alone. Jean Chevalier, ‘La mission
de Gabriel Jars dans les mines et les usines britanniques en 1764°, Trans. Newcomen Soc.
xxv1 (1947/8 and 1948/9), 59, 67.

* These were financed by Prince Wilhelm Heinrich of Nassau-Saarbriicken. The
ore smelted well, but the iron produced was of poor quality, and the death of the
Prince in 1768 put an end to the experiment. Beck, Geschichte des Eisens, m, 985-6.

3 Pierre Lebrun, ‘La rivoluzione industriale in Belgio: Strutturazione e destruttura-
zione delle economie regionali’, Studi storici, i (1961) [special number: Studi sulla
rivoluzione industriale], 610, mentions one brief attempt in the Liégeois.
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In engineering the story was reversed: here the long experience of the
Walloons in metal work enabled them to become machine builders to
Europe. The first Newcomen engine on the Continent was erected in
Liége in 1720-1, and by the middle of the century the ironworks of the
vicinity were making copies for the Hainaut and other nearby mining
districts. No area in Europe took so quickly to steam: in the period to
1790, thirty-nine atmospheric engines were installed in the Mons basin,
and twenty of these were still operating at that date.” As these figures
show, the adoption of steam power in the Low Countries was closely
linked to the needs of mining. Thus the Liégeois, where the nature of
the coal deposits permitted drainage by adit, exported its engines and
made use of only a few in its own pits. As for other industries, neither
the techniques employed nor the scale of manufacture called for more
power than the water wheel could provide. Hence the slow adoption
of the Watt engine: the first, a single-acting model, seems to have been
introduced in the late 1780’s, and the first rotative machine may well be
the one imported by Bauwens around 1801 for his mule-spinning mill
in Ghent.”

We know something of one of the peripatetic mechanics of Liege,
Jean Wasseige, whose career in the ‘ Austrasian coal field” (that complex
of deposits which extends from the Pas-de-Calais in northern France
through Belgium to the Ruhr) covered almost the entire second half of
the eighteenth century:3 in 1751 he built what may well have been
Germany’s first steam-engine, for a lead mine near Diisseldorf; thirty-
five years later, he is mentioned as installing a machine at Eschweiler
(near Aachen).# He and others like him were carrying on the old

T Pierre Lebrun, ibid. pp. 625 £, 637.

* On a Watt machine installed in a mine at Produits ‘fifty years ago’, sce N.
Briavoinne, De l'industrie en Belgique (Brussels, 1839), p. 240. On the first rotative
engine, Jan Dhondt, ‘L’industrie cotonniére gantoise 3 I'époque frangaise’, Revue
d’histoire moderne et contemporaine, 1 (1955), 241 and n. 2. This seems to correct Bria-
voinne, Sur les inventions et perfectionnemens dans Uindustrie, depuis la fin du XVIIIe siécle
Jusqu’d nos jours [Mémoires couronnés par I’Académie Royale des Sciences et Belle-
Lettres de Bruxelles, Séric in-4°, vol. xm) (Brussels, 1838), pp. 35-6. Toilliez, ‘Mém-
oire’ [see p. 359, n. 1, above], pp. 52 f., shows that for an area specializing in coal-
mining like the Hainaut, the wasteful but simple Newcomen engine was preferred to
the Wart machine well into the nineteenth century.

3 For the definition and concept of the Austrasian field, see E. A. Wrigley, Industrial
Growth and Population Change (Cambridge, 1961); also the older, but still valuable,
book by Guy Greer, The Ruhr-Lorraine Industrial Problem (New York, 1925).

4 Beck, Geschichte des Eisens, 11, 984, is in error when he calls the steam-engine at
Griesborn (1773) the first steam mine pump in what was later Germany. (Griesborn
was then in Lorraine.) On the Diisseldorf engine, see Irmgard Lange-Kothe, ‘Die
Einfilhrung der Dampfmaschine in die Eisenindustrie des rheinisch-westfalischen
Industriegebietes’, Stahl und Eisen, Lxxxm (1962), 1669.
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tradition of an international community of skilled craftsmen and
technicians and anticipating the heavy contribution that Belgium was
to make to the industrialization of Germany in the nineteenth century.

In spite of Belgian and British assistance, however, Germany made
relatively little use of steam in this period. By the turn of the century,
‘a few’ Newcomen machines were operating and even fewer Watt
engines. The first of these was erected by order of that extraordinary
technocrat Reden, at Tarmnowitz (Silesia) in 1788; and after an initial
failure in 17853, a second was set to work near Mansfeld (Province of
Saxony) in 1789." Both used cylinders and other parts of English
manufacture. Not until 1791 did German engineers succeed in building
a machine in its entirety. It was a Newcomen engine, ordered in 1788
by the Freiherr von Stein from Silesia for use in the Rubr and completed
in 1791. By the time the parts made their way down the Oder, through
the Baltic and North seas to Amsterdam, and up the Rhine to Ruhrort
in 1792, the mine they were destined for no longer wanted them. They
lay in storage eight years, until the Freiherr von Romberg decided to
buy them and erect the engine at the Vollmond mine, near Bochum.
This was the pre-Homeric age of industrial Germany, when steam-
engines made odysseys and became subjects of fable to subsequent
generations.?

At this point, the course of technological advance on the Continent
encountered a political roadblock—the series of upheavals and wars
that began with the French Revolution and ended with Waterloo.
They brought with them capital destruction and losses of manpower;
political instability and a widespread social anxiety; the decimation of
the wealthier entrepreneurial groups;3 all manner of interruptions to
trade; violent inflations and alterations of currency. Above all, they cut

I On Reden, see W. O. Henderson, The State and the Industrial Revolution in Prussia,
1740-1870 (Liverpool, 1958), ch. 1; on the Mansfeld engine, Lange-Kothe, ‘Die
Einfthrung’, p. 1671.

* Lange-Kothe, ‘Diec Odyssee der iltesten Dampfmaschine des Ruhrgebietes’, Der
Ausschnitt, vl (1955), 24~6. The new and important researches of Miss Lange-Kothe
have turned up a whole array of myths and misconceptions about the pre-history of
German steam power. See her article on ‘Johann Dinnendahl’, Tradition, vo (1962},
32-46, 175-96.

3 Pecuniarily, as a result of business fluctuations, interruptions of trade, and de-
struction of capital: and sometimes physically, for political reasons. C£.P. Masson, ed.,
Les Bouches-du-Rhéne: encyclopédie départementale (16 vols.; Marseilles, 1913-38),
1%, 7-21, for the effects of the Terror in Marseilles; Schmidt, ‘“Une enquéte sur la
draperie 3 Sedan en 1803, Revue d’histoire des doctrines économiques et sociales, v (1913),
99, for the purge at Sedan. Or consider the disruptive effects of proscription and
exile on such enterprises as the Wendel iron-works in Lorraine. Arch. Hayange,
passim.
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continental Europe off, sometimes by formal restrictions, from active
intercourse with Britain and did more than anything else, certainly
more than the British embargo on the emigration of artisans and export
of machinery, to hinder the diffusion of the new techniques across the
Channel.

Some areas were more seriously affected than others. In the begin-
ning, it was France who suffered the most. Her economy, already
weakened by the commercial treaty of 1786 with England and by the
financial disorder of the monarchy, was racked between the require-
ments of a revolutionary government at war with enemies without and
within and a general withdrawal of confidence by producers in all
sectors. Internally, the demand for quality manufactures fell precipi-
tately; abroad, she was deprived of almost all her foreign and colonial
markets. In the decade following 1789, the output of some of her major
textile centres fell by a half and more; only cotton seems to have held
up, in part no doubt as an inferior good. Even metallurgy, which
benefited from the increased demand for arms, seems to have declined:
the make of pig iron was probably not much greater in 1815 than in
1789, in spite of a distinct rise during the Empire. Some parts of France,
notably the west and south-west, underwent during these years what
Francois Crouzet has called a process of pastoralization, from which
they have never recovered.”

From the late 1790’s on, the fortunes of politics changed. Now the
states of northern Italy and central Europe bore the brunt of the
fighting; they were the scene of combat, the source of much loot and
continuing levies; the French discriminated against their economies in
favour of the Empire; their governments were disrupted and too
demoralized to continue their programmes of development. Yet even
France, profiting from the spoils of war and the commercial advantages
of ‘imperial preference’ and beneficiary of the most solicitous economic
Eaterna]ism, lost ground in the long run. Commerce was naturally

ardest hit: the Atlantic trade was never to be the same again. But
industry also suffered: the cotton manufacture, which had expanded
with spectacular rapidity, collapsed in the depression of 1810-12; wool
advanced, but no more and probably less than it would have under con-
ditions of peace; ironmaking grew in capacity but changed little in
technique—there was no coke smelting or puddling, and only some
isolated uses of rolling for the production of special shapes; the steam-
engine was neglected.

With government assistance, a few industrial giants arose—Richard

! See his informative article, ‘Les conséquences économiques de la Révolution: 3

propos d’un inédit de Sir Francis d’Ivernois’, Annales historigues de la Révolution fran-
gaise, xxx1v (1962), 182-217.
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Lenoir and Liévin Bauwens in cotton, Douglas in machine construc-
tion—but like the hothouse creations of the ancien régime, they shrivelled
in the first winds of adversity. In general, the tendency to rely on
state aid and protection, already excessive, was aggravated by this
experience. The last five years of the Empire were years of spasmodic
crisis that left the economy much enfeebled and momentarily helpless
to meet the rush of cheap British products that came with peace.

To be sure, war and isolation had some favourable effects, at least
prima facie. Technology, for example, was stimulated by the need to
create substitutes for overseas imports; thus the invention of beet sugar
and the spread of the Leblanc soda process. Similarly, the need and
opportunity to increase rapidly the output of certain commodities
encouraged mechanization, as in the woollen manufacture of Verviers
and the cotton industry of Saxony. Here indeed were the greatest
beneficiaries of the ‘new order’—those small industrial states long
locked in a tight tariff cage and now released into the huge spaces of
Napoleon’s Europe.

Yet it would be fallacious to assume that even these advances were a
contribution to long-run development. They were the products of
economic distortion, and if some, like the Leblanc technique, were
fundamentally sound, others were unviable in normal circumstances.
The trouble was that not all of these wartime anomalies were ready to
disappear once peace returned. For every substitute that died quietly,
like the woad of Languedoc, another remained as a vested interest and
a burden on the consumer or taxpayer. Thus mechanized textile manu-
facture in central Europe, essentially a product of wartime shortages,
made a strong effort to convert momentary advantage into permanent
privilege, with some success; and one may reasonably attribute much
of the persistent backwardness of the cotton industry in a region like
Saxony to the legacy of small-scale primitive plant inherited from the
period of the continental blockade.

More helpful in the long run were certain changes in the institutional
climate of enterprise. In particular, traditional restraints on the mobility
of capital and labour were removed or so undermined as to be incapable
of blocking innovation further. Admittedly these restraints, as embo-
died in the corporate organization of production or, in central Europe,
in the fornial attribution to the various classes of society of functions
and of legitimate objects of investment and expenditure, were already
moribund before the Revolution. They were incompatible with the
leading trends in economic life: the rise of a new industry like cotton,
the spread of production into rural areas, the growing interest of the
aristocracy in the possibilities of business investment, the shift toward
freer enterprise and laissez-faire. The Revolution, however, hastened
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this movement, and in some areas consummated it. In France the
Loi Le Chapelier of 1791 abolished the guilds, and the subsequent
triumphs of the revolutionary and imperial armies brought these prin-
ciples of free enterprise into the Low Countries, western Germany, and
northern Italy. Where the French did not impose their institutions
directly, the state was sometimes moved by French influence or success
to take independent action: thus the reforms of Stein in Prussia, which
were aimed not only at frecing the peasant from corporal and pecuniary
servitudes (with obvious implications for the supply of industrial
labour), but at opening the great mass of occupations to all comers and
removing restraints on the movement of capital.

However introduced, freedom was contagious. In subsequent
decades, all the lesser states of western and central Europe succeeded in
eliminating this political expression of medieval economic and social
values—despite tenacious opposition from craftsmen whose numbers
and prosperity were often increasing as a result of overall economic

growth.!

So much for the direct consequences of the Revolutionary upheaval.
More important in the long run were the secondary eftects of the
delay. In particular, the gap between continental and British industrial
equipment had increased, and while such a spread may mean in theory
a greater incentive to modernization, it constituted in fact an obstacle.

Already under the Empire, best practice had long passed the stage of
the jenny shop or garret factory. The few technicians, mostly British,
who were capable of constructing textile machinery, were asking any-
where from 7500 to 12,000 francs for an ‘assortment’ of the equipment
required for yarn manufacture, including four spinning devices (pro-
bably mules of 80 spindles each, operable by animal power, of the type
used in Britain in the 1780’s).> By the 1820s, however, the mule had
become a long machine of up to a thousand spindles, workable only
by steam or water power and costing more than a thousand pounds.

* For a general discussion of the consequences of the Revolutionary and Napoleonic
wars for economic development in Western Europe, see F. Crouzet, “ Wars, Blockade,
and Economic Change in Europe, 1792-1815’, J. Econ. Hist. xx1v (1964), 567-88; also
E. Labrousse, ‘Eléments d’'un bilan économique: la croissance dans la guerre’, in
Comité International des Sciences Historiques, Vienne, 29 aofit-5 septembre 1965,
Rapports, I: Grands thémes (Vienna, n.d.), 493-7.

2 Of the three cotton mills founded in Ghent in 1803, one cost 80,000 fr. (about
550 spindles), another 90,000 fr. (about 600 spindles), and the third 400,000 fr.
(about 2000 spindles). Dhondt, ‘L’industrie cotonnitre’, Revue dhistoire Moderne, 1t
(1955), 244—5. Itis not clear that some of this did not in fact pay for post-spinning
(weaving, finishing) equipment.
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Blast furnace, puddling furnace, rolling mill, and coke oven had all

grown in size; the story was the same in chemicals. Even where
important capital-saving improvements had occurred—as in the case
of the steam-engine, thanks to changes in design and the techniques of
metal working—the increased scale of the other stages of the indus-
trial process more than compensated by pushing up the size of the
minimal effective unit. The early factory steam-engines were often
of 6 and 8 h.p.; by the 1820’s, machines of 5o h.p. and more were not
uncommon,

There are two points to note here. First, increased capacity meant
that the latest equipment was sometimes less suitable to the post-
Watetloo continental market than the rudimentary pre-Revolutionary
machinery. After all, although legislation and decree had removed
many of the man-made barriers to trade, central Europe still remained
in 1815 a patchwork, and the fundamental topographical obstacles were
yet to be overcome. Nor was the consumption pattern significantly
different, though effective domestic demand was certainly larger.? As
for outlets abroad, not only was the higher cost of materials on the
Continent a continued bar to export, but Britain had made use of the
war years, as noted above, to enter the preserves of her blockaded con-
tinental rivals (France and Holland, primarily), destroy their shipping,
and ruin their merchants—all the while building up her own connec-
tions in South America, Africa, and the Orient. As a result, markets
remained small. The potential yield of the most efficient production

1 It seems likely that as a result of improvements in the techniques of machine-
building and economies of scale in the engineering trades, the ratio of capital to real
output in textile manufacture fell rapidly from the Napoleonic period to the 1830’
and then tended to level off. Witnesses before the tariff inquiry of 1834 estimated the
initial cost of spinning plant at 32 francs per spindle; in 1860, at from 40 to s francs.
(Of course, output per spindle had increased in the meantime.) The English experience
was probably similar. Mark Blaug, ‘The Productivity of Capital in the Lancashire
Cotton Industry during the Nineteenth Century’, Econ. Hist. Rev. 2nd ser. xm
(1961),-359, has the ratio of total capital to net output rising from 2-0 in 1834 to
3-3 in 1860. The important point for us, however, is not so much the efficiency of
capital as the minimal competitive investment required. And this depended, not only
on the production function and relative factor costs, but also on the schedule of returns
to scale and the size of competitive units of production—both machines and plant as a
whole. From this point of view, best practice became far more costly as time passed.

2 If only as a result of the increase in population, which grew in a country like
France, in spite of the losses and dislocation of revolution and war, from about 26 to
over 29 millions. For what they are worth, estimates of French national product
indicate an even faster rate of growth, from 6,100,000,000 to 8,290,000,000 francs at
current prices. Perroux, ‘Prise de vues sur la croissance de I'économie frangaise,
1780-1950", Income and Wealth, Series v, p. 61. The reader should treat such figures as
gross indicators of direction.
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methods was thus lower on the mainland, and the marginal gain over
less capital-intensive techniques correspondingly smaller.”

Second—rate of return aside—the size of the initial lump of invest-
ment now required was itsclf an obstacle to change. Not only was it
often beyond the reach of the small, prudent, self-financed family
enterprise, but even those that could raise the money were reluctant to
sink so much of their capital at one stroke. What we have here in effect
is the well-known phenomenon of the differential evaluation of
deprivation and incremental income: it was usually far more painful
to contemplate the loss of a large fraction of the family’s wealth than it
was agreeable to envisage increasing the firm’s income by some
conjectural amount.

As a result, the mechanization of continental industry in the post-
Napoleonic period did not follow the usual model that correlates new-
ness and modernity. The bulk of the entrepreneurs of France, Belgium,
and Germany did not take advantage of their opportunity to install the
latest equipment and surpass the British in productivity. Rather they
chose to invest in plants less efficient and offen less remunerative than the
best available. Many made do with used machines, and indeed there
came to be a regular flow of used equipment from the richer, more
advanced centres of manufacture to the more backward areas, with
many pieces passing through several avatars on the way to the scrap
heap. This voluntary obsolescence, in so far as it exceeded the dictates
of the production functions and relative factor costs, helped maintain
Britain’s competitive advantage in third markets, confirmed many
continental industrialists in their sense of inferiority, and reinforced the
pressure for those artificial devices, such as prohibitive tariffs, which
solved the immediate problem of economic survival at the expense of
long-run growth.

On balance, then, emulation of Britain was probably harder after
Waterloo than before. The gap in technique had widened, while most
of the fundamental educational, economic, and social obstacles to
imitation remained. The story of the generation after 1815 is in large
measure the elimination or diminution of these, in part by state action,
even more by private entrepreneurial effort.

The most immediate difficulty was technological ignorance: con-
tinental industry needed mechanics as much as machines. In the early
years, while a native cadre of technicians was being formed and a

! The more so because the newer as well as the older models of industrial equip-

ment were essentially labour-saving rather than capital-saving;; the later steam-engines
were a notable exception.
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machine-construction industry developed, the continental countries
imported skills and equipment from abroad, at first from Britain, with
time, from secondary centres like Belgium and France as well. Indeed,
the Industrial Revolution is an excellent case study—one of the best
documented on record—of the larger phenomenon of cultural
diffusion.

The transfer of techniques was not easy. Aside from the alleged
shortcomings of the pupils (and the sources have an abundance of
references to the awkwardness and incompetence of continental labour),
the teachers were not always free to move or bring their paraphernalia
with them. The emigration of British artisans was forbidden until 1825;
the export of what appeared to be the most valuable types of machinery
—in particular, the major textile inventions and parts and plans thereof
—until 1842.% Yet there were so many loopholes and the ingenuity of
smugglers and industrial spies was such, that these efforts were in the
long run unavailing. By 1825 there must have been two thousand—
and perhaps more—skilled British workers on the Continent. Similarly,
while we will never know precisely how much machinery crossed
the Channel illicitly, legitimate exports (by special licence of the
Treasury) amounted to [600,000 (official value) in 1840 alone;
the sources on the continental countries are full of evidence of the
successful purchase and installation of British equipment.

The best of the British technicians to go abroad were usually entre-
preneurs in their own right, or eventually became industrialists with
the assistance of continental associates or government subventions.
Many of them came to be leaders of their respective trades: one
thinks of the Waddingtons (cotton), Job Dixon (machine-building),
and James Jackson (steel) in France; James Cockerill (machine con-
struction) and William Mulvany (mining) in Germany; Thomas
Wilson (cotton) in Holland; Norman Douglas (cotton) and Edward
Thomas (iron and engineering) in the Austrian empire; above all, John
Cockerill in Belgium, an aggressive, shrewd businessman of supple
ethical standards, who took all manufacturing as his province and with

! Paradoxically, steam-engines and machine tools were permitted to be exported by
special licence—the former, because they were considered ‘only a moving power’,
and not machines; the latter because it was felt to be impracticable to discriminate
between tools used for the manufacture of machines and those used for other pur-
poses. See the testimony of J. D. Hume in the ‘First Report of the Select Committee
...Exportation of Machinery’, Parl. Papers, 1841, vm, p. 5. Q. 17. The export of
otherwise prohibited machinery by licence of the Board of Trade began some time
before 1825—the parliamentary inquiry of that year could not ascertain the origin of
the practice, its basis in law, or the extent to which it had been carried. Ibid. Second
Report, p. iv.
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the assistance of first the Dutch and then the Belgian governments made
a career of exploiting the innovations of others.”

Some of these immigrants were early examples of what we today
would call business executives, combining managerial and technical
skills: thus John Maberley, who in 1838 became director of a joint-
stock company to build flax-spinning machinery at Amiens; or in a
later period, Charles Brown, who directed the machine shops of the
Sulzer firm at Winterthur. Most, however, were simply foremen or
skilled craftsmen. They were a costly investment, especially since many
were not at all prepared to stay long enough for the employer to amor-
tize the initial expense of bringing them over. In view of the size of
this original outlay, manufacturers had a strong incentive to hire such
workers away from competitors; the sources are full of complaints
about such ‘dishonest’ practices. In this way, the high salaries originally
promised were pushed higher, to the intense discomfort of employers,
who not only found this a heavy levy on their purses but also learned
that better pay often meant less rather than more work. Most of these
technicians were used on jobs where they set their own pace; often
they were paid by time rather than output; and many placed a high
premium on leisure—the more so since they were generally homesick,
unhappy, and prone to drown their sorrows in alcohol. They had a
keen sense of their indispensability, and this combined with national
pride to make them arrogant and fractious.

Thus in 1824 Fran¢ois de Wendel, ironmaster at Hayange and
Moyeuvre in Lorraine, sent the chief of his English workmen back to
Britain to bring back some technical information, two more of his
countrymen, and the wives of those who were already employed.
When his return was delayed, Wendel wrote him a letter, the rough
copy of which has come down to us: ‘I have received you letter from
febr your absence me nuit beaucoup je paye your worckmans [?] and
they do not worck the carpentar is an ivrogne, one can not employe
him. I believe it is better for you to kom and to remaine her;...”
Small wonder that industrialists like Fritz Harkort, pioneer of the
German engineering industry, could not wait for the day when German
moulders were trained, ‘so that the Englishmen could all be whipped

out [herausgepeitscht] : we must even now tread softly with them, for

I The most convenient source is W. O. Henderson, Britain and Industrial Europe,
1750-1870 (Liverpool, 1954). Of the many specialized articles, see the interesting case
study of Paul Leuilliot, ‘Contribution i Ihistoire de I'introduction du machinisme en
France: la “Biographie industrielle” de F. C. L. Albert (1764-1831)", Annales his-
toriques de la Révolution frangaise, xx1x (1952), 3~22.

* Archives. Les Petits-Fils de Frangois de Wendel et Cie, Hayange, Carton 856.
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they’re only too quick to speak of quitting if one does so little as not
look at them in a friendly fashion’.

The day came. Perhaps the greatest contribution of these immigrants
was not what they did but what they taught. Employers or employees,
they. trained a generation of skilled workers, many of whom became
entreprencurs in their own right. Thus the Cockerill firm sold its
machines as far east as Poland, and every assortiment brought with it a
mechanic, to install the equipment and live on the job while instructing
the customer in its operation and maintenance. Needless to say, some of
these never returned to the home office. As continental technology
improved and the stirrings of industrial revolution moved eastward and
southward, the countries on the western edge of the land mass—
Belgium and France in particular—served increasingly as reservoirs of
capital and skills. This secondary flow was especially important from
the 1840’s on, not so much in manufacturing industry, however, as in
the construction of railways, roads, canals, and bridges.*

The growing technological independence of the Continent resulted
largely from man-to-man transmission of skills on the job. Of less
immediate importance, though of greater consequence in the long run,
was the formal training of mechanics and engineers in technical schools.
France and Germany in particular created a veritable hierarchy of such
institutions: on the highest level, the Ecole Polytechnique (and its
graduate affiliates of Mines and Ponts-et-Chaussées), the Berliner Ge-
werbe-Institut, the Prussian Hauptbergwerks-Institut; a middle range of
mechanical training schools, the écoles des arts et métiers in France and
provincial Gewerbeschulen in Prussia; and at the bottom a hetero-
geneous group of local courses, sometimes private, sometimes public,
in manual arts, design, and the rudiments of calculation.

Here the state made the major contribution. Initial costs were too
high and pecuniary rewards too distant for private enterprise to do
more than offer its benediction and support to those lower-level schools
whose short courses were aimed at training people to go directly into

! Cited in Franz Schnabel, Deutsche Geschichte im neunzehnten Jahrhundert (4 vols.;
Freiburg, various editions and dates), i (2nd ed.; 1954), 287. In later years, Harkort
used to say: ‘I had at that time to cut several of my Englishmen down from the
gallows, so to speak, if only in order to get some of them.” L.Berger, Der alte Harkort
(Leipzig, 1890), p. 153.

2 On the contribution of the Belgians and French to German industry, particularly
in the Rhineland, see B. Kuske, in H. Aubin, Th. Frings, et al., Geschichte des
Rheinlandes von der dltesten Zeit bis zur Gegemwart (2 vols.; Essen: Baedeker, 1922),
m, 198-9; Jean R. Maréchal, ‘La contribution des Belges et des Frangais 4 I'essor de la
grande industrie allemande’, Rev. universelle des mines, 8e ser. xm (1937), 517-31;
Rondo Cameron, ‘Some French Contributions to the Industrial Development of
Germany, 1840-1870’, J. Econ. Hist. xv1 (1956), 281-321.
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the mills. Only the government could afford to send officials on costly
tours of inspection as far away as the United States; provide the
necessary buildings and equipment; feed, clothe, house, and in some
cases pay students for a period of years. Moreover, these pedagogical
institutions were only part—though the most important part—of a
larger educational system designed to introduce the new techniques and
diffuse them through the economy; there were also non-teaching
academies, museums, and, most important perhaps, expositions. The
importance of the last is hard to realize in this age of world fairs for
tourism and propaganda. There were no midways or aquacades in these
early industrial competitions. All was business, and the medals awarded
were a source of profit as well as pride to the victorious firms. They
wete, in a way, a kind of advertising before the age of the penny paper
and mass publicity. As a result, the expositions did much to stimulate
technological emulation and diffuse knowledge. In this, their influence
ran counter to a deep-rooted tradition of secrecy, the stronger for the
ineffectiveness of patent protection and the depth of technological
ignorance. The rarer the skills, the greater their value. There were
clashes on this score, but the juries made clear by their awards that they
did not like secretive firms.

Finally, the government provided technical advice and assistance,
awarded subventions to inventors and immigrant entrepreneurs,
bestowed gifts of machinery, allowed rebates and exemptions of duties
on imports of industrial equipment. Some of this was simply a con-
tinuation of the past—a heritage of the strong tradition of direct
state interest in economic development. Much of it, in Germany
particularly, was symptomatic of a passionate desire to organize and
hasten the process of catching up.

In so far as this promotional effort stressed the establishment of
rational standards of research and industrial performance, it was of the
greatest significance for the future. At the middle of the century,
technology was still essentially empirical and on~the-job training was in
most cases the most effective method of communicating skills. But
once science began to anticipate technique—and it was already doing so
to some extent in the 1850’s—formal education became a major indus-
trial resource and the continental countries saw what had once been
compensation for a handicap turned into a significant differential asset.

' The cultivation of systematic instruction as a cure for technological backwardness
fits well into Professor Gerschenkron's model, which postulates the establishment of
private financial institutions or—under circumstances of severe retardation—the
intervention of the state to mobilize capital for economic development. See his
*Economic Backwardness in Historical Perspective’, in B. Hoselitz, ed., The Progress
of Underdeveloped Areas (Chicago, 1951), recently reprinted in A. Gerschenkron,
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It was not enough, of course, to bring techniques and technicians
over from Britain; they would have remained curiosities had there not
been a growing demand for them. Indeed this marked the main point
of contrast between the eighteenth and nineteenth centuries: where
before the government had been preaching in a kind of wilderness and
had been obliged to take upon itself the task of implanting some of the
new methods, it now faced a sympathetic business community moving
ahead in its own right, to the point of anticipating the state and
exploiting its resources.

In explaining this change, it is useful to distinguish between those
factors that were essentially a continuation of eighteenth-century forces—
though writ larger—and those that were new. Thus, as noted earlier,
much of this heightened entrepreneurial interest in industrial develop-
ment was part of a general process of growth: of accumulation of
capital, of increasing demand, of the imbalances consequent on growth,
of the contact with the British example. The rise in population was an
important part of this story: it seems clear, in spite of the lack of census
figures, that numbers were already mounting steadily in the eighteenth
century; in the nineteenth they rose even more sharply—in France,
from about 27-5 million in 1801 to 34 million in 1850; in Germany,
from about 235 million in 1810 to 33-5 million in 1850; in Belgium
from perhaps 3 million to 4-3 million in the same period.

On the other hand, changes in the economic and institutional environ-
ment after 1815 gave a strong push to this long-term rise in demand for
manufactures and supply of the factors of production. On the demand
side, the internal unification of national markets was substantially com-
pleted in western Europe by the formation of the German Zollverein:
the long lines of wagons waiting through the cold night for the toll
gates to open on the New Year of 1834 were eloquent testimony to the
new opportunities that opened with them.® Analogous, and less
important only by comparison, was the opening of the Rhine mouth to
German shipping after centuries of mercantilistic restrictions. These
changes probably more than compensated for such tariff increases as
occurred in the areas affected.?

All of western Europe, moreover, profited by improvements in

Economic Backwardness in Historical Perspective (Cambridge, Mass., 1962), pp. s-30.
A school system is in this sense simply a device for mobilizing and developing pro-
ductive skills and knowledge.

¥ For France and what was to become Belgium, the task had been achieved before
1815. Indeed, for both of these, the end of the Empire was a step backward, a return
to a smaller sphere. This was far more serious for Belgium, which was cut off from the
bulk of its potential market; the injury was aggravated by the secession from Holland
in 1830.

% The trend was more complicated than might appear at first glance. On the one
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transportation. These took the form, first, of better channels for move-
ment—this was a period of active road building, river work, and a cer-
tainamount of canal construction; and second, of faster, more capacious
vehicles. To some extent, the two went hand in hand: it was impossible
to shift from pack animals (the main method of transport in most areas
of the Continent) to wagons until roads were better; and the use of
steamboats and stcam barges required waterways of greater depth and
dependability.

The railroad was a special case. Except in Belgium, whose major
lines were completed by mid-century, and to a much smaller degree,
Germany, which built an important part of its network by that time,
the railroad did not significantly affect the structure of the market in
this period. The economic gains from a transport system increase in a
kinked line, with steep jumps in results when certain junctions are
made; the key connections for western Europe were not made until the
1850’s and 1860’s.

In other respects, however, the impact of the railway on industry is
not to be underestimated. In the short run, it created an unprecedented
demand for iron (as well as wood, glass, leather, stone, and other sub-
stances used in the manufacture of cars and construction of fixed
facilities); moreover, it wanted these materials in a wide variety of
finished forms, ranging from relatively simple items like rails and
wheels to complicated engines and machines, all of which gave a special
push to the metalworking and engineering trades. If to this we add the
general effect of this huge investment on the demand for consumers’
goods, it seemns fair to say that by the 1840’s railroad construction was the
most important single stimulus to industrial growth in western Europe.

It is doubtful, however, whether the influence of railway demand on
technology was as consistently favourable as on output. In so far as the
railroad required new products, it promoted innovation; witness the
growing ability to mould and manipulate large masses of metal. On
the other hand, the increase in demand for traditional products like pig
iron in markets sheltered from outside competition was often an
invitation to easy cxpansion along old lines. The 1840’s saw in both
France and Germany an increase in the output of charcoal pig iron
and wrought iron.?
hand, Prussian tariff rates tended effectively to rise through most of this period; on
the other hand, all states joining the Zollverein were compelled to accept the Prussian
tariff, which was usually lower than their own.

* The increase was smaller in Germany, which imported large amounts of Belgian
and British coke-blast pig. From 1837 to 1850 output of charcoal pig in Prussia went
from 87,449 to 98,521 metric tons {up 12:66%); charcoal wrought iron went during

thf: decade 1837-47 from 39,002 tons to 45,841 (up 17-26%,). Beck, Geschichte des
Eisens, 1v, 714-16. In France, the make of charcoal pig went from 246,000 metric
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One can hardly imagine a major technological or institutional change
in the economic environment affecting demand and not supply. Thus
cheaper, faster transport meant cheaper materials and more mobile
labour, as well as wider markets. It also was the equivalent of a sub-
stantial increase in entrepreneurial capital: funds once sunk in stocks of
raw cotton or buried for months in warehouses until bulky iron pro-
ducts could move on thawed or flowing streams were now freed for
investment in plant and equipment.” By the same token, the growth of
population yielded more abundant manpower as well as a larger outlet
for manufactures.

On the other hand, more people needed more food, and this rising
demand for nourishment might well have necessitated in the long run a
diversion of productive factors to agriculture and higher costs for
industry. Fortunately, on the Continent as in Britain, new methods of
cultivation and a revolution in land tenure increased the surface culti-
vated, the yield per unit area, and the productivity of the agricultural
worker.? As a result, it was possible to feed a growing industrial force
at constant or diminishing prices while releasing the surplus farm
population for industrial employment.3

Finally, the provision of capital for industrial ventures increased sub-
stantially in this period. Part of this was simply an aspect of the rise in
overall income; part was the fruit of rapid accumulation in industry—
as in Britain, the enterprises of these early years financed themselves
as much as possible out of earnings.

Changes in the credit structure, however, by easing the flow of capital,
accounted for much of the gain. To begin with, the countries of the
Continent began in this period—long after Britain—to develop national

tons in 1835 to 339,000 in 1847 (up 37-8%). During the same period, however,
output of charcoal wrought iron remained about the same. France, Min. des Travaux
Publics, Statistique de Uindustrie minérale (1893), pl. 10; idem, Résumé des travaux statis-
tiques de " Administration des Mines en 1847, p. 13.

! For a good case study of the effects of transport difficulties on capital requirements,
sce some of the material in G. Thuillier, ‘Fourchambault et la sidérurgie nivernaise de
1789 2 1900” (thesis: Institut d’Etudes Politiques, Paris [Th 1081], n.d.).

2 Thus for a country like France wheat crops averaged $1,719,000 hectoliters
(10+78 per hectare) from 1815 to 1824; 79,590,000 (1368 per hectare) from 1841 to
1850—a rise of over 50%,. Average potato crops over the same period went from
28,755,000 hectoliters to 71,320,000, a rise of 150%,. Population, by contrast, went
from 20,380,000 in 1815 to 35,630,000 in 1850. Amnnuaire statistique, xxv (1905),
Résumé rétrospectif, pp. 10%, 32%-33*.

3 Here, too, as in the case of railway demand, the effects were clearly more favour-
able to output than to technological change as such. It is interesting to speculate on
what a sustained demand for manpower in agriculture would have done to relative
factor costs in industry and thus to the rate of substitution of capital for labour.
Compare the American experience and the implications of the frontier.
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capital markets, that is, markets that bound together the major business
centres and the provinces and allowed funds to flow from local industry
and even agriculture into other areas of activity. Clearly, little of this
investment went into manufacturing proper; the favourite placement
was government bonds. Yet had it not been for this new source of
mobile capital, rentes would have siphoned off much of the Lquid
capital potentially available to industry and trade. This is what happened
in Austria, where the incessant demands and disorderly finances of an
impecunious government made loan contracting and speculation in the
funds so profitable that the merchant bankers of Vienna had no eyes for
anything else. It took the railway, with its large appetite for metal and
fuel, to win their attention and some of their resources from imperial
finance to industry.

All of this, as the reader will have already remarked, implies that the
supply of capital was limited. For all the controversy that still attends
this point, this was certainly the case in the aggregate, as the heavy
demands of railroad building made clear.® In France, the boom of the
forties immobilized enormous sums—spasmodically, as syndicates as-
sembled hundreds of millions of francs to bid against one another for
concessions, then released the greater part of these monies once the
award was made; and progressively, through these ups and downs, as
one company after another began work. Both the money and capital
markets were squeezed dry, and the anticipatory scare of 1845 became
the collapse of 1846~7. Many of France’s most solid enterprises found
themselves on the brink of disaster because of funds frozen in railway
shares—not only coal and iron firms, which stood to win sales by
promoting construction, but textile mills and merchant banks as well.
Bertrand Gille has even speculated that the poor harvest of 1846 owed
something to the diversion of disposable funds from agriculture to
railways.?

The hypothesis is worth careful investigation; at least this is what
seems to have happened in Germany. There, Prussia and other states
had established Landschaften as far back as the 1760’s, to finance agri-
cultural development by issuing mortgage bonds to the general public
and lending the proceeds to landowners at low rates of interest.3 Over

T On Germany, see the important article by Knut Borchardt, ‘Zur Frage des
Kapitalmangels in der ersten Hilfte des 19. Jahrhunderts in Deutschland’, Jahrbiicher
Jiir Nationalokonomie und Statistik, cLxotm (1961), 401-21, which argues, in large part
from the low rate of interest on funds and best commercial paper, that capital was
relatively abundant.

* See the analysis in his La banque et le crédit en France de 1815 3 1848 [Mémoires ct
documents publiés par la Société de I'Ecole des Chartes, vol. xtv] (Paris, 1959)
pp- 349 L., especially p. 358.

3 Note, however, that some of the funds lent by Landschaften went to manu-

»
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the years, tens of millions of thalers had been drawn in this way from
the savings of the industrial and commercial sectors. In 1835, however,
the volume of Pfandbriefe in circulation, which had more than doubled
since the beginning of the century, stopped growing and remained
about the same for a decade.”

It is obvious that, despite increased mobility of capital, the continental
countries had less to work with than Britain. On the other hand, their
very weaknesses in this area led them to an innovation that was to give
them eventually a real advantage over their precursor: the joint-stock
investment bank. The effectiveness of this institution lay in its combina-~
tion of capital resources, larger by far than those of merchant or private
banks, and great freedom of action. The pioneer here was Belgium,
with its Société Générale and Banque de Belgique, both investors on a
large scale in mining and heavy industry. The precocious development
of the Belgian coal industry—in the 1840’s the biggest on the Con-
tinent—and the efficiency of its iron and machine industries—the only
ones able to compete to some extent with the British—owed much to
this injection of outside capital.?

France and Germany accomplished less in this area, the former largely
because of official hostility, the latter partly for that reason, partly
because the very shortage of capital that called for such institutions was
still too serious to permit their establishment. The French brought
forth a number of substitutes in the form of joint-stock partnerships
(the so—called caisses). Visionaries and businessmen of both countries
talked excitedly of the need for credit banks to finance industrial
development: propagandists like the Saint-Simonians and bankers like
Jacques Laffitte in France; Mevissen, Camphausen, Hansemann, and the
rest of their Rhenish circle in Germany. By the 1840’s, the stage was
set in both places for a financial revolution; owing to depression and
political upset, however, it was not to come until the following
decade.3

facturing enterprises borrowing on their land; and that some were invested by land-
owners in industry. Cf. Bergenroth, ‘Ueber deutsche Anstalten zur Férderung des
Kredits’, Zeitschrift des Vereins fiir deutsche Statistik, 1 (1847), 753—4.

1 Value of Pfandbriefe of Prussian Landschaften in circulation:

1805 53,891,638 thaler 1835 100,915,598 thaler
1815 62,677,898 thaler 1845 103,339,223 thaler
1825 83,141,365 thaler 1855 118,353,373 thaler

C. F. W. Dieterici, Handbuch der Statistik des preussischen Staats (Berlin, 1861), pp. 574-s5.
I am indebted to Prof. Hans Rosenberg for this reference.

2 P, Schéller, ‘La transformation économique de la Belgique de 1832 4 1844’, Bull.
de U'Institut de Recherches Economiques et Sociales (Louvain), x1v (1958), 525-96.

3 See D. Landes, ‘Vieille banque et banque nouvelle: la révolution financiére
du dix-neuvidme si¢cle’, Revue d’histoire moderne et contemporaine, m (1956), 204-22.
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In the meantime, the scarcity of capital in France and Germany was
eased by flows from two sources. There was, to begin with, a certain
amount of government investment and subvention of the traditional
variety. This was much diminished, however, especially in France,
where the budget-balancing governments of the Monarchie Censitaire
concentrated almost all of their development expenditures on public
works. In Germany, the state gave more generously to industry.
The most active agency in this regard was the Prussian Sechandlung,
which, under the direction of Christian von Rother, invested not only
in the seaborne trade covered by its nomenclature, but also in roads,
railways, and a variety of manufacturing enterprises. It was the
Seehandlung, for example, that financed in 1842 Prussia’s first mill to
weave worsted by power, at Wiiste Giersdorf. By the 1840’s this
policy of industrial promotion was uhder sharp attack, on the grounds
that it was prejudicial to unsubsidized private enterprise and that it did
not pay. The last reproach was true enough, although Rother argued
that an official institute of this kind, whose primary aim was national
development, should not be judged by ordinary criteria of profit and
loss. Nevertheless, under pecuniary and political pressures, the See-
handlung divested itself of almost all its industrial holdings by the
mid-1850’s.”

The Belgian pattern was closer to the German than to the French.
In the Dutch period especially, the government gave generously to
private industry, partly through a special Industrial Fund, partly through
such corporate organisms as the Société Générale, already mentioned,
and the Nederlandsche Handel Maatschappij. In the years from 1824 to
1830, the Fund lent 5,821,052 florins to shipbuilding. About four-fifths
of the money went to the Belgian provinces.? This solicitude was moti-
vated largely by political considerations: the government was anxious
to placate the south, whose nationalistic resentment of Dutch rule was
exacerbated by commercial policies more favourable to the trade of
Holland than to the industry of Wallonia and Flanders.

After 1830 the flow of direct subsidies and investments continued,
though less abundant than before. The new government made a special
effort to assist the cotton and linen industries, both suffering from the
competition of cheap British textiles. In general, however, the regime
reacted sharply against the irregularities that had marked the manage-
ment of the Industrial Fund and preferred to let private institutions
like the Société Générale and the Banque de Belgique assume the
burden of industrial finance.

* Henderson, The State and the Industrial Revolution in Prussia, ch. vii.
* R. Demoulin, Guillaume I et la transformation économique des provinces Belges,
1815-1830 (Lidge and Paris, 1938), pp. 152 ff,, 179.
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It is always difficult to assess the contribution of such aids and sub-
ventions. Where they furthered the growth of demonstrably successful
enterprises—as with Cockerill in Belgium, Jackson in France, or the
Egells machine shops in Berlin—they may well have hastened techno-
logical change by frecing talented entrepreneurs from the limitations
of impecuniosity. But too often, the state seems to have chosen the
wrong enterprises or the wrong entrepreneurs and to have permitted by
its assistance sloppy performance. And sometimes it was clearly on the
side of reaction, as in Belgium, where hundreds of thousands of francs
went to sustain an antiquated, unviable linen manufacture in the
Flemish countryside.!

More useful, perhaps, in the long run, was the flow of funds from
Britain to the Continent, which grew steadily as capital accumulated in
the United Kingdom and reached a high point during the railway boom
of the 1840’s. Most of this went into government securities and public
works, in France more than any other country. But substantial amounts
went farther cast, and these were augmented after a while by French and
Belgian capital, attracted not only by higher returns but also by the
abundant mineral resources of countries less experienced in the ways of
industrial capitalism—witness the development of non-ferrous metal-
lurgy in the Rhineland.

Unfortunately, we know relatively little as yet about these early
capital movements. It seems clear, however, that they were more
complex than one might think, and that there was a substantial amount
of return investment from Germany and eastern Europe, particularly
in the funds of western governments. Moreover, the criss—cross of
flows, in so far as we can follow it, leaves the distinct impression that it
was enterprise and opportunity that drew the capital rather than the
reverse. Thus this same movement of German investment into British,
French, and Belgian funds slowed down markedly once railway pro-
motion and industrial development began competing for capital;
whereas French investors and financiers—who early found it difficult
to place their money in home enterprise owing to institutional and
material limitations on growth and the repugnance of family entre-
preneurs for outside assistance—were among the first and most active
in financing the development of poorer nations to the east and south.

We may now turn to the technological evolution of the major
industries on the Continent. Here, as before, we shall begin with the
textile manufacture, although for reasons to be examined later, its

1 Cf. G. Jacquemyns, Histoire de la crise économique des Flandres, 1345-1850 (Brussels,
1929), pp- 173-93.



CONTINENTAL EMULATION 159

place in the overall transition to a factory system was less important
on the mainland than in Britain,

Two preliminary remarks are in order. First, the sequence of techno-
logical change was different on the two sides of the Channel. Where
in Britain the new machines spread in cotton far more rapidly than in
wool, on the Continent the interruption of the supply of raw cotton
during the Napoleonic period and the sharp increase in the military
demand for woollen cloth temporarily reversed the order. It was two
clothiers of Verviers who brought John Cockerill to the Low Countries
to build spinning machinery; and it was the wool manufacturers of
France, Spain, and the Germanies who bought the bulk of the equip-
ment produced under the Empire by Cockerill and rivals like Douglas
in Paris or Spineux in Liége. Within a decade after Waterloo, however,
the return to peaceful trade relations and the natural susceptibility of the
vegetable fibre to mechanical manipulation restored the cotton industry
to its earlier technological pre-eminence. It was never to lose its lead
again.

gSccond, there was nothing on the Continent comparable to the
rapidity of British localization of manufacture in one, perhaps two,
naturally advantaged centres: Lancashire and the Glasgow area in
cotton; the West Riding of Yorkshire in woollen and worsted. In
countries like France and Germany, the textile manufacture was
highly dispersed to begin with. In the course of the nineteenth cen-
tury, the transformation of technique and the triumph of factory manu-
facture were accompanied in each by a steady but slow localization of
production in a handful of centres—not one, but three or four. The less
efficient, smaller fabrigues, moreover, proved surprisingly tenacious; it
took a cotton famine, tariff changes, and the Great Depression of 1873~
96 to kill even the weakest of them off. Finally, in so far as manu-
facture did thrive more in certain regions than in others, material
advantages seem to have been a less important determinant of success
than in Britain; human factors, especially entrepreneurship, played a
decisive role.

In France the great bulk of the cotton industry lay north of the Loire.
In 1815 there was still a major concentration of spindles and looms in
Paris itslf, but these firms faded quickly—the capital, with its high
costs of land, labour, and raw materials, was no place for cotton mills.”
By 1830 the map of the industry had taken on the appearance it was to
keep for the rest of the century: heavy patches of enterprise in Nor-
mandy (centre Rouen), the North (Lille and Roubaix-Tourcoing), and

' See David Pinkey, ‘Paris, capitale du coton sous le Premier Empire’, Annales:
E.S.C., v (1950), 56-60.
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the East (Alsace and the Vosges); and scattered dots throughout the rest
of the country, with occasional clusters in places like Dauphiné or the
Cholet area where cheap labour compensated somewhat for poor
location and poor entrepreneurship.

Of the big three, the most progressive was Alsace, in particular the
region around Mulhouse. There the industry grew out of cotton
printing; the finished product was of high quality, competitive in
foreign markets; the fortunes accumulated in this field, plus funds
advanced by capitalists of Basel, enabled the entrepreneurs of the area to
build large spinning and weaving mills almost from the start. More-
over, the Mulhousian industrialist, usually a dedicated Calvinist of the
Weberian type, early evinced considerable initiative in improving
technique, especially the chemistry of dyes; this interest in rationalizing
the finishing process carried over to the other stages of manufacture
when the industry integrated backwards.

The Mulhousians began comparatively late—the first mill using
mules and throstles was built apparently in 1802; the fly shuttle was
unknown before 1805. Growth was rapid, however:

Table 2. Cotton Manufacture: Department of the Haut-Rhin
Spindles Hand looms Power looms

1786 — ¢. 1,900 —
1806 — 1,900 —
1800 24,000 — —
1811 — 3,600 —
1812 48,000 — —
1822 — 18-20,000 —
1826 — 30,000 —
1827 — — 426
1828 466,000 — —
1831 — — 2,123
1834 — 31,000 3,000
1839 — — 6,000
1844 — 19,000 12,000
1849 786,000 — —
1856 — 8,657 18,139

Sources. Ch. Ballot, L'introduction du machinisme dans I'industrie frangaise (Paris, 1923),
Pp. 150-2; A. Penot, ‘Notes pour servir 3 [histoire de I'industrie cotonniére dans le
Haut-Rhin’, Bull. Soc. Indust. de Mulhouse, xLiv (1874), 167-8.

As can be seen from the figures on hand and power looms, expansion
and technological advance went hand in hand. In spinning the most
rapid gains in productivity occurred between 1815 and 1830 (replace-
ment of water frames and hand mules by power-driven mules), and
from 1855 to 1870 (adoption of the self-actor); in weaving, it was the
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period in between that saw the decisive shift from hand looms to
power. The timing reminds one of the alternating imbalance between
spinning and weaving in the British cotton industry. The readiness of
the Alsatian manufacturer to invest in up-to-date equipment owed
much to the development of a creative local machine—construction
industry. By the 1840’s Mulhouse had become a centre of mechanical
invention and was exporting mules and looms in competition with
Britain throughout Europe.

In some ways, the pattern of development in the North was similar
to that of Alsace: growth was impressively rapid; technology, well
above average; entrepreneurship, dedicated and yet supple. Like his
counterpart in the East, the northerner was a production man.

There were, however, important differences. The northerner was not
so rich as the Alsatian: he had less wealth of his own, less access to the
wealth of others, and was less willing to introduce foreign capital into
the enterprise. The result was a smaller scale of production: where the
average cotton mill in the Haut-Rhin counted 14,375 spindles in 1845,
the figure for Lille in 1848 was 7,040; for Tourcoing in 1844, 4,000.
Capacity for the department as a whole rose from about 112,000
spindles in 1818 to some §50,000 in 1849, of which 128,000 were in
Roubaix and 60,000 in Tourcoing.

Technologically, the North was in some ways ahead of Alsace. Owing
to the shortage of water, it was never able to use hydraulic power;
there was hardly enough water even for the steam-engine, which did
not come in until 1819. Nevertheless, there was clearly no alternative,
and steam capacity rose faster than in the East. Similarly, the self-actor
was introduced in Roubaix on a large scale in 1843-—18,000 spindles in
the plant of Motte-Bossut—and was starting to spread by mid~century.
On the other hand, the weaving of cotton was somewhat neglected in
the North, which exported most of its yarn to other parts of the country
or twisted it into thread; as a result, the power loom was adopted quite
late—there is evidence of a few around 1845, but they did not really
come in until the mid-1850’s.

The largest, yet most backward, of the major cotton centres was
Normandy. It was the oldest and best located: convenient to the Paris
market and overseas; rich in water power; close to the point of entry of
the raw material. Rural labour was almost as cheap as in the North. As
might be expected, however, these very advantages were a deterrent to
technological change, the more so as they compensated, hence encour-
aged, a kind of inbred entrepreneurial conservatism. The cotonniers of
the area were notorious for their penny-pinching and short-sighted
avidity; the Alsatians looked down upon them as merchants and specula-
tors rather than as industrialists. They were among the first groups to
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try the mule, yet were the slowest to improve their machines and
replace them by later models. They were late in adopting steam power,
primarily because water was so cheap, but also because steam-engines
cost a lot of money and the Norman was reluctant to sink so much
into his business. In 1847 there were still eighty-three mills in the area
driven by hand or animal power; eighteen of these contained over ten
thousand spindles each.” The use of such techniques had, so far as we
know, disappeared in Alsace and the North. The availability of cheap
water power was also a deterrent to innovation in other equipment;
one of the reasons the self-actor was adopted so late—it was first coming
in around 1860—was that it called for more power than water wheels
could provide, and thus imposed a shift to steam.

In the meantime, cheap cotton and power helped the industry
expand in these early decades before the self-actor. The last years of the
Empire and the first of the Restoration were wretched: continental
blockade, commercial crisis and, finally, the inundation of long-pent-up
British cottons reduced the number of active spindles from a high of
almost 400,000 in 1808 in the Seine-Inférieure to 98,000 in 1818. In the
next decade and a half, however, years of prohibition of foreign yarn
and cloth, the number decupled; in 1834 there were 960,000. And
by 1847 there were 1,200,000, plus several hundred thousand in the
Eure.

As fast as spinning capacity grew in this area, weaving outstripped it.
Around 1860 tens of thousands of full-time rural workers (estimated
at from 30,000 to 50,000) in Normandy itself, as well as an almost equal
number of part-time weavers in Picardy and Artois, processed all the
local yarn and more.? Wages were extremely low; workers were
easily hired and fired with fluctuations in trade, and the availability of a
reserve pool of labour in other regions was an enormous convenience
to the manufacturer. Little wonder that the power loom did not make
serious inroads until the 1850’s and 1860’s.3

There are a number of general points to be made about French
cotton technology in this first half of the century. First, the range of
efficiency from one region to another, or even within regions, was
very wide; as backward as Normandy was, it was far ahead of the small
centres of the West and South. There are instances of northern firms

' Claude Fohlen, L'industrie textile au temps du Second Empire (Paris, 1956),

. 193.
g SK Corneille, La Seine-Inférieure commerciale et industrielle (Rouen, 1873), pp. 18s,
195 fF., gives 60,000 hand looms for this department alone in the late 1860’s. Some of
these, however, were used for linen manufacture.

3 About ten thousand in 1859. Alphonse Cordier, Exposé de la situation du coton et
des produits chimiques dans la Seine-Inférieure et I'Eure, 1859-1869 (Rouen, 1869),
pp- 116-23.
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selling their discarded equipment to silk enterprises of Lyon, which,
after getting all possible use out of them, sold them in turn to mills in
places like Nimes, where the cotton manufacture was a generation
behind the times. ‘Everyone remembers,” wrote Jules Simon, ‘the
obsolete mules of M. Jean Dolfus [Dollfus, one of the leading manu-
facturers of Mulhouse], which he wanted to sell as scrap and which,
to his great astonishment, were bought as mules and functioned for a
long time in the Vosges.’

Second, this range of technique, which was explained above by
divers market and entrepreneurial considerations, does not follow the
usual pattern. One would expect those enterprises specializing in
cheaper goods of standard quality to be the first to mechanize. Yet in
France such firms were usually the most backward. It was Normandy
that was known for coarse cottons, much of it used in the manufacture
of working clothes; places like Flers and Laval turned out ticking;
Cholet specialized in cotton handkerchiefs and fustians for domestic
use.? By contrast, Alsace and the North not only turned out the finer
fabrics, but early devoted much of their effort to what the French call
tissus de fantaisie. In both regions, the enterprise aimed at diversification
and flexibility rather than specialization; the result was short runs that
helped raise unit costs substantially above those of comparable mills in
Britain. This was especially true of the northern firms and no doubt
explains in part their delay in adopting the power loom.

Why this inversion of the usual rclationsﬁip between price of good
and mechanization? The answer would seem to be partly historical,
partly social. For one thing, under the conditions of hand manu-
facture—in the eighteenth century, for example—there was no doubt
more profit in the manufacture of more costly products. Not only
was the margin per unit greater, but only the fabric that was somewhat
better than the home-made article could compete in more than a local
market. It was the merchant-manufacturers of the better cloth who
accumulated the wealth that built the mills of the industrial revolu-
tion. For another, and partly as a result of the first, there was tradi-
tionally much more prestige attached to the production of quality
products—prestige reinforced by government policy from Colbert on.
The exact importance of this consideration is hard to assess, but it was
not negligible: we have instances of northern firms making their for-
tunes in cheap cloth and then abandoning it to turn to fashion fabrics.
Finally, and paradoxically, technological considerations often made it

* J. Simon, L'ouvriére (4th ed., Paris, 1862), p. 101. Cf. Claude Fohlen, Une affaire
de famille au XIX* siécle: Méquillet-Noblot (Paris, n.d. [1955]), pp. 30, 45-6.

2 On the analogous pattern in Germany, F. O. Dilthey, Die Geschichte der nieder-
theinischen Baumwollindustrie (Jena, 1908), pp. 18-19.
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inadvisable to mechanize the production of cheaper articles. One must
distinguish here between coarseness and standardization; where the
latter was always a spur to mechanization, the former sometimes had
the opposite effect. Thus in the early days of power weaving, when
machine looms were not much quicker than skilled craftsmen, it cost
less to turn out a coarse fabric by hand: the thicker the yarn, the smaller
the proportion of labour required for weaving proper, as against that
employed in still unmechanized processes like dressing the warp.

In general, the French cotton industry continued to lag far behind
that of Britain. Plants were smaller; machines were older, less efficient;*
even allowing for differences in equipment, labour was less productive.
It was a high-cost industry, unable except for certain enterprises in
Mulhouse to compete outside the country. It profited in the first half
of the century from growing wealth and population at home and
the opening of overseas markets like Algeria. (See Table 3.) But its
expansion, which rested on the exclusion of competition, was paid for
in slower overall economic growth; and with few exceptions, enterprise
was inordinately cautious, even sluggish.

Nevertheless, France was the most important manufacturer of cotton
goods on the Continent. The Belgian industry, active early in Napo-
leon’s reign, was hard hit by the continental blockade and the inrush of
British goods at the end of the Empire, then suffered from low protec-
tion under Dutch rule. The producers complained bitterly, and indeed
output fluctuated widely from boom to crisis and back again; thus the
make of yarn in eastern Flanders, including the main centre of Ghent,
went from 443 tons in 1806, to 693 in 1810, down to 374 in 1817, then
up to 1720 in 1826, For all these uncertainties, capacity more than
doubled—from 129,000 mule spindles in 1810 to 300,000 in 1829.
Separation from Holland brought new difficulties: the colonial market,
such as it was, disappeared, and home demand was cut almost in half.
From 1829 to 1839, spindlage in the Ghent area actually dropped from
300,000 to 250,000. Yet this purge seems only to have strengthened the
industry by eliminating the least efficient enterprises. During the same
years, output of yarn in eastern Flanders rose to 4500 tons, and this
trend continued into the forties. By 1846 there were perhaps 360,000
spindles in the kingdom, producing about 6500 tons of yarn, or 18 kg.
per spindle. Compare this with the 5-4 kg. per spindle of 1810 and

remember that owing to the increasing fineness of the product, the

I In 1848 the effort of the spinners of the North to introduce spinning machines of
480600 spindles aroused sharp labour resistance. The British manufacturers had
fought and won the battle to install the so—alled long mules of 1000 spindles in the
1820's.
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Table 3. Consumption of Raw Cotton in Western Europe, 1815-1850

1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850

Great Britain
36,932
40,245
48,956
49,864
49,684
54,582
58,530
66,011
69,018
74,955
75,680
68,149
80,473
98,866
99,455

112,341
119,192
125,634
130,217
137,657
144,327
157,620
165,923
189,062
173,182
208,208
198,771
197,410
235,294
247,181
275,582
279,076
200,631
262,153
286,335
222,046

(in metric tons)

France

28,217
33,623
35,534
36,881
38,712
44,294
43,789
SLI73
40,301
52,812
55,689
S7,141
59,584
58,506
60,377
63,952
45,191
44,760
63,903
59,273

Belgium

1,349
811
1,788
2,198
1,100
1,970
2,245
2,054
1,175
2,372
3,213
3,115
2,311
4,804
3,016
971
2,435
3,071
2,032
4,784
6,673
6,978
6,853
4,053
9,049
7,508
6,107
7,482
6,680
8,452
4,823
6,807
6,924
10,709
7,222

Zollverein

2,422
1,814
7,536
4,498
7,618
10,219
8,996
6,823
12,835
11,148
12,145
15,336
13,310
17,048
16,008
13,830
15,427
19,815
17,117

Sources. United Kingdom: Ellison, Cotton Trade, table no. 1; France: Annuaire
statistique, LvIl (1946), résumé rétrospectif, p. 241*; Belgium: 1816-1830, from
Robert Demoulin, Guillaume I et la transformation économique des provinces belges,
p- 423 (I am indebted to Prof. L. Dupriez for calling my attention to this source); for
the years after 1830, from Min. des Finances, Tableau général du commerce de la Belgique
avec les pays étrangers pendant les années 1831, 1832, 1833 et 1834, and subsequent volumes
(Brussels, 1835 ); Zollvercin: K. E. W, Dicterici, Statistische Uebersicht der wichtigsten
Gegenstinde des Verkehrs und Verbrauchs im preussischen und im deutschen Zollverbande
[title varies] (6 vols.: Berlin, 1838-57), passim.
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machines had to work that much faster to turn out a given weight of
yarn.

The weaving sector seems to have done even better than spinning,
largely because British yarn was available at low cost and the producers
were ready to shift over to power. Machine looms, first adopted
around 1825, numbered 700 in 1830, 2900 in 1839, 3500 in 1845-6.
By that time hand weaving had disappeared entirely in Ghent, though
it persisted in the countryside. In part the completeness of this transi-
tion was due to the usual difficulty of compelling performance by
cottage workers; in part, interestingly enough, it was a reaction to the
poor quality of hand work, itself no doubt a consequence of the
frictions inherent in putting-out.

Weaving was only one of several areas in which the Belgian cotton
manufacture was more modern than the French. North of the border,
with coal cheap and water dear, the steam-engine rapidly displaced all
other sources of power; by the mid-1840’s the process was complete.
The self-actor came in about the same time: in 1845-6, there were
three mills (of fifty-three) in the Ghent area using the new machines,
which cut labour requirements by a half or more, markedly diminished
the physical demands on the spinners, and by eliminating the rapidly
swinging hand cranks of the old mules, removed a prolific source of
accidents.”

In many ways, the German industry was comparable to that of
Belgium in this period. Tariff protection was relatively low, though
higher on the coarser yarns and fabrics. As a result, there was a sub-
stantial import from Britain; indeed, large numbers of rural weavers,
traditionally occupied with linen, shifted over to cotton manufacture and
rested their survival on cheap yarn from abroad. Nevertheless, domestic
spinning took hold, particularly after the establishment of the Zoll-
verein in 1833: in 1844 there were 815,000 ‘factory’ spindles; in 1849,
some 900,000. Consumption of raw cotton increased eightfold from
the early 1830’s to the late 1840’s. Even so, the German industry was
no more than a third, perhaps only a quarter as large as the French at
the end of our period.

Structurally and technologically, however, the German industry

I On the Belgian cotton industry, see particularly Belgium, Ministére de I'Intérieur,
Engquéte sur la condition des classes ouvriéres et sur le travail des enfants (3 vols.; Brussels,
1846-8), vol. m: Société de Médicine de Gand, Enquéte sur le travail et la condition
physique et morale des ouvriers employés dans les manufactures de coton & Gand; also L.
Varlez, Les salaires dans Uindustrie gantoise, 1. L'industrie cotonniére (Brussels, 1901).
Figures on output of yarn are from Demoulin, Guillaume I, p. 329; and Belgium,
Min. de I'Intérieur, Exposé de la situation du Royaume. . .de 1851 a 1860, vol. m (Brussels,

1865), p. 148. The great bulk of the Belgian factory cotton industry was concentrated
at Ghent,
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was close to the French. It was dispersed, with concentrations in the
Rhine valley, Saxony (the most important in the period before 1850),
Silesia, and Bavaria. The typical enterprise was small, family-run; in
Prussia, for example, the average spindlage was 828 in 1837, 1126 in
1846; in Saxony it fell from 4300 in 1830 to 4100 in 1845. As contem-
poraries put it, ‘when a peasant or a miller was feeling too good, he
built a cotton mill’.* Finally, the older centres gave evidence in this
period of an extreme conservatism; Saxony in particular, endowed like
Normandy with cheap water power, lost ground as it clung to outdated
equipment and methods. The manufacturers of the Gladbach-Rheydt
area (Rhineland) did not build their first up-to-date spinning mills
until the 1840’s. Up to then, such mills as were founded operated on the
so-called ‘French’ system, based on the British machinery of the 1780’s
as adapted and diffused on the Continent under the Empire. Only the
preparatory cleaning and carding engines were power driven, some-
times by water, sometimes by animals; the final spinning was accom~
plished by hand mules. Some plants did no more than prepare the raw
cotton for the traditional wheel; as late as 1858 there were still eight
roving machines supplying cottage spinners.

In the 1840’s a new generation of entrepreneurs founded joint-stock
companies to build and operate large factories of the British type. These
were not very successful; few survived the depression that marked the
last part of the decade. For a while it seemed as though their unhappy
example would serve to discourage others. In fact, however, they were
accurate harbingers: the trend toward concentrated manufacture by cor-
porate enterprise resumed in the 1850’s, beginning in south-west
Germany, where Swiss capital found a fertile soil. Thus in Baden, the
average mill increased in size from 73 to 110 employees from 1849 to
1861. Where there were only two steam-engines (130 h.p.) in the cotton
industry of the Grand Duchy in 1847, in 1861, the occasion of the first
industrial census of the Zollverein, there were 46 (1160 h.p.). At the
same time, spindlage doubled, from 155,000 to 296,000; power looms
increased from 1960 to §190 (22 per cent of the Zollverein total);
while hand looms in mills fell off from 2535 to 391 (3 per cent of the
Zollverein).*

It is instructive to contrast the Swiss and German cotton manufac-
tures in this period. Until 1850 the Swiss had no tariff on foreign

T “Wenn ein Bauer oder ein Miiller sich zu wohl fiihlte, baute er eine Spinnerei.’
G. Schmoller, Zur Geschichte der deutschen Kleingewerbe im 19. Jahrhundert (Halle,
1870), p. 455. The spindlage figures are taken from the same work, p. 162. For the
Zollverein as a whole, the average was 2740 spindles in 1844. Germany, Amtlicher
Bericht viber die Industrie-Ausstellung aller Vilker zu London im Jahre 1851, 1, 21.

2 Franz Kister, Die wirtschaftlichen und sozialen Verhiltnisse in Baden 1849—1870
(Freiburg i. Br., 1954), p. 92.
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yarn or cloth, their only protection being the cost of transport from
Lancashire or closer centres like Alsace. For British goods, this was
already a substantial obstacle, though probably not so great as the com-
bined barrier of freight charges and customs duties that shielded the
German and Belgian manufacturers.

In spite—or more correctly, because—of this, the Swiss cotton indus-
try thrived and stood at mid~century as one of the most modern on the
Continent, comparable in equipment and method to those of Alsace
and Belgium. Manufacturers were compelled to turn out a competitive
product. Fortunately they had the means to do so. On the one hand,
Switzerland was unusually well endowed for light industry. She posses-
sed in her rapid streams a cheap source of power that enabled a small
entrepreneur to undertake machine spinning with a minimum of capital.
Most of her mills began, as in Britain, as small carding and mule shops,
the work of putters-out or of weavers who had managed to set a small
sum aside over years of hand labour. And as in Britain, those with
larger ambitions or insufficient resources could get support from a
prosperous, active merchant class—Switzerland had long been the
middleman between central Europe and the Mediterranean.

Many of these merchants were Calvinists, of native origin or des-
cendants of refugees from the wars and persecutions of the lands to the
west. Their membership in a cohesive, yet dispersed ‘in-group’ was a
major commercial advantage: the Swiss merchant-banker had access
to a wide-flung network of trustworthy correspondents, commanded
in other words rapid, accurate intelligence on business conditions and
opportunities.” Capital was abundant, so much so that by the end of the
cighteenth century the bankers of Basel were financing some of the
Alsatian cotton printers. (Switzerland was probably the first country
on the Continent to invest substantial sums directly in foreign industry.)

As a result, the tiny spinning mills spawned by the continental
blockade, with their handful of hand-operated mule jennies and their
two or three dozen employees, had just about disappeared by the late
1830’s. They had been sustained for a while by their easy access to
rural weavers, but this advantage faded quickly before the competition
of large, semi-automatic mules. As the number of firms diminished,
spindlage increased from around 400,000 in 1830 to about a million in
1851; from 1827 to 1842, the average per firm in the canton of Zurich
went from about 1900 to 4800. At the same time, the spinners learned
to turn out ever-finer counts: by the early 1840’s, about a third of the
output was no. 60 and higher. At that point, Swiss mills were supply-

T On the advantages and success of Calvinist merchant-bankers, see D. S. Landes,

Bankers and Pashas: International Finance and Economic Imperialism in Egypt (London,
1958), pp. 204, and the references cited there.
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ing all home requirements of coarse and medium yarn and beginning
to look elsewhere for markets.

Mechanization was slower in weaving. Rural labour was cheap and it
was hard to import good British equipment before 1842. Asin Alsace,
the weaving shed followed on the development of domestic machine
manufacture. Thus, although the first power looms came in 1825 and
the first weaving factory was established in 1830, the new technique
did not catch on until the 1840’s, when Caspar Honegger developed an
improved loom and thereby founded an industry. At mid-century,
there were an estimated three thousand power looms in operation.

At the end of our period, therefore, the cotton manufacture on the
Continent was still strongly characterized by the dispersion and pro-
vincialism of the beginning. There were great international and inter-
regional differences in productivity and skill, but these had not yet
compelled the kind of concentration and rationalization that they
implied. Technology was a generation or more behind that of Britain.
For the moment, natural and artificial barriers protected local markets,
and the general growth of population and wealth left room for all.

The woollen manufacture was, of course, even slower to mechanize,
and this in spite of its carly start. Here too, we find a pattern of disper-
sion and provincialism, and here too, the growing gap between pro-
gressive and backward centres.

In France, the leading firms were to be found in Roubaix (an impres-
sive entreprencurial achievement that involved shifting from cotton to
wool), Reims, and, to a much smaller degree, Saint-Quentin and
Elbeuf. There were also a few plants in Alsace, as usual among the
most modern in the country. At the other end of the scale were the
small residual centres of the south—Lodéve, Carcassonne, Castres—and
the specialists in luxury cloth—Sedan, Louviers, Paris. In general, the
industry suffered from all the obstacles to technological advance
inherent in the fibre, heightened in this case by special circumstances:
the uneven and inferior quality of the raw wool employed, and the
effort to turn out a great variety of fabrics and stimulate rapid shifts in
fashion. This effort was, it should be noted, successful, and the manu-
facturers of the finer, softer fabrics carned international reputations; the
British tried vainly for decades to imitate the French merino worsteds.

Historically, the first process mechanized was the spinning of
woollen yarn; by the early 1820, only the more backward regions

I Oscar Haegi, Die Entwicklung der ziircheroberlindischen Baumwollindustrie (Wein-
felden, 1925), p. 57; A. Jenny-Triimpy, art. ‘Textilindustrie: a, Baumwollindustrie’, in
Handwérterbuch der schweizerischen Volkswirtschafi, Sozialpolitik und Verwaltung, ed.
N. Reichesberg, vol. 3, u (1) (Bern, 1911), p. 889.
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spun carded wool on the wheel or jenny. Yet in the long run, the
worsted spinners were to move far ahead, partly because of the greater
resistance of combed wool to mechanical treatment, partly because the
demand for the harder, lighter cloths was more elastic. There are
isolated instances of machines in worsted spinning before 1820, but
they did not really spread until the late 1820’s and early 1830’s; by the
mid-1840’s, over half a million spindles were in operation. As early as
1844, there were a few self-actors at Reims.

Weaving was another matter. The mechanical advantage of the
power loom over the hand loom was even smaller than in cotton, and
the variety of the finished product precluded long runs, increasing
considerably labour cost per unit of output. Once again, it was Reims
that seems to have introduced the new technique, in the 1840’s; but
power looms remained a rarity and their diffusion dates from the end
of the next decade.

In what is now Belgium, wool manufacture was concentrated in and
around Verviers, which we have already noted as a vigorous, forward-
looking centre, well able to compete in distant markets and alert to
changes in technique and fashion. Verviers had prospered enormously
under Napoleon, thanks to the widening of the market and the heavy
government demand for woollen cloth. The dissolution of the Empire,
however, hurt all the more, and the injury was compounded, as it was
for the cotton industry of Ghent, by the pro-commercial tariff policy
of the Netherlands. Nevertheless, capacity and output rose, to the
point where a number of firms over-extended themselves; the crisis of
1830 brought the greatest harvest of failures in history. In the mid-
1830’s, the expansion resumed, owing in large part to a shift from
standard cloth [drap] to novelty stuffs and mixed fabrics; this was the
path that Roubaix-Tourcoing, Reims, and the other French centres
were taking. Allin all, an impressive achievement; yet growth was not
so rapid as in Roubaix or even Elbeuf: statistics indicate an increase
from 35,000 to 64,000 pieces between 1809 and 1852. Woollen yarn
output seems to have grown faster—from 11,300 to 25,000 kg. between
1842 and 1849 alone.!

Although Verviers was the first wool centre on the Continent to use
machines, it did not maintain its technological advance. Not until
1818 was the muleintroduced—hand-driven, wooden devicesof 120-180
spindles each-—and it was not until the 1860’s that the self-actor came
in; further, it would seem that the true throstle [continu saxon] was

I Apparently these figures refer to the city alone, and not the area. J. S. Renier,
Histoire de Uindustrie drapiére au pays de Lige et particuliérement dans I'arrondissement de
Verviers (Lidge, 1881), p. 108; Lebrun, ‘La rivoluzione industriale’, Studi storici, n
(1961), 606 n. s1.
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notadopted until around 1840. Worsted spinning was even slower to de-
velop, in part perhaps because there was no local market for the yarn. In
1822 Mme Biolley, one of those legendary woman entrepreneurs who
seem to be a by-product of the continental family firm, founded the
first mill for the working of combed wool. It was a commercial
success, but was slow to develop technically—the mules employed in
1840 had only 40 spindles each—and did not mark the beginning of a
trend. When, in 1870, Verviers began to weave worsteds, it was com-
pelled at first to import the yarn from Roubaix. Asin the cotton industry
of Ghent, the quickest gains came in the use of steam power; the river
Vesdre was already inadequate for the fulling mills of the area by the
late eighteenth century. The first engine was installed in 1816, and by
1845, of 214 in the province of Liége, 99 were used in the woollen
manufacture, and 68 of these were at Verviers.

The wool industry had never becn strong in Germany. As in
Belgium, linen was the popular fabric: it was far cheaper than wool,
and flax was cultivated everywhere. The statistician Dieterici, who
estimated per capita consumption of wool around 1800 as half an ell a
year, wrote: ‘It is notorious how poor in woollen clothing the rural
populace, in other words, the mass of the nation, were before 1806. The
woollen coat of the peasant had to hold out many years, and servants
and day labourers often appeared before the landlords and on court days
in the coldest winter in linen blouses.’

In such a situation, the introduction of mechanical spinning and
weaving profited primarily the cotton industry, which—aside from its
technical affinity for machinery—produced the poor man’s substitute
for linen cloth. Two of Germany’s outstanding statisticians estimated
consumption per head of the three principal fabrics in 1849 as follows:
wool, 1 ell; linen, s ells; cotton, 16 ells.? With the supply of the raw
material inelastic and demand weak, the wool industry grew slowly,
clinging the while to antiquated techniques.

The jenny came in toward the beginning of the century and spread
easily among the more well-to-do drapers, who found this a fairly
cheap way to secure the bulk of their yam requircments within the
shop. The usual enterprise could and did get along with only two or
three of these devices. Mechanization did not constitute therefore an
immediate threat to the hand spinners in rural areas; where the peasant
wove, he spun, and some of the knitting and hosiery yarn continued to
be made on the wheel right past the middle of the century.

There were, to be sure, a few centres of factory manufacture—
Aachen, Monschau, Reichenbach and other towns of the Saxon Vogt-

' Cited by Schmoller, Deutschen Kleingewerbe, p. 473.
* Amulicher Bericht (cited above, p. 395, n. 2), I, 86-7.
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land, Augsburg, Kottbus. But the word ‘factory’ is probably too
grandiose. Most plants were no more than large shops attached to a
putting-out weaving operation. The equipment comprised some
preparatory machinery and a jenny or two; average spindlage in
Prussia in 1837 was only 103. The largest ﬁrms were in the Aachen
area (around 1000 spindles in 1843), Saxony (570 in 1837), and Silesia.

The major deterrents to the development of large-scale machine
industry were the extraordinary cheapness of labour and the pressure of
British competition. Most small firms rested their survival on the
development of a speciality not produced abroad; the effect was to
place a ceiling on demand and constrict the opportunities for growth.
The official German commission at the Crystal Palace Exposition
criticized their countrymen for their lack of imagination, their persistence
in making a given style of cloth. And yet the 1840’s had seen sundry
new factories, large by German standards, very modest by British.
Alongside these the small, shop-like mills found themselves in difficulty.
Their rough product looked poor by comparison with the highly
finished fabrics of the larger, more experienced centres, and with im-
provements in transport, the local market was no longer an isolated
preserve. Confronted with falling sales, the small manufacturer tried
the traditional remedy—adulteration. He cut prices, but gave thinner,
poorly fulled and shorn cloth for the money—which only increased his
difficulties. Long before the machine loom sealed his fate, he was on his
way out, and with him his tiny spinning shop. Between 1837 and 1849
average spindlage in Prussia more than doubled, from 103 to 235; by
1861 it was up to $92. The largest mills were still in Silesia (average
784), the kingdom of Saxony (914), and the Rhineland (1246). For
the Zollverein as a whole, with 1,117,870 spindles, the mean was 629,
representing pcrha;s half-a~dozen machines; the average work force
was 15—a far cry from the West Riding.

By contrast with the woollen manufacture, which drew on a supply
of domestic wool more than sufficient to its needs, the German worsted
industry suffered from a lack of long-fibre wool suitable for combing.
Moreover the reverse of these circumstances, that is, the availability of
home-grown long wool, made British yarn almost unbeatable and
seriously discouraged German ambitions of competition. In 1840 there
were §6,258 worsted spindles in Prussia, as against 380,839 woollen.
By 1846 the number had actually shrunk to 32,470, distributed among
253 enterprises; the average of 128 per firm was equal to the capacity of
three jennies or a pair of small hand mules. Saxony did better: she had
14 mills in 18367, averaging 1400 indles; a quarter—century later,
there were 39 and the mean size hacf almost doubled, to 2680. For
Germany as a whole, Viebahn estimates worsted spindlage in 1845 at
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about 300,000. This presumably includes cottage wheels and jennies;
otherwise one is confronted with a serious overall decline to the 252,000
factory spindles of 1861." Yet such a contraction is not inconceivable.
Increasingly in these years, the German wool manufacture relied on
foreign yam, imports of which rose from an insignificant amount in
1836, to $3,000 cwt. in 1850, and 213,000 cwt. in 1864. Most of this
was English combed yarn; and if we generously estimate the consump-
tion of worsted yarn at one-half that of woollen yarn, these imports
already accounted for about a quarter of the supply of the weavers of
worsted and mixed cloths by the middle of the century. By the early
1860’s, when the domestic output of worsted yarn ran about 110,000 cwt.
a year, imports probably supplied over half the requirements of the
industry.

The stagnation or decay of much of the German worsted yarn
manufacture and the small scale of production betray the technological
backwardness of the industry. Which was cause and which effect,
would be hard to say. Probably the influences worked both ways. In
any event, hand spinning, which seemed on its way out in the thirtes,
got a new lease on life when English yarn prices rose in the forties, and
survived in the countryside past the middle of the century on the cheap
labour of old men, women and children. Weaving, as might be ex-
pected, was even slower to change. The power loom, which came in
woollens in the early 1830's, in worsted at Wiiste Giersdorf (Silesia)
under semi-official auspices in 1843, remained a rarity until the 1850’s.
Prussia had some 1200 of them in woollen and worsted in 1849, as
against 26,700 hand looms.* For along time they offered little pecuniary
advantage, though they did weave a tighter, more regular cloth and
found use in the manufacture of simple, solid fabrics.

Because of this relatively small margin between new and old tech-
niques, the penalties of obsolescence were far lighter in weaving than
spinning. More important than equipment were the style and finish of
the fabric, and these depended on the skills and taste of labour and
management. Whereas the Germans imported an increasing share of
their yarn from abroad, their exports of cloth throve: that of woollens

! [G. W. von Viebahn), Amtlicher Bericht iiber die allgemeine deutsche Gewerbe-
Ausstellung zu Berlin im Jahre 1844 (3 vols.; Berlin, 1845), 1, 174-93, especially p. 185;
Idem, Statistik des zollvereinten und nordlichen Deutschlands (3 vols.; pagin, cont.;
Berlin, 1858-68), pp. 885-8. T

* A. Wache, Die volkswirtschaftliche Bedeutung der technischen Entwicklung der
deutschen Wollindustrie (Leipzig, 1909), p. 81; Schmoller, Deutschen Kleingewerbe, p. 523.
For the Zollverein as a whole, there were 2592 power looms in woollen mills in 1861, as
against 11,818 hand looms; 3655 power looms in worsted mills, as against 9o68; plus
67,343 hand looms in cottages and shops. O.Schwarz, ‘Die Betriebsformen der
modernen Grossindustrie’, Zeitschrift fiir die gesamte Staatswissenschaft, xxv (1869), 580.
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tripled from 1836 to 1864, when it represented perhaps two-thirds of
total output; in an even shorter period, from 1843 to 1864, that of
worsteds rocketed from 313 to 108,082 cwt. Viebahn was anxious for
the spinning branch, which clearly was one of the weak points of
German mdustry But he could be well pleased with the cloth manu-
facture: ‘ Even if the English still have an advantage in many strong and
solid articles, or the French in a few very fine and patterned fabrics, the
German wool industry still stands in its specialities at the head of this
branch of civilization.™

As in textiles, so in heavy industry the first half of the century saw,
not a transformation of techniques as in Britain, but a slow, spasmodic
diffusion of new methods alongside the old. There were, however,
major differences. In metallurgy as against light manufactures, material
factors—availability and quality of resources, costs of transportation—
were of critical importance. Good entrepreneurship often seems to have
been a decisive advantage in textiles: how else explain the success of
such centres as Mulhouse, the Roubaix-Tourcoing area, or Krefeld—or,
for that matter, Brno or Lodz—which were not significantly favoured by
nature or were even worse situated than less prosperous competitors? In
iron-making, however, cheap ore and coal could cover a multitude of sins,
and all the ingenuity in the world could not compensate for their absence.

Furthermore, the shift in the continental iron industry from old to
new techniques took place under special external stimulation. Thus the
improvement of transportation did much more to promote industries
producing commodities of great weight and volume in proportion to
value than light manufactures. At the same time, demand grew more
rapidly (that is, the demand curve shifted farther to the right) for
industries whose market grew not only with the increase in popula-
tion and wealth but also with the general change in technology: the
substitution of mineral for plant fuel, of metal for wooden machinery;
the use of iron pipe for gas, water, and sewage; the diffusion of the
steam-engine; the coming of the railroad. In Britain, the Industrial
Revolution had been built on the cotton manufacture, which grew
more rapidly than other branches of industry before 1800 and drew
them with it. On the Continent, it was heavy industry—coal and iron
—that was the leading sector. This reversal, it should be emphasized,
was essentially the consequence of the timing of growth—not of some
structural law of economic development. The clustering and interaction
of technological changes made this an age of metal, and even in
Britain, where the cotton trade sold most of its goods abroad and con-

I Viebahn, Statistik, pp. 917-18, 921, 923.
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tinued to enjoy a highly elastic demand curve, the make of iron grew
faster in these years than that of yarn or cloth.

The effect of this strong and growingdemand for metallurgical pro-
ducts on technique was something else-again. On the one hand, by
pressing on the capacities of the old plant and promising substantial
rewards to innovation, demand encouraged change. On the other, the
very security of outlets permitted many an ironmaster to sit back and
rake in substantial profits with obsolete equipment, especially where—as
was often the case—his market was naturally or artificially protected
from outside competition. To be fair, his location did not always
permit him to convert to mineral fuel; and even where there was
coal, conversion was expensive; modernization required a larger initial
outlay than in the textile manufacture.

As a result, the development of the continental iron industry in this
period, unlike that in Britain, was two-pronged. On the one side, there
was the introduction and considerable diffusion of the new mineral-
using techniques; on the other, there was an expansion of old-type
plant, improved to some degree, but obsolescent.

The process varied, of course, from one country to another. In
France, iron-making, like textile manufacture, was hard hit by the
flood of British imports before and after Waterloo. At that point, the
only plant to make coke-blast iron was Le Creusot, and Le Creusot
made it poorly; the firm failed in 1818. Around the turn of the decade,
however, a number of ironmasters succeeded in overcoming the
technical difficulties (the biggest of which was the unsuitability of the
coal, the ore, or both to the coke-smelting process) and established the
new method on a firm basis: Gallois at Terrenoire, Dufaud at Four-
chambault, Wendel at Hayange in particular. In the mid-1820’s, the
national output of coke-blast pig was perhaps four or five thousand
tons; within a decade it had increased eightfold, and by 1846 amounted
to 187,411 tons. During this interval, however, the number of char-
coal blast furnaces increased by about two-thirds—there were some
375 in 1825 and 623 in 1846—and output rose slightly faster, from
194,000 to 335,000 tons.! Indeed, not only did the old smelting tech-
nique thrive, but even the so-called Catalan forge, a descendant of the
antique oven that antedated the blast furnace, dragged out a stubborn
existence on the slopes of the Pyrenees and in the Massif Central.

In contrast to Britain, where puddling came more than half a century
after coke smelting, the continental countries learned to refine with
coal first. This is the normal sequence technologically: the fuel and ore

' The second figure includes production by a mixture of wood and coal. Within this

mixed category, more than two tons of wood or charcoal were used for every ton of
coal or coke. Résumé des travaux statistiques de I' Administration des Mines en 1847, p. 11.
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economies are greater in refining; the absence of direct contact between
fuel and metal excludes some of the most serious difficulties associated
with the chemical composition of the materials employed; and the
initial cost of the shift to coal in refining is much less than in smelting.

In France, the period of innovation was the later ’teens and early
1820’s; the innovators, again men like Wendel, Dufaud, Gallois, and
somewhat later, Frérejean at Vienne and Manby and Wilson at
Charenton and Le Creusot. This is just what one would expect: the
greatest economy lay in combining coke smelting with puddling and
rolling, and the pioneers in one area were bound to be pioneers in the
other. Within a few years, the new technique had spread throughout
the country: at the beginning of 1826 there were probably well over
150 puddling furnaces in activity (only about a third of which were
operated in conjunction with rolling mills), and some 40 per cent of the
total output of malleable iron was being made with coal. Two decades
later, in 1845, there were some 437 puddling furnaces (of which 382
employed according to the méthode anglaise, that is, in combination
with rolling mills) turning out 226,788 tons of wrought iron and rails,
or two-~thirds of a total make of 335,267 tons.

Along with the shift from vegetable to mineral fuel went various
improvements in the construction and operation of plant and equip-
ment. Asin Britain, the blast furnace grew. In 1825 a 15-metre furnace
at Le Creusot was exceptional; the average French unit turned out some
1325 metric tons of pig a year. In 1846 this was a characteristic height
for coke-blast furnaces, and output averaged 3400 tons. Similarly, the
make of wrought iron per puddling furnace doubled, going from 300
tons at most, to almost 600 in the same period.

The Belgian iron industry changed over to mineral fuel faster than
the French, for a number of reasons: the relative abundance of coal and
its proximity to the ore—in the 1830’s and 1840’s, Belgium was the
largest coal producer on the Continent; the lower tariff barrier and
consequent pressure of British competition; the unity of the national
market and resulting inter-regional competitiori; and the availability of
substantial venture capital from such institutions as the Société Générale.

The first blast furnace to use coke was that of Haudires, near Couillet
—a small affair originally intended to burn charcoal. The first built for
coke was that of Cockerill at Seraing in 1823. The years thereafter were,
as in France, a period of trial and error; most of the early coke fur-
naces—there were ten in 1830—were small and uneconomical. Then
came an alternation of boom and stagnation. The early 1830’s saw a
rapid advance (there were twenty-three coke furnaces in 1836), which
was followed by a severe setback in 1837-9. Cockerill was forced to
liquidate and was reorganized as a corporation; the Banque de Belgique
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temporarily suspended payment; numerous iron firms failed; the
number of active coke-blast furnaces fell to seventeen. Expansion
resumed in the 1840’s, however, and by 1847, forty-six coke furnaces
were in operation. During the same period, from 1830 to 1847, the
number of active charcoal units fell from ninety-one to twenty-five.*

This expansion and rationalization reflected in part the opening of
the German market to Belgian iron. As in textiles, the main difficulty
of the Belgian ironmasters was the inadequacy of local demand and the
consequent inability to achieve the economies of scale implicit in the
new techniques. In the 1830’s, the Belgian government tried to solve
the problem by forming a customs union with France, but the opposi-
tion of French manufacturers, for obvious reasons, and of the British
government for reasons of state, killed the project. A similar effort to
join the Zollverein in the 1840’s (as did Luxembourg in 1842) failed
because of French political opposition, but the Belgian government did
succeed in obtaining a s0 per cent reduction in the German duty on
iron. At a time when German consumption of iron was breaking
records owing to the railway boom, this advantage gave the Belgian
industry a tremendous push: where Belgium had accounted for a
sixth of German iron imports in 18423, it provided over two-thirds
in 1850; shipments of pig to the Zollverein jumped from 9500 to
76,000 tons.

In Germany, by contrast, these were decades of extremely slow pro-
gress. The greatest advances came in the manufacture of those finished
goods—steel and steel objects, for example—that demanded special
skills and high inputs of labour, as against the initial, mass-production
processcs. This preference reflected in part the craft traditions of the
people and relative factor costs; but it was also the result of a tariff
policy that treated pig and even wrought iron as a raw material and
exposed the antiquated German furnaces and forges to the competition
of Belgium and Britain.

The bulk of the German iron manufacture, like that of France, was

! These figures are from Beck, Geschichte des Eisens, 1v, 688. They do not accord
with the figures cited on p. 687, and the inconsistencies probably reflect the diversity of
sources. The official Exposé de la situation dy Royaume, 18401850, part 1v, p. 118, gives
the following statistics:

Blast Furnaces in Belgium

Active Idle
Coke  Charcoal Coke  Charcoal
1845 33 23 19 52
1846 44 33 13 37

1347 50 35 12 34
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based throughout this period on ore, wood, and water. The largest
centre was in the Rhineland: in the hills around Siegen, where high-
quality iron was easily accessible in small, dispersed outcroppings; and on
the Sauerland plateau to the North-West, heavily forested and cut deeply
by numerous rivers driving dozens of forge and mill wheels. The
Siegerland concentrated on smelting; the Sauerland, on refining and
finishing. Here lay the internationally known centres of Solingen, its
coat of arms flaunting an anchor on crossed swords; Remscheid, with
itssickle under alion rampant; Iserlohn, home ofa pin and needle industry
whose division of labour recalls the famous chapter of Adam Smith.

The effect of growing demand on these districts was essentially to
intensify output along traditional lines; more mines, more water
wheels, more forges. Coal came in slowly, and then in those works that
lay close to the Rhine and could import it by water from the Ruhr.
It was used at first in refining only; indeed, the Sauerland developed a
flourishing forge and shaping industry to process Belgian and British
pig, or convert Spiegeleisen from the Siegerland into steel. Not until the
1840’s was coke-blast pig manufactured in the Rhineland.

By comparison, the Ruhr was insignificant. No one realized as yet
the extent and quality of the coal that lay beneath its still-green fields.
As late as 1852 the official German commissioners to the Crystal
Palace Exposition were able to write: ‘It is clearly not to be expected
that Germany will ever be able to reach the level of production of coal
and iron currently attained in England. This is implicit in our far more
limited resource endowment.’”” Besides, in the 1830’s and 1840,
Belgian and British pig iron was, or at least seemed, too cheap to
compete with. Almost all of such pig as the Ruhr did turn out went
into castings, and the first coke-blast furnace in the area was not blown
in until 1851.* Here, too, puddling and finishing developed on the
basis of imported iron and local fuel: in 1844, of some 35,000 tons con-
verted into various forms of merchant iron, tinplate, and steel, less than
s pet cent came from Westphalian furnaces.

Several of the newer forges of the Ruhr and Sauerland were among
the most modern on the Continent. And in one field, steel, Germany
was in the van of technical progress. In 1849 Lohage and Bremme
founded a company to exploit their process for producing steel by

T Amtlicher Bericht (cited above, p. 167 n. 1), 1, 238.

* According to Dr Irmgard Lange-Kothe, the Friedrich-Withelms-Hiitte in
Miilheim, which is usually credited with having blown in the first coke-blast fumace
in the Rubhr (1849), ran in fact into technical difficulties and had to extinguish the fires
shortly thereafter; not until 1853 did the furnace work successfully. In the meantime,
coke smelting had been introduced by the Eintrachthiitte at Hochdahl (near Diissel-
dorf) in 1851 and by Detillieux at Bergeborbeck (ncar Essen) in 1852.
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puddling, the first major advance on the road to cheap steel since the
invention of the crucible process in the eighteenth century. Two years
later Krupp startled the Crystal Palace Exposition by exhibiting a
huge two-ton block of cast steel, the result of a marvellous co-ordina-
tion of labour and supervision in the pouring of dozens of crucibles
simultaneously.

Silesia was the only area whose output in this period was comparable
to that of the Rhineland. It would be difficult, however, to find two
districts so different in vocation and in the character of their develop-
ment. Where the one was thickly settled, western in social structure and
political tradition, located near the heart of what for centuries had been
one of the main thoroughfares of European civilization and com-
merce, the other was heavily forested, thinly populated, parcelled into
large estates of privileged aristocratic landowners, a frontier march
won in war and therefore closely administered by the Prussian

overnment.

Silesia did not compare with the Rhineland in markets, capital, or
enterprise; but she had minerals, including valuable deposits of non-
ferrous metals and apparently inexhaustible coal measures; she also
had the solicitous patronage of the state. The earliest of the great
Silesian iron-works and coal-mines were royal establishments; the
names often announced the fact: Konigshiitte, Konigshuld, Konigs-
grube. As noted earlier, these state enterprises were among the first in
continental Europe to smelt with coke successfully, thanks to the assist-
ance of British technicians and the work of civil servants like Reden.

By contrast, the private sector remained backward. Most of the
mineral and forest wealth was held by noblemen whose entrepreneurial
ambitions were limited to a diffuse appetite for gain and whose horizon
was restricted to the traditional agrarian vocation of the domain. For
most of them, coal and iron were a kind of treasure trove, an unexpected
addition to wealth yielded by cultvation and husbandry; it took
decades before a few pioneers realized that there was more to iron-
making than the small forge or smithy that serviced the estate and that
industry was a greater potential source of income than agriculture. Their
fellows were slow to follow suit, partly no doubt because of inertia,
partly because wood was so cheap that, given the differences in quality,
charcoal blast iron could compete with the coke-smelted pig; for
many, indeed, wood seems to have been almost a free good (save for
cost of labour)—if it was not used in the furnaces, it ssmply went to
waste. As a result, the share of coke-blast pig in the total output of
Upper Silesia rose from 28 per cent in 1838 (9108 out of 32,426 tons by
eleven out of eighty furnaces) to only 35 per cent in 1847 (13,050 out of
37,550 tons, by eighteen out of sixty-three furnaces.)
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Germany was thus the slowest of the west European countries to
develop a modern iron industry, in spite of the early start in Silesia; and
Belgium the fastest. In all, however, the scale of enterprise was
smaller than in Britain. No company on the Continent was capable of
turning out 80,000 tons of pig a year, as the fifteen furnaces of Dowlais
did in 1845s. The Wendel firm of Lorraine, probably the largest in
France, produced 22,000 tons in 1850; the Forges de Decazeville, some
16,000 tons at the height of the boom of the 1840’s. As late as the end
of the 1850’s, the six furnaces of the S. A. John Cockerill were pro-
ducing 11,000-12,000 tons. The German enterprises were on average
even smaller; the Laurahiitte, newly created in 1838 and a giant of the
Silesian industry, had four blast furnaces and a capacity of about
16,000 tons.

Similarly, British equipment was larger. The biggest Welsh fur-
naces were smelting 120 tons a week in the late 1840’s; the average was
90; for Britain as a whole, the mean was 89. On the Continent, only
Belgium was comparable, with a general average of 6o tons. By
contrast, the make of French coke-blast furnaces in 1846 was 66 tons a
week; of all furnaces, less than 18. And in Germany, where the coke-
blast furnaces of Silesia were restricted in size by the friability of the
fuel, even these averaged only 14 tons a week in 1847."

The same differences in scale of output and size of equipment charac-
terized the refining processes. Only in certain special cases—Seraing’s
rail-rolling mills or Krupp’s steel-pouting shed—were continental
plants comparable to those of the United Kingdom. Nor was it
coincidence that both of these installations were developed to supply
the state. Private demand seemed too limited and fickle to justify
investment on the British scale.

In one respect, however, the best practice on the Continent was
moving ahead of that of Britain. The higher cost of fuel, otherwise a
serious disadvantage, was an incentive to technological innovation.
Where British ironmasters continued to allow the flames and gases of
their furnaces to illuminate the night, the best continental producers
took steps to use this once waste energy for refining the pig, heating
the blast, or driving the steam-engines. Similarly, Neilson’s hot blast
spread fairly rapidly among French manufacturers of coke-blast pig:
in 1846 some forty-three out of fifty-five active furnaces were so
equipped. Belgium was slower in this regard, perhaps because cost
conditions were closer to those of Britain; but Belgium was the leader
in putting to use the waste gases of carbonization.

I Beck, Geschichte des Eisens, v, 700. This figure does not accord with statistics for
the same year cited on p. 699, which indicate an average of 21 tons a week.
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To be sure, these savings were not large enough to offset the British
cost advantage; until the systematic exploitation of Lorraine ore and
Ruhr coal in the second half of the century or, indeed, the application
of the Thomas process in the 1880’s and 1890’s, no iron was cheaper
than British iron. The fact remains, however, that continental iron-
masters were making more of their resources than their competitors
across the Channel; and since fuel economy was the key to efficiency in
almost every stage of manufacture, these tentative advances of the
1830’s and 1840’s were the starting-point of a scientific metallurgy that
was to pay off in major improvements a generation later. For the
moment, however, nothing could compare with the wealth of British
resources or the ingenuity of such inventors as Neilson, Mushet, and Hall.

On the Continent, even more than in the United Kingdom, the
steam-engine was linked to mining and metallurgy. For where it was
still possible in the second third of the century to use water to drive the
smaller, obsolescent types of textile machinery (which, as we have
noted, were competitive under continental conditions), the coke-blast
furnace and rolling mill usually required far more power than the
water wheels could provide and were less compatible than the equip-
ment of other industries with a fluctuating supply of energy. Once
again, we do not have adequate statistical evidence for the United
Kingdom, but the data, such as they are, give the impression of a
relatively high concentration of steam power in the cotton industry.
France seems to have occupied an intermediate position, with 42-2 per
cent of her rated steam horsepower in mining and metallurgy (includ-
ing engineering) and 29-s5 per cent in textiles. Belgium was at the
other extreme: in 1851 over 55 per cent of her steam power stationary
engines were in coal-mining, another 15 per cent in iron-making, only
11 per cent in textiles. Here, as in heavy metallurgy, the Belgian
achievement was by far the most impressive of the period. In 1846 she
had some 38,000 h.p. for 4,337,000 people (8-76 per thousand), as com-
pared with 50,000h.p. for France (1-5 per thousand).* Germany wasslow
by comparison: 26,400 h.p. in 1846 (approximately 0-76 per thousand).

Technologically, steam power on the Continent followed the same
path as metallurgy; that is, far more emphasis was placed on fuel
economy than in Britain. From the very start, the Woolf compound
engine (patents of 1803 and 1804; commercial realization c. 1812),
which made use of high pressure to operate two cylinders alternately

* These are stationary engines only. Briavoinne, Sur les inventions, p. 38, remarks
wryly: ‘I it is correct to say with M. Chaptal that the extent of the industry of a
country is measured today less by its population than by the machines it possesses, the
disproportion between France and Belgium would not seem to be very great.’
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and offered a fuel economy over the Watt machine of about 5o per cent,
found its greatest market in France. Unfortunately the compound
engine was costly to build and difficult to maintain, handicaps particu-~
larly serious in capital- and skill-poor countries, and for some time it was
confined primarily to marine and river shipping. Instead, the con-
tinental industrialists preferred simple engines working at medium or
high pressure; as pointed out earlier, these were cheaper to build as well
as more economical of fuel than the Watt-type machine.” They were
also more dangerous, however, and it was some years before metal-
workers learned to build reliable boilers and even more years before the
public would put any faith in them. Acceptance did not come until the
1830’s, in large part as a result of improvements in marine engines and
the development of the steam locomotive,

Whenever possible, the continental manufacturer used water power.
In the textile districts of Normandy, steam was used only as a pis aller:
where the streams were so crowded there was no room for another
wheel; or where energy was required over and beyond what water
already furnished. Even in heavy industry, water continued to play a
far greater role than is usually thought: as late as 1844, the French iron
manufacture was using hydraulic engines of 21,710 h.p., as against
steam-~engines of only 5982 h.p. (3213 fuelled by coal, 2769 by gas from
the furnaces).? In general, it was the coal-short French who were most
active in developing the technology of water power. The key figures
are J. V. Poncelet, whose undershot wheel with curved vanes achieved
efficiencies about three times as great as the ordinary wheel; and
Fourneyron, whose turbine (1827) holds a place in hydraulics com-
parable to that of Watt’s engine in the field of steam power.

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—too soft or brittle and
uneven in quality.

1 As of the end of 1836, of a total steam-engine capacity of 38,173 h.p. in France,
35,440 was so-called ‘high-pressure’ (that is, high and medium), and 2733 low. The
corresponding figures for 1846 were 103,739 and 5196. France, Ministére des Travaux
Publics, Compte rendu des travaux des ingénieurs des mines, pendant 'année 1847 (Paris,
1848), p. 88. The figures are necessarily approximate, since they rest in large part on
declarations made for the purpose of securing authorization for the machines in
question. Also, they probably include machines authorized but not installed as yet;
this is no doubt compensated, however, by machines installed in anticipation of
authorization.

2 Ibid. 1845, pp. 26-43.
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By the 1820’s, however, the combination of imported British labour,
continental determination, and, in some countries, high tariff barriers
and similar constraints on foreign competition led to the development
of a home machine industry. At first, the mainland producers were
essentially copyists, reproducing British models with negligible altera-
tion—and then largely in the direction of economy of material, even at
the expense of solidity. The French and Belgians were the first to
break away and conceive their own machines, increasingly on the
basis of theoretical speculation; observers contrasted them with the
practical British in this regard. At mid-century, Germany was just
beginning to enter this ‘independent’ stage. Some of her engineers still
had difficulty in obtaining proper materials locally, and many firms
continued to import accessory machine tools from abroad.

Few continental machine construction firms worked for export, and
the industry as a whole was much smaller than the British. The division
of labour within the trade reflected these limitations of scale. Thus
while the industry tended, as in Britain, to split into light and heavy
sectors, there were not on the Continent such pure machine-tool firms
as Maudslays and Nasmyths.! Instead, most of the engineering houses
—Schneider, Gouin, or Calla in France; Cockerill in Belgium; Harkort,
Borsig, Egells in Germany—were ready to undertake anything
ordered, from locomotives and marine engines to distilling apparatus
and lathes. Some even tried their hand at textile equipment, although
it was soon recognized that this was the kind of product best left to
specialists.?

In these circumstances, the industry madelittle attemptat standardiza-
tion, except in the manufacture of spinning machinery and similar
apparatus, where the volume of demand permitted and encouraged
the appearance of types and models. Even here, however, the manu-
facturer made everything to order, and every order was in some way
different from the one before. There was no production on speculation

' The witnesses before the Select Committee on Machinery of 1841 asserted that
while continental machine shops were able to make special-purpose machine tools for
themselves, they did not ordinarily manufacture them for sale, that industrialists
needing tools imported them from Britain, According to one machine maker,
William Jenkinson of Manchester, three-fourths, if not four-fifths of the machine
tools made in England were intended for export. The figure seems very high. Parlia-
tnentary Papers, 1841, vi, QQ. 1312-29, esp. 1326, 3182, 4459-62.

* Even in Britain, however, most machine shops in the 1840’s and 1850’s were
general shops. The producers of textile equipment were the major exception. A
more advanced division of labour did not come until the 1870, and it was another
decadeor two before specialization became the mark of the modern efficient enterprise.
J- B. Jefferys, The Story of the Engineers 1800-1945 (n.p., n.d.), p. 53.
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of the kind that Nasmyth attempted.” Interchangeable parts were
unknown; there was little or no working to gauges; and the file was
still the machinist’s most important tool.

There was far more improvisation than in Britain. Engineering
shops made their own equipment, and the larger manufacturing firms—
in textiles, for example—often maintained machine departments large
enough to stand on their own. Some of these did in time split off and
become independent enterprises. Smaller factories depended on local
mechanics and repair men, ready to put their hands to anything. This
was an expensive way of doing things: ‘home-made’ machines cost a
lot more than the products of the large national firms. But local pro-
duction meant immediate attention and easier maintenance, and most
manufacturers were agreed that these versatile, on-the-spot artisans
were indispensable. Besides, repair shops were factories in embryo, and
many a small mechanic became an industrialist by ploughing back
profits and borrowing from sympathetic and dependent manufacturers.
In few trades was entrepreneurial advancement so rapid.?

Much more than in Britain, machine-building on the Continent
grew with heavy industry. Not only was textile manufacture relatively
less important but, as noted above, much light manufacturing con-
tinued to rely on water power. It was mining and metallurgy at first,
the railroad later, that provided the major market for engines and com-
plex metal shapes. Railway construction was particularly important.
It called forth a large number of machine shops, encouraged as in
Britain the diffusion of major innovations in the working and handling
of heavy forms—among them the steam hammer and overhead
cranes—and provided for the first time so large a demand for machine
tools that specialization in their manufacture became feasible. But this
was not to come until after mid~century.3

T See above, p. 106 and note 3. To be sure, Nasmyth was an exception even
in England. The German commissioners at the Exposition of 1851 noted that
many British firms did not have price lists, preferring, ‘in view of the great diversity
of requirement’, to quote on order. Amtlicher Bericht (cited above, p. 167, n. 1),
1, 589.

? To choose but two areas where this kind of promotion from shop to factory
took place on a large scale: on St-Etienne, cf. L. J. Gras, Histoire de la métallurgie dans
la Loire (St Etienne, 1908), pp. 223f,, 267-9, 220, 265£, 303f.; L. Thiollier, Notices
industrielles (St Etienne, 1804), pp. 41-50; on central Germany, G. Aubin, Die wirt-
schaftliche Einheit Mitteldeutschlands (Merseburg, 1927), pp. 17-19.

3 Switzerland was an exception. There, lack of coal and iron and an abundance of
cheap water power made metallurgy and engineering relatively less important. Asa
result, machine building grew, not so much out of the independent metal trades, as
out of the young factory textile industry. Cf. Bruno Lincke, Die schweizerische
Maschinenindustrie und ihre Entwicklung (Frauenfeld, 1910), pp. 9-12; Walter Bodmer,



CONTINENTAL EMULATION 185

The chemical industry encountered the same problem in more serious
form; the effects of weak demand were aggravated by the dispersion of
the critical raw materials. The market was limited to begin with: the
textile industry was, as we have seen, nowise comparable to that across
the Channel, and this was the most important single customer for
chemical products. Moreover the market was cut up: chemicals were
cheap in proportion to volume, sometimes hard to handle, and liable
to spoilage and breakage of containers; no industry suffered so much
from the high cost of transport. Finally, these geographical handicaps
hurt on the supply side as well: there was nothing like the Merseyside
concentration of coal and salt in combination with water carriage. All
of which limited the scale of operations, raised costs above the British
level, and led producers to stress versatility rather than volume. Most
chemical manufacturers were kitchen cooks on a large scale.

Their equipment and techniques were consonant with this kind of
industrial cuisine. On the one hand, the thriftiness of the small producer
and official regulations on the capture and disposal of noxious wastes
encouraged rationalization, which meant in effect the recuperation and
exploitation of by-products. On the other hand, proper recuperation
cost money and sometimes made other processes more difficult; thus the
apparatus for the recovery of hydrochloric acid in the manufacture of
sodium sulphate (Glauber’s salt) cut down on furnace draught and made
it that much harder to effect the initial reaction. The result was often a
compromise between rationality and compliance on the one hand, and
penny-pinching shortcuts on the other. In Belgium, where the
chemical industry was comparatively well endowed by nature,
government inspectors noted in 1854 the poor condition of the equip-
ment, the sloppiness of the work: the glass bells for hydrochloric acid
installed outdoors, where changes in temperature cracked them; the
dosage of materials, approximate and variable; little effort made to
maintain the purity of the reagents. Most of the firms producing sul-
phuric acid counted themselves fortunate to obtain 75 per cent of the
theoretical yield.

Rationality of techniques would secem to have advanced further in
France. At least this is the impression one gets from the report of a
Belgian inspector, J. S. Stas, who visited the Kuhlmann plant at Lille in
the same year: ‘I had a great deal of trouble convincing myself that I
was dealing with furnaces for the manufacture of sodium sulphate.’
In Belgium, he notes, such furnaces ‘sweat hydrochloric acid and remind
one constantly, by their state of distepair, more of ruins that are painful

Die Entwicklung der schweizerischen Textilwirtschaft im Rahmen der iibrigen Industrien und
Wirtschaftszweige (Zurich, 1960), pp. 328-39.
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to look at, than of active equipment belonging for the most part to
wealthy industrialists’.

Yet one must not confuse Kuhlmann with the run of French firms.
Asin Belgium, the large, rationalizing establishment was the exception;
the small pot boiler, the rule. At mid-century Kuhlmann’s Madeleine
plant was recovering 158 kg. of hydrochloric acid per 100 kg. of salt, a
loss of perhaps 2 per cent in view of the impurity of the salt; at Aniche
(Nord) results of up to 183/100 had been achieved under better condi-
tions. Yet a decade later, the plants in southern France were still losing
two-thirds of their by-product acid, and even in Britain there were
losses of as much as a half.

The main difficulty was lack of apparent financial incentive. As one
Belgian manufacturer; whose recovery ratio of hydrochloric acid
was 70/100, put it, there was no profit in doing any better. Yet the
argument should not be taken at face value. For one thing, there were a
number of producers in both countries who did better and sold their
acid at a profit. For another, few if any of the manufacturers of the
period could really say in a precise way what paid and what did not.
Scientific standards of performance were still confined to laboratories,
and there was as yet no clear-cut choice of technique that imposed
itself on the investing entrepreneur. As a result, each firm had its own
procedures or combinations thereof.

In Germany the chemical industry of this early period gave little
hint of the great things to come. The textile manufacture was far
weaker than that of France; the standard of living, lower; and soap and
glass consumption, that much smaller. On the supply side, as we have
noted, the mineral wealth of Westphalia was as yet unsuspected. Not
until 1840 was soda produced by the Leblanc method, and as late as the
1870's, when the Solvay process was beginning to transform the
industry, German output was less than that of France a generation
carlier.> Indeed, demand far outstripped supply, and soda imports
rose in a decade (1836—45) from 634 to 6013 metric tons, almost all of
this from Britain;3 not until the 1880’s did Germany become a net
exporter of soda. Similarly, the make of sulphuric acid long remained

! Belgium, Chambre des Représentants, 1854, Fabriques de produits chimiques,
Annexes, p. iv.

2 Qutput did not pass the 40,000 metric ton mark until 1872. The plants in the
Marscilles area alone were turning out this amount by the 1840’s. L. F. Haber, The
Chemical Industry in the Nineteenth Century (London, 1958), pp. 47, 41. According to
R. Hasenclever, ‘Uber die deutsche Soda-Fabrikation’, Chemische Industrie, vi (1884),
280ff., soda output was §8,000 tons in 1872, shrinking t0 42,000 by 1878 under the
pressure of British competition. The higher figure, however, does not alter the signifi-
cance of the comparison.

3 Gustav Miller, Die chemische Industrie in der deutschen Zoll- und Handelsgesetzge-
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low, amounting in 1878 to about half of that of France.” Here, however,
supply early passed demand and by the mid-1840’s Germany was
selling more acid abroad than she imported.

Yet if the German chemical industry was productively weak at
mid-century, it had important technological assets. It was more
scientific than that of other nations, to the point of what might appear
superficially as economic inefficiency. The typical German firm outdid
those of the other continental countries in diversity of output; the
largest producers of sulphuric acid and soda also turned out the rarest
pharmaceuticals, alkaloids, and organic acids. The experts attributed this
versatility to the skill and training of the young technicians—not the
savants, but the production men:

.. .most of our chemical manufacturers are in a position, because of a much
stronger scientific education, and because of the ease with which they [can
draw], partly on our array of pharmacists, whose scientific knowledge goes
so far beyond that of the apothecaries of other countries, partly on the large
number of other young chemists, to obtain at any time the kind of help that
is only rarely to be had elsewhere and then only with great expenditure.
These circumstances enable them to compose, alongside the most extensively
active products of the trade, a great many preparations that can be entrusted
only to educated and experienced men.?

Wissenschaftliche Bildung was to pay handsomely in the second half of
the century.

At mid-century, then, continental Europe was still about a generation
behind Britain in industrial development. The relative disparity showed
clearly in the population figures. Where in 1851 about half of the
people of England and Wales lived in towns, in France and Germany
the proportion was about a quarter; not until the last years of the cen-
tury did urban population pass rural in Germany, and in France the
even point did not come until after the First World War. The occupa-
tional distribution tells a similar story. At mid—century, only a quarter
of the British male working force (twenty years and older) was en-
gaged in agriculture. For Belgium, the most industrialized nation on
the Continent, the figure was about so per cent.? Germany took
another twenty-five years to reach this point; indeed, as late as 1895,

bung (1902), cited in H. Schultze, Die Entwicklung der chemischen Industrie in Deutsch-
land seit dem Jahre 1875 (Halle, 1908), p. 7.

! An estimated 112,000 against 200,000 tons. Ibid. p. 71.

% Amlicher Bericht (above, p. 167, n. 1), 1, 262. The original is grammatically
incomplete.

3 According to the Belgian census of 1846, 1,075,000 were engaged in agriculture,
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there were more people engaged in agriculture than in industry.” And
in France industry was outnumbered until the Second World War and
the economic recovery that followed.

By the same token, the continental proletariat was very different
from the British. The concentration of large numbers of workers in
huge factories was only just beginning, and then more in heavy indus-
try than in textiles. There was nothing yet like the new slums of Man-
chester and Leeds, filled with pallid mill hands crowding into a smoke-
stack jungle. Continental slums were different. They were usually the
run-down older quarters, comparable to the wynds of Edinburgh, and
were inhabited primarily by artisans and domestic workers—hand-
loom weavers in the damp cellars of Lille or the tenements of Li¢ge;
woodworkers in the Faubourg Saint-Antoine. Here and there were
new mill towns on the British pattern; but Roubaix, Mulhouse, and
the cities of the Wuppertal were so much smaller than their counter-
parts in Lancashire and the West Riding that they were really a
different species.

Much more than in Britain, industry was dispersed through the
countryside. The continued reliance on water power was one factor;
the greater place of metallurgy and mining, which were bound to
locate at the sources of raw materials, was another. As late as 1858,
19 of 49 spinning mills, 49 of 57 blast furnaces, 75 of 152 wire mills,
158 of 167 steel plants, and 15 of 28 machine factories in Westphalia
were auf dem platten Lande.* To be sure, this was a legalistic defini-
tion, and many of these plants were in fact situated in communities that
deserved to be called urban. Many, however, were located in what were
in effect swollen villages, essentially rural in character. There was, as in
Lancashire in the eighteenth century, a thickening of the countryside;
it had not yet thickened enough, however, to form a continuous
industrial conurbation.

There was, moreover, a great expansion of rural putting-out, a
continuation of the trend of the eighteenth century, paradoxically
accelerated by the mechanization of some—but not all—of the stages
of manufacture. Thus the availability of cheaper semi-processed mate-
rials—yarn, rough metal shapes, tanned leather—increased the demand
for the corresponding finished goods and stimulated the trades that

660,000 in industry. Counting dependants, agriculture supported 2,220,000, industry
1,400,000, and commerce 290,000 of a population of 4,340,000. B. S. Chlepner,
Cent ans d’histoire sociale en Belgique (Brussels, 1956), p. 13.

! Of a working force (including unemployed) of 22,013,683, 8,202,602 were
engaged in agriculture, forestry, and fishing, as against 8,281,220 in mining and
industry. Statistisches Jahrbuch fiir das deutsche Reich, xtx (1898), 7 (Table 1, 9).

* Peter Quante, Die Flucht aus der Landwirtschaft (Berlin-Griinewald, 1933), p. 5.
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made them. Here differentiation of product was often pushed to the
extreme, and the importance of skill or painstaking labour gave the
shop and cottage an advantage over the factory. Even the march of the
machine did not always favour power-driven, concentrated manufac-
ture. When the embroidery loom was finally improved in Switzerland
to the point of commercial effectiveness in the 1850’s, it was installed
at first in large weaving sheds; a device of this complexity was beyond
the means of most home workers. But before long the manufacturers
found that it paid to place these machines in cottages, as the stockingers
of Nottingham had done with their frames two hundred years before;
and in subsequent decades the loom found its way into the most
isolated villages of the Voralberg.”

The extension of putting-out on the Continent owed much to the
pattern of land tenure. In Britain, the enclosures had promoted the
absorption of small holdings into large, commercial exploitations. In
east-Elbian Europe, the emancipation of the serfs had similar conse-
quences: the debts impased on the peasants as the price of their freedom
and property so burdened them that many had no choice but to sell
their land and either hire out as labourers or leave. Much of western
Europe north of the Alps and Pyrenees, however, lay in the hands of
independent proprietors; moreover, the prevalence of partible inheri-
tance (written into the Code Civil in France) led to a progressive
fragmentation of their already small holdings. The system held an ever
larger population on the land, for the children of each generation
tended to stay on to work their shares of a diminishing patrimony.
On the other hand, even with improved techniques, these small plots
were less and less adequate to nourish their occupants. Increasingly, the
peasant had to eke out his income with earnings as a farm labourer or
cottage worker. Poor soil and division of holdings were the parents of
rural industry.

This persistence of the old social framework was a source of great
satisfaction to many continental statesmen and writers. In France
particularly, where the traditional structure was most tenacious and
British industrial success least palatable, society was wont to con-
gratulate itself on being spared the penalties of unbalanced and
immoderate growth: the white slavery of the factories; the filth and
misery of the cities; the godlessness and radicalism of a rootless
proletariat.

In fact, the Continent had its poverty, as conscientious observers
were quick to perceive, but much of it was dispersed and, as one
investigator put it, latent.? In societies where population was increasing

* Lincke, Die schweizerische Maschinenindustrie, pp. 46-7.
* Buret, De la misére des classes laborieuses, 1, 209, 249.
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more rapidly than the demand for factory labour, there was a heavy
flow into cottage industry, depressing wages in the short run and
creating in the long run huge pools of depressed humanity, barely sub-
sisting until the day when even the wages of hunger would not be low
enough. The same thing happened in Britain, but to a much smaller
degree. For one thing, there was more alternative opportunity: in-
dustry drew people; people did not press into industry. The Irish
hand-loom weaver was an exception, but, little as he earned, he was
probably better off in Lancashire than in Mayo. At least he survived.
For another, as we have already noted, it was the Continent that sup-
plied much of the hand labour required to process the semi-finished
manufactures of Britain. The weavers of Silesia, Saxony, and central
France (the tulle trade of Tarare) were in one sense beneficiaries of
British industrial progress; they were also its victims. In effect, they
were taking part of the burden of adjustment to the new economic order
from Britain’s shoulders. The reckoning came in the 1840’s, both for
those processing British exports and those—in linen, for example—
working up home materials. Technological advance, trade depression,
and famine combined to produce misery and death on a scale that
Britain never knew. Only in Ireland was there anything comparable
to the tragedy of the Silesian woollen weavers or the flax spinners of
Flanders.!

The principal reason for the long survival of putting-out on the
Continent was undoubtedly the low cost of rural labour. Linked to
this, however, was the docility that normally accompanied dispersion:
the entrepreneur found the cottage worker easier to deal with. Again
and again, businessmen and officials note the dissipation and indiscipline
of the urban proletariat, whether employed in mills or at home. The
British hardly discuss the issue—and this in spite of the greater militancy
and effectiveness of their labour movement.

The contrast is significant. It reflects, first of all, the difference in
entrepreneurial response to factor costs. For the British employer, the
best remedy for insubordination was technological unemployment. It
hardly occurred to him to allow social considerations to modify the
rational organization of his enterprise. Secondly, itreveals the insecurity
of the continental bourgeoisie, the deep-rooted fear of another political
and social upheaval like 1789. To be sure, England could have and did
have her scares: witness Peterloo, or the emergency constabulary of
1848. But these passed, cured by good sense, humour, or both.

! On Silesia, see, in addition to Hauptmann’s classic, The Weavers, the study by
S. B. Kan, Dva vosstaniia silezskikh Thachei (1793-1844) [Two uprisings of Silesian
weavers] (Moscow, 1948). On Flanders, the standard work is the above~cited (p. 158,
n. 1) Jacquemyns, Histoire de la crise économique des Flandres (1845-1850).
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Generally speaking, Britain took social order for granted. The industria-
list had no illusions about the hostility of the working class or the
possibility of violence; but he never doubted that the law would
prevail. His French counterpart—and to a lesser extent, the German or
Belgian manufacturer—was never sure when labour unrest or unem-
ployment would turn into political revolution. Hence his readiness to
equate working—class poverty and criminality—les classes laborieuses and
les classes dangereuses.

Finally, the continental entrepreneur had a different conception of his
role from the British. In societies with a strong feudal and manorial
tradition, the successful factory owner tended to see himself as master
as well as employer, with the duties as well as the privileges that such a
position entails. He placed himself ir loco parentis, treated his workers
as minors in need of a firm tutorial hand, and felt a certain respon-
sibility for their job security and welfare—always, of course, at the
very modest level suitable to their station. This paternalistic sentiment
varied considerably from person to person and place to place; just as
Britain had her benevolent manufacturers, especially among the
owners of the country mills, so the Continent had its ‘exploiters’.’ On
the whole, however, the continental industrialist never achieved that
freedom of manceuvre and conscience that comes from looking on
labour as just another factor of production, to be hired and fired as
necded.

To be sure, even his paternalism was not entirely idealistic. Some of
it was a response to the danger and inconvenience of losing a working
force collected with difficulty and only too easily dispersed. This was
one reason why, in contrast to what Marxist doctrine might lead us to
expect, he often encouraged and assisted his men to become pro-
pricetors; or why he kept his working force on part time in moments of
crisis, even at some sacrifice.? Moreover, there was the pressure of
public and official opinion. In these early decades of industrialization,

! Michelet’s generalization, impressionistic as it was, probably sums up the situa-
tion as well as anything short of a detailed empirical study. The paternalistic employers,
he argued (Le peuple, ed. L. Refort (Paris, 1946), p. 87), were the very large factory
owners and the very small; those in between were hungry, hard, indifferent to every-
thing but their own material interests. Even if they began with some feeling for their
men, he noted, they lost it on the battlefield of trade. He might also have noted the
opposite phenomenon—the assumption, with prosperity, of the ‘enlightened’ role
expected of the responsible employer. For an analogous phenomenon of assimilation
to responsibility with success, this time in banking, cf. Landes, Bankers and Pashas,
p- 40 and n. 3.

® For an analysis of paternalism as a means of training and fixing the industrial
labour force, cf. Carl Jantke, Der Vierte Stand: die gestaltenden Krafte der deutschen
Arbeiterbewegung im XIX. Jahrhundert (Freiburg, 1955), pp. 175-8.
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both the traditional elites and the governments they dominated had
serious qualms about the implications of a concentrated proletariat.
There were many who felt that economic strength was not worth the
price of social subversion. If many of these doubtful elements were won
over in the long run to industrial capitalism, it was partly because they
accepted the image of the paternalistic entrepreneur and saw in the
maintenance of traditional personal bonds between employer and
employed a powerful instrument of social control. And when the
employer forgot his obligations, the state was prepared to remind him
of them. In France, the government was sensitive to factory unemploy-
ment as to nothing else, keeping close watch on hiring and firing and
utilizing political pressure when necessary to limit the number of
jobless, even in—or rather, especially in—severe crises.

What we have, in short, is the usual phenomenon of legitimation
by means of assumption of a role acceptable to the society as a whole.
In the process, these attitudes, whatever their original motivation,
tended to become an integral part of the entrepreneurial personality.
The paternalistic manufacturer of the Continent believed that he was
father to his men. And it was the very sincerity of this belief that often
made him inflexible in his dealings with organized labour. For the
British employer, a union may have been an adversary, a strike vexing
and costly, the effort of labour to raise wages chimerical. He did not
like these things, but he was prepared to face up to them. For the
continental employer, however, a union was a conspiracy against
public order and morals; a strike, an act of ingratitude; the effort of
labour to raise wages, the indiscipline of an impatient son. All of this
was evil. And there is no negotiating with evil.!

Similarly with the efforts of the state to dictate hours or conditions
of work: any such move was an intolerable intrusion that could only
undermine the authority of the master. To the requirements of the
factory act of 1841, the family enterprises of France, of northern
France especially, opposed a deep, indignant immobility that dis-
couraged examination and disarmed enforcement. The law called for
voluntary inspectors from among the manufacturers themselves, active
and retired. It was a fiasco: few volunteered and many of these soon
resigned in despair or under pressure of friends and colleagues. There is
no collaborating with evil.

* This paternalism will seem to some incompatible with that deep-rooted fear of the
people discussed above. On the contrary: the paternalistic businessman rarely feared
his own men; presumably he knew them and they trusted him. But they were
children, even savage children, and could be led astray. See the reaction of Gaston
Motte to a strike in his great-grandfather’s plant in 1847: it was probably the work of
outside agitators, as was not infrequently the case. L. Machu, ‘La crise de I'industrie
textile & Roubaix au milieu du XIXe siécle’, Revue du Nord, xxxvm (1956), 72, n. I.



CHAPTER 4

Closing the Gap

The period from 1850 to 1873 was Continental industry’s coming-of-
age. It was a period of unprecedentedly rapid growth, which may be
best conveyed—in the absence of year-by-year calculations of national
income or product—by certain critical time series:* railroad mileage,
coal consumption or output, steam-power capacity, make of pig iron,
consumption of raw cotton. In all these areas (with the exception of
cotton, whose manufacture suffered a grievous setback in the 1860’s),
whether for France, Belgium, or Germany, the compound rate of
increase runs between s and 10 per cent a year (see Table 4).

These were also years of technological maturation. They were
marked in essence by the working-out on the Continent of those
innovations that constitute the heart of the Industrial Revolution and
had been developed and diffused in Britain a generation or more earlier.
In textiles the self-actor and power loom replaced the mule and hand

! We have annual estimates of the national income of Great Britain from 1870 on.
There are several series at the historian’s disposal; they differ in detail, but are essentially
congruent. See the brief discussion and the literature cited in William Ashworth,
An Economic History of England 1870-1939 (London and New York, 1960), pp. 186-9.
For the earlier period, we have occasional contemporary estimates, critically analysed
by Phyllis Deane (see above, p. 47, n. 1), and the decennial figures (1801 on) cal-
culated by Deane and Cole, British Economic Growth (1962), pp. 166-7. The nearest
thing we possess to an annual estimate of national product is Walter Hoffman’s series
of industrial output. See his British Industry 1700-1950 (Liverpool, 1955).

We now have decennial averages of French national product (goods, not services)
going back to the late eighteenth century. These have been calculated at the Institut de
Science Economique Appliquée by a group headed by Jean Marczewski. He offers a
preliminary statement of the results, which represent the first step in a long-range
programme to develop an annual series, in *Some Aspects of the Economic Growth of
France, 1660-1958°, Economic Development and Cultural Change, 1x (1961), 369-86;
see alsoW.W. Rostow (ed.), The Economics of Take-off into Sustained Growth [papers
ofa Conference of the International Economic Association at Konstanz, 2-11 September
1960] (London, 1963).

German figures of national income, in the form of decennial averages, have been
worked out by W. G. Hoffmann, J. H. Miiller, F. Knoll and associates back to 1850.
It is hoped to develop an annual series and to push the data farther back in time.
Cf. the chapter by Hoffman, ibid., pp. 95-118. See also Hoffmann and Miiller,
Das deutsche Volkseinkommen 18511957 (Tiibingen, 1959); and Wagenfiihr's estimates
of industrial output cited below, p. 329, n. 1.



104 THE UNBOUND PROMETHEUS

Table 4. Economic Development in the Third Quarter of the
Nineteenth Century

Coal
production or Pigiron  Raw cotton
Railroad consumption Steam-power output consumption
mileage (1000 capacity® (1000 (1000
(statute miles) metric tons)® (1000 h.p.) metric tons) metric tons)
Germany
1850 3,639 $,100° 260 212 171
1869 10,834 26,774 2,480 1,413 641
18732 14,842 36,392 — 2,241 117-8
France
1850 1,869 7,225 370 406 59°3
1869 10,518 21,432 1,850 1,381 937
18732 11,500 24,702 — 1,382 5548
United Kingdom
1850 6,621 37,5009 1,290f 2,249 266-81
1869 15,145 97,066 4,040f 5,446 425°8°
1873 16,082 112,604 — 6,566 565-1F
Belgi