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Preface

The texts of Boris Hessen and Henryk Grossmann assembled in this volume are
important contributions to the historiography of the Scientific Revolution and to the
methodology of the historiography of science. They are of course also historical
documents, not only testifying to Marxist discourse of the time but also illustrating
typical European fates in the first half of the twentieth century. Hessen was born
a Jewish subject of the Russian Czar in the Ukraine, participated in the October
Revolution and was executed in the Soviet Union at the beginning of the purges.
Grossmann was born a Jewish subject of the Austro-Hungarian Kaiser in Poland
and served as an Austrian officer in the First World War; afterwards he was forced to
return to Poland and then because of his revolutionary political activities to emigrate
to Germany; with the rise to power of the Nazis he had to flee to France and then
America while his family, which remained in Europe, perished in Nazi concentration
camps.

Our own acquaintance with the work of these two authors is also indebted to
historical context (under incomparably more fortunate circumstances): the revival
of Marxist scholarship in Europe in the wake of the student movement and the pro-
fessionalization of history of science on the Continent. We hope that under the again
very different conditions of the early twenty-first century these texts will contribute
to the further development of a philosophically informed socio-historical approach
to the study of science.

Tel Aviv, Israel Gideon Freudenthal
Heidelberg, Germany Peter McLaughlin
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Classical Marxist Historiography of Science:
The Hessen-Grossmann-Thesis

Gideon Freudenthal and Peter McLaughlin

Boris Hessen’s “The Social and Economic Roots of Newton’s ‘Principia’” (1931)
and Henryk Grossmann’s “The Social Foundation of Mechanistic Philosophy and
Manufacture” (1935) are the classic programmatic examples of Marxist historio-
graphy of science. The two works were produced completely independent of one
another, but both scholars were working within the same intellectual tradition with
the same conceptual tools on the same topic.! The positions they develop overlap
and complement one another. They have enough in common that the enlarged thesis
that emerges from their work may be called the “Hessen-Grossmann-Thesis.”?

While many Marxists have contributed to the historiography of science, Hessen’s
and Grossmann’s work displays a specifically Marxist approach: they conceptualize
science as one kind of labor within the system of social production. Their discus-
sions of the social context and the cognitive content of science are modeled on
Marx’s analysis of the labor process. Thus, whatever the merits of other Marxists’
contributions to the history of science, from Friedrich Engels’ Dialectics of Nature
to various contemporary forms of social constructivism, Hessen’s and Grossmann’s
work is integrally linked to their specific intellectual tradition and could only have
been made by a scholar from that tradition.

Hessen’s paper immediately caused a stir and was quickly applauded by enthu-
siastic supporters and held up as a negative paradigm of externalism by detractors
who warned against “crude Marxist” explanations of science. Grossmann’s paper, in
many ways similar in thrust, has remained almost unknown to historians of science,
published as it was in German in French exile. Around 1946, now in American
exile, Grossmann completed a monographic study with the title (later changed)
Descartes’ New Ideal of Science. Universal Science vs. Science of an Elite. This
manuscript is published here for the first time, along with some shorter materials

G. Freudenthal
Tel Aviv University, Tel Aviv, Israel
e-mail: frgidon@post.tau.ac.il

! Grossmann (spelled Grossman in Poland) became aware of Hessen’s paper somewhat later and
mentions Hessen in in a 1938 book review of Georg Sarton’s The History of Science and the New
Humanism (1931) and G. N. Clark’s Science and Social Welfare in the Age of Newton (1937).

2 Freudenthal, 1984/1988.

G. Freudenthal, P. McLaughlin (eds.), The Social and Economic Roots 1
of the Scientific Revolution, Boston Studies in the Philosophy of Science 278,
DOI 10.1007/978-1-4020-9604-4_1, © Springer Science+Business Media B.V. 2009



2 G. Freudenthal and P. McLaughlin

on related subjects also in English translation. Together with the two classic papers,
these provide an introduction to the basic approach of Marxist historiography of
science.

Boris Hessen’s paper was originally published in an English translation in
London at the Congress at which it was to have been read. Two Russian versions
(with only minor differences) appeared later in the Soviet Union.?> The original
English version was done in a great hurry by the staff of the Soviet Embassy on the
eve of the Congress* and thus, unsurprisingly, left something to be desired. Many of
the mistakes are obvious to anyone with a serious knowledge of the subject matter,
but the text has placed unreasonable demands on a general readership. Hessen’s
essay is here published in a new translation.

The purpose of the following introduction is to facilitate a fresh appraisal of
the position argued for by Hessen and Grossmann. This reappraisal is necessary
because what has come to be known to historians and philosophers of science as the
“Hessen-Thesis” has little to do with the theses that Hessen and Grossmann actually
propound, but is rather a projection based on misunderstandings and preconceptions
of what a Marxist thesis ought to be. The reader will be able to ascertain what a
Marxist analysis of science is by reading the texts themselves and can then judge it
on its merits not its reputation.

Hessen’s “The Social and Economic Roots of Newton’s Principia” formulates
three theses, the first of which was independently proposed by Grossmann and the
second of which Grossmann also later assented to.’

— The first thesis concerns the relation of economic and technological develop-
ments in the early modern period and the relation of these two to the emergence
of modern science: Theoretical mechanics developed in the study of machine
technology.

3 Hessen 1933, 1934.

4 See . G. Crowther, Fifty Years With Science, London (Barrie & Jankins) 1970, pp. 7688, for the
details.

5 As Grossmann’s original title “Universal Science versus Science of an Elite” suggests, he refers
to two respects in which modern science is universal in contrast to previous forms of knowledge.
In the first place the universality of its method, modeled on mathematics, makes it applicable to
all subject matter and thus undermines the guild-like knowledge of specialists. Secondly, there is
no secret knowledge in science, no skills that are handed down only in personal contact between
master and apprentice. Universal method is accessible to all and thus gives everyone the key to
participation in the scientific endeavor. The universal and democratic aspects of science are hence
intertwined. At the end of his Universal Science Grossman quotes Descartes’ address to the reader
in his Discours de la Méthode in which he explains why he wrote the essay in French rather than in
Latin: “The last sentences of the Discours constitute an open challenge to the specialists. Descartes
addresses his work not to them but to the broad intelligent public, to every man with good sense,
and is convinced that these men are better able to appraise his work than the specialists” (127-128).
However, Grossmann supports these ideas mainly by references to declarations of intention by
Descartes and others, whereas his own research, documented in this work, concentrates on the
relation between technological practice and concept formation in science. Grossmann seems to
have realized this discrepancy himself since he changed the name of the work in later manuscript
versions to “Descartes and the Social Origins of the Mechanistic Concept of the World.”
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— The second thesis draws the converse conclusion: In those areas where
seventeenth-century scientists could not draw on an existing technology (heat
engines, electric motors and generators) the corresponding disciplines of physics
(thermodynamics, electrodynamics) did not develop.

— The third thesis concerns the ideological constraints placed on science in England
at the time of the “class compromise” or “Glorious Revolution” (1688): Because
of this compromise Newton drew back from fully endorsing the mechanization of
the world picture and adapted his concept of matter so as to be able to introduce
God into the material world.

1 Economics, Technology and Science

The titles of the essays by Hessen and Grossmann published in this volume refer to
different topics. Hessen’s paper of 1931 addresses a specific book: Newton’s Prin-
cipia.® Grossmann’s essay of 1935 refers to the “Mechanistic Philosophy” in general
and his essay of 1946 names a different person in its title: Descartes. Nonetheless
all three papers have one shared topic and cover much the same historical ground.
Hessen’s and Grossmann’s topic is the Scientific Revolution that culminated in
the seventeenth century, which in their view had been prepared by developments
since the thirteenth or fourteenth century. The great scientists and philosophers,
Galileo, Descartes, Huygens and Newton (and many others, of course), represent
its peak of achievement. Grossmann therefore stresses that the Scientific Revolution
was completed in the period of Galileo and Newton but that it had begun much
earlier. Both Hessen and Grossmann view mechanics and not cosmology (e.g. the
Copernican Revolution) to be the core of the scientific revolution. This is in itself
significant inasmuch as they thus focus not on the conflict between a geocentric
and a heliocentric worldview, but rather on the mechanization of the world picture,
in which natural phenomena are explained, like machines, by mechanical laws of
motion only.

1.1 Economic Needs and Technical Problems

The point of departure of Hessen’s argument is the correlation between problems
in economics, technology and science in the time up to Newton. Certain economic
demands or needs are correlated with certain technical problems or developments,
which in turn are correlated with fields of scientific study:

Consequently, we shall first investigate the historical demands presented by the emergence
and development of merchant capital. Then we shall consider what technical problems
were posed by the newly developing economy and what complex of physical problems
and knowledge, essential for solving these technical problems, they generated (p. 5).

6 The Russian title is: “The Socio-Economic Roots of Newton’s Mechanics.”
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Economics is said to present demands, which pose technical problems, which gen-
erate scientific problems. Each of these steps must be explained. Considering three
major social areas: industry or general production, transportation and war, Hessen
presents lists of examples of correlated technological and scientific endeavors.

Let us examine some examples: Hessen notes that the further development of
trade (“merchant capital””) depended on improved transport. The favorite, that is,
most efficient means of transport for goods was naturally by water. Economic
development, he says, “set transport the following technical problems:

. to increase the tonnage capacity of vessels and their speed,
. to improve the floating qualities of ships,

. to develop means for better navigation,

. to improve the construction of canals and docks.

B W N =

Now the technical problems 1, 2 and 4 based on this economic need corre-
spond to the scientific fields of study, hydrostatics and hydrodynamics; techni-
cal problem 3, improving navigation (the determination of longitude), involved
the development of chronometers and was hence also correlated with studies in
mechanics.’

Or take industry: mining in particular involved raising the ore from down in the
mines. This technical task was tackled with the aid of various complex machines
compounded out of the simple machines — which are studied by statics. Ventilating
and draining the mines was accomplished by air and water pumps, which are studied
by aerostatics and hydrostatics. The use of artillery in war involved determining the
trajectory of projectiles and can hence be related to some of the most celebrated
work by Galileo and Newton.

Such correlations do not yet present a thesis on the emergence of modern science.
The correlations have to be explicated and explained. There would seem to be two
alternatives to explain the correlation. The first takes technology to be the goal of
science and perhaps the motive for pursuing science in the first place. The second
takes technology to be the precondition of science and conjectures nothing about
motives:

A. Technology was developed in order to facilitate economic development, and
science studied the particular problems that it studied in order to improve
technology.

B. Technology was developed in order to facilitate economic development, and sci-
ence developed by means of the study of the technology that was being applied
or developed.

Both share the first, but not the second, proposition. These two positions (A and
B) are significantly different in their conceptualizations of the relation of science

7 Hessen is not asserting that our distinct disciplines existed at the time but rather that these
disciplines are what arose out of the study of these problems.



Classical Marxist Historiography of Science 5

to technology. Is technology the goal of seventeenth-century science or rather its
subject matter? The first expresses the position usually attributed to Marxist histori-
ography of science — and emphatically rejected by Koyré, Hall and other traditional
internalists in the history of science. The second alternative (B) is a formulation of
the Hessen-Grossmann-Thesis. Let us briefly explicate both views. The first view
(A) involves four steps of argument which develop a more or less strong form of
economic determinism:

1. a (causal) connection is established between economic interests and technical
projects;

2. itis shown that the technical projects involve technological problems;

3. it is shown that these technological problems correspond to fields of study in
science;

4. it is asserted that scientists were motivated by economic (or technical) interests
to solve the technological problems and therefore also to study the corresponding
fields of science.

Proposition (1) seems problematic since it seems to imply that economic or, more
broadly conceived, social interests or needs determine technological solutions to
the problems of society. Yet it is fairly easy to see that many needs go unfulfilled
and many demands call forth no corresponding supply. This is a point made by
R.K. Merton with reference to explaining technological invention on the basis of
economic needs and scientific discovery on the basis of technological needs. While
technological inventions often responded to needs,

it is equally true (wrote Merton) that a multitude of human ‘needs’ have gone unsatisfied
throughout the ages. Moreover, countries which are generally considered to be the most
needy of inventions, such as Amazonia and India, have, in fact, relatively little invention.
In the technical domain, needs, far from being exceptional, are so general that they explain
little. Each invention de facto satisfies a need or is an attempt to achieve such satisfaction.?

Merton here also points to a significant asymmetry in discussions of needs and
their fulfillment: Basic needs tend to be more general, the means to their fulfillment
more particular. Some needs (e.g. nourishment) are common to all societies, but
each fulfills these needs in a different way. And needs can go unfulfilled, while
means (inventions) always satisfy some need or other, or we go back to the drawing
board. Thus before a perceived need can generate an action calculated to satisfy it,
it must be made more specific with regard to the means available. A key element of
Marx’s analysis of the labor process was that the will of the producer must be subor-
dinated to a concrete purpose before anything gets done.’ And this concrete purpose

8 Merton 1938, 157. Moreover, “where an observer from a culture which has an established tra-
dition of attempts to improve material welfare and to control nature may often detect a need in
another society, that need may not exist for the members of the society under observation, precisely
because of a difference in values and aims.”

9 Capital, Chapter 7, Section 1, The Labour-Process or the Production of Use-Values. “At the
end of the labour-process, we get a result that at its commencement already existed ideally in the
representation of the workman. He not only effects a change of form in the natural material on
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is itself formulated with the help of the available means. In fact, means developed
for one purpose (and need) may also allow other needs to become purposes or make
previously unrealistic purposes realistic.

The simple straightforward view, that needs determine their fulfillment abstracts
from the question of whether the means to satisfy the needs are available, but it also
makes a second mistake, in that it takes the needs or interests to be just given, thus
overlooking the extent to which the needs themselves are concretized with respect
to the means of their possible satisfaction. While some needs may be formulated
fairly generally, say transportation, any particular need must be formulated some-
what more precisely before any action can be taken to satisfy it: The means available
progressively concretize the wish to an ever more concrete purpose (e.g., first to
improve transport, improve shipping, improve the hydrodynamic properties of the
ships, improve the shape of the bow).

The need or desire to expand commerce, ascertained by Hessen, is not of itself
a need to improve shipping. Merchants could have turned to transport by land or
adapted to merely local commerce; they could have switched to handling smaller
merchandize, developed new kinds of commodities, or substituted local products
for imported ones. The decision to improve shipping for the purpose of expanding
commerce, which constitutes the concretized form of the need for the appropriate
technology, presupposes the consideration of possible concrete projects character-
ized by the means for their realization. Furthermore, the fact that an economic
need is conceptualized as a fechnological problem is not self-evident. Again Merton
reflected on this problem:

Economic and military needs, then, may be satisfied by other than technologic means. But
given the routine of fulfilling these wants by technologic invention, a pattern which was
becoming established in the seventeenth century; given the prerequisite accumulation of
technical and scientific knowledge which provides a basic fund from which to derive means
of meeting the felt need; and it may be said that, in a limited sense, necessity is the (foster)
mother of invention.'”

Grossmann deepens these reflections by considering the difference between the
economies of Roman antiquity and the late medieval European town. Only in the lat-
ter did a need to expand production involve the need to devise a machine or technical
device to do something. Grossmann suggests that technology was marginal as long
as production could depend on a social perpetuum mobile, slavery. With the rise
of the medieval town the situation changed: urban labor costs money and therefore
the search for an artificial perpetuum mobile begins: Although experience shows
that a perpetuum mobile in the strict sense cannot be found (Grossmann, 1935b,
67-68; 1946, 106), machines can indeed replace human labor. (Grossmann, 1946,
69) Whereas a shortage of labor in Roman antiquity would have been formulated

which he works, but he also realizes in that material a purpose, that he knows, that determines as a
law the way he acts, and to which he must subordinate his will.”” MEW 23, 193 (our translation).
10 Merton 1938, 158. Cf. also pp.155-59. See also “Science and Economy of seventeenth Cen-
tury England,” pp. 6-7. The peculiar notion that needs cause their own fulfillment is so strongly
embedded in everyday culture that even Merton slips into it at one point (1938, 148).
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as a need for more slaves, in early modern Europe such a shortage was formulated
as a need for more and better machines. This latter need of course presupposes that
machines are already used in production, so that the experience made with them
can be used in conceptualizing such a need. However, whereas machines were at
first used primarily to do things that human labor power could not do or to apply
force beyond the capacity of a human to provide (stamping mills; iron-production)
(Grossmann, 1946, 89-90), they later also replaced regular human labor. Descartes’
announcement in the Discourse on the Method that science and technology would
diminish human labor could look back on a long tradition (Grossmann 1946, 78).

The thesis may be generalized: the means available are decisive in conceptu-
alizing a need. Now this notion seems to turn the widespread understanding of
Marxist “externalism” upside down. Means are not developed in order to satisfy
existing needs (or interests), but the concrete conception of needs, purposes which
may explain action, depends on the means available, that are then used to satisfy
them. To a certain extent then, the means available can determine the possibility or
at least the reasonableness of certain needs, interests and desires. Thus when Hessen
speaks of the “needs of the rising bourgeoisie” or the “demands of the economy and
technology” these are of course mediated by the available means to their fulfillment.

These qualifications do not mean that economic developments may not be used as
a factor in the explanation of technical developments. On the contrary, they indicate
that to explain an action, we should refer to a concrete purpose, not to an abstract
wish or need. The purpose of an action presupposes a need and plausible means for
its satisfaction. The synthesis of both forms a purpose. Similarly, a wish (e.g., to
improve transport, or even the more concrete wish to build better boats) does not
account for the course of action taken. This depends on the circumstances involved,
especially on the available means for action.

1.2 Technical Problems and Science

Now that we have a basic idea of the relation of economic needs to technological
problems that both of the above-mentioned interpretations of Hessen’s first thesis
seemed to share, we can take up the second step, the relation of science to tech-
nology, in which the two versions openly differ. The first version (A) maintained
that science studied the particular problems that it studied in order to improve
technology. This was formulated as the proposition:

4. that scientists were motivated by economic (or technical) interests to solve the
technological problems and therefore also to study the corresponding fields of
science.

If we abstract from the special case of explicitly biographical studies in which the
individual scientist is the focus of attention, it is questionable whether the personal
motives of scientists are at all relevant to the historical understanding of science.
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Just as economic needs must be further specified with regard to the technical pos-
sibilities of their realization before they can be acted upon, so too must scientific
goals be further specified in terms of the means available (methods, techniques,
instruments). Thus what it means to pursue this or that concrete scientific problem
depends on the means available in the arsenal of science of the time. Given a cer-
tain state of knowledge with its material and symbolic means, with its instruments,
experimental systems and theories, its open questions and common methods, sci-
entists on the whole will engage in similar activities irrespective of their personal
motivations: they will look for solutions to the open questions, search for salient
points and innovative ideas etc., whether their motivation is ambition, greed or the
quest for truth. A motivation to engage in science is required, but the particular
nature of the motives would seem to be of no great importance since it does not
determine the particular course of action taken. This specific activity is determined
by the state of science, the methods and means available. Neither Hessen nor Gross-
mann addressed the motivations of scientists since they did not consider them to be
relevant to understanding the development of science.

From the considerations above, some important conclusions follow. First, per-
sonal motivations of scientists are irrelevant to the project of explaining scientific
development on a social scale. Scientific developments depend on the material and
symbolic means which determine both the concrete problems and their possible
solutions, not on the personal motivations of the scientists. This of course does
not exclude the possibility that on a social scale social and economic interests may
directly and indirectly exert pressure on institutions and individuals to favor among
possible projects those which are socially desired or of immediate economic utility.
The history of science in the seventeenth century is full of such examples,'' as is
contemporary funding policy. Second, the actual relation of science and technology
in the seventeenth century can be reformulated in the light of the considerations
above. Two questions should be considered: First whether the technology of the sev-
enteenth century belonged to the “means” of scientific inquiry and thus made some
scientific endeavors possible (and excluded others); and second, whether it was not
precisely the specific difference between science and technology that made sci-
ence possible. This difference is the fact stressed by critics of the “Hessen-Thesis”,
namely that scientific research was not subordinated to the service of practical ends.
In the framework of the Hessen-Grossmann thesis this can be formulated in the
following way: Scientists could explore the possibilities contained in the scientific
means at hand (whatever their provenience) and had no need to subordinate their
inquiry to finding solutions to pressing social or economic problems. The sugges-
tion that science was dependent on a distance from practical pressures that made
room for activities that can be viewed as the disinterested quest for truth, does not
presuppose that science is an endeavor sui generis, but rather attempts to achieve

! For a short discussion see Robert K. Merton, “Science and the Economy of Seventeenth Century
England.”
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a deeper understanding of science through its specific difference to technological
invention. We shall discuss these two questions in the next section.

The view formulated in version (A), often referred to as Baconian Utilitarianism,
explicates a widespread misunderstanding of the first Hessen thesis as a claim about
the personal motives of individual scientists: that they pursued science to advance
technology, production and economic gain. Most critics therefore have believed they
must deny the argument concerning the motivation of the scientists involved and that
this denial refutes Hessen. This position is just as flawed as the position it criticizes.
It presupposes that what is at issue is the real motivation of the scientists involved:
economic interest, a disinterested quest for truth, or the glorification of God through
the study of his works. Critics of Hessen, arguing that the motives of scientists were
not in fact utilitarian, have implicitly accepted the presupposition that if the motives
had been utilitarian, this would bear significantly on the explanation of the Scientific
Revolution. And they seem to presuppose that the determination of technology by
economic needs, which they do not deny, is similarly to be explained by the motives
of the economic actors involved. In technology as opposed to science, economic
motives are not considered implausible or disreputable. But it is not just Marxists
of the 1930s who are accused of questioning the motives of seventeenth century
scientists; Francis Bacon in particular was accused of this by Alexandre Koyré, who
distinguished a “propagandist” of science like Bacon or a craftsman interested in
building something from real scientists like Galileo and Descartes “who seldom
built or made anything more than a theory.”!> Koyré argued further that the wish
to create technology cannot have been the motive of scientists to pursue science
because key areas of technology were already in place before and independent of
science; thus technology cannot have determined science in any way at all.'3

However, even Bacon’s famous dictum that “Nature to be commanded must be
obeyed”'* need not be read as saying merely that if we want to dominate nature
better, we should learn more about its laws. It can just as well be read to assert that in
those places where we have in fact succeeded in commanding nature (technology),
we must have been obeying nature’s laws. Thus, studying successful technology is
the key to scientific knowledge of nature. Hessen on more than one occasion appeals
to this alternative form of Baconianism, for instance, when he reports that Galileo
began his Discorsi “with an address to the Venetians praising the activity of the
arsenal at Venice and pointing out that the work of that arsenal provided a wealth of
material for scientific study.”" It is the critic’s assumption that the only conceivable
relation of technology to science is that of a motive in the mind of a scientist that
blinds them to the possibility that practice with technology might influence ideas
about nature. Although, as we shall see below, the disciplinary reception of Hessen

12 Koyré 1943 (“Galileo and Plato”) 400-401; A.R. Hall (1952, 163) joins the critique of Bacon
saying (without citing evidence or explaining what a seventeenth-century scientist is) “Few of the
public apologists for science were themselves scientists.”

13 Koyré [1948] 1961, 308.

14 Novum Organum 1, §2.

15 Hessen 165 (our italics); see also the quotation from Galileo in Hessen’s Appendix (no. 1).
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is particularly influenced by postwar anti-communism, there is in much of it also a
deeper-lying basic inability to consider any materialistic explanation at all.

2 The First Thesis: Technology Opens Horizons for Science

The first thesis, advanced by both Hessen and Grossmann, asserted that science
developed by means of the study of existing technology. This means first that
the concept of nature changed. As the feudal mode of production was gradually
replaced by the capitalist mode of production, as the towns became increasingly
more important and the country increasingly less, as artisan production and manu-
facture increased in importance vis a vis agriculture, the concept of nature changed
as well. Traditional agricultural labor was supportive of natural processes. Nature
turned seed into grain on its own but could do this better when supported by human
labor. But machines are not products of nature but man made. Once machines, which
were traditionally seen as ways to outwit nature, began to be conceived as natural
agents, two consequences ensued. Machines were understood to obey natural laws
not to abrogate them. Second, the world was conceived as an ideal machine and
natural phenomena as its operations. This has been called the “mechanization of
the world picture.” Thus both the concepts of nature and of machine or mechanics
change. Nature is no longer conceived as an organism governed by teleology, and
mechanics no longer as a collection of contrivances to outmaneuver nature. Rather
nature and mechanics coincide. A consequence of this unification for the theory
of motion is first that the Aristotelian distinction between “natural” and “forced”
motion loses its basis and its sense: natural motion is conceived as if produced by
a machine, the laws governing the exertion of power of a machine are the laws
of nature. To study nature hence means to study man-made machines, not nature
untouched. The machina mundi is now conceived as an automatic machine (a clock)
which functions according to the laws of nature.'® The science of mechanics, which
investigates the laws governing the functioning of machines thus became the science
par excellence, a universal science exploring the function of all machines, natural
and artificial alike.

The increase of the economic importance of technology and its associated activ-
ities was followed by an improved social position of those involved. As remarked
by Hessen and Grossmann in passing and discussed by Merton in detail, economic,
technical and scientific occupations improved their social positions in the seven-
teenth century, such that the social elite, which earlier went into other fields of
occupation, now went in significantly larger numbers into science.!” Of course, the
establishment of scientific societies, the financial support of scientific endeavors etc.
should also be considered the effects of this economic and technical development.

16.See on this point Freudenthal 1986, 59-66 and McLaughlin 1994. More specifically, the
machine studied in scientific mechanics until and including Newton and the generation following
him were “transmission machines.” The importance of this issue will be discussed below.

17 Merton 1938, Chapters II-II1.
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Second, the rise in social prestige of technology (due to its increased economic
significance) made the progressive merging of two traditions possible which, for
social reasons, were earlier segregated from one another: the mechanical and the
liberal arts, the knowledge of craftsmen and the knowledge of the learned.'® On
the one hand, the new group of sophisticated craftsmen (architects, instrument
makers etc.), so-called virtuosi, were better educated and occupied higher social
positions than ordinary craftsmen. On the other hand, the improved social locus of
the mechanical arts made it possible for the learned now to engage in their study.
The learned profited from the knowledge of the craftsmen (either directly or from
the new technical literature) and also gained a field for their own observation and
experimentation (Grossmann 1935a, 187-88). It seems reasonable to conjecture that
the new experimental-mathematical science was born out of the fusion of the exper-
imental tradition of the craftsmen with the systematic and mathematical tradition of
the learned.'”

The main thesis common to Hessen and Grossmann builds on these consider-
ations. It says that the science of mechanics (so-called “theoretical” mechanics)
developed in the study of contemporary technology, of “practical” mechanics. This
thesis is diametrically opposed to the wide-spread view, which is also regularly
attributed to Hessen, that practical mechanics was guided by the science of mechan-
ics and that theoretical mechanics was pursued in order to apply it in practice. More
or less the opposite is the case. Both Hessen and Grossmann maintained that the
primary occupation of scientific mechanics in the early modern period was to study
already existing technology and understand how it functions, not to improve it —
however much the one or other scientist personally may in fact have wanted to do
just this.

Third, since scientific mechanics developed through the study of practical
mechanics and its tradition, it owed much of its theoretical structure and concep-
tual character to practical mechanics. The Hessen-Grossmann-Thesis addresses the
determination of the cognitive content of science, which was traditionally shunned
by sociologists of science (Merton included). The thesis attempts to explore the
horizon of cognitive possibilities on the basis of the material and symbolic means
employed. One corollary concerning early modern science is Grossmann’s con-
tention that the origin of essential conceptual presuppositions of mechanics is to
be found in practical mechanics. This will be discussed in the next section.

18 At one point Grossmann (1946, 70) dates the first beginning of modern science with this merger,
the subsumption of mechanics under geometry as part of the liberal arts in the De divisione of
Gundisalvus (12th century).

19 This thesis is usually associated with the work of Edgar Zilsel, “The Sociological Roots of
Science,” American Journal of Sociology, 47 (1942), 245-279, but it is also present in Hessen’s
and Grossmann’s papers.
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2.1 Grossmann on the “Real Abstraction”
in Transmission Machines

Grossmann scrutinized the genesis of the general, abstract and quantitative con-
cept of motion. Simple observation does not offer us pure motion. In everyday life
and in technical practice, motion always occurs together with other phenomena:
friction, heat, force etc.; and it is always a qualitatively specific motion: straight,
curved, upwards, downwards etc. The traditional Aristotelian conceptualization of
motion as “natural” or “forced” shows that a process of abstraction can go in dif-
ferent ways from the modern direction. Grossmann’s studies of the genesis of the
abstract concept of motion, in which all these concrete forms of motion are left out
of consideration, took up the question of what recommended or favored one kind
of abstraction over another: What made it possible to replace the quite intuitive and
traditionally sanctioned concepts of motion with entirely different concepts, which
had earlier seemed abstruse?

From the perspective of everyday human practice, scientific concepts of motion
are extremely counter-intuitive. In our experience bodies do not move in uniform
inertial motion. This does not preclude the possibility of our forming laws for
counter-factual cases, but it may very well render them implausible and raise philo-
sophical doubts as to whether they are merely entia rationis or have a fundamentum
in re and an application in experience. Grossmann’s thesis, which will be elaborated
in more detail below, claims that the new concept of motion was acquired in the
study of technical, mechanical practice.

Grossmann’s thesis may be read as a cognitive-psychological or as a philosophi-
cal thesis. The psychological thesis attempts to explain the plausibility or credibility
of a particular conceptualization in spite of everyday experience and in spite of tra-
ditional learning by pointing out a sphere in which such concepts could seem plau-
sible. The philosophical thesis attempts to explain why such concepts can be taken
to have reference and where the referents are to be found. Together, Grossmann’s
considerations may be applied to explain why the rise of technology also gave rise to
a new conceptualization of natural phenomena, why these new concepts did indeed
find reference in the real world by way of technology, and finally also why this
conceptualization of nature seemed plausible within certain strata of society.

Grossmann refers in his paper to some ideas of Marx concerning the introduction
of machines into production.’® Marx pointed out that the introduction of engines
into production presupposed that the function of a motive power had been separated
practically from the various specific operations performed on the object worked
upon. Once an automated tool, a “machine” in Marx’s terminology, is introduced
instead of a tool guided by the skilled hand of the craftsman, human labor is reduced
to the function of a motive force of this machine. Only then can it be replaced by an
animal or some other natural power (wind, water, gravity).

Consider a grain mill. It may be seen to consist of three parts: the engine or
“motor mechanism” on the one end and the grinding device (“tool or working
machine”) on the other. These two are connected by a transmission mechanism

20 Capital 1, MEW 23: 401-407 CW 35, 384-89.



Classical Marxist Historiography of Science 13

(“transmitting machine”), which transmits and sometimes transforms the motion
produced by the engine to the grinding device. Sometimes the transmission machine
transforms circular motion into rectilinear or vice versa. One power source can be
replaced by another which fulfils the same function. It may be a water wheel or
a windmill, a human or an animal. Similarly, the same engine may be attached to
different devices: It can drive a mill, a lathe, or some other device. These instru-
ments, which directly form the working piece, may be automatic or guided by hand.
Marx called “working machine” such an automatic instrument whether moved by
an engine or a human worker (in contradistinction to an artisan working with a
tool). He insisted that the crucial step in industrialization was the invention of such
machines, that is, automatic instruments. He argued that the introduction of motor
mechanisms presupposes that the labor process has been emancipated from its arti-
san form, in which the functions of the instrument and of the engine are inseparably
intertwined. Only when the movement of the hand, which both drives and guides a
tool, has been broken up into the function of an automatic instrument (which needs
no guidance) and a power source producing a standard motion, can human power
be replaced by an engine. Only when what once was skilled labor is performed by a
machine, can an engine also replace human physical power. Once different kinds of
labor are performed by different machines driven by the same kind of motion, these
different machines could be attached to the same kind of engine. Only then could
such engines be introduced into the process of production, and indeed they were so
introduced.

Grossmann takes this idea a step further into the cognitive realm and asks what
the origin of an abstract concept of motion or work produced by force was.”! Evi-
dently it makes no sense to form a general concept of motion if instances of this
motion cannot be transformed into various specific motions known from experience.
“Motion in general” does not exist aside from its different individual forms. In light
of the discussion of Marx above, the question can be put this way: Under what
circumstances does the concept of motion or work (a homogeneous form of motion
against resistance) make sense? Evidently, such a concept does not make sense when
we study the work of a craftsman: here the aspects of a purposeful modification of
the object by a special form of motion (dependent on the nature of the material
and the purpose of the craftsman and on his instruments), cannot be separated from
the application of physical force that is moving the instrument. Motive force, skill,
purpose and instrument form a unity. It does, however, make sense to distinguish
between these aspects as soon as they are in fact separated or when it seems possi-
ble to separate them. This separation of motive force from the purposeful guidance
of the hand in the process of labor is the same that was conceived by Marx as a
presupposition for the introduction of motor mechanisms into the labor process.
Grossmann conceived it to be also the starting point for conceptualizing “motion”

21 Marx, too, extended this idea to the cognitive realm, but did not develop it further. He suggested
that difficulties in the use of transmission machines connecting the motive force and the mechanical
tool led to the study of friction and the flywheel. “In this way, during the manufacturing period,
were developed the first scientific and technical elements of modern mechanical industry” (Capital
Chapter 15, CW 35, 80; MEW 23: 397).
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in an abstract and quantitative fashion. When (1) various different kinds of labor
have been separated from the motive power applied in performing them, then motive
power could also be conceptualized separately, and when (2) various kinds of the
motion (circular, straight) produced by various motive powers (e.g. water, animal,
man) could also be transformed one into the other by appropriate transmission
machines, then it also made sense to form concepts of abstract motion and force,
referring exclusively to the faculty of performing labor as such, i.e., moving heavy
bodies against resistance, especially raising heavy bodies in the gravitational field
of the Earth.

It is evident that man, in all these technological upheavals, acquired new, important material
for observing and contemplating the actions of forces. In the machines, in the turning of the
water wheels of a mill or of an iron mine, in the movement of the arms of a bellows, in
the lifting of the stamps of an iron works, we see the simplest mechanical operations; those
simple quantitative relations between the homogeneous power of water-driven machines
and their output, viz. those relations from which modern mechanics derived its basic
concepts. Leonardo da Vinci’s mechanical conceptions and views are only the result and
reflection of the experiences and the machine technology of his time, when one new tech-
nical invention follows the other or the previous inventions are improved and rationalized.
(Grossmann, 1935a: 193-194)?

Grossmann’s use of “reflection” in this context should not be taken to mean
that scientific mechanics derived its concept of homogeneous motion simply from
observation of working machines. In the footnote to this passage, Grossmann refers
to technical literature, which emerged in the middle of the fifteenth century; and
Hessen points to a new kind of expert: scientific engineers who had been working
in the mines since the 15th century (Hessen, 161, 169).

Hence the process of concept formation in scientific mechanics refers back to
practical mechanics in two ways: first, by the direct study of machines, and second,
by appropriating the knowledge contained in practical mechanics, whether through
personal contact with practitioners, or through the technical literature. Indeed, it is
easy to show that some concepts of practical mechanics were adopted by scientists
and were still used even after scientific knowledge has superseded them (e.g. force
for momentum).??

22 Hessen reasons in a similar way: “Since the time of the Crusades industry had developed
enormously and had a mass of new achievements to its credit (metallurgy, mining, the war
industry, dyeing), which supplied not only fresh material for observation but also new means of
experimentation and enabled the construction of new instruments” (169).

Hessen adds an important consideration. The concept of “abstract work™ abstracts not only
from its specific form of motion in space, but also from the transformation of work from one form
(mechanical kinetic and potential energy) into others (e.g. thermal and electric energy).This even
more demands an explanation as to the direction abstraction took.

23 In the Preface to the Principia Newton also extensively referred to practical mechanics in order
to demonstrate the wide range of applicability of the third law of motion (see Scholium to the
laws of motion; Newton 1999, 424-430); there, too, we find a typical expression adopted from
the technical literature can be found: “The effectiveness and usefulness of all machines or devices
consists wholly in our being able to increase the force by decreasing the velocity and vice versa.”
(Newton 1999, 429) Compare this with John Wallis’ pre-Newtonian concept of force, which recurs
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2.2 The Differing “Purposes” of Science and Technology

The question of the origin of concepts of classical mechanics can be also differently
formulated: We can ask why the concepts used in scientific mechanics did in fact
have reference and why they were believed to apply to the world in general and
to technology in particular. Why did the laws of statics and dynamics, as devel-
oped by using mathematical representations apply to inclined planes, pulleys etc.,
or why did the laws of motion of bodies (later: “point masses”) refer to real bodies
and real machines? And why did no scientist in the seventeenth century doubt that
statics and dynamics refer to the real world and have application to machines and
projectiles in spite of empirical evidence that they did not? The discovery of the
parabolic trajectory of projectiles, which is explicitly and recurrently heralded as
the solution to an essential problem of ballistics, is far from an adequate description
of the trajectory of a shell shot from a cannon. In fact, without some previous reason
to believe that theories are about the real world, an experimental test with artillery
would more likely refute than confirm such a theory. This question deserves some
elaboration because the discrepancy between practical and theoretical mechanics
was put forward in what is arguably the most serious criticism of Hessen, by A.R.
Hall,’* but it seems that his arguments prove the exact opposite of what he believes
they prove.

The discussion above showed a very close connection between science and
technology: technology was not only presented as the direct object of study of
mechanics, but also as a determinant of its concepts in significant ways. What could
and could not be conceived was discussed in reference to what could and could not
be learned from contemporary technology. These considerations have to be followed
by an examination of the specific differences between the points of view of science
and technology. If indeed both technicians and scientists studied the same field,
often the same machines, in what does their knowledge differ??

This difference is the main concern of A.R. Hall’s study Ballistics in the Sev-
enteenth Century. Hall studied ballistics — one of the techniques to which Hessen

to the five “common” machines: “And this is the foundation of all machines for facilitating motion.
For in whatever ratio the weight is increased, the speed is diminished in the same ratio; whence it
is that the product of the weight and the speed for any moving force is the same.” (Wallis, letter to
Oldenburg, November 15, 1668; Oldenburg Correspondence, 1966tf: V, 168)

24 Hall 1952 (Ballistics). Hall in fact mentions Hessen only once in the book and doesn’t include
his name in the index or bibliography, but the text is a sustained argument against the utility thesis.
25 Newton clearly saw that his subject matter was the same as that of practical mechanics. He
just as clearly underestimated the difference between scientific and practical knowledge seeing
it merely in the degree of precision: “Practical mechanics is the subject that comprises all the
manual arts, from which the subject of mechanics as a whole has adopted its name. But since
those who practice an art do not generally work with a high degree of exactness, the whole subject
of mechanics is distinguished from geometry by the attribution of exactness to geometry and of
anything less than exactness to mechanics. Yet the errors do not come from the art but from those
who practice the art. Anyone who works with less exactness is a more imperfect mechanic, and if
anyone could work with the greatness exactness, he would be the most perfect mechanics of all”
(Newton 1999, 381).
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referred (161-164) — but he generalized his conclusions to science and technology
in general .2

A general formula for the curve of a projectile was found by Evangelista Tor-
ricelli (1608-1647), but it was not for the use of gunners. For these, Hall tells us,
“Torricelli published tables of ranges and altitudes from which, the range at any
one angle having been measured, the rest could be found by the rule of three.”’
By presenting both his theory and practical rules for guns side by side, Torricelli
acknowledged the existing gap between theory and practice. Confronted with the
fact that the trajectory of real projectiles was not a parabola, Torricelli claimed that
his study De Motu Projectorum was purely theoretical.

According to Hall, in presenting his formula Torricelli demanded to be treated
as a philosopher and a mathematician, not as someone talking about application in
the real world: “the tables and instruments he had described were not for measuring
the ranges of cannon balls, but certain geometric lines associated with geometric
parabolas.”?® However, Hall admits that Torricelli explicitly spoke in his essay of
guns shooting shells at walls of cities, that he printed tables giving measurements in
paces, and that his readers might easily have supposed that “when he talked of guns
he meant real guns.’?

Hall distinguishes three different stages in the relation between gunnery and
scientific ballistics since the Renaissance: With Leonardo practical and theoret-
ical mechanics were not yet separated; they separated with the development of
scientific mechanics (as in the work of Galileo and Torricelli); and they met
again under different conditions after the work of Newton and Jean Bernoulli,
through which science could much better explain and describe the real trajectory of
projectiles.?°

We can now suggest answers to the questions formulated above.

Idealizations and counter-factual assumptions are indispensable in science. Iner-
tial motion, point masses, uniform acceleration in free fall and the parabolic tra-
jectory of projectiles — all these blatantly contradict experience. Real canon balls
are not point masses and do not move like them, they are not shot in a vac-
uum but in the resisting medium of the air. The inertial motion of the projec-
tile cannot be observed nor can a parabolic trajectory. This difference between
idealization and reality immediately implies that the results of science cannot
be directly applied to experience. And the other way around: The purposes of

26 Hall 1952, 163.

27 Hall 1952, 95.

28 Hall 1952, 97.

29 Hall 1952, 99.

30 «“By the third quarter of the century everyone in the van of the scientific movement admitted that
the primary principles of dynamics laid down by Galileo were fundamental to all future work, but it
was also apparent that in their simple form they were not true for the world of experience. . . . It was
necessary to discover the complex mathematical rules which link the world of scientific abstraction
to the world of nature, if it was to be proved that the one was indeed appropriate to the other...”
(Hall 1952, 128).
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science (in the sense discussed above) were not adopted from technology but
rather formulated within science. Scientific knowledge developed only when it was
not required to give immediate solutions to existing problems. It required on its
part freedom to concretize its own problems and develop its impractical solutions
in order to develop concepts that transcend immediate technical knowledge and
necessities.

In Torricelli’s time, the gap between gunnery and science was indeed sensi-
ble. This is another way of saying that specific scientific knowledge had already
developed considerably and independently of practical technical knowledge.

And yet, there was no doubt in the mind of its practitioners that both kinds of
knowledge, the technical and the scientific, were about the same empirical matters
of fact. The Hessen-Grossman thesis explains why: because science studied — albeit
in its specific way — real technology. This thesis was formulated and substantiated
for one historical case by Hessen’s critic, A.R. Hall. Only the terminology and the
ideological prejudices are different:

Philosophers from Galileo to Newton . . . used the problems of ballistics as a gymnasium in
which to develop their powers for larger and more important researches (Hall, 1952, 158).

The gap between science and technology opened because science developed in
a different direction from its starting point in practical knowledge (this was the
foundation of its subsequent strength), it progressively closed as science advanced
enough to explain and predict existing technology much better than the most experi-
enced practitioners. The gradual rapprochement was achieved by a superposition of
additional laws (motion in a resistant medium applied to the motion as determined
by force, inertia and gravity) and by the improvement of technology that rendered
its functioning more standardized.

The growing success demonstrated not only the success of the science of mechan-
ics in solving this particular problem, but also that science’s analytical procedure is
adequate. This procedure rests on the presupposition that the innumerable observed
phenomena consist of a limited and small number of basic law-governed processes
independent of each other and their composition. On this assumption, the first task
of science was to analyze the phenomenon in question into its constituents. In a
second step the laws governing these single processes were to be determined, and
finally the initial phenomenon had to be explained as resulting from a composi-
tion of the different processes. Newton’s success in determining the trajectory of
a projectile under the complex conditions on the surface of the Earth proved not
only that his theory was adequate, but also that the analytical approach of science
(the “analytic-synthetic method”) was adequate. Thus were the initial idealizations
and counter-factual assumptions justified in retrospect. But we should also note
that scientists in this age were aware of the technical origin of their problems
and therefore never doubted the reference of their concepts or the applicability
of theoretical mechanics to practical mechanics. The Hessen-Grossman thesis that
science developed in the study of contemporary technology does not mean that it
served technology, but on the contrary, that it put technology in the service of its
own enquiry — and it did not itself contribute to technology for decades, if not for
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centuries.’! And nevertheless, there was never any doubt that scientific mechanics
is about real machines and that in principle it will finally explain how they function
better than the practitioners can.

2.3 Grossmann on the Mechanization of Mathematics

Grossmann’s ideas about the development of mathematics and of universal method
as found in Descartes are expressed in the original subtitle of his monograph, Uni-
versal Science vs. Science of an Elite. Descartes New Ideal of Science (renamed after
1946 as Descartes and the Social Origins of the Mechanistic Concept of the World).
The “New Ideal of Science” refers on the one hand to a science that becomes active,
replacing the contemplative ideal of science in antiquity and promising together
with technology to dominate nature in the service of mankind. On the other hand
the “new ideal” refers to a universal science, a universal method, appropriate for
investigation in all areas of inquiry. The original title of the book expresses a com-
plimentary concern: the new science is not the science of an elite because the
means developed and employed in it do not require any specialized knowledge,
being powerful enough that even non-specialists could achieve significant results
with them. On these questions, Grossmann pursues his ideas concerning the cog-
nitive import of technology for contemporary science in general. The introduction
of machines makes the virtuoso superfluous; specialized, highly trained craftsmen
are not required any more to ensure the quality of the product. Similarly, the mech-
anization of mathematics makes mathematics a universal method and hence makes
science in general accessible to all.

The mechanization of mathematics refers to three different factors: (1) the use
of mechanical devices in mathematics (slide rules, logarithms etc.); (2) the use

31 Hall believed that the gap between technology and science refuted Hessen: Science did not in
fact contribute much to technology in the seventeenth century, and this proves, Hall believed, that
the improvement of technology cannot have been the motivation for scientists to engage in research
(Hall 1952, 163-64).

This argument is mistaken in two regards. First, it misunderstands the Hessen-Thesis and con-
strues it as referring to the motivations of individual scientists. Second, it presupposes that because
an expectation was not fulfilled, it cannot have been a motivation.

Hall’s ideological commitments are obvious. He believes that sociological history of science
as such reduces great scientific discoveries to “no more than the response of a quick mind to the
most pressing need of the moment” (162) wrenched from science “by the strong hand of economic
necessity” (165). In contrast, Newton’s work on the trajectory of projectiles in resisting media
in the second book of the Principia does not mean that he “was guilty . . . of allowing himself to
be dominated by the technological problems of his own day” (Hall 1952, 129, our italics) but
rather that he solved an ancient philosophical problem. The philosopher studies science “in order
to satisfy his intellectual curiosity” (p. 4). In short: scientists had “higher” motives than economic
gain. This motivation is evident in many writings on the topic. See again Hall 1963, 15: The social
studies of science has created says Hall “a certain revulsion from the treatment of scientists as

puppets.”
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of propositions of mechanics in mathematics (as in determining a tangent by the
inertial component of the curved trajectory of a body); and (3) the “mechanical”
performance of a mathematical algorithm without reflection, just as a machine can
be operated by a worker who does not understand its structure. This latter charac-
teristic of machines and algorithms alike bears on Grossmann’s view that modern
science is not the science of an elite. A machine can guarantee invariably high qual-
ity that is independent of the virtuosity of the workman. Grossmann emphasized the
analogous democratic aspect of this development in science (1946, 13), namely that
science becomes accessible to all, not the secret of a few virtuosi (1946, 121-2).
He believed that this was the reason why Descartes did not conceal his method
from the masses, but rather propagated it, even including women in the intellec-
tual endeavor (1946, 125—-126). Grossmann enthusiastically celebrated Descartes as
someone who a century and a half before the French Revolution proclaimed the
fundamental equality of humans in respect to reason (1946, 126) and saw in his
decision to write in the vernacular instead of scholarly Latin, another manifestation
of this democratic stance (1946, 128).3?

In our context it is important to emphasize the similarity of Grossmann’s con-
ception of labor to his concept of scientific work and the decisive role he ascribes to
the means employed. As is well known, Marxism ascribes the means of production
a decisive role in social life, but Grossmann focuses on the claim that a worker
does not himself have to possess the knowledge embodied in the means he uses.
The qualification of the worker in mechanical production may vary inversely as the
quality of the means. With the universal language of ideas conceived by Descartes,
a peasant might do better than a contemporary philosopher (1946, 19, 22).

The idea of the universality of the means refers to both sides of the labor process:
to the subject and to the object. On the side of the subject, it means that anyone
can operate them; on the side of the object, it means that they are applicable to
every object. The reason for this is that science examines the simple relations and
proportions between things, not the multifarious natures of the things themselves
(1946, 25-27). Before the universal method can be applied, the various objects must
be first reduced to common dimensions, analogous to spatial dimensions, which
are common to all material objects and are studied by geometry (1946, 26-27,
30-34).

Now, this comparison of Cartesian universal method to machines is not an
arbitrary analogy suggested by Grossmann. In fact, Descartes himself praises his
geometry with the same words with which he praises his machines for grinding
lenses. The universal method should be an algorithm that can be operated mechan-
ically, without mathematical thought. An external mechanism should likewise be
able to perform these operations. Thus Descartes’ project loses its eccentric flair
and appears as a step in a long development which worked on the mechanization
of mathematics by means of mechanical calculation devices such as sliding rules

32 Grossmann also believed that Descartes may also assume contemporary significance as he “fore-
saw the great intellectual crisis of today,” that is, specialization because of which nobody can
understand “social and intellectual life as a whole” (1946, 21).
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and logarithms and finally led to Descartes’ attempt to automate the intellectual
processes themselves (1946, 49-52).

We discussed above Grossman’s idea that the abstract and mathematical concept
of motion resulted from the study of machines. We concentrated on the transfor-
mation of one form of motion into another which enabled the formation of the
concept of motion as such, abstract motion. We can now enrich the picture and
address the mathematical character of the new concept of motion, resulting from
the application of new mathematical methods to abstract motion, and vice versa, the
formation of new mathematical concepts resulting from the study of new forms of
motion in machines. Not only did mathematics study motion and use mechanical
devices, but mathematical teachings were also conceptualized in mechanical terms.
The conceptualization of the infinitesimal calculus in terms of motion (‘“fluxions”)
and the analysis of motion by means of the infinitesimal calculus is an obvious
example. It can be shown at least for some cases that the conceptualization of the
infinitesimal in mathematics and of the mathematical concept of motion in mechan-
ics were developed in one and the same argument and were dependent on the same
experience with mechanical devices.*

3 The Second Hessen-Thesis: The Limited Horizon of Science

Whereas Grossmann concentrated on the positive contribution of practical mechan-
ics to science in the form of prerequisites and fundamental concepts, Hessen also
pointed to the limits to theoretical mechanics drawn by practical mechanics. Hes-
sen’s second thesis is the converse of the first: if theoretical mechanics was made
possible by mechanical technology, then other fields of physics, that did not fig-
ure prominently in the 17th century may not have developed because the requisite
technology had also not yet been developed. Specifically, Hessen maintains that the
primitive state of steam-engine technology did not permit a science of heat and its
relations to mechanical forms of energy.>* Thus, for instance, the conservation of
energy could only take the form of the conservation of mechanical energy. Other
forms of energy such as heat and electromagnetism as well as the transformation
of one form into another could only be fully integrated into experimental science
after their practical transformation in the steam engine and generator. This argu-
ment has been almost universally ignored. Hessen (rightly) gives some credit for
the idea to Friedrich Engels, and this reference has been interpreted as another sign

33 Grossman did not present specific cases to substantiate his claim that the formation of the
general and abstract conception of motion was dependent on the study of machines, nor did
he analyze specific mathematical examples. For a case study that shows on the example of
Giambattista Benedetti (1530-1590) the dependence of conceptualization of mathematics and the
concept of motion on experience with treadles, which transform rectilinear into circular motion,
see Freudenthal 2005.

34 Hessen, 193-203.
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of dogmatism.35 One of the few exceptions was Grossmann, who in a review of a
book by G.N. Clark, Hessen’s most prominent early critic, pointed out that Hessen
attempted, “to understand the general character of classical mechanics and physics
in distinction to the later development of these sciences.”*®

Hessen’s second thesis, in fact, addresses the same issue as the first thesis shared
by Hessen and Grossmann but from another perspective. The first thesis was an
answer to the question, under what conditions certain abstractions are possible and
why the resulting concepts are believed to have reference of some kind. Hessen’s
second thesis is an answer to the question, under what circumstances certain abstrac-
tions are not possible. The first thesis was that the study of machines transforming
kinetic energy into potential energy and vice versa, or rectilinear into circular motion
and vice versa provided the basis for the abstractions of mechanics. The second the-
sis is that precisely because only these machines could be studied, other branches of
physics (thermodynamics and electrodynamics) did not develop at the time, nor was
a general law of the conservation of energy formulated (Hessen 1931, 188, 193).
Conversely, this substantiation of the second thesis strengthens the argument for the
first thesis: Once steam engines were invented and applied in industry, thermody-
namics could (and did) develop through the study of this motion (194, 199). Hessen
writes:

As soon as the thermal form of motion appeared on the scene, and precisely because it
appeared on the scene when it was indissolubly bound up with the problem of its conversion
into mechanical motion, the problem of energy came to the forefront. The very way in which
the problem of the steam engine was formulated (“to raise water by fire”) clearly points to
its connection with the problem of the conversion of one form of motion into another. It is
not by chance that Carnot’s classic work is entitled: On the Motive Power of Heat (202).

It should be stressed here that the Hessen-Grossmann thesis attempts to explain
the determination of the horizon of empirical scientific inquiry, not the horizon
of the scientific imagination or speculation. It is easy to object to Hessen’s thesis
by pointing to almost eternal ideas and to projects that were conceived centuries
before they were realized. Human flight for instance, seems to be one such timeless
dream documented in human culture at least since Greek mythology but techni-
cally realized only in the late eighteenth century. Here and elsewhere, it is the lack
of concreteness of the “wish to fly” which gives it the appearance of a timeless
idea. As soon as we concretize this abstract wish and consider the different projects
designed to realize it (imitating a bird’s wings by Daedalus, combining balloons and
baskets by Montgolfier, or using a propeller and an internal combustion engine by

35 LB. Cohen (1990, 56) sums up: “There follows a lengthy discussion of the post-Newtonian eco-
nomic and technical history of steam power . . . during which Hessen lauds the thought of Engels.”
H.F. Cohen (1994, 329) understands only that “because of his lack of familarity with the steam
engine, the principle of the conservation of energy in the definitive form given to it by Marx’s
collaborator, Friedrich Engels, had eluded Newton.” Whereas the misunderstanding of Hessen’s
first thesis is probably due for the most part to an unreflected, dogmatic idealism, the inability
even to see what the second thesis asserts is less ethereal in origin and is probably just due to
anti-Marxism. On this see below Section 5.

36 Grossmann 1938. This text is printed in full below on pp. 231-235.
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the Wright brothers), we immediately realize that “wishing” to fly (like a bird) and
having the concrete purpose to fly (in a plane) are somewhat different: the concrete
purpose (to construct a particular flying device) is indeed dependent on existing
technology.

The same holds true in the case considered here: Long before the development
of thermodynamics many philosophers and scientists expressed the conviction that
work can be transformed into heat, perhaps also heat into work. Bacon is famous
for such ideas. Leibniz was even quite specific in explaining the apparent non-
conservation of kinetic energy (“motion”) in inelastic collisions or wherever friction
occurs and speculated that it was converted into the motion of very fine particles of
matter and appeared as heat. Such ideas may have played a role in preparing the
ground for future concepts, but they did not establish an area of empirical scientific
inquiry into heat and work. Leibniz used this speculation as an ad-hoc hypothesis
to explain away the apparent loss of motion in empirical bodies so as to uphold his
thesis that the overall quantity of vis viva was conserved. But his conceptualization
of kinetic energy as vis viva was confined to mechanical forms of motion and did
not envision transformation of motion into a qualitatively different form, heat.’’
According to the Hessen-Grossmann thesis, such notions demanded that the trans-
formations be technically controlled and thus be subject to repeatable experiment
and quantitative investigation.

Hessen’s second thesis explaining what was not possible in science in the 17th
century has a further consequence for the later development of physics in the 18th
and 19th centuries. Hessen suggested an explanation for the historical order of the
development of physics such that the study of the forms of energy followed the
development of technology: mechanics (simple machines and their compounds),
thermodynamics (steam engine), electrodynamics (electric motor) (200-201). As
Grossmann remarked, it “allows us to comprehend the historical order of the
individual stages of this development” (1938, 234).

The first and the second thesis are thus two aspects of the same thesis on the
determination of the horizon of scientific study by the perspective on nature from
the point of view of the dominant manner and means of its appropriation. The tech-
nology studied, whether the technology of general production or of the laboratory
determined which phenomena of nature (sub specie machinae) could be studied and
also which could not (yet) be scientifically studied, what aspects of phenomena were
in the focus of inquiry and what aspects were peripheral, as it also determined and
guaranteed the reference of the theories developed.

4 The Third Hessen-Thesis: Mechanistic World Picture
and Newtonian Ideology

Hessen’s third thesis addresses a different kind of determinant of science, ideology.
The first and second theses specify the horizons of science, but do not address such

37 On Leibniz’ usage of this ad hoc hypothesis which in fact follows a similar maneuver of Denis
Papin, see Freudenthal 2002.
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other relevant factors as the “political, juridical, and philosophical theories, religious
beliefs and their subsequent development into dogmatic systems,” (177) that might
shape the character of science. Hessen also offers a first sketch of a more detailed
consideration of one aspect of Newton’s work and its world-view consequences.
Here, too, he goes a step beyond Grossmann.

Grossmann stressed the generalization of mechanical models in scientific
research, taking his examples mainly from Descartes, whose research was guided by
mechanical analogies and who is the paradigmatic representative of the mechanistic
world picture for Hessen as well. Thus Descartes used the analogy to the deflec-
tion of a shell shot by a cannon on the surface of a river to illustrate problems of
reflection and refraction (1935a: 203-204), he also studied organisms as if they were
clocks or other automats (1935a, 208), and generalized the fundamental principles
of mechanics to apply to the formation of the universe out of matter and motion
according to mechanical laws (1946, 110-112). Finally, mechanical models of the
universe driven by clockworks, naturally suggested that the world as a whole is to be
studied and explained in the same way as machines are. Mechanization does not stop
here: It is not only the natural universe, which is mechanized in this way but also
the social world. This is how Grossmann interprets Hobbes’s method of analysis and
synthesis: Hobbes conceives of the state as a machine made up of parts. In order to
be understood, the state has to be taken apart (in thought) and the parts studied, just
as the working of a machine is comprehended when the properties of its parts are
made known and their assemblage is understood (1935a, 209-210).

Grossmann wrote about the dependency of the mechanization of the world pic-
ture and its generalization on the study of machines and on the state of mechanics
without dealing with the social interests of the protagonists and their ideological
articulations. This was probably also due to the fact that his essay was written in
criticism of Franz Borkenau, who had stressed the role of ideology and the struggle
between social groups in the formation of world pictures. Although Grossmann did
not criticize the relevance of these factors, he severely criticized the inadequacy of
Borkenau’s analysis and the notion that the conceptualization of basic processes in
natural philosophy was primarily due to local social interactions, or that the mech-
anistic world picture was a projection of the social structure of the workshop in
manufacture onto the cosmos (Grossmann 1935a, 162-164).

Hessen uses the discussion of the mechanistic world picture to make a few first
steps towards showing what other social factors might be relevant to concept for-
mation in science. This is a subtle discussion couched in an occasionally strident
Marxist vocabulary that can be somewhat off-putting outside the school and has led
generations of historians without a sufficient background in Marxism to underesti-
mate Hessen’s argument and miss the level of discourse. Hessen here presents his
(third) thesis on the different forms in which materialism, idealism and dualism are
related to the science of the day and to the ideological positions of their protagonists
and adherents. Hessen discusses Newton’s world picture in contrast to Descartes,
John Toland, and modern physics. Each contrast enables him to discuss not only
a different aspect of Newton’s dualism, but also a different aspect of the forma-
tion of ideological positions. Let’s take them in turn. Since Newton and Descartes
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basically share a comparable scientific background, Hessen ascribes the significant
differences in their philosophical views to differences in their social reality and in
their stances towards that reality.

Hessen maintained that Descartes’ mechanistic world picture was an adequate
generalization of mechanics. His question is why Newton was a dualist within
science. Although Descartes is usually seen a representative of dualism, if not its
inventor (mind and body: res cogitans and res extensa), Hessen sees Descartes as
taking the materialist-mechanistic view as far as was possible on the basis of science
of his day. He developed a materialistic conception of the entire physical world
and turned to idealism only where his science was powerless — in understanding
thought. Newton, on the other hand, introduced dualism into the physical world
itself and allowed God and other “active principles” to interfere with mechanical
causality in the world. Hessen believed that Newton’s dualistic world picture was
not necessitated by limitations inherent to the science of the day since Descartes
had already gone farther. He traced the shortcomings of Newton’s worldview in this
regard back to the “class compromise” of the Glorious Revolution, of which Newton
was a typical advocate. This is the third thesis that Hessen presents in his paper.

This ideological cast of mind of Newton, who was a child of his class, explains why the
latent materialistic germs of the Principia did not grow to become a consistent system
of mechanical materialism, like the physics of Descartes, but were interwoven with his
idealistic and theological views, to which, on philosophical questions, even the materialistic
elements of Newton’s physics were subordinated (183).

Hessen specified the points in which he considered Descartes’ philosophy to be
superior to Newton’s: First, Descartes introduced a conservation law for motion and
thus forbade God to interfere in the physical world. Conceiving of the world as a
dynamically isolated system excludes the possibility that a causal agent outside this
world may interfere with its internal law-governed causal processes. Newton did not
consider the world to be such a closed system although the law of the conservation
of (kinetic and potential) energy can be easily inferred from his laws of motion. Sec-
ond, Descartes introduced a historical element into physics, describing the evolution
of the cosmos from material bodies in motion, whereas Newton used the argument
from design to introduce God.

The contrast between the dualism of Newton and the speculative materialism of
Toland focuses on Newton’s severing of matter from motion. The conceptualization
of matter as essentially inert, lacking activity, was the basis on which Newton could
plausibly argue for the introduction of active principles, especially God, to account
for phenomena of motion in the world. Toland did not share Newton’s reduc-
tionist concept of matter. However, his non-mechanistic concept of matter could
not be based on contemporary science. Nevertheless, the difference between these
philosophical positions shows that science alone does not determine philosophical
generalizations. There are other factors, such as the ideological positions and the
social movements with which they are associated. Toland, according to Hessen, per-
spicuously criticized the deficiencies of Newtonian mechanics, the dualism of inert
matter and active principles (182); and Richard Overton (1599—-1664) advocated the
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unity of form and matter. But this materialistic worldview could not be put on a
scientific footing at the time.

Hessen believed that “modern physics” (general relativity theory) opened a new
possibility to establish a materialist, non-mechanistic monism. The argument runs
as follows (187-190): If motion, as in Newton, is not an essential but merely an
accidental property of matter (a mode, not an attribute),’® then not only does the
law of inertia hold, but matter is also “absolutely inert” (“inert in the full meaning
of the word”). This means that a state of absolute rest is essential to matter. From
this two consequences follow: first, that “such a conception of modality of motion
must inevitably lead to the introduction of an external motive force, and in Newton
this role is performed by God” (187); and second that a frame of reference for abso-
lute inertia must be introduced — and this function is fulfilled by Newton’s absolute
space. Absolute space, again, was conceived by Newton as the sensorium Dei, thus
again ascribing to God a role within physics. Hessen therefore sums up: “Thus the
idealistic views of Newton are not incidental, but organically bound up with his
conception of the universe” (190).

The scientific deficiencies of these two idealistic consequences disappear with
General Relativity: “In modern physics, the view of the inseparability of motion
from matter is being more and more accepted” thus “modern physics rejects abso-
lute rest.” (189), consequently neither immaterial forces nor an immaterial absolute
space are called for in modern physics.

General relativity overcomes the dualistic conceptions of inert matter and active,
immaterial entities and allows a monistic conception to be based on scientific
grounds, whereas in Newton’s time, the monist materialism of Overton and Toland
could not be based on science. And yet, Newton did not simply draw necessary con-
clusions from the state of physics. Descartes’ philosophy proves that on the basis of
scientific mechanics a mechanistic-materialist philosophy could be developed. New-
ton actively engaged in propagating religion — as is evident also in his involvement
in Bentley’s “Boyle Lectures” and other occasions (184—186).

Although Hessen did not elaborate his own methodological assumptions, it seems
that he held the following view: Given a certain physical theory, a horizon for a
general conception of the universe is opened up. Thus mechanics in the age of
Descartes and Newton opened up a horizon with a mechanistic world picture in
its centre. Depending on the ideological struggles of the time and the positions of
the persons involved, this horizon spanned a great distance: from radical mechanical
materialism based on science (Descartes and in some sense Spinoza) to the compro-
mise position (politically and philosophically) of dualism partially based on science
(Newton) and finally to the monistic, politically radical, non-mechanical material-
ism of Toland, which, however, could not be based on science. Einstein’s relativity
opened up a new horizon of possibilities of basing a non-mechanical materialism
on science. Seen from the perspective elaborated in the study of Newton, we may

38 Hessen uses Cartesian/Spinozist terminology such as “attributes” and “modes” instead of
“essential properties” and “accidents” in the discussion of matter and motion in Newtonian physics.
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say that General Relativity does not conceive matter as “absolutely inert”. Hence
it also overcomes the dubious status of force and space (ab)used by Newton to
introduce God into the physical universe. The conclusion, which was not spelled
out by Hessen, is nevertheless easy to draw: from the point of view of (Hessen’s)
materialism, General Relativity is superior to Newtonian mechanics. A second con-
clusion was spelled out for Newton but not for the discussion about relativity theory
(considered idealistic by some Soviet theorists) in which Hessen was involved at the
time in the Soviet Union: A theory of physics allows for more than one philosophical
interpretation and which position is endorsed depends on the ideological stance of
the persons involved.

5 The Reception of Hessen, Grossmann and Merton

Grossmann’s “The Social Foundation of Mechanistic Philosophy and Manufac-
ture” (1935a) was hardly noticed at all at the time since it was published in the
German-language Zeitschrift fiir Sozialforschung that appeared in French exile at
a time when the institution sponsoring it was on its way into American exile. The
essay was written as a critique and correction of Franz Borkenau’s The Transition
from the Feudal to the Bourgeois World picture, a nominally Marxist work that the
Institute for Social Research had commissioned (and even published) but whose
results were considered superficial and embarrassing to the Institute. Grossmann
was charged with the task of saving face for the Institute.® If Grossmann’s work
was noticed at all, then as a refutation of Borkenau’s book, not as a contribution in
its own right. Alexandre Koyré, who knew Grossmann personally and profession-
ally, remarked that Grossmann’s critique of Borkenau was “far more instructive than
this work itself,” but this remark was used merely to dismiss all attempts to under-
stand the Scientific Revolution on the background of technical practice — without
actually dealing with any of them.** Grossmann’s essay, though quite polemical
against Borkenau’s superficial scholarship, was otherwise measured in its claims
and unassailable in its scholarship; it presented its few readers with the paradox of
an obviously orthodox Marxist refuting all the positions they associated with Marx-
ism: Grossmann does not explain science as pursued for the sake of production.
Grossmann’s paper fell into oblivion like many other excellent works of the 1930s.
The only impact of his work on mainstream history of science was Koyré’s footnote
against Borkenau, which has been taken up by other historians in the same form and
for the same purpose.*! With the exception of occasional friendly citations by Lynn

39 Kuhn 2007, 165.

40 gee Koyré 1978 (Galileo Studies) 39, note 8.

41 Koyré’s remark is repeated almost verbatim by Canguilhem (1948, 308); Dijksterhuis (1961,
111, ii, p. 241) follows suit; and H.F. Cohen (1994, 582) in turn follows him. Not even R.K. Mer-
ton, for whom Hessen’s paper was so important and who was also well acquainted with German
scholarship, knew of Grossmann’s essay in 1938 when his Science, Technology and Society was
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White Jr.,*? this has constituted Grossmann’s entire reception in official history of
science. When socio-historical approaches revived in the 1970s, Grossmann was
rediscovered by the German-speaking Left,*’ but his influence went no farther. An
English translation appeared in 1987 in the first volume of the journal of Science in
Context — without altering the reception significantly.

The reception of Hessen’s essay, “The Social and Economic Roots of Newton’s
Principia,” is quite a different story: this paper was notorious from the day it was
published. It had an immediate and lasting impact on the participants of the con-
ference at which it was presented, it was widely read in the 1930s and is still
widely known — at least in facile misrepresentations. The story of the immediate
and later reception is worth telling since this reception had a constitutive role in the
development of history of science as a discipline.

Hessen’s paper was presented at the Second International Congress on the His-
tory of Science held in London in 1931. The Soviet Union sent a delegation of eight
speakers headed by N.I. Bukharin. Bukharin had already lost the power struggle,
and his positions in state and party were largely ceremonial. However, he was a
prominent enough communist for the British tabloid press to go wild criticizing the
Labour government for issuing a visa and to put pressure on the organizers not to let
the Russians use the Congress as a forum for their political propaganda. The summer
of 1931 was at the height of the Great Depression, there had already been some sig-
nificant unrest encouraged by communists (and others) both domestic and foreign.
Thus, an otherwise uneventful academic gathering was turned into a high-profile
political affair. Anti-communism in both the tabloid and the professorial form has
always been an important factor in the reception of Hessen.**

However the event was not political just because of the Russians and the reaction
to them. The “Comité Internationale d’Histoire des Sciences” had been founded at
a conference in Oslo in 1928, and a first public conference had been held in Paris in
1929, but the 1931 Congress in London was planned to be more than just another
academic meeting of historians of science. The organizers, a group of British educa-
tors, historians and scientists, hoped to use the congress as an occasion to drum up
support for the history of science as an instrument for improving science education
and for increasing public support for science itself. They hoped to increase the part
played by intellectual history at the expense of traditional political history and to

published, nor did he cite it at the time of its reprinting in 1970. This is especially surprising since
Merton did cite Borkenau’s book in 1938. (See Merton 1970: 155n, 156n, 191n, 228.)

42 For instance, “Natural Science and Naturalistic Art in the Middle Ages,” American Historical
Review 52, 1947, 422.

43 When Borkenau’s book was reprinted by a scholarly publisher in Germany in 1971, a pirate edi-
tion soon appeared with Grossmann’s paper as an appendix. One example of this positive reception
of Grossmann is Wolfgang Lefevre, Naturtheorie und Produktionsweise, Neuwied: Luchterhand,
1978.

44 1. B. Cohen (1990, 55-56) reported, “Far from being a study of the interpretation of science ‘as
a product of the life and tendencies of a society’ or even a general example of ‘the dependence of
science on social factors,” Hessen’s analysis was couched in the narrow doctrinaire canons of rigid
Marxist dialectical materialism.” If there is a logic to this sentence, then it means that an argument
formulated in Marxist terminology need not on principle be taken seriously.
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raise the social status of science and the scientist. This was a basically progressive
group with fairly realistic goals and means.*> Whatever the organizers reservations
towards a personalizing form of historiography may have been, they did consider the
personal motivations of individuals to be a significant explanatory factor, and some
of their prominent public pronouncements were fairly extreme. Hessen could rightly
attack them for endorsing A.N. Whitehead’s ludicrous assertion that “Our modern
civilization is due to the fact that in the year when Galileo died, Newton was born.”40
Whatever the original plan for the Congress, the arrival of the eight Soviet delegates
changed its nature fundamentally. The press was unconcerned with the status of
science education and very concerned with the Soviet guests. The Russians had
their own agenda and wanted to speak from the floor in all the sessions on all the
issues. Since they had registered only their names in advance but not submitted their
contributions, none of them were on the program, and a special session at the end
of the Congress had to be arranged for their papers. The Russian Embassy had them
all translated during the week.*’

At the time of the Congress Hessen was Director of the Physics Institute at
Moscow University and was strongly involved in the defense the theory of rel-
ativity in the Soviet Union. (As we have seen above (p. 25) Hessen also argued
in his paper that relativity was better compatible with dialectical materialism than
was Newtonian physics.) The Soviet debate on relativity was carried out in philo-
sophical, historical, and physical controversies. Science studies in the Soviet Union
had become a serious professional discipline,*® and Hessen had already done many
years of research before he joined the delegation to London. When he was arrested
in August 1936, he had a 700-page textbook on the social conditions of the rise of
classical physics in proof.*

Although many of the Congress’ organizers and attending members had excel-
lent professional credentials in science or in history, with the exception of Charles
and Dorothy Singer almost all the British participants were basically dilettantes in
the history of science. The science journalist J.C. Crowther, perhaps a somewhat
biased witness, characterized the regularly scheduled papers as “reminiscences from

4 See especially A.K. Mayer (2002, 2003), who points out that the organizers were in many
respects actually opposed to such a personalizing form of historiography. See also C.A.J.
Chilvers 2003, 2006.

46 Hessen 151. Those attacked were F.S. Marvin and importantly G.N. Clark.

4T In spite of the additional session, an excursion to Oxford planned for the same time was not
cancelled. Only registered members but not the general public were admitted to the session. As
in the other sessions the speakers were given only ten minutes to present their ideas. The ten-
minute limit at this session was enforced by the organizer, Charles Singer, ringing a ship’s bell
(Werskey 1971, Needham 1971, vii).

48 See Winkler (forthcoming) for a selection of papers from the period.

49 The incomplete proof sheets of this approximately 700-page collection of translated sources and
expositions by Hessen were found in 2004 by the late V.S. Kirsanov in the papers of the historian of
mathematics A.S. Youschkevitsch, whose father-in-law, V.S. Gochman, may be presumed to have
been the translator at least of the Latin texts.
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the elderly, and trivia from obscure amateurs.”>® At the Congress they were all
outflanked, out-argued and just plain out-talked by the highly professional, well-
prepared Soviet delegates, who had a particular viewpoint and argued for the social
determination of the development of science.’! As J.D. Bernal reported after the
Congress: The Russians “had a point of view, right or wrong; the others had never
thought it necessary to acquire one.” Nonetheless, their presentations had little
effect: “The Russians came in a phalanx uniformly armed with Marxian dialectic,
but they met no ordered opposition, but instead an undisciplined host, unprepared
and armed with ill-assorted individual philosophies. There was no defense, but
the victory was unreal.”>? In a newspaper interview given by the President of the
Congress, Charles Singer, summing up its results, no mention at all is made of the
conflict that dominated discussion, of the extra session with the Soviet delegates,
or even of the presence of such a delegation.”® The polarization that began at this
Congress and the strategy of dealing with it has plagued historical studies of science
ever since.

After attacking the cult of genius (unintentionally cultivated by his British hosts)
on the first page of his paper, Hessen asserted that there is an alternative view, his-
torical materialism, and proceeded to give three pages of remedial Marxism for the
professors, to whom he thought the information would be new. How right he was
may be gathered from the report filed on his return by the Soviet delegate Modest
Rubinstein, in which he mentions that “the editor of the leading philosophical jour-
nal Mind in Cambridge, after a long conversation with Comrade Bukharin, asked
him: ‘Who was that Engels you kept referring to?’

The great impact of the Soviets, in particular Hessen, is well documented. J.G.
Crowther reported later that Hessen’s paper “gave the first concrete example of how
science should be interpreted as a product of life and tendencies of society,” since
it demonstrated “the depth and range of Newton’s dependence on the ideas pro-
mulgated by the epoch.” He concluded that Hessen’s paper “transformed the study
of the history of science, and out-moded the former conceptions of the subject,
which treated it as governed only by the laws of its internal logical development.”>>
Two eminent British historians of science, J.D. Bernal and Joseph Needham, both
of whom had been present at the Congress, testified repeatedly to the significance
of the event for their own work and for the development of British science studies.
Needham, who at the time had just completed a history of embryology, believed that
further historiography should do “for the great embryologists what has been so well
done by Hessen for Isaac Newton.” In a magazine article shortly after the Congress

50 «Social Crisis and Scientific Inspiration,” [1931] Fifty Years p. 77.

51 According to the Congress documentation in the first session, besides the scheduled speakers,
six presentations were made from the floor — five of them by Soviets. See Archeion 14 (No. 2)
1932, 277-288.

52 Bernal 1949, 336.

53 Singer 1931.

4 Rubinstein 1931, 95. The editor of Mind in 1931 was G.E. Moore.

55]1.G. Crowther, The Social Relations of Science, London: Macmillan [1941] 1967, pp. 431.
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Bernal summarized the view presented by Hessen and the others: “The development
of pure science is dependent on that of economics and technics both for the problems
they present it with and for the means provided for their experimental study.”>®

The reaction of the audience in 1931 was divided according to political sympa-
thies. Scholars with socialist inclinations were impressed with the Soviet contribu-
tions in general and with Hessen’s in particular. The reaction of those not basically
sympathetic to socialism was reserved if not hostile. But a significant asymme-
try between the two predispositions should not be overlooked. The sympathizers,
familiar with some of the background, could actually understand the arguments of
the Russians. But due to the Marxist terminology of the presentations, the more tra-
ditionally inclined in the audience did not comprehend the assertions being made,
much less the arguments supporting them. In Bernal’s words they were disposed
“not to listen to the arguments which followed, with the feeling that anything so
ungentlemanly and doctrinaire had best be politely ignored.”’

The first real counterattack came several years later in a paper by G.N. Clark,
the opening speaker of the first session and thus the direct victim of the first
wave of the Soviet assault, but also the indirect victim of Hessen’s criticism of
a scholar who had praised Clark. This has remained the only substantial explicit
response to Hessen.>® Although the two best qualified contemporary judges, Robert
K. Merton and Henryk Grossmann, almost immediately demonstrated that Clark
had not only misunderstood Hessen’s position and ignored his arguments, but also
championed an approach that was patently untenable, Clark’s attempted refutation
remains the model for standard critiques of Hessen: they ignore the substance of
the argumentation, insist on purported mistakes in historical details, characterize
the dispute as being about the utilitarian motives of the scientists, and use the
word “crude”.

The correlations between technological enterprise and scientific research in the
seventeenth century emphasized by Hessen were not denied by Clark nor by his
followers. There were at first reservations as to whether scientists themselves were
really engaged in the technological projects. But as pointed out by a sympathetic
reader in 1939 and by an unsympathetic reader in 1993, most seventeenth-century
scientists were indeed also personally engaged in technological projects.’® What
remains of Clark’s critique is the rejection of a thesis, which he erroneously ascribes

56 Bernal 1949, 337, our emphasis.

57 Bernal 1949, 338.

58 Hessen’s foil was a position attributed to Whitehead and Clark by Marvin in an enthusiastic
review of Clark’s The Seventeenth Century. Clark’s paper appeared in Economic History 3, 1937
and was reissued the same year (with incorrect source data) as a chapter of his Science and Social
Welfare in the Age of Newton.

59 R.K. Merton 1939, 5: “It is neither an idle nor unguarded generalization that every English
scientist of this time who was of sufficient distinction to merit mention in general histories of
science at one point or another explicitly related at least some of his scientific research to imme-
diate practical problems.” Richard Westfall (1993, 65) wrote: “That is, about three-quarters of the
scientific community did participate in some technological enterprise. To be frank, I must say that
this is a considerably higher proportion than I would have predicted when I began.”
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to Hessen, namely that the real personal motive of all the scientists in seventeenth-
century England was utilitarian. He mentions that optical research may really have
been pursued in order to correct eyesight defects, that Robert Boyle was genuinely
pious in his motives, and that many people probably had motives for pursuing
science far different from improving production:

In surveying the social background of the scientific movement we have now distinguished
five different groups of influences, which have worked upon science from the outside; those
from economic life, from war, from medicine, from the arts, and from religion. . .. There
still remains a motive which we have not considered. . .. The disinterested desire to know,
the impulse of the mind to exercise itself methodically and without any practical purpose,
is an independent and unique motive.*

Had Hessen believed that improving economic production was the personal
motive of all seventeenth-century scientists, he might have been dealt a severe blow
by Clark’s critique. But as Joseph Needham remarked in a book review: “it is surely
not essential to Hessen’s case to assume that the actions of a scientist have a con-
sciously economic motive.”®! R.K. Merton, too, was less than impressed by Clark’s
arguments:

Clark’s recent critique of Hessen’s essay may be taken to illustrate the confusion which
derives from loose conceptualization concerning the relations between the motivation and
the structural determinants of scientists’ behavior. . .. Clark’s criticism of Hessen narrows
down to a repudiation of the thesis that economic factors are alone determinant of the
development of science. In company with Hessen I hasten to assent to this undisturbing
renunciation.%?

Clark’s misunderstanding is clear: he presumes that an argument about the
determinants of scientific thought must recur to the personal motivations of the
scientists — whereas it was just this personalizing tendency of the British organizers
that Hessen had attacked at the outset. (See the discussion above p. 28)

This fundamental misunderstanding, shared by most later readers, cannot be due
merely to the provocative form in which Hessen presented his position, since R.K.
Merton’s Science, Technology and Society in Seventeenth-Century England suffered
basically the same fate without having engaged in any provocative language. Mer-
ton’s book dealt with two aspects of seventeenth-century English science: the role of
Puritanism in fostering scientific activity and the role of technology in determining
the focus of research. In the first half of the book he saw the role of Puritanism as
important though limited:

But if this congeniality of the Puritan and the scientific temper partly explains the increased
tempo of scientific activity during the later seventeenth century, by no means does it account

60 Clark 1937, 376-77.

61 Needham, “Capitalism and Science” (review of Clark’s Science and Social Welfare) Economic
History Review 8 (1938) p. 198.

62 Merton 1939, 6. Unaware of Merton’s rejection of Clark’s critique of Hessen, I.B. Cohen in
1990 praised Clark and attacked Hessen — in a laudatio on Merton (Introduction to: Puritanism
and the Rise of Modern Science): “Hessen’s analysis was couched in the narrow dotrinaire canons
of rigid Marxist dialectical materialism” (55-56), whereas “Clark’s book is so well balanced and
devoid of any overriding thesis (or theses), that it did not have the impact of Hessen’s paper” (59).
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for the particular foci of scientific and technologic investigation. Which forces guided the
interests of scientists and inventors into particular channels?%

The answer to this question came in the second half of the book, which dealt
2964

LTS

with technology and openly acknowledged a debt to Hessen’s “provocative thesis.
Merton’s work has become synonymous with his thesis on the Puritan context of
early modern science while his second thesis on the economic and technological
context has been ignored. In 1970, when the book was reissued, Merton remarked
on the “puzzle” that although he thought his argument of 1938 was set out clearly
enough to be understood, nevertheless the responses during more than three decades
made him doubt this. He did the numbers: Ninety percent of the responses dealt only
with the thesis on the interrelations between Puritanism and the institutionalisation
of science and neglected the second thesis on the economic and military influences
on the spectrum of scientific work, although he had dedicated significantly more
space to the second thesis than to the first. He traced this back to the idealistic
proclivities of historians.%

Back to Hessen: G.N. Clark’s response established a pattern that declined over
time. Clark in 1937 is politely condescending: “If Professor Hessen, who is a physi-
cist, had found as a collaborator a trained historian, he would have been able to
eliminate some crudities from his article.” [.B. Cohen, looking back on the early
1950s and his own first reading of Hessen (and seeing no connection to the Cold-War
climate), reported in 1990: “We must remember, however, that many historians of
science who were practicing a traditional historiography were repelled by Hessen’s
crude Marxian dialectical materialism.” And H.F. Cohen in 1994 gives up all sem-
blance of argument when confronted with . . . this narrow-minded piece of bigoted
dogmatism at its Stalinist crudest . . .

Another variant on this theme in more recent literature has been the attempt to
contextualize the alleged “utilitarianism” of Hessen and thus to relativize its repug-
nance. Loren R. Graham has done “for Boris Hessen what Boris Hessen tried to
do for Isaac Newton.”®” Noting Hessen’s involvement in debates over the theory of
relativity in the Soviet Union prior to the conference in London, Graham suggests
that at least that part of Hessen’s essay which relates the emergence of classical

63 Merton 1938, 137.

4 Merton 1938, 142-3, note 24.

65 Merton 1970: xi—xii. A.R. Hall in “Merton Revisited” (1963, 10) involuntarily confirms this
judgment, concluding his discussion of Merton with the words: “social forms do not dominate
mind; rather, in the long run, mind determines social forms.” As Steven Shapin noted in his
enlightening essay “Understanding the Merton Thesis” (1988): “On the evidence of some of those
historians who have endeavoured to refute what they represent to be his thesis, Merton’s 1938
monograph and related texts can scarcely have been read at all” (594).

66 Clark 1937, 363; I.B. Cohen 1990, 59 and H.F. Cohen 1994, 332. Because he assumes that the
motivation and thus the knowledge of the scientists is at issue, H.F. Cohen accuses Hessen of crass
presentism.

67 Graham 1985, 706; for a similar interpetation see Schéfer 1988. Graham (1993, 143-151) offers
a similar narrative but tones down the externalism.
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mechanics from economics and technology may just have been written to pacify the
party bosses:

The overwhelming impression I gain from the London paper is that Hessen had decided
to ‘do a Marxist job’ on Newton in terms of relating physics to economic trends, while
imbedding in the paper a separate, more subtle message about the relationship of science to
ideology.®®

It seems clear that Graham wishes to explain how an apparently sophisticated
Marxist, who defended relativity and quantum mechanics when they were under
attack in the Soviet Union, could write the blunt and worthless essay of 1931. But in
the end he attributes to Hessen a crude, vulgar sociological argument about Newton
and then makes the same kind of argument about Hessen himself: Hessen had ulte-
rior motives for writing that Newton had ulterior motives for writing the Principia.

The externalist appeal to Hessen’s commitment to defending relativity obviates
the need for a serious consideration of the arguments for his position. In the essay
of 1931 Hessen presented an extensive argument concerning the ideological impli-
cations of “modern physics” and of Newtonianism and argued that relativity is more
congenial to Marxist materialism than is Newtonianism. But this argument is not
even mentioned by Graham and those who have followed his interpretation. Here,
as in the discussion of the Hessen-Thesis itself, the critics seem to believe that to
give an externalist explanation of science means to uncover the ulterior motives
of the scientists involved and that this ulterior motivation somehow discredits the
scientific work done. This is of course an entirely different kind of externalism than
that of Hessen, who — however one judges him — offered an externalist account of the
cognitive content of seventeenth-century science not of its purported lack of content
or lack of truth.%’

Hessen asserts repeatedly that he sees the relation of technology to science as one
of providing material for science to study or means with which science can pursue
the study of nature; and sympathetic readers like Bernal, Needham, Grossmann,
and Merton recognized and insisted on just this fact. There are some later brief,
presentations of Hessen’s position from scholars sympathetic to social-historical
approaches that are basically accurate.”” Nonetheless more traditional historians

68 Graham 1985, 716. Graham could not have known of the extensive historical work done by Hes-
sen and his group on the history of the Scientific Revolution (see above p. 28). But an unprejudiced
reading of Hessen’s essay must recognize the erudition of the work and the close argumentation
that excludes a quick “Marxist job.”

69 Graham sums up: “My conclusion is that Hessen’s paper is better understood as a result of
his peculiar and threatened situation in the Soviet Union than as a model of Marxist analysis of
science, either vulgar or sophisticated” (1985, 707).

70 See especially Steven Shapin’s short entry “Hessen thesis” in the Dictionary of the History of
Science; see also the remarks by A. P. Youschkevitch in the bibliography entry on Soviet literature
in the DSB article on Newton; and Wersky 1970 and Schaffer 1984. Wittich and Poldrack 1990
place Hessen’s work in the context of Soviet discussions on science policy and the possible con-
tribution of science to the industrialization of the Soviet Union. For a recent discussion of the role
of artifacts in the conceptualization of nature, see H.S. Davis Jr 2001. For a rich but not entirely
consistent discussion of Marxist analysis of science see 38—113; for Hessen, especially 83-86 and
97-99.
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of science have always seen him as engaging in completely unsubstantiated spec-
ulations about the motives of scientists. Even such a serious scholar as Richard
Westfall, who scrupulously avoided cheap polemics, forced Hessen into the mould
forged by Clark: “Although Hessen did not mention Baconian utilitarianism explic-
itly, he concerned himself entirely with something identical to it.””! The reader who
takes the trouble to study Hessen’s paper will discover that Hessen is quite capable
of mentioning the things he wants to deal with.

6 Conclusion

More than seven decades have passed since the first publication of Hessen’s and
Grossmann’s original essays. During this time Grossmann’s essay has been ignored
and Hessen’s essay misinterpreted to fit the preconceptions of internalist histori-
ans. The three important theses presented in these essays on the horizons opened
for science by contemporary technology, on the limitations of these horizons and
finally on the ideological impregnation of science were neither comprehended nor
seriously discussed. A real discussion of these theses and a controversy in which
other interpretations of the historical record might try to compete with the Hessen-
Grossmann-thesis would certainly significantly contribute to our understanding of
the Scientific Revolution and of the origins of the modern world in general.

The aspects discussed above certainly do not exhaust the substance of Hessen’s
and Grossmann’s ideas. There can be little doubt that these essays contain semi-
nal work of the highest order: original, daring and well argued. Many individual
observations have already been taken up by later scholarship (e.g. issues of the
Newtonian ideology). However the Hessen-Grossmann-Theses are still as novel as
they were seven decades ago when they were first proposed. This applies to explain-
ing the horizon of cognitive possibilities on the basis of the means employed, both
the horizon opened by specific means (this is the first Hessen thesis as elaborated
by Grossmann) and also to the limits set by these possibilities (this is the second
Hessen thesis). But this applies also to the encompassing view in which the broad
perspective of the emergence of science within the transition from feudal to capital-
ist society proves relevant to issues of cognitive development and vice versa. This
comprehensive approach indebted to Marx, and especially to his theory of labor in
its material and social determination, is the basis of the theses

e on the formation of social needs on the basis of potential means available to their
fulfillment and therefore,
® on the demands that rising capitalism put on technology,

71 Westfall 1983, 107. Against Clark Merton remarks: “Motives may range from the desire for
personal aggrandisement to a wholly ‘disinterested desire to know’ without necessarily impugning
the demonstrable fact that the thematics of science in seventeenth century England were in large
part determined by the social structure of the time” (1939, 4).
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® on the ensuing change in the social locus of technology and the entry of a
knowledge of practical mechanics into theoretical study,

® on the correlation between the fields of rising technology and the disciplines
developed in science (mechanics, hydrostatics and hydrodynamics), and also

e on the disciplines that did not develop because no corresponding technology
existed which could be studied (thermodynamics, electrodynamics), finally also

® on the ideological influence on the conception of one’s own practice and the
objects involved: in Newton’s case the “absolute inertness” of matter and the
role of God and active principles in his world picture.

Hessen’s and Grossmann’s essays can be read as explorations of the implications
of Marx’s theory of labor as applied to science.”” Their debt to Marx’s historical
theory and especially to his theory of the transition from one “socio-economic for-
mation” to another is evident in Hessen’s paper, which begins with a short and
strident summary of these views based primarily on the “Introduction to Critique
of Political Economy.” In Grossmann this view is applied in his sketch of the
socio-economic development from the fifteenth to the seventeenth century. This
general background theory is the source of both Hessen’s and Grossmann’s pecu-
liar perspective on science from the point of view of the transition from the feudal
socio-economic formation to the capitalist mode of production.

This common origin and point of reference for both Hessen and Grossmann
explains the extensive agreement between their views, in spite of the fact that their
original essays were independently written. Marx’s general theory was for both of
them the frame of reference in their work, and Marx’s concept of labor served them
as an analytic tool in their detailed analysis of the cognitive content of physics and
thus of the Scientific Revolution.
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A Note on the texts

Hessen: “The Social and Economic Roots of Newton’s Principia”

Hessen’s text has been newly translated from the 1933 Russian edition by
Philippa Schimrat and compared by her and the editors with the 1931 English publi-
cation to avoid merely stylistic differences. Spelling is left British style. The editors
have checked the technical terminology from economics and physics. Sources
quoted by Hessen in Russian translation have been replaced by the English orig-
inals or by English translations directly from the original languages except in the
few cases where the source could not be located. Where the text closely para-
phrases Marx or Engels the passage is indicated or quoted in a footnote. In the
original English publication many proper names were garbled due to transliteration
into Cyrillic letters and then back into Latin letters; the names are spelled here as
in the Dictionary of Scientific Biography. In the original English publication there
were also many typographical mistakes in dates: Where the Russian edition contains
the correct date (often the date given in F. Rosenberger’s Geschichte der Physik), it
has been adopted. Around a dozen sentences were omitted in the original English
(or perhaps added for the Russian publication); these are indicated by footnotes.

There have been a number of editions of Hessen’s text. We have been able to
trace the following editions in western languages:

“The Social and Economic Roots of Newton’s ‘Principia’,” in: Science at the Cross Roads, Kniga,
London, 1931, 149-212, also as separatum paginated 1-62.

“The Social and Economic Roots of Newton’s ‘Principia’,” in: Science at the Cross Roads, with a
preface by Joseph Needham and an introduction by P.G. Werskey, London: Cass, 1971.

The Social and Economic Roots of Newton’s ‘Principia’, preface by J. P. Callaghan. Sydney:
Current Book Distributers, 1946.

“The Social and Economic Roots of Newton’s ‘Principia’,” exerpt in G. Basalla (ed.) The Rise of
Modern Science. External or Internal Factors? Lexington MA: Raytheon, 1968, pp. 31-38.
The Social and Economic Roots of Newton’s ‘Principia’ with a preface by R.S. Cohen, New York:

Fertig, 1971.
ConmajibHO-3KOHOMUYECKUe KOPDHU MexXxaHUKH HbloToHa (Russian version) M.-JI-
. 1933. (2nd ed. 1934. II-oe 13 1.).
Excerpt under the title OTgemsHAg raaBa: KiaaccoBag 60ps6a 310XU aHIIHACKON
pepouwnuu u MupoBosspenue Hsworona in: I[Tpupona 3—4 (1933): pp. 16-30.
“De sociala och ekonomiska forutsittningarna for Newton ‘Principia’,” (Swedish translation by
Maria Eckman) in: Ronny R. Ambjornsson (ed.) Idé och klass: texter kring den kommersiella
revolutionens England, Stockholm: PAN/Nordstedts, 1972, 90-145.

“Die sozialen und 6konomischen Wurzeln von Newtons ‘Principia’,” (German translation) in: Peter
Weingart (ed.) Wissenschaftssoziologie vol. 2: 262-365. Frankfurt/Main: Fischer Athendum,
1974.
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Les Fondements sociaux et économiques des Principia de Newton (French translation) in: Serge
Guérout (ed.) Paris: Bibliothéque Interuniversitaire Scientifique Jussieu, 1978.

Les racines sociales et économiques des Principia de Newton, (translated and edited by Serge
Guérout with an afterword by Christopher Chilvers) Paris: Vuibert 2006.

“Le radici sociali ed economiche dei Principia di Newton,” (Italian translation) in:
N. Bukharin et al. Scienza al bivio, Bari: De Donato, 1977, 183-244.

Las Raices Socioecondmicas de la Mecdnica de Newton, (Spanish translation) in PM. Pruna (ed.)
Havana: Editorial Academia, 1985.

“Raices sociales y economicas de los Principia de Newton,” (Spanish translation by H. Valanzano)
in: A Cheroni (ed.) Newton, el hombre y su obra. Montevideo: Universidad Montevideo, 1988:
1-60.

“Las raices socioeconémicas de la mecanica de Newton,” (Spanish translation) in Pablo Huerga
Melcon (ed.) La ciencia en la encrucijada, Oviedo: Fundacion Gustavo Bueno, 1999, 563-630.

Ol kowwvikés kat oikovouikés piles Twov Apxcov Puoikns Pihocopias Tou Nevtwva (Greek
translation and Postface by Dimitris Dialetis) Athens: Nefeli, 2009.

Grossmann: “The Social Foundations of the Mechanistic Philosophy and Manu-

facture”

Grossmann’s text was translated from “Die gesellschaftlichen Grundlagen der mech-
anistischen Philosophie und die Manufaktur,” Zeitschrift fiir Sozialforschung 4
(1935) 161-231, by Gabriella Shalit and originally published in Science in Context
1 (1987) 129-180. It appears here with minor revisions by the editors.

Grossmann: Descartes and the Social Origins of the Mechanistic Concept of the
World (first publication)

There are basically six manuscripts relevant to this work: It originated as a
German paper on “machinism” begun after the “Social Foundations” paper of 1935.
After this first ms a typoscript was made (ca. 25 pp.), then a handwritten expanded
version, then an improved copy. This is a longhand German manuscript (A) with
the footnotes interrupting the flow of the text. The title is: “Der Maschinismus
als Modell beim Aufbau der cartesischen Algebra oder der Science Universelle.”
This seems to have been the basis for the first English typescript (B) — which is
presumably the work of a translator, since this was Grossmann’s procedure with
his economics papers (Kuhn 2007, 193); the first English version is profession-
ally typed, not handwritten. Very many additions and corrections in longhand were
made to this typescript, which was then retyped in 1946 (128 pp.). The resulting
second typescript (C) Universal Science versus Science of an Elite. Descartes’
New Ideal of Science seems to have played some kind of documentary role at the
Institute for Social Research. It is a professionally typed complete monograph that
even has an index of names. Grossmann however made numerous further additions
and corrections to this typescript, often on added pages — largely in English but
some remarks are in German and some quotations in French. He also cut up and
used other copies of this typescript in various ways making further and also dif-
ferent additions and corrections, producing three more partial manuscripts (D, E,
F — all wrongly dated 1938 in the Archives), which he renamed as “Descartes
and the Social Origins of the Mechanistic Concept of the World.” One of these
manuscripts concentrates on the first part of the book; the other two elaborate
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later parts, but they all overlap. These indicate that Grossmann intended not just
to edit and expand the manuscript but also to restructure it, add more material,
and basically write a substantially restructured book — a book that was nowhere
near completion when he died. Very many of these later additions were made in
German, indicating perhaps that they were written at a time when Grossmann was
already planning his return to Europe. Thus, while manuscript C does not represent
Grossmann’s last thoughts on the subject, it does represent a more or less completed
work — one that Grossmann was not entirely satisfied with, but which, in contrast
to his final thoughts in D-F, is coherent, intelligible and, with some serious editing,
publishable.

The text presented here is basically C, the reworking of the translation of the
German manuscript as edited, corrected and extended by Grossmann in the mar-
gins and on additional pages. Illegible additions and incomplete references were
sometimes deciphered by consulting D-F. Grossmann’s English, which was his
fifth modern foreign language, is sometimes rough, often Germanic and seriously
in need of editing. Corrections and additions written by him in German have been
translated into English. On a few occasions, where the English text of C was obvi-
ously problematical, we have gone back to the early German-language draft (A)
and have retranslated the garbled text. We have also edited the final manuscript as
we would have done, had the author still been alive. We make no pretenses to a
historical-critical edition or to a presentation of the source in print as it is in the
archives; we have merely sought to present a readable text which contains as many
of Grossmann’s ideas as can be salvaged.

Grossmann: letter to Horkheimer and Pollock / Clark and Sarton review

The letter to Friedrich Pollock and Max Horkheimer of August 23, 1935 (from
Valencia, Spain) was translated by Peter McLaughlin from the printed German ver-
sion in: Horkheimer Gesammelte Schriften vol. 15 (Frankfurt/Main: Fischer, 1995)
pp. 392-396.

The review of books by G.N. Clark and George Sarton was translated by Peter
McLaughlin from the German version in Zeitschrift fiir Sozialforschung 7 (1938)
233-237. A translation of part of this book review was published in Science in
Context, 1 (1987).



The Social and Economic Roots
of Newton’s Principia’

Boris Hessen

Introduction: Formulation of the Problem?

Both the work and the personality of Newton have attracted the attention of scientists
of all nations and in all periods. The vast range of his scientific discoveries, the
significance of his work to all subsequent developments in physics and technology,
and the remarkable accuracy of his laws justifiably arouse special respect for his
genius.

What placed Newton at the turning point of the development of science and
enabled him to chart new paths forward?

Where is the source of Newton’s creative genius? What determined the content
and the direction of his work?

These are the questions that inevitably confront the researcher who aims not
merely to gather materials relating to Newton but to penetrate into the very essence
of his creative work. As Pope said in a well-known couplet:

Nature and nature’s laws lay hid in night;
God said ‘Let Newton be!” and all was light.

Our new culture, stated the famous British mathematician Professor Whitehead in a
recent book Science and Civilization, owes its development to the fact that Newton
was born in the same year that Galileo died. Just think what the course of human
history would have been if these two men had not appeared in the world.?

The well-known English historian of science F. S. Marvin, a member of the
presidium of this International Congress, concurred with this view in his article:
“The Significance of the 17th Century,” which appeared a couple of months ago in
Nature.*

Thus the phenomenon of Newton is attributed to the benevolence of divine prov-
idence, and the mighty impetus that his work gave to the development of science
and technology is attributed to his personal genius.

In this paper we shall present a radically different view of Newton and his work.

We aim here to apply the method of dialectical materialism and Marx’s con-
ception of the historical process to an analysis of the genesis and development
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of Newton’s work within the context of the period in which he lived and
worked.

We shall give a brief exposition of Marx’s basic assumptions that will be the
guiding premises of our paper.

Marx expounded his theory of the historical process in the preface to the Critique
of Political Economy and in the German Ideology. We shall attempt to convey the
essence of Marx’s views as far as possible in his own words.

Society exists and develops as an organic whole. In order to ensure its existence
and development society must develop production.’ In the social production of
their life men enter into definite relations that are independent of their will. These
relations correspond to a definite stage of development of their material productive
forces.

The sum total of these relations of production constitutes the economic structure
of society, the real foundation, on which rises a legal and political superstructure
and to which correspond definite forms of social consciousness.

The mode of production of material life conditions the social, political and
intellectual life process of society.

It is not the consciousness of men that determines their being, but, on the
contrary their social being determines their consciousness. At a certain stage of
their development the material productive forces of society come into conflict
with the existing relations of production, or—what is but a legal expression for
the same thing—with the property relations within which they have been at work
hitherto.

From forms of development of the productive forces, these relations turn into
their fetters. Then begins an age of social revolution. With the change of the
economic foundation the entire immense superstructure is also transformed.

The prevailing consciousness during these periods must be explained by the con-
tradictions of material life, by the existing conflict between the productive forces
and the relations of production.

Lenin remarked that this materialist conception of history removed the two chief
defects in earlier historical theories.

Earlier historical theories examined only the ideological motives in the historical
activities of human beings. Consequently, they were unable to reveal the true origins
of those motives and regarded history as being driven by the ideological impulses of
individual human beings, thereby blocking the way to recognition of the objective
laws of the historical process. “Opinion governed the world.” The course of history
depended on the talents and the personal impulses of man. The individual created
history.

Professor Whitehead’s above-quoted view of Newton is a typical example of this
limited understanding of the historical process.

The second defect that Marx’s theory removes is the view that the subject of
history is not the mass of the people, but individuals of genius. The most obvi-
ous representative of this view is Carlyle, for whom history was the story of
great men.
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According to Carlyle, the achievements of history are only the realisation of the
thoughts of great men. The genius of the heroes is not the product of material condi-
tions, but on the contrary the creative power of genius transforms those conditions,
since it has no need for any external material factors.

In contradistinction to this view Marx examined the movement of the masses
who make history and studied the social conditions of the life of the masses and the
changes in those conditions.

Marxism, as Lenin emphasized, pointed the way to an all-embracing and compre-
hensive study of the process of the rise, development and decline of social systems.
It explains this process by examining the totality of opposing tendencies, by reduc-
ing them to the precisely definable conditions of life and production of the various
classes.®

Marxism eliminates subjectivism and arbitrariness in the selection of the various
“dominant” ideas or in their interpretation, revealing that, without exception, all
ideas stem from the condition of the material productive forces.

In class society the ruling class subjects the productive forces to itself and
thus, becoming the dominant material force, subjects all other classes to its
interests.’

The ideas of the ruling class are, in every historical age, the ruling ideas, and the
ruling class distinguishes itself from all its predecessors by presenting its ideas as
eternal truths. It wishes to reign eternally and bases the inviolability of its rule on
the eternal nature of its ideas.

In a class society the dominant ideas are separated from the relations of produc-
tion, thus creating the notion that the material basis is determined by ideas.

Practice should not be explained by ideas, but on the contrary, ideological
structures should be explained by material practice.

Only the proletariat, which aims to create a classless society, is free from a lim-
ited understanding of the historical process and produces a true, genuine history of
nature and society.

The period during which Newton was at the peak of his activity coincided with
the period of the English Civil War and Commonwealth.

A Marxist analysis of Newton’s activity on the basis of the foregoing assumptions
will consist first and foremost in understanding Newton, his work and his world
outlook as a product of that period.

The Economics, Technology and Physics of Newton’s Era®

The segment of world history that has come to be known as medieval and modern
history was first and foremost characterized by the rule of private property.

All the social and economic formations of this period feature this basic
characteristic.

Consequently Marx regarded this period of human history as the history of the
development of forms of private property, and distinguished three subsidiary periods
within the larger era.
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The first period is that of feudalism. The second period begins with the disinte-
gration of the feudal system and is characterized by the emergence and development
of merchant capital and manufacture.

The third period in the history of the development of private property is that
of industrial capitalism. It gave birth to large-scale industry, the harnessing of
the forces of nature to the goals of industry, mechanisation and the most detailed
division of labour.

The dazzling flowering of natural science during the 16th and 17th centuries
resulted from the disintegration of the feudal economy, the development of merchant
capital, of international maritime relations and of heavy (mining and metallurgical)
industry.

During the first centuries of the mediaeval economy, not only the feudal but also
to a considerable extent the urban economy were based upon personal consumption.’

Production for the purpose of exchange was only beginning to emerge. Hence the
limited nature of exchange and of the market, the insular and stagnant nature of the
forms of production, the isolation of the various localities from the outside world,
the purely local connections among producers: the feudal estates and the commune
in the country, the guild in the towns.

In the towns, capital was in kind, directly bound up with the labour of the owner
and inseparable from him. This was corporation capital.'®

In the mediaeval towns there was no strict division of labour among the various
guilds, nor within those crafts among the individual workers.

The lack of intercourse, the sparse population and the limited extent of consump-
tion hindered any further growth in the division of labour.

The next step in the division of labour was the separation of production from the
form of exchange and the emergence of a special merchant class.

The boundaries of commerce were widened. Towns formed relations with each
other. There arose a need for publicly safe roads, and a demand for good means of
communication and transport.

The emerging links between towns led to the division of production among them.
Each developed a special branch of production.

Thus the disintegration of the feudal economy led to the second period in the
history of the development of private property, to the rule of merchant capital and
manufacture.

The emergence of manufacture was the immediate consequence of the division
of labour among the various towns.

Manufacture led to a change in relations between the worker and the employer.
A monetary relation emerged between the capitalist and the worker.

Finally, the patriarchal relations between master and journeymen were destroyed.

Trade and manufacture created the haute bourgeoisie. The petty bourgeoisie was
concentrated in guilds and, in the towns, was compelled to submit to the hegemony
of the merchants and the manufacturers.

This period began in the mid-17th century and continued to the end of the 18th.

This is a schematic outline of the course of development from feudalism to
merchant capital and manufacture.
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Newton’s activities fall within the second period in the history of the development
of private property.

Consequently, we shall first investigate the historical demands presented by the
emergence and development of merchant capital.

Then we shall consider what technical problems were posed by the newly devel-
oping economy and what complex of physical problems and knowledge, essential
for solving these technical problems, they generated.

We shall focus on three prominent spheres that were of decisive importance to
the social and economic system we are investigating: communications, industry
and war.

Communications

Trade had already reached a considerable level of development by the beginning
of the Middle Ages. Nevertheless, land communications were in a very poor state.
Roads were so narrow that not even two horses could pass. The ideal road was one
on which three horses could travel side by side, where, in the expression of the time
(the 14th century) “A bride could ride by without touching the funeral cart.”

It is no wonder that goods were carried in packs. Road construction was almost
non-existent. The insular nature of the feudal economy gave no impetus whatever
to developing road construction. On the contrary, both the feudal barons and the
inhabitants of places through which commercial transport passed were interested in
maintaining the poor condition of the roads, because they had the Grundriihrrecht,"!
the right to ownership of anything that fell on to their land from the cart or pack.

The speed of land transport in the 14th century did not exceed five to seven miles
a day.

Naturally, maritime and water transport played a large role, both because of the
greater load-capacity of ships and also because of their greater speed: the largest
two-wheeled carts drawn by ten to twelve oxen hardly carried two tons of goods,
whereas an average-sized ship could carry up to 600 tons. During the 14th cen-
tury the journey from Constantinople to Venice took three times as long by land
as by sea.

Nevertheless even the maritime transport of this period was very inadequate:
as reliable methods of establishing a ship’s position in the open sea had not yet
been invented, they sailed close to the shores, which made their journey much
slower.

Although the mariner’s compass was first mentioned in the Arab book, The Mer-
chant’s Treasury, in 1242, it did not come into universal use until the second half of
the 16th century. Geographical maritime maps made their appearance at about the
same time.

But compass and charts can be rationally utilized only when the ship’s position
can be correctly established, i.e., when latitude and longitude can be determined.

The development of merchant capital destroyed the isolation of the medieval
town and the village commune, immensely extended the geographical horizon, and
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considerably accelerated the pace of life. It needed comfortable means of transport,
improved means of communication, a more accurate measurement of time, espe-
cially in light of the ever accelerating pace of exchange, and precise tools of
calculation and measurement.

Particular attention was directed to water transport: to maritime transport as a
link between various countries, and to river transport as an internal link.

The development of river transport was also assisted by the fact that since
antiquity waterways had been the most convenient and most investigated means of
communications, and the natural growth of the towns was connected to the system of
river communications. River transport was three times as cheap as haulage transport.

The construction of canals also developed as an additional means of internal
transport and as a means of connecting maritime transport with the internal river
system.

Thus the development of merchant capital confronted water transport with the
following technical problems

In the Realm of Water Transport'

1. Increasing the tonnage capacity of vessels and their speed.

2. Improving the vessels’ buoyancy: greater stability, sea-worthiness, a reduced
tendency to rock, greater navigability and ease of manoeuvring, which was
especially important for war-vessels.

3. Convenient and reliable means of determining position at sea: means of deter-
mining latitude and longitude, magnetic deviation, times of tides.

4. Improving internal waterways and linking them to the sea; building canals
and locks.

Let us consider what physical prerequisites are necessary in order to solve these
technical problems.

1. In order to increase the tonnage capacity of vessels it is necessary to know the
fundamental laws governing bodies floating in fluids, since in order to estimate
tonnage capacity it is necessary to know the method of estimating a vessel’s
water displacement. These are problems of hydrostatics.

2. In order to improve the buoyancy of a vessel it is necessary to know the laws
governing the motion of bodies in fluids, which is an aspect of the laws govern-
ing the motion of bodies in a resistant medium—one of the basic problems of
hydrodynamics.

The problem of a vessel’s roll stability is one of the basic problems of the
mechanics of mass points.

3. The problem of determining latitude consists in the observation of celestial
bodies, and its solution depends on the existence of optical instruments and a
knowledge of the chart of the celestial bodies and their motion—of celestial
mechanics.



The Social and Economic Roots of Newton’s Principia 47

The problem of determining longitude can be most conveniently and simply
solved with the aid of a chronometer. But as the chronometer was invented only
in the 1730s, after the work of Huygens, longitude was determined by measuring
the distance between the moon and the fixed stars.

This method, proposed in 1498 by Amerigo Vespucci, demands precise knowl-
edge of the anomalies in the motion of the moon and constitutes one of the most
complex problems of celestial mechanics. Determining the times of the tides
according to locality and the position of the moon demands a knowledge of the
theory of gravitation, which is also a problem of mechanics.

The importance of this problem is evident from the fact that in 1590, long before
Newton gave the world his general theory of tides on the basis of the theory of
gravity, Stevin drew up tables showing the time of the tides in any given place
according to the position of the moon.

4. The construction of canals and locks demands a knowledge of the basic laws
of hydrostatics, the laws governing the efflux of fluids, since it is necessary
to calculate water pressure and the speed of its efflux. In 1598 Stevin, while
studying the problem of water pressure, had already discovered that water could
exert pressure on the bottom of a vessel greater than its weight; in 1642 Castelli
published a special treatise on the flow of water in various sections of canals. In
1646 Torricelli was working on the theory of the efflux of fluids.

As we see, the problems of canal and lock construction also bring us to problems
of mechanics (hydrostatics and hydrodynamics).

Industry

By the end of the Middle Ages (14th and 15th centuries) the mining industry was
already developing into a large-scale industry. The mining of gold and silver in con-
nection with the development of currency was stimulated by the growth of exchange.
While the discovery of America was chiefly driven by the hunger for gold—since
European industry, which had developed so vigorously during the 14th and 15th
centuries, and the commerce it engendered, increased the demand for means of
exchange—the demand for gold also drew particular attention to the exploitation
of mines and other sources of gold and silver.

The vigorous development of the war industry, which had made enormous
advances since the invention of firearms and the introduction of heavy artillery, was
a powerful stimulus to the mining of iron and copper. By 1350 firearms had become
the customary weapon of the armies of eastern, southern and central Europe.

In the 15th century heavy artillery had reached a fairly high level of development.
In the 16th and 17th centuries the war industry made enormous demands upon the
metallurgical industry. In the months of March and April 1652 alone, Cromwell
required 335 cannon, and in December a further 1,500 guns of a total weight of
2,230 tons, with 117,000 shells as well as 5,000 hand bombs.

It is therefore clear why the problem of how to exploit mines in the most effective
way became a matter of prime importance.
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The main problem is posed by the depth of the mines. The deeper the mines, the
more difficult and dangerous it becomes to work in them.

A variety of devices are necessary for pumping out water, ventilating the mines,
and raising the ore to the surface. It is also necessary to know how to construct mines
correctly and find one’s bearings in them.

By the beginning of the 16th century mining had already reached a considerable
level of development. Agricola left a detailed encyclopedia of mining which shows
how much technical equipment had come to be used in mining.

In order to extract the ore and water, pumps and hoists (windlasses and screws)
were constructed; the energy of animals, the wind and falling water were all utilized.
Ventilation pipes and blast-engines were constructed.!® There was an entire system
of pumps, since as the mines became deeper, water drainage became one of the most
important technical problems.

In his book Agricola describes three kinds of water-drainage devices, seven kinds
of pumps, and six kinds of installations for extracting water by means of a ladling
or bucketing device, altogether around sixteen kinds of water-drainage machines.

The development of mining demanded vast equipment for processing the ore.
Here we encounter smelting furnaces, stamping mills, and machinery for separating
metals.

By the 16th century the mining industry had become a complex organism whose
organization and management required considerable knowledge. Consequently the
mining industry immediately developed as a large-scale industry, free of the guild
system, and hence not subject to the stagnation of the guilds. It was technically the
most progressive industry and engendered the most revolutionary elements of the
working class during the Middle Ages, i.e., the miners.

The construction of galleries demands considerable knowledge of geometry and
trigonometry. By the 15th century scientific engineers were working in the mines.

Thus the development of exchange and of the war industry confronted the mining
industry with the following technical problems:

1. The raising of ore from considerable depths.

2. Ventilation equipment in the mines.

3. Pumping water from the mines and drainage devices—the problem of the pump.

4. The transition from the crude, damp-blast method of production predominant
until the 15th century to blast-furnace production, which, like ventilation, poses
the problem of air-blast equipment.

5. Ventilation by means of air draught and special blast-engines.'*

6. The processing of the ores with the aid of rolling and cutting machinery.
Let us consider the physical problems underlying these technical tasks.

1. The raising of ore and the problem of constructing hoists is a matter of designing
windlasses and blocks, i.e., a variety of so-called simple mechanical machines.

2. Ventilation equipment demands a study of draughts, i.e., it is a matter of aero-
statics, which in turn is part of the problem of statics.
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3. The pumping of water from the mines and the construction of pumps, espe-
cially piston pumps, requires considerable research in the field of hydro- and
aerostatics.

Consequently Torricelli, Guericke and Pascal studied the problems of raising
liquids in tubes and of atmospheric pressure.

4. The transition to blast-furnace production immediately gave rise to the phe-

nomenon of large blast-furnaces with auxiliary buildings, water-wheels, bellows,
rolling machines and heavy hammers.
These problems—the problem of hydrostatics and dynamics posed by the con-
struction of water-wheels, the problem of air-bellows—Ilike the problem of
blast-engines for ventilation purposes, also require an investigation of the motion
of air and air compression.

5. As in the case of other equipment, the construction of presses and heavy ham-
mers driven by the power of falling water (or animals) requires a complex design
of cogwheels and a transmission mechanism, which is also essentially a prob-
lem of mechanics. The science of friction and the mathematical arrangement of
cogged transmission wheels developed in the mill.

Thus, if we disregard the great demands that the mining and metallurgical indus-
tries of this period made on chemistry, all these physical problems did not go beyond
the bounds of mechanics.

War and War Industry

The history of war, Marx wrote to Engels in 1857,!> demonstrates ever more graph-
ically the correctness of our views on the connection between the productive forces
and social relations.

Altogether the army is very important to economic development. It was in war-
fare that the guild system of corporations of artisans first originated. Here too was
the first use of machinery on a large scale.

Even the special value of metals and their use as money at the beginning of
the development of monetary circulation would seem to have been based on their
significance in war.

Similarly, the division of labour within various branches of industry was first
put into practice in the army. This, in condensed form, is the entire history of the
bourgeois system.

From the time that gunpowder (which had been in use in China even before our
era) became known in Europe, there was a rapid growth in firearms.

Heavy artillery first appeared in 1280, during the siege of Cordova by the Arabs.
In the 14th century firearms passed from the Arabs to the Spaniards. In 1308
Ferdinand IV took Gibraltar with the aid of cannon.

Artillery spread from the Spaniards to other nations. By the mid-14th century
fircarms were in use in all countries of eastern, southern and central Europe.16
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The first heavy guns were extremely unwieldy and could only be transported in
sections. Even weapons of small calibre were very heavy, since no ratios had been
established between the weight of the weapon and the projectile, or between the
weight of the projectile and the charge.

Nevertheless firearms were used not only in sieges, but also on war-vessels. In
1386 the English captured two war-vessels armed with cannon.

A considerable improvement in artillery took place during the 15th century. Stone
balls were replaced by iron. Cannon were cast entirely from iron and bronze. Gun
carriages and transportation were improved. The rate of fire was increased. The
success of Charles VIII in Italy can be attributed precisely to this factor.

In the battle of Fornova the French fired more shots in one hour than the Italians
fired in a day.

Machiavelli wrote his Art of War specially in order to demonstrate ways of
resisting the effects of artillery by the skillful disposition of infantry and
cavalry.

But of course the Italians were not satisfied with this alone, and they developed
their own war industry. By Galileo’s time the Arsenal at Venice!” had attained a
considerable level of development.

Francis I formed artillery into a separate unit and his artillery shattered the
hitherto undefeated Swiss lancers.

The first theoretical works on ballistics and artillery date from the 16th century.
In 1537 Tartaglia endeavoured to determine the trajectory of the flight of a projectile
and established that the angle of 45 degrees allows the maximum flight distance. He
also drew up firing tables for directing aim.

Vannoccio Biringuccio studied the process of casting and in 1540 he introduced
considerable improvements in the production of weapons.

Hartmann invented a scale of calibres, by means of which each section of the
gun could be measured in relation to the aperture, which set a specific standard in
the manufacture of guns and paved the way to the introduction of firmly established
theoretical principles and empirical rules of firing.

In 1690 the first artillery school was opened in France.

In 1697 Saint-Rémy published the first complete artillery primer.

By the end of the 17th century artillery in all countries had lost its mediaeval,
guild character and was included as a component part of the army.

The variety of calibres and models, the unreliability of empirical rules of fir-
ing, and the almost total lack of firmly established ballistic principles had already
become absolutely intolerable by the mid-17th century.'®

Consequently, many experiments began to be carried out on the correlation
between calibre and charge, the relation of calibre to weight and to the length of
the barrel and on the phenomenon of recoil.

The science of ballistics advanced in tandem with the work of the most prominent
physicists.

Galileo gave the world the theory of the parabolic trajectory of a projectile;
Torricelli, Newton, Bernoulli and Euler studied the flight of a projectile through
the air, air resistance and the causes of deviation of the projectile.'”
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The development of artillery led in turn to a revolution in the construction

of fortifications and fortresses, and this made enormous demands on the art of
engineering.

The new form of fortifications (earthworks, fortresses) almost paralysed the

effects of artillery in the mid-17th century, which in turn gave a powerful stimulus
to its further development.

The development of the art of war posed the following technical problems.

Internal Ballistics

1.
2.
3.

Study and improvement of the processes occurring in a firearm when fired.
The stability of the firearm combined with minimum weight.
A device for comfortable and accurate aim.

External Ballistics

4.

The trajectory of a projectile through a vacuum.

5. The trajectory of a projectile through the air.
6.
7. The deviation of a projectile from its trajectory.

The dependence of air resistance upon the speed of the projectile.

The physical bases of these problems are as follows:

. In order to study the processes occurring in the firearm, it is necessary to

study the compression and expansion of gases—which is basically a problem of
mechanics—as well as the phenomena of recoil (the law of action and reaction).

. The stability of a firearm poses the problem of studying the resistance of materi-

als and testing their durability. This problem, which also has great importance for
the art of construction, was resolved at this particular stage of development by
purely mechanical means. Galileo devoted considerable attention to the problem
in his Mathematical Demonstrations.

. The problem of a projectile’s trajectory through a vacuum consists in resolving

the problem of the action of the force of gravity upon the free fall of a body
and the superposition of its forward motion and its free fall. It is therefore not
surprising that Galileo devoted much attention to the problem of the free fall of
bodies. The extent to which his work was connected with the interests of artillery
and ballistics can be judged if only from the fact that he began his Mathemati-
cal Demonstrations with an address to the Venetians praising the activity of the
arsenal at Venice and pointing out that the work of that arsenal provided a wealth
of material for scientific study.

. The flight of a projectile through the air is one aspect of the problem of the

motion of bodies through a resistant medium and of the dependence of that
resistance upon the speed of motion.

. The deviation of the projectile from the estimated trajectory can be caused by a

change in its initial speed, a change in the density of the atmosphere, or by the
influence of the rotation of the earth. All these are purely mechanical problems.
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6. Accurate tables for aiming at targets can be drawn up provided the problem of
external ballistics is resolved and the general theory of a projectile’s trajectory
through a resistant medium is established.

Hence, if we exclude the actual process of producing the firearm and the projec-
tile, which is a problem of metallurgy, the chief problems posed by the artillery of
this period were problems of mechanics.

The Physical Themes of the Era and the Contents
of the Principia®

Now let us systematically consider the physical problems presented by the develop-
ment of transport, industry and mining.

First and foremost we should note that they are all purely mechanical problems.

We shall analyse, albeit in very general terms, the basic themes of research in
physics during the period in which merchant capital was becoming the predominant
economic force and manufacture was emerging, i.e., the period from the beginning
of the 16th to the second half of the 17th century.

We do not include Newton’s works on physics, since they will be analysed sepa-
rately. By presenting the principal physical themes, we will be able to determine the
problems that most interested physics in the period immediately preceding Newton
and contemporary with him.

1. The problem of simple machines, inclined planes and general problems of statics
were studied by: Leonardo da Vinci (end of 15th century); Cardano (mid-16th
century); Guidobaldo (1577); Stevin (1587); Galileo (1589-1609).

2. The free fall of bodies and the trajectory of a projectile were studied by:
Tartaglia (1530s); Benedetti (1587); Piccolomini (1597); Galileo (1589-1609);
Riccioli (1651); Gassendi (1649); Accademia del Cimento.

3. The laws of hydro- and aerostatics, and atmospheric pressure. The pump, the
motion of bodies through a resistant medium: Stevin, the engineer and inspec-
tor of the land and water installations of Holland (at the end of the 16th and
beginning of the 17th centuries); Galileo, Torricelli (first quarter of the 17th
century); Pascal (1647-1653); Guericke, military engineer in the army of Gus-
tavus Adolphus, the constructor of bridges and canals (1650-1663); Robert
Boyle (1670s); Aaccademia del Cimento (1657-1667).

4. Problems of celestial mechanics, the theory of tides. Kepler (1609); Galileo
(1609-1616); Gassendi (1647); Wren (1660s); Halley, Robert Hooke (1670s).

The problems enumerated above cover almost all the subjects of physics at
that time.

If we compare these principal themes with the physical problems that emerged
from our analysis of the technical demands presented by communications, industry
and war, it becomes quite clear that these physical problems were mainly defined by
those demands.
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In fact the first group of problems constitutes the physical problems relating
to lifting devices and transmission mechanisms that were important to the mining
industry and the art of building.

The second group of problems is of great importance for artillery and constitutes
the main physical problems relating to ballistics.

The third group of problems is of great importance to the problems of the
drainage and ventilation of mines, the smelting of ore, canals and lock construction,
internal ballistics and designing the shape of ships.

The fourth group is of enormous importance to navigation.

All these are fundamentally mechanical problems. This of course does not mean
that in this period other aspects of the motion of matter were not studied. Optics
also began to develop at this time, and the first observations on static electricity
and magnetism were made.” Nevertheless both by their nature and by their relative
weight these problems were of only secondary significance and lagged far behind
mechanics in their level of study and mathematical development (with the exception
of certain laws of geometrical optics, which were of considerable importance in the
construction of optical instruments).

As for optics, it received its main impetus from the technical problems that were
of importance, first and foremost, to marine navigation.

We have compared the main technical and physical problems of the era with the
topics studied by the leading physicists in the period we are investigating, and we
came to the conclusion that these topics were primarily determined by the economic
and technical problems that the rising bourgeoisie placed on the agenda.

The development of the productive forces in the age of merchant capital pre-
sented science with a number of practical tasks and urgently demanded their
solution.

Official science, based in the mediaeval universities, not only made no attempt to
solve these problems, but actively opposed the development of the natural sciences.

In the 15th to the 17th centuries the universities were the scientific centres of feu-
dalism. They were not only the bearers of feudal traditions, but the active defenders
of those traditions.

In 1655, during the struggle of the master craftsmen with the journeymen’s
associations the Sorbonne actively defended the masters and the guild system,
supporting them with “proofs from science and holy writ.”

The entire system of pedagogy in the mediaeval universities constituted a closed
system of scholasticism. There was no place for natural science in these universities.
In Paris, in 1355, it was permitted to teach Euclidean geometry only on holidays.

The main “natural science” manuals were Aristotle’s books, from which all the
vital content had been removed. Even medicine was taught as a branch of logic.
Nobody was allowed to study medicine unless he had studied logic for three years.

* Investigations into magnetism were directly influenced by the study of the deviation of the
compass in the world’s magnetic field, which had first been encountered during long-distance sea
voyages. Gilbert had already given much attention to problems of the earth’s magnetism. [Hessen’s
note]

T In this period optics developed from studying the problem of the telescope. [Hessen’s note]
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True, admittance to the medical examinations also involved a non-logical argument
(evidence that the student was a legitimate child), but obviously this non-logical
question alone was hardly sufficient for a knowledge of medicine, and the famous
surgeon Arnold Villeneuve of Montpellier complained that even the professors in
the medical faculty were unable, not only to cure the most ordinary illnesses, but
even to apply a leech.

The feudal universities struggled against the new science just as fiercely as the
obsolete feudal relations struggled against the new progressive modes of production.

For them, whatever could not to be found in Aristotle simply did not exist.

When Kircher (early 17th century) suggested to a certain provincial Jesuit pro-
fessor that he should look at the newly discovered sunspots through a telescope, the
latter replied: “It is useless, my son. I have read Aristotle through twice and have
not found anything there about spots on the sun. There are no spots on the sun. They
are caused either by the imperfections of your telescope or by the defects of your
own eyes.”?!

When Galileo invented the telescope and discovered the phases of Venus, the
scholastic university philosophers did not even want to hear about these new facts,
whereas the trading companies requested his telescope, which was superior to those
made in Holland.

“I think, my Kepler,” Galileo wrote bitterly on August 19, 1610,%> “we should laugh at the
extraordinary stupidity of the multitude. What do you say to the foremost philosophers of
the school here, who, though I have offered a thousand times of my own accord to show my
studies, with the obstinacy of a sated viper have never wanted to look at the planets, nor the
moon, nor the telescope? Truly as some close their ears, so do they close their eyes to the
light of truth. These are great matters; yet they do not surprise me. People of this sort think
that philosophy is some kind of book ... and that truths are to be sought, not in the world or
in nature, but ... in the comparison of texts.”

When Descartes resolutely came out against the Aristotelian physics of occult
qualities and against the university scholasticism, he met with furious opposition
from Rome and the Sorbonne.

In 1671 the theologians and physicians of the University of Paris sought a
government resolution condemning Descartes’ teaching.

In a biting satire Boileau ridiculed these demands of the learned scholastics. This
remarkable document, which gives an excellent description of the state of affairs in
the mediaeval universities, is appended in its entirety.?

Even in the second half of the 18th century the Jesuit professors in France were
not prepared to accept Copernicus’s theories. In 1760, in a Latin edition of Newton’s
Principia, Le Seur and Jacquier thought it necessary to add the following note:
“In his third book Newton applies the hypothesis of the movement of the earth.
The author’s assumptions cannot be explained except on the basis of this hypoth-
esis. Thus we are compelled to act in another’s name. But we ourselves openly
declare that we accept the decisions published by the heads of the church against
the movement of the earth.”>*

The universities produced almost exclusively ecclesiastics and jurists.
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The church was the international centre of feudalism and itself a large feu-
dal proprietor, possessing no less than one third of the land in Catholic
countries.

The mediaeval universities were a powerful weapon of church hegemony.

Meanwhile, the technical problems that we have outlined above demanded
enormous technical knowledge, and extensive mathematical and physical studies.

The end of the Middle Ages (mid-15th century) was marked by great advances
in the development of the industry created by the mediaeval burghers.

Production, which was increasingly on a mass scale, was improved and diversi-
fied; commercial relations became more developed.

If after the dark night of the Middle Ages science again began to develop at a
miraculous rate, we owe this to the development of industry (Engels).?’

Since the time of the Crusades industry had developed enormously and had a
mass of new achievements to its credit (metallurgy, mining, the war industry, dye-
ing), which supplied not only fresh material for observation but also new means of
experimentation and enabled the construction of new instruments.

It can be said that from that time systematic experimental science became
possible.

Furthermore, the great geographical discoveries, which in the last resort were
also determined by the interests of production, supplied an enormous and previ-
ously inaccessible mass of material in the realm of physics (magnetic deviation),
astronomy, meteorology and botany.

Finally, this period saw the appearance of a mighty instrument for distributing
knowledge: the printing press.

The construction of canals, locks and ships, the construction of mines and gal-
leries, their ventilation and drainage, the design and construction of firearms and
fortresses, the problems of ballistics, the production and design of instruments for
navigation, the development of methods for establishing the position of ships, all
demanded people of a totally different type from those being produced by the
universities at that time.

In the third quarter of the 16th century, Johann Mathesius already specified
that the minimum of knowledge required by a mine-surveyor was proficiency in
the method of triangulation and Euclidean geometry, the ability to use a compass,
which was essential for constructing galleries, the ability to calculate the correct
layout of the mine, and a knowledge of the construction of pumping and ventilation
equipment.

He pointed out that engineers with a theoretical education were needed in order
to construct galleries and work the mines, since this work was far beyond the powers
of an ordinary, uneducated miner.

Obviously, none of this could be learned in the universities of the time. The
new science emerged in a struggle with the universities, as an extra-university
science.

The struggle between the university and the extra-university science that served
the needs of the rising bourgeoisie was a reflection in the ideological realm of the
class struggle between the bourgeoisie and feudalism.
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Step by step, science flourished along with the bourgeoisie. In order to develop
its industry, the bourgeoisie required a science that would investigate the properties
of material bodies and the manifestations of the forces of nature.

Hitherto science had been the humble servant of the church and had not been
allowed to go beyond the limits set by the church.

The bourgeoisie had need of science, and science rebelled against the church
together with the bourgeoisie (Engels).?

Thus the bourgeoisie came into conflict with the feudal church.

In addition to the professional schools (schools for mining engineers and for
training artillery officers), the scientific societies outside the universities were the
centers of the new science, the new natural sciences.

In the 1650s the famous Florentine Accademia del Cimento was founded, with
the aim of studying nature by means of experiment. It included among its members
scientists such as Borelli and Viviani.

The Academy was the intellectual heir of Galileo and Torricelli and continued
their work. Its motto was Provare e riprovare (verify and verify again through
experiment).?’

In 1645 a circle of natural scientists was formed in London; they gathered weekly
to discuss scientific problems and new discoveries.

It was from this gathering that the Royal Society developed in 1661. The Royal
Society brought together the leading and most eminent scientists in England, and in
opposition to the university scholasticism adopted as its motto: “Nullius in verba”
(verify nothing on the basis of words).?®

Robert Boyle, Brouncker, Brewster,”” Wren, Halley, and Robert Hooke played
an active part in the society.

One of its most outstanding members was Newton.

We see that the rising bourgeoisie brought natural science into its service, into
the service of the developing productive forces.

Being at that time the most progressive class, it demanded the most progressive
science. The English Revolution gave a mighty stimulus to the development of the
productive forces. It became necessary not merely to resolve empirically particular
problems, but to establish a synthetic summary and solid theoretical basis for solv-
ing, by general methods, all the physical problems raised by the development of the
new technology.

And since (as we have already demonstrated) the basic problems were mechani-
cal ones,! this encyclopedic survey of the physical problems amounted to creating a
consistent structure of theoretical mechanics which would supply general methods
for solving the problems of celestial and terrestrial mechanics.

It fell to Newton to carry out this work. The very title of his most impor-
tant work—Mathematical Principles of Natural Philosophy (1687)—indicates that
Newton set himself precisely this work of synthesis.

1 Optics also began to develop during this period, but the main research in optics was subordinated
to the interests of maritime navigation and to astronomy. It is important to note that Newton came
to study the spectrum by way of the phenomenon of the chromatic aberration in the telescope.
[Hessen’s note]
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In his introduction to the Principia Newton pointed out that applied mechanics
and teachings on simple machines had already been elaborated and that his task
consisted not in considering “arts” and solving particular problems, but in providing
a teaching about natural powers, the mathematical principles of philosophy.

Newton’s Principia are expounded in abstract mathematical language and it
would be futile to seek in them an exposition by Newton himself of the connection
between the problems that he sets and solves and the technical demands from which
they arose.

Just as the geometrical method of exposition was not the method Newton used to
make his discoveries, but, in his opinion, was to serve as a worthy vestment for the
solutions found by other means, so a work treating of “Natural Philosophy” should
not contain references to the “low” source of its inspiration.

We shall attempt to show that the “terrestrial core” of the Principia consists
precisely of the technical problems that we have analysed above and which fun-
damentally determined the themes of physical research in that period.

Despite the abstract mathematical character of exposition adopted in the Prin-
cipia, not only was Newton by no means a learned scholastic divorced from life, but
he firmly stood at the centre of the physical and technical problems and interests of
his time.

Newton’s well-known letter to Francis Aston gives a very clear notion of his
broad technical interests. The letter was written in 1669 after he had received his
professorship, just as he was finishing the first outline of his theory of gravity.*

Newton’s young friend, Aston, was about to tour various countries in Europe,
and he asked Newton to instruct him how to utilize his journey most rationally and
what was especially worthy of attention and study in the European countries.

We will cite a brief summary of Newton’s instructions.

To thoroughly study the mechanism of steering and the methods of navigating
ships.

To survey carefully all the fortresses he should happen upon, their method
of construction, their power of resistance, their defense advantages, and in
general to acquaint himself with military organisation.

To study the natural resources of the country, especially the metals and min-
erals, and also to acquaint himself with the methods of their production and
refinement.

To study the methods of obtaining metals from ores.

To find out whether it was true that in Hungary, Slovakia and Bohemia, near the
town of Eila or in the Bohemian mountains not far from Silesia, there were
rivers whose waters contained gold.

To find out also whether the method of obtaining gold from gold-bearing rivers
by amalgamation with mercury was still a secret, or whether it was now
generally known.

In Holland a glass-polishing factory had recently been established; he must go
to see it.

To find out how the Dutch protected their vessels from worm damage during
their voyages to India.
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To find out whether clocks were of any use in determining longitude during
long-distance sea voyages.

The methods of transmuting one metal into another, iron into copper, for
instance, or any metal into mercury, were especially worthy of attention
and study.

It was said that in Chemnitz®' and in Hungary, where there were gold and
silver mines, it was known how to transmute iron into copper by dissolv-
ing the iron in vitriol, then boiling the solution, which on cooling yielded
copper.

Twenty years previously the acid possessing this noble property had been
imported into England. Now it was unobtainable. It was possible that they
preferred to exploit it themselves in order to transmute iron into copper rather
than to sell it.

31

These last instructions, dealing with the problem of transmuting metals, occupy
almost half of this extensive letter.

That is not surprising. Alchemistic investigations still abounded in Newton’s
period. The alchemists are usually imagined to be a kind of magician seeking the
philosopher’s stone. In reality alchemy was closely bound up with the necessities of
production, and the aura of mystery surrounding the alchemists should not conceal
from us the real nature of their research.

The transmutation of metals constituted an important technical problem, since
there were very few copper mines at that time, and warfare and the casting of cannon
demanded much copper.

The developing commerce made great demands on currency that the European
gold mines were unable to satisfy. Together with the drive to the east in search
of gold, the quest for means of transmuting common metals into copper and gold
intensified.

Since his youth Newton had always been interested in metallurgical processes,
and he later successfully applied his knowledge and skills in his work at
the Mint.

He carefully studied the classics of alchemy and made copious extracts from
these works, which show his great interest in all kinds of metallurgical processes.

During the period immediately preceding his work at the Mint, from 1683 to
1689, he carefully studied Agricola’s work on metals, and the transmutation of
metals was his chief interest.

Newton, Boyle and Locke conducted extensive correspondence on the question
of transmuting metals and exchanged formulae for the transmutation of ore into
gold.*?

In 1692 Boyle, who had been one of the directors of the East India Com-
pany, communicated to Newton his formula for transmuting metal into gold (see
Appendix 3)

When Montague invited Newton to work at the Mint he did so not merely out
of friendship, but because he highly valued Newton’s knowledge of metals and
metallurgy.
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It is interesting and important to note that whilst a wealth of material has been
preserved relating to Newton’s purely scientific activities, none at all has been
preserved relating to his activities in the technical sphere.

Not even the materials that would indicate Newton’s activities at the Mint have
been preserved, although it is well known that he did much to improve the processes
of casting and stamping coins.

In connection with Newton’s bicentennial, Lyman Newell, who made a special
study of the question of Newton’s technical activities at the Mint, asked the director
of the Mint, Colonel Johnson, for materials relating to Newton’s activities in the
sphere of the technical processes of casting and stamping.

In his reply Colonel Johnson said that no materials whatever on this aspect of
Newton’s work had been preserved.

All that is known is his long memorandum to the Chancellor of the Exchequer
(1717) on the bi-metallic system and the relative value of gold and silver in var-
ious countries. This memoran- dum shows that Newton’s circle of interests was
not restricted to technical questions of coin production, but extended to economic
problems of currency circulation.

Newton took an active part in, and was an adviser to, the commission for the
reform of the calendar, and among his papers is a work entitled “Observations on
the Reform of the Julian Calendar,” in which he proposes a radical reform of the
calendar.

We cite all these facts as a counterweight to the traditional representation of
Newton in the literature as an Olympian standing high above all the “terrestrial”
technical and economic interests of his time, and soaring only in the lofty realm of
abstract thought.

It should be noted, as I have already observed, that the Principia certainly afford
justification for such a treatment of Newton, which, however, as we see, bears
absolutely no relation to reality.

If we compare the range of interests briefly outlined above, we have no diffi-
culty in noting that it embraces almost the entire complex of problems arising from
the interests of transport, commerce, industry and war during his period, which we
summarized above.

Now let us turn to an analysis of the contents of Newton’s Principia and consider
their relations to the topics of research in physics in that period.

The definitions and axioms or laws of motion expound the theoretical and
methodological basic principles of mechanics.

The first book contains a detailed exposition of the general laws of motion
under the influence of central forces. In this way Newton provides a preliminary
conclusion to the work of establishing the general principles of mechanics begun by
Galileo.

Newton’s laws provide a general method for solving the great majority of
mechanical problems.

The second book, devoted to the problem of the motion of bodies, addresses
a number of problems closely connected with the complex of problems
noted above.
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The first three sections of the second book are devoted to the problem of
the motion of bodies in a resistant medium and to the various instances of the
dependence of resistance on speed: resistance proportional to the first and second
powers of speed and resistance proportional partly to the first and partly to the
second power.

In the scholium to the first section Newton notes that the linear cases are of more
mathematical than physical interest and proceeds to a detailed examination of cases
that were observed during the actual motion of bodies in air.*> As we have shown
above when analysing the physical problems of ballistics, whose development was
connected with the development of heavy artillery, the problems posed and solved
by Newton are of fundamental significance to external ballistics.

The fifth section of the second book is devoted to the fundamentals of hydrostat-
ics and the problems of floating bodies. The same section considers the pressure of
gases and the compression of gases and liquids under pressure.

When analysing the technical problems posed by the construction of vessels,
canals, water-drainage and ventilation equipment, we saw that all the physical
aspects of these problems amount to the fundamentals of hydrostatics and
aerostatics.

The sixth section deals with the problem of the motion and resistance of
pendulums.

The laws governing the oscillation of mathematical and physical pendulums in a
vacuum were discovered by Huygens in 1673 and applied by him to the construction
of pendulum clocks.

We have seen from Newton’s letter to Aston the importance of pendulum clocks
for determining longitude.

The use of clocks for determining longitude led Huygens to the discovery of
centrifugal force and of the change in acceleration by the force of gravity.

When the pendulum clocks brought by Richer from Paris to Cayenne in 1673
slowed down, Huygens was able at once to explain the phenomenon by a change in
acceleration by the force of gravity. The importance Huygens himself attached to
clocks is evident from the fact that his chief work is called On Pendulum Clocks.

Newton’s works continue this course, and just as he progressed from the math-
ematical case of the motion of bodies in a resistant medium with resistance pro-
portionate to speed to the study of an actual case of motion, so he progressed from
the mathematical pendulum to an actual case of a pendulum’s motion in a resistant
medium.

The seventh section of the second book is devoted to the problem of the motion
of fluids and the resistance met by a projected body.

It considers problems of hydrodynamics, including the problem of the efflux of
fluids and the flow of water through tubes. As shown above, all these problems are
of cardinal importance for the construction of canals and locks and in designing
drainage equipment.

The same section investigates the laws governing the fall of bodies in a resistant
medium (water and air). As we know, these problems are of considerable importance
in determining the trajectory of projectiles, either thrown or shot.
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The third book of the Principia is devoted to the “System of the World.” It is
devoted to the problems of the motion of the planets, the motion of the moon and its
anomalies, the acceleration by the force of gravity and its variations in connection
with the problem of the irregular movement of chronometers during sea voyages
and the problem of high and low tides.

As we have noted above, until the invention of the chronometer the motion of the
moon was of cardinal importance for determining longitude. Newton returned to this
problem more than once (in 1691). The study of the laws of the moon’s motion was
of cardinal importance for compiling accurate tables for determining longitude, and
the English Council of Longitude instituted a high award for work on the moon’s
motion.

In 1713 Parliament passed a special bill to encourage research into the determi-
nation of longitude. Newton was one of the eminent members of the Parliamentary
commission.

As we have pointed out in analysing the sixth section, the study of the motion
of the pendulum, begun by Huygens, was of great importance to maritime nav-
igation. In the third book Newton therefore studies the problem of the seconds
pendulum, and analyses the motion of clocks during a number of ocean expeditions:
that of Halley to St. Helena in 1677, Varin and Deshayes’ voyage to Martinique and
Guadeloupe in 1682, Couplet’s voyage to Lisbon, etc., in 1697, and a voyage to
America in 1700.

When discussing the origins of high and low tides, Newton analyses the height
of tides in various ports and river mouths and discusses the problem of the height of
tides in relation to the location of the port and the form of the high tide.

Even this cursory survey indicates the complete overlap between the topics that
concerned physics in that era, which arose out of economic and technical needs,
and the contents of the Principia, which constitute in the full sense of the word
an outline and systematic solution of the entire range of the main physical prob-
lems. And since all these problems were of a mechanical nature, it is clear that
Newton’s chief work was precisely laying the foundation of terrestrial and celestial
mechanics.

The Class Struggle During the English Revolution
and Newton’s Worldview

It would, however, be a gross oversimplification to derive every problem studied
by various physicists, and every task they solved, directly from economics and
technology.

According to the materialistic conception of history, the final determining factor
in the historical process is the production and reproduction of actual life.

But this does not mean that the economic factor is the sole determining factor.
Marx and Engels severely criticized Barth precisely for such a primitive understand-
ing of historical materialism.**
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The economic situation is the basis. But the development of theories and the
individual work of a scientist are also affected by various superstructures, such as
political forms of the class struggle and its results, the reflection of these battles
in the minds of the participants—in political, juridical, and philosophical theories,
religious beliefs and their subsequent development into dogmatic systems.

Therefore, when analysing the subjects addressed by physics we took the central,
cardinal problems that attracted the greatest attention of scientists in that period. But
the foregoing general analysis of the economic problems of the period is inadequate
for understanding how Newton’s work proceeded and developed and for explaining
all the features of his work in physics and philosophy. We must analyse more fully
Newton’s period, the class struggle during the English Revolution, and the political,
philosophical and religious theories as reflections of that struggle in the minds of
the contemporaries.

When Europe emerged from the Middle Ages, the rising urban bourgeoisie was
its revolutionary class. The position that it occupied in feudal society had become
too narrow for it, and its further free development had become incompatible with
the feudal system.?>

The great struggle of the European bourgeoisie against feudalism reached its
peak in three important and decisive battles:

The Reformation in Germany, with the subsequent political uprisings of Franz
von Sickingen and the Great Peasant War.

The Revolution of 1649-1688 in England.

The Great French Revolution.

There is, however, a great difference between the French Revolution of 1789 and
the English Revolution.

In England, feudal relations had been undermined since the Wars of the Roses.
The English aristocracy at the beginning of the 17th century was of very recent
origin. Out of 90 peers, sitting in Parliament in 1621, 42 had received their peer-
ages from James I, whilst the titles of the others dated back no earlier than the
16th century.

This explains the close relationship between the upper aristocracy and the first
Stuarts. This feature of the new aristocracy enabled it to compromise more easily
with the bourgeoisie.

It was the urban bourgeoisie that began the English Revolution and the middle
peasantry (yeomanry) brought it to a victorious end.

1688 was a compromise between the rising bourgeoisie and the former great
feudal landlords. Since the times of Henry VII, the aristocracy, far from opposing
the development of industry, had, on the contrary, tried to benefit from it.

The bourgeoisie was becoming an acknowledged, though modest, part of the
ruling classes of England.?®

In 1648 the bourgeoisie, together with the new aristocracy, fought against the
monarchy, the feudal nobility and the dominant church.

In the Great French Revolution of 1789, the bourgeoisie, in alliance with the peo-
ple, fought against the monarchy, the nobility and the dominant church.
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In both revolutions the bourgeoisie was the class that actually headed the
movement.

The proletariat and the non-bourgeois strata of the urban population either did not
yet have different interests from those of the bourgeoisie or did not yet constitute an
independently developed class or part of a class.

Therefore, wherever they opposed the bourgeoisie, as, for instance, in 1793-1794
in France, they fought only for the attainment of the interests of the bourgeoisie,
even if not in the manner of the bourgeoisie.

All French terrorism was nothing but a plebeian way of dealing with the enemies
of the Revolution: absolutism and feudalism. The same may be said of the Levellers
movement during the English Revolution.

The revolutions of 1648 and 1789 were not English or French revolutions. They
were revolutions on a European scale. They represented not merely the victory of
one particular class over the old political order, but they heralded the political order
of the new European society.

The bourgeoisie was victorious in these revolutions, but the victory of the bourgeoisie was
at that time the victory of a new social order, the victory of bourgeois ownership over feudal
ownership, of nationality over provincialism, of competition over the guild, of the division
of land over primogeniture, of the rule of the landowner over the domination of the owner by
the land, of enlightenment over superstition, of the family over the family name, of industry
over heroic idleness, of bourgeois law over medieval privileges (Marx)*’

The English Revolution of 1649-1688 was a bourgeois revolution.

It brought into power the “capitalist and landlord profiteers.”*® The Restora-
tion did not mean the reestablishment of the feudal system. On the contrary, in
the Restoration the owners of land destroyed the feudal system of land relations.
In essence, Cromwell was already doing the work of the rising bourgeoisie. The
pauperization of the population, as the precondition for the emergence of a free
proletariat, intensified after the revolution. It was in this change of the ruling class
that the true meaning of the revolution is to be found. The emerging new socio-
economic system produced a new governing class. Herein lies the main difference
between Marx’s interpretation and that of traditional English historians, particularly
Hume and Macaulay.

Like a true Tory, Hume viewed the importance of the 1649 revolution and the
Restoration, and then the revolution of 1688, only in relation to the destruction and
reestablishment of order.

He severely condemned the upheaval caused by the first revolution and welcomed
the Restoration as the reestablishment of order. He sympathized with the 1688 revo-
lution as a constitutional act, although he did not consider that it had simple restored
the old freedom. It had begun a new constitutional era, giving “an ascendant to
popular principles.”’

To Macaulay the revolution of 1688 was closely connected with the first revo-
lution. But for him, the revolution of 1688 was “the glorious revolution” precisely
because it was a constitutional one.

He wrote his history of 1688 immediately after the events of 1848, and his fear
of the proletariat and its possible victory is evident throughout. He proudly and
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joyfully relates that, when depriving James II of his throne, Parliament observed
all the detailed precedents and even sat in the ancient halls in robes prescribed
by ritual.

Law and constitution are regarded as extra-historical essences with no connection
to the dominant class, a view that prevents an understanding of the true essence of
the revolution.

Such was the distribution of class forces after the English Revolution. The funda-
mental philosophical trends in the period immediately before and after the English
Revolution were:

Materialism, whose beginning can be traced to Bacon, was represented in
Newton’s period by Hobbes, Toland, Overton, and partly by Locke.

Idealistic sensualism, represented by Berkeley (H. More was closely associated
with this view).

In addition, a fairly strong trend of moral philosophy and Deism, represented by
Shaftesbury and Bolingbroke.

All these philosophical trends existed and developed in the complex conditions
of the class struggle whose main features have been outlined above.

From the time of the Reformation the church became one of the chief bulwarks
of the King’s power. The church organisation was a component part of the state
system, and the King was the head of the State Church. James I was fond of saying:
“No Bishop, no King.”

Every subject of the English King had to belong to the State Church. Anyone
who did not belong to it was regarded as committing an offence against the state.

The struggle against the absolute power of the King was at the same time a
struggle against the centralism and absolutism of the dominant State Church, and
therefore the political struggle of the rising bourgeoisie against absolutism and feu-
dalism was waged under the slogans of a struggle for religious democracy and
tolerance.

The collective name “Puritans” applied to all supporters of the purification and
democratization of the ruling church. However, among the Puritans a distinction
should be made between the more radical Independents and the more conservative
Presbyterians. These two trends formed the basis of political parties.

The supporters of the Presbyterians came mainly from among the well-to-do
merchants and the urban bourgeoisie. The Independents drew their supporters from
the ranks of the rural and urban democracy.

Thus both the class struggle of the bourgeoisie against absolutism and the
struggle between the different tendencies within the ranks of the bourgeoisie and
peasantry were waged under religious slogans.

The religious tendencies of the bourgeoisie were yet further strengthened by the
development of materialistic teachings in England.

Let us briefly review the main stages of the development of materialism in this
period and its most important representatives.

Bacon was the father of materialism. His materialism arose out of a struggle
with medieval scholasticism. He wanted to release humanity from the old traditional
prejudices and to create a method for controlling the forces of nature. His teachings
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contain the germs of the many-sided development of this doctrine. “Matter smiles
with its sensuous, poetic glamour at Man in his entirety” (Marx).*’

In the hands of Hobbes, materialism became abstract and one-sided. Hobbes did
not develop Bacon’s materialism, but only systematized it.

Sensuality lost its bright colours and was transformed into the abstract sensuality
of a geometrician. All the diverse forms of motion were sacrificed to mechanical
motion. Geometry was proclaimed as the dominant science (Marx).*!

The living spirit was excised from materialism, and it became misanthropic.
This abstract, calculating, formally mathematical materialism could not stimulate
revolutionary action.

That is why the materialistic theory of Hobbes accorded with his monarchical
views and defense of absolutism. After the victory of the Revolution of 1649 Hobbes
went into exile.*?

But alongside the materialism of Hobbes there existed another materialistic
movement, indissolubly bound up with the true revolutionary movement of the
Levellers and headed by Richard Overton.

Richard Overton was the loyal companion-in-arms of the Levellers’ leader,
John Lilburne, the fiery exponent of revolutionary ideas and brilliant political
pamphleteer. Unlike Hobbes, he was a practical materialist and revolutionary.

The fate of this warrior-philosopher is curious. Whilst the name of Hobbes is
widely known and to be found in all the philosophy textbooks, not a single word
can be found about Overton, not only in the most detailed bourgeois primer of phi-
losophy, but even in the most complete biographical encyclopedias.** Thus does the
bourgeoisie takes revenge on its political opponents.**

Richard Overton did not write much. He exchanged too often the pen for the
sword and philosophy for politics. His treatise Man Wholly Mortal > was first pub-
lished in 1643, and the second edition appeared in 1655. It is a blatantly materialistic
and atheistic essay. Immediately after its appearance it was condemned and banned
by the Presbyterian Church.

The manifesto of the Presbyterian Assembly “against unbelief and heresy” called
down all curses on Richard Overton’s head. “The chief representative of the terrible
teaching of materialism,” declares the manifesto, “that denies the immortality of the
soul, is Richard Overton, the author of the book on the mortality of man.*®

We will not go into the details of Overton’s teaching and its fate—a most inter-
esting page in the history of English materialism—but will only mention one point
from the publication mentioned, in which Overton formulated very clearly the basic
principles of his materialistic worldview.

In criticizing the opposition between the body as inert matter and the soul as the
active, creative principle, Overton writes:

The Form is the Form of the Matter, and the Matter the Matter of the Form; neither of
themselves, but each by other, and both together make one Being.*’

“All that is created, is elemental.” (Overton uses the term “elements” in the sense of the
ancient Greeks: water, air, earth) “But all that is created is material: for that which is not
material, is nothing.”48
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Unlike in England, materialism on French soil was the theoretical banner of
French republicans and terrorists, and formed the basis of the “Declaration of the
Rights of Man.”

In England the revolutionary materialism of Overton was the teaching of only
one extreme group, while the main struggle was waged under religious slogans.

English materialism as preached by Hobbes proclaimed itself to be a philosophy
fit for scientists and educated people, in contrast to religion, which was good enough
for the uneducated masses, including the bourgeoisie.

Together with Hobbes, materialism, shorn of its actual revolutionary nature, came
to the defense of royal power and absolutism and encouraged the repression of
the people.

Even with Bolingbroke and Shaftesbury the new deistic form of materialism
remained an esoteric, aristocratic doctrine.

Therefore the “misanthropic” materialism of Hobbes was hateful to the bour-
geoisie both for its religious heresy and for its aristocratic connections.

Accordingly, in opposition to the materialism and deism of the aristocracy, it
was those Protestant sects who had provided the cause and the fighters against the
Stuarts who also provided the main fighting forces of the progressive middle class
(Engels).49

But still more hateful to the bourgeoisie than Hobbes’s esoteric materialism was
Overton’s materialism, under whose banner the political struggle against the bour-
geoisie was waged, a materialism that turned into militant atheism and fearlessly
opposed the very bases of religion. It was in these circumstances that Newton’s
worldview was formed.>

Newton was a typical representative of the rising bourgeoisie, and his worldview
reflected the characteristic features of his class. We may quite rightly apply to him
the description that Engels applied to Locke. He too was a typical child of the class
compromise of 1688.”"!

Newton was the son of a small farmer. Until his appointment as Warden of the
Mint (1699), he had a very modest position in the university and in society. He also
belonged to the middle class through his connections, but philosophically he was
closest to Locke, Samuel Clarke and Bentley.

In his religious beliefs Newton was a Protestant and there are many grounds
for assuming that he belonged to the Socinian sect.”> He was an ardent supporter
of religious democracy and tolerance. We shall see below that Newton’s religious
beliefs were a component part of his worldview.

In his political views Newton belonged to the Whig Party. During the second
revolution Newton was a Member of Parliament for Cambridge from 1689 to 1690.
When the conflict arose over the possibility of swearing allegiance to “the illegiti-
mate ruler”—William of Orange—which even led to riots in Cambridge, Newton,
who as Member of Parliament for Cambridge University had to bring the University
to swear allegiance, insisted on the necessity of swearing allegiance to William of
Orange and recognizing him as King.

In his letter to Dr. Covel®® Newton adduced three arguments in favour of swearing
allegiance to William of Orange, which were to remove any doubts in this regard
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on the part of members of the University who had previously sworn fidelity to the
deposed King.

Newton’s reasoning and arguments are strongly reminiscent of Macaulay’s and
Hume’s opinions cited above.

This ideological cast of mind of Newton, who was a child of his class, explains
why the latent materialistic germs of the Principia did not grow to become a con-
sistent system of mechanical materialism, like the physics of Descartes, but were
interwoven with his idealistic and theological views, to which, on philosophical
questions, even the materialistic elements of Newton’s physics were subordinated.

The significance of the Principia is not limited to technical matters alone. Its very
name indicates that it forms a system, a worldview. Therefore it would be incorrect
to confine an analysis of the contents of the Principia merely to determining its
intrinsic connection with the economics and technology of that period, which served
the needs of the rising bourgeoisie.

Modern natural science owes its independence to its freedom from teleology. It
recognizes only the causal study of nature.

One of the battle slogans of the Renaissance was: “True knowledge is knowledge
by causes” (vere scire per causas scire).>*

Bacon emphasized that the teleological view is the most dangerous of the idola.
The true relations of things are found in mechanical causation. ‘“Nature knows
only mechanical causation, to the investigation of which all our efforts should
be directed.”>

A mechanistic conception of the universe necessarily leads to a mechanistic
conception of causation. Descartes laid down the principle of causation as “an
eternal truth.”

Mechanistic determinism came to be generally accepted on English soil, although
it was often interwoven with religious dogma (for instance of the “Christian neces-
sarian” sect, to which Priestley belonged). This peculiar combination—so charac-
teristic of thinkers of the English type—is also found in Newton.

The universal acceptance of the principle of mechanical causation as the sole and
basic principle for the scientific investigation of nature was brought about by the
mighty development of mechanics. Newton’s Principia is a grandiose application of
this principle to our planetary system. “The old teleology has gone to the Devil,*>°
but so far only in the realm of inorganic nature, of terrestrial and celestial mechanics.

The basic idea of the Principia consists in the conception of the motion of the
planets as a result of the compounding of two forces: one directed towards the sun,
and the other that of the original impulse. Newton left this original impulse to God
but “forbade Him further interference in His solar system” (Engels).”’

This unique “division of labour” in the government of the universe between
God and causation was characteristic of the way in which the English philosophers
interwove religious dogma with the materialistic principles of mechanical causation.

The acceptance of the modality of motion, and the rejection of moving matter as
causa sui was inevitably bound to bring Newton to the conception of the original
impulse. From this perspective, the conception of divinity in Newton’s system is
by no means incidental but is organically connected with his views on matter and
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motion, as well as with his views on space, in the development of which he was
greatly influenced by Henry More.

It is at this point that the entire weakness of Newton’s general philosophical
conception of the universe becomes apparent. The principle of pure mechanical cau-
sation leads to the notion of the divine impulse. “The bad infinity” of the universal
chain of mechanical determinism ends in the original impulse, thus opening the door
to teleology.

Thus, the importance of the Principia is not confined to purely physical prob-
lems, but is also of great methodological interest.

In the third book of the Principia Newton expounds a “conception of the
universe.” The general scholium to the third book (third edition) proves the neces-
sity of a divine power as the organizing, moving and directing element of the
universe.

We shall not go into the question of the authorship of this scholium nor of the
role of Cotes and Bentley in the publication of the Principia. There is extensive
literature on this question, but Newton’s letters quoted below undeniably prove that
Newton’s theological views were by no means a mere appendage to his system and
were not forced upon him by Cotes or Bentley.

When Robert Boyle died in 16928 he left a sum yielding .£50 per annum in order
that every year eight lectures would be delivered in one of the churches in England
proving the irrefutability of Christianity and repudiating unbelief.

Bentley, Chaplain of the Bishop of Worcester, had to deliver the first series of
these lectures. He decided to devote the seventh and eighth to proving the necessity
of the existence of divine providence, basing the proof on a consideration of the
physical principles of the creation of the world as stated in Newton’s Principia.

While preparing these lectures, he encountered a number of physical and philo-
sophical difficulties, which he requested the author of the Principia to explain.

Newton replied in detail to Bentley’s questions in four letters which provide a
valuable source of information on Newton’s views on the cosmological problem.

The chief difficulty Bentley asked Newton about was how to repudiate the mate-
rialistic argument, already propounded by Lucretius, that the creation of the world
could be explained by purely mechanical principles, if it is assumed that matter
possesses an innate property of gravity and is evenly distributed in space.

In his letters Newton pointed out in detail to Bentley how this materialistic
argumentation can be overcome.

It is not difficult to see that this discussion was essentially about the theory of the
evolution of the universe, and on this question Newton was resolutely opposed to
the materialistic conception of evolution.

“When I wrote my Treatise about our Systeme,” wrote Newton to Bentley, “I had an Eye
upon such Principles as might work with considering Men, for the beliefe of a Deity.”>®

If matter were uniformly distributed in finite space, then, owing to its force of gravity,
it would accumulate into one large spherical mass. But if matter were distributed in infinite
space, then it could, in obedience to the force of gravity, form masses of varying magnitude.

However, in no case can it be explained by natural causes how the luminous mass—the
sun—is in the centre of the system and precisely in the position in which it is placed.
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Therefore the only possible explanation lies in the acknowledgment of a divine creator
of the universe, who wisely distributed the planets in such a manner that they receive the
light and warmth necessary to them.

Going further into the question of whether planets could be set in motion as a
consequence of natural causes, Newton pointed out to Bentley that planets could be
set in motion as a consequence of the force of gravity, which was a natural cause,
but could never achieve periodical rotation along closed orbits, since this requires
also a tangential component. Therefore, Newton concludes, the actual paths of the
planets and their formation can in no way be explained by natural causes, and hence,
an enquiry into the structure of the universe leads to the presence of an intelligent
divine principle.

Furthermore, when discussing the question of the stability of the solar system,
Newton pointed out that such a marvellously organized system, in which the speed
and mass of bodies are selected in such a manner as to maintain stable equilibrium,
could only be created by divine reason.

This conception and Newton’s appeal to divine reason as the supreme cause,
organizer and prime moving force of the universe is by no means incidental but is
the inevitable consequence of his conception of the principles of mechanics.

Newton’s first law of motion attributed to matter the faculty of maintaining that
state in which it exists.

As Newton considered only the mechanical form of motion, his conception of
the state of matter is synonymous with the state of rest or mechanical translation.

Matter that is not acted upon by external forces can exist either in a state of rest
or in a state of rectilinear, uniform motion. If a material body is at rest, then only an
external force can remove it from that state.

If, however, a body is in motion, then only an external force can change that
motion.

Thus, motion is not an immanently inherent attribute of a body, but is a mode
which matter may or may not possess.

In this sense Newton’s matter is inert in the full meaning of the word. An external
impulse is always necessary to set it in motion or to alter or stop this motion.

Moreover, since Newton accepts the existence of an absolute, motionless space,
inertia is possible for him as is also absolute rest, and thus the existence of absolutely
motionless matter, not merely motionless within the given frame of reference, is
physically possible.

It is clear that such a conception of the modality of motion must inevitably lead
to the introduction of an external motive force, and in Newton this role is performed
by God.

It is very important to note that, in principle, not only is Newton not opposed
to the idea of endowing matter with specific attributes, but, contrary to Descartes,
declares density and inertia to be “innate properties of matter.”

Thus, by depriving motion of the character of being an attribute of matter, and
recognizing it only as a mode, Newton deliberately deprives matter precisely of that
inalienable property without which the structure and origin of the world cannot be
explained by natural causes.
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If we contrast Newton’s point of view with that of Descartes, the difference in
their beliefs is immediately apparent.

“I freely acknowledge,” the latter declares in his Principia, “that I recognize no matter in
corporeal things apart from that which the geometers call quantity, and take as the object of
their demonstrations, i.e. that to which every kind of division, shape and motion is appli-
cable. Moreover, my consideration of such matter involves absolutely nothing apart from
these divisions, shapes and motions; and even with regard to these, I will admit as true
only what has been deduced from indubitable common notion so evidently that it is fit to
be considered as a mathematical demonstration. And since all natural phenomena can be
explained in this way, as will become clear in what follows, I do not think that any other
principles are either admissible or desirable in physics.”®

In his physics, Descartes does not recognize any supernatural causes. Therefore
Marx points out that the mechanistic French materialism was close to Descartes’
physics, in opposition to his metaphysics.

Descartes’ physics could play that role only because “within his physics, matter
is the sole substance, the sole basis of being and of knowledge” (Marx).%!

In the third part of his Principia Descartes also gives a picture of the development
of the universe. The difference in Descartes’ position consists in his detailed consid-
eration of the historical genesis of the universe and the solar system in accordance
with the principles mentioned above.

It is true that Descartes also considers motion only as a mode of matter, but, in
contrast to Newton, for him the supreme law is the law of conservation of quantity
of motion.

Individual material bodies can acquire and lose motion, but the general quantity
of motion in the universe is constant.

Descartes’ law of the conservation of quantity of motion includes the assumption
that motion is indestructible.

It is true that Descartes understood indestructibility in a purely quantitative sense,
and this mechanical formulation of the law of conservation of motion is not acciden-
tal but arises from the fact that Descartes, like Newton, considers that all varieties
of motion consist of mechanical displacement. They do not consider the problem of
the transformation of one form of motion into another, and, as we shall see in the
second part of this paper, there are profound reasons for this.

Engels’ great merit lies in the fact that he considered the process of the motion
of matter as the eternal passing of one form of material motion into another. This
enables him not only to establish one of the basic theses of dialectic materialism,
i.e., the inseparability of motion from matter, but also to raise the conception of the
law of conservation of energy and quantity of motion to a higher level.

We shall return to this problem in the second part of this paper.®?

Descartes, like Newton, also introduced God, but he needed God only to prove
that the quantity of motion in the universe remains constant.

He not only refused to admit the conception of an external impetus imparted by
God to matter, but, on the contrary, considered that constancy is one of the principal
properties of the deity; hence, we cannot assume any inconstancy in his creations,
since by assuming inconstancy in his creations we also assume inconstancy in him.
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Thus Descartes’ reason for introducing a deity is different from Newton’s, but his
conception also requires a deity since Descartes, too, does not maintain an entirely
consistent view of the self-movement of matter.

During the period when Descartes and Newton were elaborating their concep-
tions of matter and motion, although somewhat later (the 1690s), we find in John
Toland a far more consistent materialistic conception of the relation between matter
and motion.

Criticizing the views of Spinoza, Descartes and Newton, Toland directed his chief
attack against the conception of the modality of motion.

“Motion,” contended Toland in his fourth letter to Serena, “is essential to Matter, that is
to say, as inseparable from its Nature as Impenetrability or Extension, and that it ought to
make a part of its Definition.”

“This Notion alone,” Toland quite justly avers, “accounts for the same Quantity of Motion
in the Universe . . . it solves all the Difficultys about the moving Force. . .”%?

The doctrine of the self-movement of matter was fully developed in the dialecti-
cal materialism of Marx, Engels and Lenin.

The entire progress of modern physics demonstrates the truth of this doctrine.
Modern physics is increasingly confirming the view that motion and matter are
inseparable.

Modern physics rejects absolute rest.

The universal significance of the law of the conservation and transformation of
energy increasingly corroborates Engels’ conception of the correlation of forms of
motion of matter. This is the only conception that provides a true understanding
of the law of the transformation of energy, as it synthesises the quantitative aspect of
this law with its qualitative aspect, uniting it organically with the self-movement of
matter.

The way in which the law of inertia and the conception of inert matter are
connected with Newton’s absolute space has been indicated above.

However, Newton did not confine himself to a physical conception of space, but
also provided a philosophical-theological conception.

Dialectical materialism considers space as a form of existence of matter. Space
and time are the fundamental conditions for the existence of all being, and therefore
space is inseparable from matter. All matter exists in space, but space exists only
in matter. Empty space separated from matter is only a logical or mathematical
abstraction, the fruit of our thought, to which no real thing corresponds.

According to Newton’s thesis, space can be separated from matter, and absolute
space preserves its absolute properties precisely because it exists independently of
matter.

Material bodies exist in space, as in a kind of container. Newton’s space is not
a form of the existence of matter, but only a container that is independent of these
bodies and exists independently.

Such is the conception of space as laid down in the Principia. Unfortunately, we
cannot enter here into a detailed analysis of this conception. We will only note that
such a conception is closely connected with the first law of motion.
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Having thus defined space as a container, separated from matter, Newton, natu-
rally, asks himself what is the essence of this container.

In solving this question Newton concurs with H. More, who held the view that
space is “the sensorium of God” (sensorium dei).

In this matter Newton also differs fundamentally from Descartes, who developed
the conception of space as a physical body.

The unsatisfactory nature of Descartes’ conception lies in the fact that he identi-
fied matter with a geometric object.

Whilst Newton separated space from matter, Descartes, by materialising geo-
metrical forms, deprived matter of all properties except extension. This, of course,
is also incorrect, but this conception did not lead Descartes in his physics to the
same conclusions as Newton.

What is there in space devoid of matter? asks Newton in Query 28 of his Optics.
How can it be that in Nature everything is ordered and whence arises the harmony
of the world? Does it not follow from the phenomena of Nature itself that there
is an incorporeal, intelligent, omnipresent being for whom space is his sensorium,
through which he perceives things and comprehends their very essence?%*

Thus we see that in this question too Newton firmly adopts the viewpoint of
theological idealism.

Thus the idealistic views of Newton are not incidental, but organically bound up
with his conception of the universe.

Whilst there is a distinct dualism in Descartes’ physics and metaphysics, Newton,
particularly in his later period, not only demonstrates no desire to separate his phys-
ical conception from his philosophical one, but, on the contrary, even attempts in his
Principia to justify his religious-theological views.

In so far as the Principia for the most part arises from the demands of the econ-
omy and technology of the era and investigates the laws of the motion of material
bodies, it undoubtedly contains elements of healthy materialism.

But the general defects of Newton’s philosophical conception outlined above,
and his narrow mechanical determinism, not only do not permit him to develop
these elements, but on the contrary thrust them into the background of his general
religious-theological conception of the universe.

Hence, in his philosophical views, as in his religious and political views, Newton
was a child of his class. He ardently opposed materialism and unbelief.

In 1692, after the death of his mother and the fire that destroyed his manuscripts,
Newton was in a state of depression. At that time he wrote to Locke, with whom
he corresponded on various theological matters, a caustic letter on his philosophical
system.

In his letter of 16 September 1693 he asked Locke to forgive him for that let-
ter and for having thought that Locke’s system offended moral principles. Newton
particularly asked forgiveness for having considered Locke a follower of Hobbes.®
Here is confirmation of Engels’ statement that Hobbes’s materialism was hateful to
the bourgeoisie.

Overton’s materialism could not even be mentioned—after all, he was almost a
Bolshevik.
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When Leibniz, in his letters to the Princess of Wales, accused Newton of mate-
rialism because he considered space as the sensory of a deity, by which it perceives
things, which consequently do not wholly depend on it and are not created by it,
Newton fiercely protested against such accusations. Clarke’s polemics with Leibniz
were aimed at rehabilitating Newton from this accusation (see Appendix 5).

If in the realm of physics Newton’s research remained mainly within the bounds
of one form of motion, that is, mechanical displacement, and therefore contained no
conception of development and transition from one form of motion to another, then
the conception of development is also entirely absent from his views on nature as
a whole.

Newton concludes the first period of the new natural science in the field of
the inorganic world. It is a period when the available material was mastered. He
achieved great results in the realm of mathematics, astronomy and mechanics,
particularly thanks to the work of Kepler and Galileo, which Newton completed.

But a historical view of nature is absent. It does not exist as a system in
Newton. Natural science, which is basically revolutionary, comes to a halt in face
of a conservative nature that remains throughout the ages in the state in which it
was created.

Not only is there no historical view of nature in Newton, but his system of
mechanics does not even contain a law of the conservation of energy. At first sight,
this is even harder to understand since the law of conservation of energy is a simple
mathematical consequence of the central forces that Newton considered.

Furthermore, Newton considers, for instance, cases of oscillation, for which
Huygens, when studying the question of the centre of oscillations, had implicitly
formulated the law of the conservation of energy.

It is quite obvious that it was not any lack of mathematical genius or limitation
in his physical horizon that prevented Newton from enunciating this law, even in the
form of an integral of living forces.%

In order to explain this we must consider the question from the viewpoint of
our Marxist conception of the historical process. Such an analysis will enable us to
link this question to the problem of the transformation of one form of motion into
another, the solution to which was provided by Engels.

Engels’ Conception of Energy and the Lack of the Law
of Conservation of Energy in Newton

In analysing the problems of the interrelations between matter and motion in
Newton, we saw that Toland took the view that motion was inseparable from matter.
Nevertheless, the simple recognition of the inseparability of matter from motion is
still far from resolving the problem of studying the forms of motion of matter.

In nature we observe an endless variety of forms of motion of matter. If we pause
to consider the forms of motion of matter studied by physics we see that here too
are a number of different forms of motion (mechanical, thermal, electromagnetic).
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Mechanics studies the form of motion that consists in the simple displacement of
bodies in space.

Nevertheless, in addition to this form of motion there are a number of other forms
of motion of matter, in which mechanical displacement recedes to the background
by comparison with new specific forms of motion.

Although the laws of the motion of electrons are connected with their mechanical
displacement, they do not amount to their simple change of place in space.

Consequently, in distinction to the mechanical worldview, which regards the
main task of natural science as the reduction of all forms of motion of matter to
the one form of mechanical displacement, dialectical materialism regards the prin-
cipal task of natural science as the study of the forms of motion of matter in their
interconnections, interactions and development.

Dialectical materialism understands motion as change in general. Mechanical
displacement is only one, partial form of motion.

In nature, in real matter, absolutely isolated, pure forms of motion do not exist.
Every real form of motion, including, of course, mechanical displacement, is always
bound up with the transformation of one form of motion into another.

Hitherto physics has remained within the bounds of studying one form of motion,
the mechanical form, and, as we have seen, this is what constitutes the distinctive
nature of physics in Newton’s period; the problem of the interrelations between this
and other forms of motion could not really be posed. And when such a problem was
posed there was always a tendency to hypostatise precisely this most simple and
most fully studied form of motion and to present it as the sole and universal aspect
of motion.

Descartes and Huygens adopted this position, and Newton essentially associated
himself with it.

In the introduction to the Principia Newton notes, “If only we could derive the
rest of the phenomena of nature from mechanical principles by the same kind of
reasoning.” (Newton deduced the motion of the planets from these laws in the third
book.) “For many things lead me to have suspicion,” he continues, “that all phenom-
ena may depend on certain forces by which the particles of bodies, by causes not
yet known, either are impelled towards one another and cohere in regular figures, or
are repelled from one another and recede.”®’

The development of large-scale industry made it necessary to study new forms
of motion of matter and exploit them for the needs of production.

The steam engine gave enormous impetus to the development of the study of the
new, thermal form of motion. The history of the development of the steam engine is
of importance to us in two regards.

First we shall investigate why the problem of the steam engine emerged during
the development of industrial capitalism and not during the development of mer-
chant capital. This will explain why the steam engine became the central object
of investigation only in the period immediately after Newton, even though the
invention of the first steam engine dates from Newton’s period (Ramsey’s patent
in 1630).
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Thus we see that the connection between the development of thermodynamics
and the steam engine is the same as that between the technical problems of Newton’s
period and his mechanics.

But the development of the steam engine is also of interest for another reason.

In distinction from mechanical machines (the pulley, the windlass, the lever) in
which one kind of mechanical motion is converted into another kind of the same
mechanical displacement, by its very essence the steam engine is based on the
conversion of one form of motion (thermal) into another (mechanical).

Thus, the development of the steam engine also inevitably raises the problem of
the conversion of one form of motion into another, which we do not find in Newton
and which is closely bound up with the problem of energy and its conversion.

We shall first investigate the main stages in the development of the steam engine
in connection with the development of the productive forces.

Marx noted that the mediaeval trade of the first merchant towns was of an inter-
mediary character. It was founded on the barbarism of the producing nations, for
whom those towns and the merchants played the role of middlemen.

So long as merchant capital played the role of middleman in the exchange of
products between undeveloped countries, commercial profit not only appeared as
out-bargaining and cheating, but directly originated from them.

Later merchant capital exploited the difference between the prices of produc-
tion of various countries. In addition, as Adam Smith emphasizes, during the first
stage of its development merchant capital is chiefly a contractor and supplies the
needs of the feudal landlord or the oriental despot, concentrating the main mass of
surplus-product in its own hands and being relatively less interested in the prices of
commodities.®

This explains the enormous profits of mediaeval trade. The Portuguese expedition
of 1521 purchased cloves for two or three ducats and sold them in Europe at 336
ducats. The total cost of the expedition amounted to 22,000 ducats, the receipts were
150,000 ducats, the profits 130,000, i.e., about 600 per cent.

At the beginning of the 17th century the Dutch purchased cloves at 180 guldens
for 625 pounds, and sold them in the Netherlands for 1,200 guldens.

The greatest percentage of profit came from those countries that were completely
subject to Europeans. But even in the trade with China, which had not lost its
independence, the profits reached 75 to 100 per cent.

When merchant capital possesses overwhelming hegemony everywhere, it con-
stitutes a system of despoliation.

The high rates of profit were maintained in the 17th and the beginning of the
18th centuries.

This was because the extensive trade of the late Middle Ages and the begin-
ning of the modern era was mainly monopolistic commerce. The British East
India Company was closely connected with state power. Cromwell’s navigation act
strengthened the monopoly of British trade. It was from that time that the gradual
decline of Holland as a naval power began and a solid basis was laid to England’s
maritime hegemony.
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Thus, so long as the dominant form of capital was merchant capital, attention
was mainly directed, not so much to improving the actual process of exchange, but
to consolidating the monopolistic position and dominating the colonies.

Developing industrial capitalism immediately turned its attention to the process
of production. The free competition within the country, which the British bour-
geoisie achieved in 1688, immediately made it necessary to consider the question of
costs of production.

As Marx observed, large-scale industry universalized competition and made
protective tariffs a mere palliative.

It was necessary not only to produce sufficient quantities of high-quality com-
modities, but to produce them as cheaply as possible.

The process of reducing the cost of the production of commodities was directed
along two lines: the ever increasing exploitation of labour power (the production
of absolute surplus value) and the improvement of the production process itself
(relative surplus value). The invention of machines not only failed to reduce the
working day but, on the contrary, as a powerful means of increasing the productivity
of labour, as an instrument of capital, it became a means for excessively extending
the working day.

We shall trace this process in the steam engine. But before turning to an analysis
of the history of the development of the steam engine, we must elucidate what we
mean by an machine since on this question the Marxist point of view differs radically
from that of other researchers.

At the same time, in order to elucidate the essence of the industrial revo-
lution, which made the steam engine so prominent, it is necessary to have a
clear understanding of the role played by the steam engine in the industrial
revolution.

It is widely believed that the steam engine created the industrial revolution. Such
an opinion is erroneous. Manufacture developed out of handicrafts in two ways. On
the one hand it arose from the combination of heterogeneous independent hand-
icrafts, which lost their independence, and on the other hand it arose from the
co-operation between craftsmen in the same craft, which broke down the particular
process into its component parts and led to a division of labour within manufacture.

The starting point in manufacture is labour power.

The starting point in large-scale industry is the tool. Of course, the problem of
the motive power is also important for manufacture, but the revolutionization of the
entire process of production, which had been prepared by the detailed division of
labour within manufacture, was brought about not by the motive power but by the
machine driven tool.

Every machine consists of three basic parts: the motor, the transmission mecha-
nism and the tool.%

The essence of a historical view of the definition of a machine is precisely the
fact that in different periods a machine has different purposes.

Vitrivius’ definition of a machine remained valid until the industrial revolution.
For him a machine was “a coherent combination of joinery most capable of moving
loads.”"®
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Consequently the basic instruments serving these ends: the inclined plane, the
windlass, the pulley, the lever, were called simple machines.

In his introduction to the Principia, Newton attributes the teachings about five
simple machines—the lever, the wheel, the pulley, the windlass, the wedge—to the
applied mechanics developed by the ancients.

This is the source of the widespread opinion in English literature that an instru-
ment is a simple machine and a machine, a complex instrument.

However, it is not entirely a question of simplicity and complexity. The essence
of the matter is that the introduction of a machine-driven tool designed to grip
and expediently change the object of labour brought about a revolution in the very
process of production.

The other two parts of the machine exist in order to set the tool in motion.

Thus, it is clear that a great gulf divides the machines known to Vitruvius,
which accomplish only the mechanical displacement of the finished products,
from the machines of large-scale industry, whose function consists in a complete
transformation in the original material of the product.

The fruitful nature of Marx’s definition is especially clear if we compare it with
the definitions of a machine found in the literature.

In his Theoretical Kinematics Reuleaux’! defines a machine as “a combination
of bodies capable of resistance, which is so arranged that by its means mechanical
natural forces can be compelled to act under certain motions.”

This definition is equally applicable to Vitruvius’ machine and to the steam
engine. However, there are difficulties arise when this definition is applied to the
steam engine.

Sombart’s definition of a machine suffers from the same defect. Sombart calls the
machine a means or a complex of means of labour, served by man, the purpose of
which is the mechanical rationalization of labour. What distinguishes the machine
as a means of labour from a tool is precisely the fact that the former, is served by
man, whereas the latter serves man.’?

This definition is inadequate precisely because it bases the distinction between a
tool and a machine on the fact that the one serves man and the other is served by
man. This definition, which at first sight is based on a socio-economic character, not
only fails to distinguish between the period in which the simple tool predominates
and the period in which the machine method of production predominates, but creates
the quite absurd notion that the essence of the machine consists in its being served
by man.”3

Thus an imperfect steam engine demanding the continual service of a man (in
Newcomen’s first engines a boy had continually to open and close a tap) will be a
machine, while a complex automaton producing bottles or electric bulbs will be a
tool, since it hardly requires any servicing.

Marx’s definition of a machine draws attention to the fact that it caused a
revolution in the very process of production.

The motor is a necessary and very important component part of the machin-
ery of industrial capitalism, but it does not determine its fundamental character.
When John Wyatt invented his first spinning machine he did not even mention
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how it was driven. “A machine in order to spin without the aid of fingers” was
his programme.’

It was not the development of the motor and the invention of the steam engine that
created the industrial revolution of the 18th century, but on the contrary the steam
engine gained such enormous importance precisely because the division of labour
that was emerging in manufacture and its increasing productivity made the invention
of a machine-driven tool both possible and necessary, and the steam engine, which
had been born in the mining industry, found a field awaiting its application as a
motive power.

Arkwright’s spinning jenny was at first driven by means of water. However
the use of water power as the predominant form of motive power involved great
difficulties.

It could not be increased arbitrarily; if there was a shortage of it, it could not be
replenished; sometimes it dried up; and it remained of purely local character.

Only with the invention of Watt’s machine did the machine textile industry, which
was already fairly well developed, receive the motor that was essential for it at that
particular stage of development.

Thus the machine textile industry is by no means a consequence of the invention
of the steam engine.

The steam engine was born in the mining industry. As early as 1630 Ramsay was
granted a patent in England “to raise water from low pits by fire.”

In 1711 the Proprietors of the Invention for Raising Water by Fire was formed
for exploiting Newcomen’s engine in England.

The greatest service rendered by England’s thermal (steam) engine, Carnot wrote
in his work On the Motive Power of Heat, was undoubtedly the revival of the work-
ing of the coal mines, which threatened to cease entirely in consequence of the
continually increasing difficulty of drainage and of raising the coal.”

The steam engine gradually became an important factor in production. It was
then noticed that it could be made more economical by reducing the consumption
of steam, and consequently the consumption of water and fuel.

Even before Watt’s work Smeaton was investigating the consumption of steam
in different steam engines, setting up a special laboratory for this purpose in 1769.
He found that steam consumption in different engines varies from 176 to 76 kg per
horsepower hour. Savery succeeded in building an engine of the Newcomen type
with a steam consumption of 60 kg per horsepower hour.

By 1767 fifty-seven steam engines with a total power of 1,200 horsepower were
already at work around Newcastle alone.

It is no wonder that the problem of economy was one of the main problems
confronting Watt.

Watt’s patent, taken out in 1769, begins thus: “My method of lessening the con-
sumption of steam, and consequently fuel, in fire engines, consists in the following
principles.”7¢

Watt and Boulton concluded an agreement with an owner of coal mines, accord-
ing to which they would be paid one-third of the sum saved by the reduced
expenditure on fuel.
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According to this agreement, they received over two thousand pounds’’ a year
from this mine alone.

The chief inventions of the textile industry were made in the period 1735-1780,
thus creating an immediate demand for a motor.

In his patent taken out in 1784 Watt described the steam engine as a universal
motor of large industry.

The main problem was the technical rationalization of the steam engine. In order
to realize this task in practice it was necessary to make a detailed study of the
physical processes that occurred in the engine.

Unlike Newcomen, Watt, in the laboratory of Glasgow University, made a
detailed study of the thermo-dynamic properties of steam, thus laying the basis for
thermodynamics as a branch of physics.

He carried out a number of experiments on the boiling temperature of water under
various pressures in relation to change in the expansion of steam. Then he investi-
gated the latent heat in steam formation and developed and tested Black’s theory.

Thus the main problems of thermo-dynamics, the teaching about the latent heat
in steam formation, the dependence of boiling point on pressure and the magnitude
of the latent heat in steam formation, began to be scientifically elaborated by Watt.

It was this detailed study of the physical processes in the steam engine that
enabled Watt to go further than Smeaton, who, despite his goal of investigating the
steam engine in the laboratory, was limited to making purely empirical, superficial
improvements to Newcomen’s engine, since he had no knowledge of the physical
properties of water vapours.

Thermodynamics not only received an impetus to its development from the steam
engine, but in fact developed from the study of that engine.

It became necessary to study not only the particular physical processes in the
steam engine, but the general theory of steam engines, the general theory of the
maximum efficiency of steam engines. This work was carried out by Sadi Carnot.

The general theory of the steam engine and the theory of the maximum effi-
ciency led Carnot to the necessity of investigating general thermal processes, to the
discovery of the second principle of thermodynamics.

The study of steam engines, said Carnot in his work On the Motive Power of Heat
(1824), is of the greatest interest, as their importance is enormous and their use is
continually increasing. Clearly they are destined to produce a great revolution in the
civilized world.”®

Carnot remarked that, despite various kinds of improvements, the theory of the
steam engine had made but little progress.

Carnot formulated his task of elaborating a general theory of the steam engine in
such a way that the practical problems he set in order to discover a general theory
of maximum efficiency are quite clear.

The question has often been raised, he wrote, whether the motive power of heat
is limited or infinite; by motive power we mean the work a motor can perform.

Is there any limit to the possible improvements, a limit that the nature of things
will not allow to be surpassed by any means whatever? Or, on the contrary, can these
improvements be carried on indefinitely?”’
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Machines which do not receive their motion from heat, but have for a motor the
force of men, animals, a waterfall, an air current, can be studied, Carnot observed,
by means of theoretical mechanics.

Here, all cases are foreseen, all imaginable motions are referred to their gen-
eral principles (which was made possible by Newton’s work on mechanics), firmly
established and applicable in all circumstances.

No such theory exists in the case of heat engines.

We cannot have such a theory, Carnot stated, until the laws of physics are
extended enough, generalized enough, to make known beforehand all the effects
of heat acting in a determinate manner on any body.%°

Here the connection between technology and science, between the investiga-
tion of the general laws of physics and the technical problems raised by economic
development is established with extraordinary clarity.

But the history of the steam engine is important to us in another connection
as well.

Historically, the investigation of various forms of physical motion of matter took
place in the following sequence: mechanics, heat, electricity.

We have seen that the development of industrial capitalism presented technology
with the demand to create a universal motor.

This demand was preliminarily supplied by the steam engine, which had no
competitors until the invention of the electric motor.

The problem of the theory of the efficiency maximum of steam engines led to the
development of thermodynamics, i.e., to the study of the thermal form of motion.

This, therefore, is the explanation for the historical sequence in the study of forms
of motion: the study of the thermal form of motion—thermodynamics—developed
in the wake of mechanics.

We shall now proceed to a consideration of the importance of the steam engine
from the perspective of the transformation of one form of motion into another.

Whilst Newton never even posed the problem of the law of the conservation
and conversion of energy, Carnot was compelled to pose it, although still in an
unclear form.

The reason for this was that Carnot’s study of the steam engine focused precisely
on the conversion of thermal into mechanical energy.

The category of energy as one of the basic categories of physics appeared at
the time when the problem of the correlations between various forms of motion
emerged. And as the forms of motion investigated by physics became more varied,
so the category of energy acquired ever more significance.

Thus the historical development of the study of physical forms of motion of
matter should provide the key to understanding the origin, significance and inter-
connection of the categories of physics.

A historical study of forms of motion should be conducted from two perspec-
tives. We must study the historical sequence of the forms of motion as they appear
in the development of the science of physics in human society. We have already
shown the connection between the mechanical and the thermal form of motion
from the perspective of their historical genesis in human society. The study of these
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forms follows the sequence in which they were brought to the forefront by human
practice.

The second perspective is to study the “natural science of the development of
matter.” The process of studying the development of inorganic matter in the micro-
cosm and the macrocosm should provide the key to understanding the connection
between the various forms of motion of inorganic matter and reciprocal conversions
of one to another, and should lay a sound basis for a natural classification of forms
of motion of matter. This principle should lie at the basis of a Marxist classification
of sciences.

Every science analyses a single form of motion or a series of forms of motion
that are interconnected and transformed into one another.

The classification of sciences is none other than a hierarchy of the forms of
motion of matter in accordance with their essential order, in other words, in accor-
dance with their natural development and the passing of one form of motion into
another, as they occur in nature.

Hence, this principle of a Marxist classification of science bases classification on
the great idea of the development and the transformation of one form of motion of
matter into another form. (Engels.)?!

Herein consists Engel’s remarkable notion of the interconnection and hierarchy
of forms of motion of matter.

The conception of energy is indissolubly bound up with the conversion of one
form into another, with the problem of measuring this conversion. Modern physics
emphasizes precisely the quantitative aspect of this conversion and postulates the
conservation of energy in those conversions.

We recall, as was shown in the previous chapter, that the constancy and invari-
ability of quantity of motion were already stated by Descartes. The new element
introduced into physics by the work of Mayer and Helmholtz lay in the discovery
of the transformation of forms of motion along with the conservation of energy in
these conversions.

It was this, and not the simple postulation of constancy, that was the new element.

As a result of this discovery, the different isolated forces of physics (heat, elec-
tricity, mechanical energy), which until then had been seen as comparable to the
invariable species of biology, were transformed into interconnected forms of motion
that convert one into another according to definite laws.

Like astronomy, physics came to the inevitable conclusion that the end result
was the eternal circulation of moving matter. That is why Newton’s period, which
was acquainted with only one form of motion—the mechanical—and was primarily
interested, not in the conversion of one form into another, but only in the conversion
and modification of one and the same form of motion—mechanical displacement—
(let us recall Vitrivius’ definition of a machine and Carnot’s observations) did not,
and could not, consider the problems of energy.

As soon as the thermal form of motion appeared on the scene, and precisely
because it appeared on the scene when it was indissolubly bound up with the prob-
lem of its conversion into mechanical motion, the problem of energy came to the
forefront. The very way in which the problem of the steam engine was formulated
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(“to raise water by fire”) clearly points to its connection with the problem of the
conversion of one form of motion into another. It is not by chance that Carnot’s
classic work is entitled: On the Motive Power of Heat.

Engels’ treatment of the law of the conservation and conversion of energy empha-
sizes the qualitative aspect of the law of conservation of energy, in contradistinction
to the predominant treatment in contemporary physics that reduces it to a purely
quantitative law—the quantitative constancy of energy during its transformations.
The law of the conservation of energy, of the indestructibility of motion, should
be understood not only in a quantitative but also in a qualitative sense. It contains
not only the postulation that energy cannot be destroyed or created, which is one
of the basic prerequisites of the materialistic conception of nature, but a dialectical
treatment of the problem of the motion of matter. From the perspective of dialec-
tical materialism, the indestructibility of motion consists not only in the fact that
matter moves within the limits of one form of motion, but also in the fact that matter
itself is capable of producing from itself all the endless variety of forms of motion
in their spontaneous transformations into one another, in their self-movement and
development.

We see that only the conception of Marx, Engels and Lenin provides the key to
understanding the historical sequence of the development and investigation of forms
of motion of matter.

If Newton did not consider or solve the problem of the conservation of energy,
this, of course, was not because he lacked genius.

Great men in all spheres, no matter how remarkable their genius, formulate
and resolve those problems that have been placed on the agenda by the historical
development of the forces and relations of production in their time.

The Machine-Wreckers in Newton’s Age
and the Present-Day Wreckers of the Productive Forces

We have come to the end of our analysis of the Principia. We have shown how its
physical content arose out of the tasks of that era, which were placed on the agenda
by the class that was coming to power.

The historically inevitable transition from feudalism to merchant capital and
manufacture, and from manufacture to industrial capitalism, stimulated an unprece-
dented development of the productive forces, and this in turn gave a powerful impe-
tus to the development of scientific research in all spheres of human knowledge.

Newton happened to live in the very age when new forms of social relations, new
forms of production, were being created.

In his mechanics he was able to solve the complex of physical and technical
problems placed on the agenda by the rising bourgeoisie.

But he came to a halt, helpless, before nature as a whole. Newton was familiar
with the mechanical displacement of bodies, but he rejected the view that nature is
in a process of unceasing development. Still less can we hope to find in him any
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view of society as a developing whole, even though it was an age of transition that
gave rise to his main work.

Has the movement of the historical process ceased since Newton’s time? Of
course not, for nothing can check the forward movement of history.

After Newton, Kant and Laplace were the first to make a breach in the view of
nature as eternal and unchanging throughout the ages. They showed, albeit in a far
from complete form, that the solar system is the product of historical development.

It was through their works that the notion of development, which was subse-
quently to become the basic and guiding principle of all teaching on nature, entered
into natural science for the first time.

The solar system was not created by God, the movement of the planets is not
the result of a divine impulse. It not only preserves its state solely as a con-
sequence of natural causes, but also came into existence through their influence
alone. Not only does God have no place in a system whose existence is based
on the laws of mechanics, but he is unnecessary even as an explanation of its
origin.

“I have had no need to include any hypothesis of a deity in my system, Your Highness,” so

Laplace is said to have replied when Napoleon asked him why he had omitted all reference
to the role of God in his System of the World.

The progressive development of the productive forces gave rise to progressive
science.

The transition from domestic handicraft industry to manufacture and from man-
ufacture to large-scale machine industry, which was only beginning in Newton’s
age, was greatly accelerated during the following century. It was completed by the
monopolistic imperialist phase of capitalism, which is the threshold to new, socialist
forms of development.

As one phase of the capitalist method of production was replaced by another,
so the very views on technology and science held by the ruling class in capitalist
society changed.

On coming to power the bourgeoisie struggled mercilessly against the old guild
and handicraft modes of production. With an iron hand it introduced large-scale
machine industry, shattering in its course the resistance of the obsolete feudal class
and the still unorganized protest of the newborn proletariat.

Science and technology are powerful weapons of struggle for the bourgeoisie,
and it is interested in developing and perfecting these weapons.

The bard of industrial capitalism of this period (Ure)®? portrayed the struggle of
the bourgeoisie for new methods of production in the following terms:

Then the combined malcontents, who fancied themselves impregnably entrenched behind
the old lines of division of labour, found their flanks turned and their defenses rendered
useless by the new mechanical tactics, and were obliged to surrender at discretion.

Examining further the significance of the invention of the spinning machine, he said: “A
creation destined to restore order among the industrious classes . . . This invention confirms
the great doctrine already propounded, that when capital enlists science into her service, the
refractory hand of labour will always be taught docility.”$?
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Ure spoke for the bourgeoisie that was coming to power as it built new methods
of production on the blood and bones of the “refractory hand of labour.”

On coming to power the bourgeoisie revolutionized all modes of production. It
tore the old feudal bonds to shreds and shattered the archaic forms of social rela-
tions that fettered the further development of the productive forces. In that period
it was revolutionary because it brought with it new and more advanced methods of
production.

Over a period of a century it changed the face of the earth and brought into exis-
tence new, powerful productive forces. New, hitherto unexplored forms of motion
of matter were discovered.

The immense development of technology was a powerful stimulus to the devel-
opment of science, and the rapidly developing science in turn fertilized the new
technology.

And this unprecedented flourishing of the productive forces, the tremendous
growth of material culture, brought about the unprecedented impoverishment of the
masses of the people and a terrible growth in unemployment.

It is not surprising that these contradictions in the predominant capitalist methods
of production should have attracted the attention, not only of the state officials in the
capitalist countries, but also of their scientists.

In Newton’s period the bourgeoisie called for new methods of production. In his
memorandum on the reform of the Royal Society, Newton urged the state authorities
to support science, which contributed so much to the study of nature and the creation
of new productive forces.

Today the situation is very different.

In 1930/31 Nature published a number of leading articles dealing with the ques-
tions we are considering. These articles consider problems that are now agitating
the whole world. Of these articles, we will consider two that express most clearly
the point of view of English natural scientists. One is entitled “Unemployment and
Hope,” the other “Science and Society.”

This is how these articles depict the tasks of industry, its aims and course of
development.

Discussing the question of unemployment, which is rending capitalist society,
Nature defines the role of machines as follows:

There is, indeed, in the present situation much to excuse a passing reflection that perhaps,

after all, the people of Erewhon were wiser than ourselves in destroying their machines, lest,

as Marx predicted, the machines reversed the original relation and the workmen became the
tool and appendage of a lifeless mechanism.®*

Modern science and technology create machines of remarkable precision and pro-
ductivity, with an extraordinarily complex and delicate structure. And it now appears
that the machine wreckers of Newton’s period were wiser than we, who create
machines of unprecedented complexity and power.

The above quotation not only distorts the ideas of Marx, but also misinterprets
the movement of the machine-wreckers.

Let us first re-establish the true historic circumstances and actual reasons that
drove the workers to wreck the machines.
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The workers’ struggle against the machine merely reflected the struggle between
wage labourers and capitalists. The working class of that period did not struggle
against the machines as such but against the position to which the developing
capitalist order was relegating it in the new society.

During the 17th century the whole of Europe experienced the workers’ anger
against carding machines. The first wind-power saw-mill was destroyed in London
at the end of the 1670s.

The first decade of the 19th century was marked by the mass movement of the
Luddites against the power loom. As industrial capitalism developed, it transformed
labour power into a commodity. Forced out of industry by machinery, the worker
could not find a purchaser for his labour, and was comparable to paper money that
had gone out of currency. The growing working class, which had not yet developed
a class consciousness, directed its hatred against the external forms of capitalist
relations—the machines.

But this reactionary form of protest in fact expressed a revolutionary protest
against the system of wage labour and private ownership of the means of production.

The worker was indeed becoming an appendage to the machine, not because
machines had been invented, but because these machines served the interest of the
class that owned the means of production.

The call to machine-wrecking will always be a reactionary slogan, and the wis-
dom of the inhabitants of Erewhon consisted not in their destroying the machines,
but in their protest against the slavery of wage labour.

“The comfort and the welfare of the few,” continues the leading article, “on this view, may,
however, be too dearly purchased when we consider the lot of the displaced workers, and,
perhaps, still more the repression of individuality and the retarded development which, as
Marx predicted, have often accompanied mass production.”

Thus, in the opinion of Nature, improvement in the means of production inevitably
leads to the repression of individuality and the suffering of the masses of the people.

Here it is permissible to ask: Why was it that during Newton’s time, when there
was an enormous development in the means of production, scientific circles not only
did not call for a curb on this development, but, on the contrary, made every effort to
encourage every new discovery and invention; and the organ of the leading natural
scientists in Newton’s period, Philosophical Transactions, was full of descriptions
of these new inventions?

Before answering this question, we will see what methods this journal of British
naturalists proposes for solving the crisis of production and unemployment, which,
so it believes, are the results of the overdevelopment of the productive forces.

These methods are outlined in the leading article “Unemployment and Hope.”
We quote the corresponding section in extenso:%

The aims of industry are, or should be, ... chiefly two (1) to furnish a field for ... growth
of character; and (2) to produce commodities to satisfy man’s varied wants, mostly of a
material kind, though of course there are large exceptions outside the material category,
and the term ‘material’ is here used in no derogatory sense. Attention has hitherto been
directed mainly to (2) and the primary aim of industry has been ignored. Such one-sided
view of industry coupled with a too narrow use of the much abused word ‘evolution’ ...
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has, led to over-concentration on quantity and mass production and a ridiculous neglect of
the human element and there can be no doubt that had a little thought been given to the first
aim then the second would have been much more completely and satisfactorily attained;
also unemployment would not have been heard of . ..

The prevailing idea . . . appears to be that industry is evolving and must evolve towards one
fixed type, for example, that of large-scale production. . .. The best form or type of industry
... may consist of many different and constantly changing forms, distinguished above all
things by adaptability and elasticity—a living organism.

Elasticity further means the possibility of reviving, under new and improved forms to meet
modern conditions, two at least of the older types of industry which are supposed to have
been superseded or rendered obsolete by modern large-scale production, namely: (1) small
cottage industries or handicrafts. . .; (2) a combination of manufacturing with agricultural
or garden industry. .. Industry still has its roots firmly and deeply fixed in the past, and
foolishly to tear up a great part of those roots as old and useless is the surest way to
weaken the industrial tree. Perchance the source of the unemployment curse is to be found
here.

The restitution of these two principles of an older industrial order, so essentially and charac-
teristically English, under improved forms made possible by modern scientific achievement,
including notably electrical power distribution, would furnish, in the first place, a new and
almost infinite field for human employment of all kinds, absorbing all or most of the present
unemployed. . . By unemployed we mean chiefly the unemployed in Great Britain only, but
it would be vastly better to extend our consideration to cover unemployment throughout the
whole world . ..

The application of these two principles to unemployment is, of course, only one part of their
scope, for they have a far wider range even than this, especially in counteracting one of the
greatest evils of modern industry, namely, extreme specialism, monotonous work, and lack
of scope for developing skill, with all that that implies . . .

It is probable that, under the more bracing atmosphere of varied work and interest and skill
thus envisaged, the inventive faculties of mankind would be greatly stimulated, and a much
needed spur be given to originality.

Thus, according to Nature, the remedy for healing the wounds of capitalist soci-
ety, the means of eliminating all the contradictions of a system based on wage labour
and individual ownership of the means of production, is a return to those forms of
industry that directly preceded the age of industrial capitalism.

We have demonstrated above that it was these very forms that engendered the
advances in Newton’s period; and although they were a step forward by compari-
son with feudal methods of production, manufacture and small handicraft industry,
at the present time the slogan “Back to small handicraft industry” is profoundly
reactionary.

The fetishism of the commodity system, which Marx so brilliantly exposed, lies
in the fact that the relations of material things created by human society are isolated
from human relations and are considered as inherent to the things themselves.

This fetishism can be deciphered and exposed by understanding that it is not
things as such that create relations, but that the relations between things cre-
ated in the process of social production simply express a particular social relation
between people, which they conceive of in the fantastical form of relations between
things.
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The views cited above are also a certain form of fetishism. Machinery, the means
of production, the organization of production into large-scale machine production
are considered in isolation, outside the social relations of the particular economic
system in which the given mode of production exists and by which it is created.

Improving the instruments of labour brings misfortune to the great mass of the
population, we are told. The machine transforms the worker into its mere appendage.
It kills individuality. Let us return to the good old days.

No, we reply. It is not the improvement in the means of production that causes the
impoverishment and unprecedented sufferings of the masses. It is not the machines
that transform the worker into a blind appendage of a mechanism, but those social
relations that exploit machinery in such a way as to turn the worker into a mere
appendage to it.

The solution lies not in returning to old, long since obsolete modes of production,
but in changing the entire system of social relations, a change that is just as radical
as the transition from feudal and handicraft methods of production to industrial
capitalism was in its time.

Private property passes through three stages of development: feudalism, mer-
chant capital and manufacture, industrial capitalism.

At every stage of development in the process of production of their lives, peo-
ple involuntarily enter into specific relations of production that correspond to the
stage of development of the productive forces. At a certain stage of their devel-
opment, the productive forces come into antagonism with the existing relations of
production or, in juridical terms, with the property relations within which they devel-
oped. Having previously been their forms of development, the latter become their
fetters.3°

The further development of productive forces is only possible through a radical
reconstruction of all relations of production.

The transition from one form of production to another is characterized first and
foremost by such a reconstruction.

At every new stage the change in social relations brings about a further rapid
growth in the productive forces.

And, conversely, a crisis in the growth of the productive forces indicates that
they are unable to continue to develop within the framework of the given social
system.

The remedy that we cited above, which amounts to curbing the productive forces
by a return to the old forms of production, is merely an expression of the con-
tradiction between the productive forces in capitalist society and the relations of
production based on private ownership of the means of production.

Science develops out of production, and those social forms that become fetters
upon the productive forces likewise become fetters upon science.

Genuine methods for transforming society cannot be found through brilliant
inspiration or guesswork, nor through a return to “the good old days” which in
distant historical perspective appear to be a peaceful idyll, but which in reality were
a bitter class struggle and the repression of one class by another.
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Thus it has always been, and so it was in the age when Newton lived and worked,
and to whose forms of production it is proposed that we return.

We have seen that the obsolete system of social relations of that period, speaking
through their universities, also recommended restricting science, which was shatter-
ing the stagnant forms of feudal ideology and was entering into the service of a new
mode of production.

What we are now witnessing is the repetition, on a new basis, of the fundamental
antagonism between the forces and relations of production that Marx so brilliantly
and lucidly revealed and explained.

Whilst the newly emerging proletariat spontaneously protested by wrecking
machines and resisting inventions and science, today, armed with Marx’s, Engels’
and Lenin’s method of dialectical materialism, the proletariat clearly sees the path
towards the liberation of the world from exploitation of man by man.

The proletariat knows that genuine scientific knowledge of the laws of the
historical process leads with iron necessity to the conclusion that the change
from one social system to another is inevitable—to the change from capitalism to
socialism.%’

The proletariat exposes all the fetishes of class society and sees, behind the
relations between things, the relations between the human beings who create these
things.

Having learnt the real nature of the historical process, the proletariat does not
remain a mere spectator. It is not only the object, but the subject of the process.

The great historical significance of the method created by Marx lies in the fact
that knowledge is not regarded as the passive, contemplative perception of reality,
but as the means for actively reconstructing it.

For the proletariat science is a means and instrument for this reconstruction.
That is why we are not afraid to expose the “worldly origin” of science, its close
connection to the mode of production of material existence.

Only such a conception of science can truly liberate it from those fetters in which
it is inevitably trapped in bourgeois class society.

Not only does the proletariat have no fear of the development of the productive
forces, but it alone is capable of creating all the conditions for their unprecedented
flourishing, and also for the flourishing of science.

The teachings of Marx and Lenin have come to life. The socialist reconstruc-
tion of society is not a distant prospect, not an abstract theory, but a definite
plan for the great works being accomplished by the population of one-sixth of
the globe.

And as in all eras, by reconstructing social relations we reconstruct science.

The new method of research, which in the persons of Bacon, Descartes and
Newton gained victory over scholasticism and led to the creation of a new science,
was the result of the victory of the new mode of production over feudalism.

The building of socialism not only absorbs into itself all the achievements of
human thought, but, by setting science new and hitherto unknown tasks, charts new
paths for its development and enriches the storehouse of human knowledge with
new treasures.
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Only in socialist society will science genuinely belong to all mankind. New paths
of development are opening up before it, and its victorious march has no bounds
neither in infinite space or in eternal time.

Appendix 1

Galileo Gallilei: Discorses and mathematical demonstrations concerning two new
sciences

Salviati: Frequent experience of your famous arsenal, my Venetian friends, seems
to me to open a large field to speculative minds for philosophizing, and particu-
larly in that area which is called mechanics, inasmuch as every sort of instrument
and machine is continually put in operation there. And among its great number of
artisans there must be some who, through observations handed down by their prede-
cessors as well as those which they attentively and continually make for themselves,
are truly expert and whose reasoning is of the finest.

Sagredo: You are quite right. And since I am by nature curious, I frequent the place
for my own diversion and to watch the activity of those whom we call “key men”
(Proti) by reason of a certain preeminence that they have over the rest of the work-
men. Talking with them has helped me many times in the investigation of the reason
for effects that are not only remarkable but also abstruse, and almost unthinkable.
(Galileo Galilei, Two New Sciences (transl. Stillman Drake), Madison, WI: Univ. of
Wisconsin Press, 1974, p. 11)

Appendix 2

Nicolas Boileau: Arrest

Donné en la grand’chambre du Parnasse, en faveur des maitres-es-arts, medecins
et professeurs de I’ Universite de Stagyre au pays des chimeres: pour le maintien de
la doctrine d’Aristote.

Veu par la Cour la Requeste présentée par les Regens, Maitres-és-Arts, Docteurs et
Professeurs de 1’Université, tant en leurs noms que comme Tuteurs, et deffenseurs
de la Doctrine de Maitre en blanc Aristote, ancien Professeur Royal en Grec dans le
College du Licée, et Precepteur du feu Roy de querelleuse memoire Alexandre dit
le Grand, acquereur de I’ Asie, Europe, Afrique et autres lieux; contenant que depuis
quelques années, une inconnué nommée la Raison, auroit entrepis d’entrer par force
dans les Ecoles de ladite Université, et pour cet effet a I’aide de certains Quidams
factieux prenans les surnoms de Gassendistes, Cartesiens, Malebranchistes et Pour-
chotistes, gens sans aveu, se seroit mise en estat d’en expulser ledit Aristote ancien
et paisible possesseur desdites Ecoles, contre lequel, Elle et ses Consorts auroient
déja publié plusieurs livres, traités, dissertations et raisonnemens diffammatoires,
voulant assujettir ledit Aristote a subir devant Elle I’examen de sa Doctrine; ce qui
seroit directement opposé aux loix, us et colitumes de ladite Université, ou ledit
Aristote auroit todjours esté reconnu pour Juge sans appel et non comptable de
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ses opinions. Que méme sans 1’aveu d’icelui elle auroit changé et innové plusieurs
choses en et au dedans de la Nature, ayant osté au Cceur la prerogative d’estre le
principe des nerfs, que ce Philosophe lui avoit accordée liberalement et de son bon
gré, et laquelle Elle auroit cedée et transportée au Cerveau. Et ensuite, par une
procedure nulle, de toute nullité, auroit attribué audit Coeur la charge de recevoir
le chile appartenante cydevant au Foye; comme aussi de faire voiturer le Sang par
tout le corps, avec plein pouvoir audit Sang d’y vaguer, errer et circuler impunément
par les veines et arteres, n’ayant autre droit ni titre pour faire lesdites vexations que
la seule Experience, dont le témoignage n’a jamais esté recu dans lesdites Ecdles.
Auroit aussi attenté ladite Raison, par une entreprise inouie, de déloger le Feu de la
plus haute region du ciel, et pretendu qu’il n’avoit la aucun domicile, nonobstant les
certificats dudit Philosophe et les visites et descentes faites par luy sur les lieux. Plus,
par un attentat et voye de fait énorme contre la Faculté de Medecine, se seroit ingerée
de guerir, et auroit réellement et de fait guery quantité de fievres intermitentes,
comme tierces, double-tierces, quartes, triple-quartes, et méme continués, avec vin
pur, poudres, ecorce de Quinquina, et autres drogues inconnués audit Aristote et a
Hippocrate son devancier, et ce sans saignée, purgation ny evacuation precedentes;
ce qui est non seulement irregulier, mais tortionnaire et abusif; ladite Raison n’ayant
jamais esté admise ny agregée au Corps de ladite Faculté, et ne pouvant par conse-
quent consulter avec les Docteurs d’icelle, ni estre consultée par eux, comme Elle
ne I’a en effet jamais esté. Nonobstant quoy, et malgré les plaintes et oppositions
réiterées des sieurs Blondel, Courtois, Denyau, et autres deffenseurs de la bonne
Doctrine, elle n’auroit pas laissé de se servir tofijours desdites drogues, ayant eu la
hardiesse de les employer sur les Medicins mémes de ladite Faculté, dont plusieurs,
au grand scandale des regles, ont esté gueris par lesdits remedes. Ce qui est d’un
exemple tres-dangereux, et ne peut avoir esté fait que par mauvaises voyes sorti-
lege et pacte avec le diable. Et non contente de ce, auroit entrepris de diffammer et
de bannir des Ecoles de Philosophie les formalités, materialités, entités, virtualités,
ecceités, Petreités, Policarpeités, et autres estres imaginaires, tous enfans et ayans
cause de deffunt Maistre Jean Scot leur pere. Ce qui porteroit un préjudice notable,
et causeroit la totale subversion de la Philosophie Scolastique dont elles font tout le
Mystere, et qui tire d’elles toute sa subsistance, s’il n’y estoit par la Cour pourvd.

Veu les libelles intitulés Physique de Rohault, Logique de Port-Royal, Traités du
Quinquina, mé&me 1’Adversus Aristoteleos de Gassendi, et autres pieces attachées
a ladite Requeste, signée CHICANEAU, Procureur de la dite Université. Oiiy le
Rapport du Conseiller Commis. Tout consideré.

La Cour ayant égard a ladite Requeste, a maintenu et gardé, maintient et garde
ledit Aristote en la pleine et paisible possession et joiiissance desdites Ecdles.
Ordonne qu’il sera toGijours suivi et enseigné par les Regens, Docteurs, Maitres-és-
Arts et Professeurs de ladite Université. Sans que pour ce ils soient obligés de le lire
ni de scavoir sa langue et ses sentimens. Et sur le fond de sa doctrine, les renvoye
a leurs cahiers. Enjoint au Ceeur de continuer d’estre le principe des Nerfs, et a
toutes personnes de quelque condition et profession qu’elles soient de le croire tel,
nonobstant toute experience a ce contraire. Ordonne pareillement au Chile d’aller
droit au Foye sans plus passer par le Coeur, et au Foye de le recevoir. Fait deffense
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au Sang d’estre plus vagabond, errer ni circuler dans le corps, sous peine d’estre
entierement livré et abandonné a la Faculté de Médecine. Deffend a la Raison et a
ses adherans de plus s’ingerer a I’avenir de guerir les fiévres tierces, doubletierces,
quartes, triple-quartes ni continués, par mauvais moyens et voyes de sortileges,
comme vin pur, poudres, ecorce de Qinquina, et autres drogues non approuvées ny
connués des Anciens. Et en cas de guérison irreguliere par icelles drogues, permet
aux Medecins de ladite Faculté de rendre, suivant leur methode ordinaire, la fiévre
aux Malades, avec casse, séné, sirops, juleps, et autres remedes propres a ce; et de
remettre lesdits Malades en tel et semblable état qu’ils estoient auparavant; pour
estre ensuite traités selon les regles, et s’ils n’en rechappent, conduits du moins en
I’autre monde suffisamment purgés et &vacués.

Remet les entités, identités, virtualités, ecceités, et autres pareilles formules Sco-
tistes, en leur bonne fame etrenommée. A donné acte aux sieurs Blondel, Courtois
et Denyau de leur opposition au bon sens. A reintegré le feu dans la plus haute
region du ciel, suivant et conformément aux descentes faites sur les lieux. Enjoint a
tous Regens, Maitres-és-Arts et Professeurs d’enseigner comme ils ont accoitumé,
et de servir pour raison de ce, de tels raisonnemens qu’ils aviseront bon estre; et
aux Repetiteurs Hibernois et autres leurs Supposts, de leur préter main-forte, et
de courir sus aux Contre-venans peine d’estre privés du droit de disputer sur les
Prolegomenes de la Logique. Et afin qu’a I’avenir il n’y soit contrevenu, a banni a
perpetuité la Raison des Ecoles de ladite Université; luy fait deffenses d’y entrer,
troubler, ni inquieter ledit Aristote en la possession et jotiissance d’icelles, a peine
d’estre declarée Janseniste, et amie des nouveautez. Et a cet effet sera le present
Arrest 10 et publié aux Mathurins de Stagyre a la premiere Assemblée qui sera
faite pour la Procession du Recteur, et affiché aux portes de tous les Colleges du
Parnasse, et par tout ou besoin sera. Fait ce trente-huitieme jour d’ Aoust onze mil
Six cens soixante et quinze.

(Nicolas Boileau, Oeuvres Completes, Paris: Gallimard, 1966, pp. 327-330)

Appendix 3

From David Brewster, Memoirs of Sir Isaac Newton

While Newton was corresponding with Locke in 1692, the process of Boyle for
“multiplying gold,” by combining a certain red earth with mercury, became the sub-
ject of discussion. Mr. Boyle having “left the inspection of his papers” to Locke,
Dr. Dickison, and Dr. Cox, Mr. Locke became acquainted with the particulars of the
process we have referred to. Boyle had, before his death, communicated this process
both to Locke and Newton, and procured some of the red earth for his friends. Hav-
ing received some of this earth from Locke, Newton tells him, that though he has
“no inclination to prosecute the process,” yet, as he had “a mind to prosecute it,” he
would “be glad to assist him,” though “he feared he had lost the first and third of the
process out of his pocket.” He goes on to thank Locke for “what he communicated
to him out of his own notes about it,” and adds in a postscript, that “when the hot
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weather is over, he intends to try the beginning, (that is the first of the three parts
of the recipe) though the success seems improbable.”! In Locke’s answer of the
26th July,” he sends to Newton a transcript of two of Boyle’s papers, as he knew he
wished it; and, it is obvious from their letters, that both of them were desirous of
“multiplying gold.” In Newton’s very interesting reply’ to this communication, he
“dissuades Locke against incurring any expense by a too hasty trial of the recipe.” He
says, that several chemists were engaged in trying the process, and that Mr. Boyle, in
communicating it to himself, “had reserved a part of it from my knowledge, though
I knew more of it than he has told me.” This mystery on the part of Boyle is very
remarkable. In “offering his secret” to Newton and Locke, he imposed conditions
upon them, while in the case of Newton at least, he did not perform his own part
in the arrangement. On another occasion, when he communicated two experiments
in return for one, “he cumbered them,” says Newton, “with such circumstances as
startled me, and made me afraid of any more.” It is a curious fact, as appears from
this letter, that there was then a Company established in London to multiply gold by
this recipe, which Newton “takes to be the thing for the sake of which Mr. Boyle pro-
cured the repeal of the Act of Parliament against multipliers.” The pretended truths
in alchemy were received by men like Boyle on the same kind of evidence as that
by which the phrenology and clairvoyance of modern times have been supported.
Although Boyle possessed the golden recipe for twenty years, yet Newton could not
find that he had “either tried it himself, or got it tried successfully by any body else;
for,” he says, “when I spoke doubtingly about it, he confessed that he had not seen
it tried, but added, that a certain gentleman was now about it, and it succeeded very
well so far as he had gone, and that all the signs appeared, so that I needed not
doubt of it.”

(David Brewster, Memoirs of the Life, Writings, and Discoveries of Sir Isaac
Newton, Edinburgh: Constable, 1855, vol. 2, pp. 120-122)

Appendix 4

Newton: Letter to Locke (Sept. 16, 1693)

Sir,—Being of opinion that you endeavoured to embroil me with women, and by
other means, I was so much affected with it, as that when one told me you were
sickly and would not live, I answered, ’twere better if you were dead. I desire you to
forgive me this uncharitableness; for I beg your pardon for my having hard thoughts
of you for it, and for representing that you struck at the root of morality, in a principle
you laid in your book of ideas, and designed to pursue in another book, and that I
took you for a Hobbist.! T beg your pardon also for saying or thinking that there

! Newton to Locke 7 July, 1692, Correspondence 111, 215.
2 Locke to Newton 26 J uly, 1692, Correspondence 111, 216.
3 Newton to Locke 2 August 1692, Correspondence 111, 217.
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was a design to sell me an office, or to embroil me.—I am your most humble and
unfortunate servant.

Is. Newton.

At the Bull, in Shoreditch, London, Sept. 16, 1693.

The System of Hobbes was at this time very prevalent. According to Dr. Bentley,
“the taverns and coffee-houses, nay, Westminster-Hall, and the very churches, were
full of it”, and he was convinced, from personal observation, that “not one English
infidel in a hundred was other than a Hobbist.”—Monk’s Life of Bentley: 31.
(David Brewster, Memoirs of the Life, Writings, and Discoveries of Sir Isaac
Newton, Edinburgh: Constable, 1855, vol. 2, pp. 148-149)

Appendix 5

G.W. Leibniz: First Letter to Clarke

1. Natural religion itself, seems to decay (in England) very much. Many will have
human souls to be material: others make God himself a corporeal being.

2. Mr. Locke, and his followers, are uncertain at least, whether the soul be not
material, and naturally perishable.

3. Sir Isaac Newton says, that space is an organ, which God makes use of to per-
ceive things by. But if God stands in need of any organ to perceive things by,
it will follow, that they do not depend altogether upon him, nor were produced
by him.

4. Sir Isaac Newton, and his followers, have also a very odd opinion concerning
the work of God. According to their doctrine, God Almighty wants to wind up
his watch from time to time: otherwise it would cease to move. He had not, it
seems, sufficient foresight to make it a perpetual motion. Nay, the machine of
God’s making, is so imperfect, according to these gentlemen; that he is obliged
to clean it now and then by an extraordinary concourse, and even to mend it, as a
clockmaker mends his work; who must be so much more unskilful a workman, as
he is oftener obliged to mend his work and set it right. According to my opinion,
the same force and vigour remains always in the world, and only passes from
one part of matter to another, agreeably to the laws of nature, and the beautiful
pre-established order. And I hold, that when God works miracles, he does not
do it in order to supply the wants of nature, but those of grace. Whoever thinks
otherwise must have a very mean notion of the wisdom and power of God.

(The Leibniz-Clarke Correspondence (ed. H.G. Alexander), Manchester:
Manchester University Press, 1956, pp. 11-12)
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Notes
1. The Russian title reads: “The Socio-Economic Roots of Newton’s Mechanics.” The original English

O 0 3 O

18.
19.

20.

21.
22.

23.

version had the footnote on the first page: “The quotations cited in this essay have been translated
from Russian. The chief exceptions are the quotations from Nature in Chap. 5.
The original English version had the section title “Marx’s Theory of the Historical Process.”

. Whitehead’s original reads: “Our modern civilization is due to the fact that in the year when Galileo

died, Newton was born. Think for a moment of the possible course of history supposing that the life’s
work of these two men were absent.” A.N. Whitehead, “The First Physical Synthesis” in Science and
Civilization, ed. F.S. Marvin, Oxford University Press, 1923, pp. 161-178. This Whitehead passage
is quoted by E.S. Marvin in the essay cited below in footnote 4.

. ES. Marvin, “The Significance of the 17th Century,” Nature 127, Feb. 7, 1931, which is a (lauda-

tory) book review of G.N. Clark’s The Seventeenth Century, Oxford: Oxford University Press, 1929.
Marvin was the senior figure among the organizers of the London Congress; Clark was the opening
speaker of the first session of the Congress.

. The following paragraphs contain a close paraphrase of Lenin’s remarks on the materialist concep-

tion of history in “Karl Marx” (1918) in Lenin’s Collected Works 21, pp. 43-91 (LW 21, 43-91, here
LW 21, pp. 55-57), which in turn extensively quotes Marx from the Preface to the Contribution to
the Critique of Political Economy, Karl Marx/Friedrich Engels Collected Works, vol. 29 (London:
Lawrence & Wishart, 1975): CW 29, pp. 262-263; Marx-Engels Werke, Berlin: Dietz, 1964 (MEW
13,p.9).

. This and the next paragraph: LW 21, 57.

. See German Ideology, CW 5, pp. 59-60 (MEW 3, pp. 46-48).

. The original English version has a different order in the title: “Economics, Physics and Technology.”
. This page summarizes part of the section on Feuerbach in the German Ideology, CW 4, pp. 66—69

(MEW 3, pp. 51-56).
Marx’s term is ‘stdndisches Kapital’.

. German in the Russian original; literally, ‘ground-touching-right’.

Heading not in the Russian.

. Sentence added in the Russian.

Sentence added in the Russian.

. These four paragraphs paraphrase the third paragraph of a letter of Marx to Engels (Sept. 25, 1857),

CW 40, p. 186 (MEW 29, p. 192).

. Two sentences added in the Russian.

Corrected according to the Russian. The original English version contains the translator’s slip “Flo-
rence”. This mistake took on a life of its own, since R.K. Merton (Science, Technology and Society
in Seventeenth-Century England [1938] 2nd ed. New York: Harper, 1970, pp. 148, 187, 275) cited
Hessen on the “Florentine Arsenal.” H.F. Cohen (The Scientific Revolution. A Historiographical
Inquiry, University of Chicago Press, 1994, p. 331) makes this slip the centerpiece of his diatribe
against Hessen.

Sentence added in Russian.

With the exception of the reference to the Arsenal at Venice, the last nineteen paragraphs report
facts taken from Friedrich Engels’ article “Artillery” in the New American Cyclopedia, vol. 2, 1858,
in: Karl Marx/Friedrich Engels, Collected Works, vol. 18. London: Lawrence & Wishart, 1982,
pp. 188-210, here pp. 189-196. According to this edition, a collection of such articles was published
in volume 11, part 2 of the Russian edition of Marx and Engels, Works, in 1933.

The Russian adds a section heading here. There are thus six sections in the Russian, five in the
original English.

Athanasius Kircher (1602—-1680); source not traced.

Galileo to Kepler, Aug. 19. 1610. Galileo Galilei, Opere, vol. 10, ed. by A. Favaro, Florence:
Barbera, 1890-1909, pp. 421-423; translated from the Latin.

See Appendix 2. Reference to appendix added in the Russian.
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24.

25.

26.

217.
28.

29.

30.

31.

32.
33.
34.

36.

37.

Philosophiae Naturalis Principia Mathematica, ed. by Thomas Le Seur and Frangois Jacquier, 2nd
ed., Cologne, 1760 (1st ed., Geneva, 1739-1742): “Declaratio. Newtonus in hoc tertio Libro telluris
motae hypothesim assumit. Autoris propositiones aliter explicari non poterant, nisi eadem quoque
facta hypothesi. Hinc alienam coacti sumus gerere personam. Caeterum latis a summis Pontificibus
contra telluris motum Decretis nos obsequi profitemur.” (vol. 3, front matter).

Dialectics of Nature, CW 24, p. 465 (MEW 20, pp. 456-457): “If after the dark night of the Middle
Ages was over, the sciences suddenly arose anew with undreamt-of force, developing at a miraculous
rate, once again we owe this miracle to production. [Marginal note:] Hitherto, what has been boasted
of is what production owes to science, but science owes infinitely more to production.”

The last three paragraphs paraphrase the Introduction to the English edition of Socialism, Utopian
and Scientific, CW 24, p. 290 (MEW 19, p. 533): “Moreover, parallel with the rise of the middle
class went on the great revival of science; astronomy, mechanics, physics, anatomy, physiology were
again cultivated. And the bourgeoisie, for the development of its industrial production, required a
science which ascertained the physical properties of natural objects and the modes of action of the
forces of Nature. Now up to then science had but been the humble handmaid of the Church, had
not been allowed to overlap the limits set by faith, and for that reason had been no science at all.
Science rebelled against the Church; the bourgeoisie could not do without science, and, therefore,
had to join in the rebellion.”

Translation added in the Russian.

Horace (Quintus Horatius Flaccus), Epistles 1, i, line 14. Nullius addictus iurare in verba magistri,
“committed to affirming the doctrines of no master.”

Presumably a slip of the pen referring to David Brewster, the nineteenth-century biographer of
Newton and historian of the Royal Society cited in Appendices 3 and 4.

May 18, 1669, The Correspondence of Isaac Newton, vol. 1, ed. by H.W. Turnbull, Cambridge
University Press, 1959, pp. 9-11. As G.N. Clark points out (1937, p. 365), the letter was in fact
written a few months before Newton received his professorship. The letter was also apparently
never sent. See R. Westfall, Never at Rest. A Biography of Isaac Newton, Cambridge: Cambridge
University Press, 1980, p. 193.

Newton writes “Schemnitium” which the editors (1959) report refers not to Chemnitz but to
Schemnitz (Selmeczbanya) in Hungary.

Appendix 3.

Sentence added in the Russian.

Engels’ letter to Konrad Schmidt, Aug. 5, 1890, CW 49, p. 6 (MEW 37, pp. 435f): “And if this man
has not yet discovered that while the material mode of existence is the primum agens this does not
preclude the ideological spheres from reacting upon it in their turn, though with a secondary effect,
he cannot possibly have understood the subject he is writing about.”

. This paragraph is a quote from the Introduction to the English edition of Engels’ Socialism Utopian

and Scientific, CW 24, p. 289 (MEW 19, pp. 532-533). “When Europe emerged from the Middle
Ages the rising middle class of the towns constituted its revolutionary element. It had conquered a
recognised position within medieval feudal organisation, but this position, also had become too
narrow for its expansive power. The development of the middle class, the bourgeoisie, became
incompatible with the maintenance of the feudal system; the feudal system had to fall.” The next
paragraphs are based on this work; see CW 24, pp. 290-294 (MEW 19, pp. 533-538).

Introduction to the English edition of Socialism Utopian and Scientific: “From that time, the bour-
geoisie was a humble, but still a recognized, component of the ruling classes of England” CW 27,
p- 293 (MEW 19, p. 536).

Except for one sentence on the Levellers, the last 5 paragraphs paraphrase Marx “The Bourgeoisie
and the Counter-Revolution,” Neue Rheinische Zeitung, No. 169, Dec. 15, 1848, CW 8, p. 161
(MEW 6, p. 107): “In both revolutions the bourgeoisie was the class that really headed the move-
ment. The proletariat and the non-bourgeois strata of the middle class had either not yet evolved
interests which were different from those of the bourgeoisie or they did not yet constitute indepen-
dent classes or class sub-divisions. Therefore, where they opposed the bourgeoisie, as they did in
France in 1793 and 1794, they fought only for the attainment of the aims of the bourgeoisie, even
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if not in the manner of the bourgeoisie. All French terrorism was nothing but a plebeian way of
dealing with the enemies of the bourgeoisie, absolutism, feudalism and philistinism.

“The revolutions of 1648 and 1789 were not English and French revolutions, they were revolutions
of a European type. They did not represent the victory of a particular class of society over the old
political order; they proclaimed the political order of the new European society. The bourgeoisie
was victorious in these revolutions, but the victory of the bourgeoisie was at that time the victory of
a new social order, the victory of bourgeois ownership over feudal ownership, of nationality over
provincialism, of competition over the guild, of the division of land over primogeniture, of the rule
of the landowner over the domination of the owner by the land, of enlightenment over superstition,
of the family over the family name, of industry over heroic idleness, of bourgeois law over medieval
privileges.”

“Die ‘glorious Revolution’... brachte mit dem Oranier Wilhelm III. die grundherrlichen und
kapitalistischen Plusmacher zur Herrschaft.”” (MEW 23, p. 751; CW 35, pp. 713-714): “The ‘glo-
rious Revolution’ brought into power, along with William of Orange, the landlord and capitalist
appropriators of surplus value.”

Hume: History of England, Chapt. LXXI: “By deciding many important questions in favour of
liberty, and still more, by that great precedent of deposing one king, and establishing a new family,
it gave such an ascendant to popular principles, as has put the nature of the English constitution
beyond all controversy. And it may justly be affirmed, without any danger of exaggeration, that we,
in this island, have ever since enjoyed, if not the best system of government, at least the most entire
system of liberty, that ever was known amongst mankind.”

Holy Family, MEW 2, p. 135, retranslated from the German; cf. CW 4, p. 128.

Holy Family, CW 4, p. 128 (MEW 2, p. 135): “In its further evolution, materialism becomes one-
sided. Hobbes is the man who systematises Baconian materialism. Knowledge based upon the senses
loses its poetic blossom, it passes into the abstract experience of the geometrician. Physical motion
is sacrificed to mechanical or mathematical motion; geometry is proclaimed as the queen of sciences.
Materialism takes to misanthropy. If it is to overcome its opponent, misanthropic, fleshless spiritu-
alism, arid that on the latter’s own ground, materialism has to chastise its own flesh and turn ascetic.
Thus it passes into an intellectual entity; but thus, too, it evolves all the consistency, regardless of
consequences, characteristic of the intellect.”

Hobbes went into exile in the Fall of 1640 and returned to England in 1651.

G.N. Clark (“Social and Economic Aspects of Science,” Economic History 3, 1937, 362, fn)
points out that Overton is in fact mentioned in the Dictionary of National Biography; but, as he
does not point out, the Encyclopedia Britannica (11th ed.) has no entry—nor does the Edinburgh
Enyclopedia.

Sentence added in the Russian.

Richard Overton, Man Wholly Mortal, London, 1655; Hessen’s quotes from and about Overton are
taken from Eduard Bernstein, Sozialismus und Demokratie in der grofien englischen Revolution.
Chapt. 8., 4th ed. Stuttgart: Dietz, 1922, pp. 115-119.

Cited according to Bernstein 1922, p. 117: “Der Hauptvertreter der fiichterlichen Lehre des Mate-
rialismus oder der Leugnung der Unsterblichkeit der Seele ist R.O., der Verfasser des Traktats tiber
des Menschen Sterblichkeit.”

Overton 1655, p. 10.

Overton 1655, pp. 20-21.

The last 5 paragraphs paraphrase the Introduction to the English edition of Socialism Utopian and
Scientific, CW 27, pp. 293-294 (MEW 19, p. 536): “There was another factor that contributed to
strengthen the religious leanings of the bourgeoisie. That was the rise of materialism in England.
This new doctrine not only shocked the pious feelings of the middle class; it announced itself as a
philosophy only fit for scholars and cultivated men of the world, in contrast to religion, which was
good enough for the uneducated masses, including the bourgeoisie. With Hobbes, it stepped on the
stage as a defender of royal prerogative and omnipotence; it called upon absolute monarchy to keep
down that puer robustus sed malitiosus [“robust but malicious boy”’]—to wit, the people. Similarly,
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with the successors of Hobbes, with Bolingbroke, Shaftesbury, etc., the new deistic form of mate-
rialism remained an aristocratic, esoteric doctrine, and, therefore, hateful to the middle class both
for its religious heresy and for its anti-bourgeois political connections. Accordingly, in opposition to
the materialism and deism of the aristocracy, those Protestant sects which had furnished the flag and
the fighting contingent against the Stuarts continued to furnish the main strength of the progressive
middle class, and form even today the backbone of ‘the Great Liberal Party’.”

Sentence added in the Russian.

Engels to Conrad Schmidt, Oct. 27, 1890, CW 49, p. 62 (MEW 37, pp. 492-493): “In philosophy,
for example, this is most easily demonstrated in respect of the bourgeois period. Hobbes was the
first modern materialist (in the eighteenth-century sense), but an absolutist at a time when, through-
out Europe, absolute monarchy was at its heyday and, in England, was embarking on a struggle
with the populace. In religion as in politics, Locke was the product of the class compromise of
1688. The English deists and their more logical successors, the French materialists, were the true
philosophers of the bourgeoisie—and, in the case of the French, even of the bourgeois revolution.
German philosophy, from Kant to Hegel, is permeated by the German philistine—now in a positive,
now in a negative, sense. But in every epoch philosophy, as a definite sphere of the division of
labour, presupposes a definite fund of ideas inherited from its predecessors and from which it takes
its departure. And that is why economically backward countries can nevertheless play first fiddle
where philosophy is concerned—France in the eighteenth century as compared with England, upon
whose philosophy the French based themselves and, later on, Germany as compared with both.”
Sentence added in the Russian.

Feb. 21, 1689 (The Correspondence of Isaac Newton, vol. 111, ed. by H.W. Turnbull, Cambridge
University Press, 1961, p. 12): “1. Fidelity & Allegiance sworn to the King, is only such a Fidelity
& Obediance as is due to him by the law of the Land. For were that Faith and Allegiance more then
the law requires, we should swear ourselves slaves & the King absolute: whereas by the Law we are
Free men notwithstanding those oaths.

“2. When therefore the obligation by the law to Fidelity and allegiance ceases, that by oath also
ceases . ..

“3. Fidelity & Allegiance are due by the law to King William & not to King James.”

Francis Bacon, Novum Organum bk. 11 §2, The Works of Francis Bacon, vol. 1, ed. by J. Spedding,
R. Ellis, and D.D. Heath, London, 1861.

Quote not located.

Engels, Dialectics of Nature, CW 25, p. 475 (MEW 20, p. 466).

Engels, Dialectics of Nature, CW 25, p. 480 (MEW 20, p. 471): “Newton allowed Him the ‘first
impulse’ but forbade Him further interference in his solar system.” The second clause of the
sentence—which is false—is quoted only in the Russian.

Boyle died on Dec. 30, 1691 (English style) which was already 1692 on the continent.

Letter to Bentley, Dec. 10, 1692, Correspondence 111, 233.

Descartes, René, Principia Philosophiae, part 11, §64, Ocuvres de Descartes, ed. by Ch. Adam and
P. Tannery, Paris: Vrin, 1964-1974. The Philosophical Writings of Descartes, 3 vols. (transl. by J.
Cottingham, R. Stoothoff, D. Murdoch, A. Kenny) Cambridge University Press, vol. 1, p. 247.
Holy Family, CW 4, p. 125 (MEW 2, p. 133).

Sentence added in the Russian.

John Toland, Letters to Serena, London, 1704, pp. 158—160. The passage is not set in quotes in the
Russian.

Isaac Newton, Opticks (New York: Dover, 1952, pp. 369-370): “What is there in places almost
empty of Matter ... Whence is it that Nature doth nothing in vain; and whence arises all that Order
and Beauty which we see in the World? ... And these things being rightly dispatch’d, does it not
appear from Phaenomena that there is a Being incorporeal, living, intelligent, omnipresent, who
in infinite Space, as it were in his Sensory, sees the things themselves intimately, and throughly
perceives them, and comprehends them wholly by their immediate presence to himself . ..”

See Appendix 4.

“Living force” (vis viva) is Leibniz’s term for the conserved magnitude mv?.
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67. Newton Principia Preface (not Introduction): The Principia. Mathematical Principles of Natural
Philosophy, (transl. by .B. Cohen and A. Whitman) Berkeley, Los Angeles: University of California
Press, 1999, pp. 382-383.

68. Capital, vol. 3, Chapt. 20, CW 37, pp. 328-329 (MEW 25, pp. 343).

69. Karl Marx, Capital, CW 35, p. 376 (MEW 23, p. 393): “All fully developed machinery consists of
three essentially different parts, the motor mechanism, the transmitting mechanism, and finally the
tool or working machine.” See also Marx’s remarks in a letter to Engels, Jan. 28, 1863 (MEW 30,
pp. 320-322; CW 41, pp. 449-451).

70. Marcus Vitruvius Pollio: De Achitectura 10.1.1: “Machina est continens e materia coniunctio
maximas ad onerum motus habens virtutes.”

71. Franz Reuleaux, Theoretische Kinematik. Grundziige einer Theorie des Maschinenwesens, Braun-
schweig: Vieweg, 1875, p. 38 (not marked as quote). Retranslated from the German. In the original
English version the sense of the passage was lost in the translation from German to Russian to
English: “Eine Maschine ist eine Verbindung widerstandsfahiger Korper, welche so eingerichtet ist,
dass mittelst ihrer mechanische Naturkrifte genothigt werden konnen, unter bestimmten Bewegun-
gen zu wirken.”

72. Werner Sombart’s well-known distinction reads: “A tool is a means of labor that serves to support
human labor (sewing needle). A machine is a means of labor that is supposed to replace human labor,
that thus does what a human would do without it (sewing machine)” (Der moderne Kapitalismus,
vol. I, part 1, p. 6).

73. The last sentence of the previous paragraph seems to allude to a passage in Marx’s Capital: “In
handicrafts and manufacture, the workman makes use of a tool, in the factory, the machine makes
use of him” (CW 35, p. 425; MEW 23, p. 445). In this paragraph Hessen interprets the passage
not as a definition of machine and tool but as a characterization of two different relations of the
workman to these means of production.

74. Capital, CW 35, p. 375 (MEW 23, p. 392): “When in 1735, John Wyatt brought out his spinning

machine, and began the industrial revolution of the 18th century, not a word did he say about an ass
driving it instead of a man, and yet this part fell to the ass. He described it as a machine ‘to spin
without fingers.” ”
Marx’s discussion of the definition of a machine ocurrs at the beginning of the chapter on machin-
ery and modern industry. (CW 35, pp. 374-379; MEW 23, pp. 391-396) Marx’s criterion for the
distinction between tool and machine is that the latter is “emancipated from the organic limits that
hedge in the tools of a handicraftsman” (CW 35, p. 377): “The machine, which is the starting-point
of the industrial revolution, supersedes the workman, who handles a single tool, by a mechanism
operating with a number of similar tools, and set in motion by a single motive power, whatever the
form of that power may be” (CW 35, p. 379).

75. Sadi Carnot, Réflexions sur la puissance motrice du feu: et sur les machines propres a développer
cette puissance, Paris: Bachelier, 1824, p. 3: “Le service le plus signalé que la machine a feu
ait rendu a 1’ Angleterre est sans contredit d’avoir ranimé 1’exploitation des ses mines de houille,
devenue languissante et qui menagait de s’eteindre entierement a cause de la difficulté toujours
croissante des épuisemens et de 1’extraction du combustible.”

76. The Origin and Progress of the Mechanical Inventions of James Watt, London: Murray, 1854, p. 18.

77. In Russian: 45 thousand marks.

78. Carnot 1824, p. 2. “L’étude de ces machines est du plus haut intérét, leur importance est immense,
leur emploi s’accroit tous les jours. Elles paraissent destinées a produire une grande révolution dans
le monde civilisé.”

79. Carnot 1824, pp. 6-7: “L’on a souvent agité la question de savoir si la puissance motrice de la chaleur
est limitée, ou si elle est sans bornes; si les perfectionnemens possibles des machines a feu ont un
terme assignable, terme que la nature des choses empéche de dépasser par quelque moyen que ce
s0it, ou si au contraire ces perfectionnemens sont susceptibles d’une extension indéfinie.”

80. Carnot 1824, pp. 9-10: “On ne la possédera que lorsque les lois de la physique seront assez étendues,
assez généralisées, pour faire connaitre a I’avance tous les effets de la chaleur agissant d’une maniére
déterminée sur un corps quelconque.”
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Engels, Dialectics of Nature, CW 25, p. 528 (MEW 20, p. 514): “Classification of the sciences,
each of which analyses a single form of motion, or a series of forms of motion that belong together
and pass into one another, is therefore the classification, the arrangement, of these forms of motion
themselves according to their inherent sequence, and herein lies its importance.” Reference to Engels
not in the Russian.

Andrew Ure (1778-1857) English chemist and economist: “Dr. Ure, the Pindar of the automatic
factory” (Marx, Capital, CW 35, p. 421; MEW 23, p. 441).

Andrew Ure, The Philosophy of Manufactures or an Exposition of the Scientific, Moral and Com-
mercial Economy of the Factory System of Great Britain, London, 1835, pp. 368-370, quoted in
Capital, CW 35, p. 439 (MEW 23, p. 460).

Following quotes corrected according to “Science and Society,” Nature 126, No. 3179, Oct. 4, 1930,
p. 497.

Minor errors in the following quotes have been corrected according to W.G. Linn Cass, “Unemploy-
ment and Hope,” Nature 125, No. 3146, Feb. 15, 1930, pp. 226-227. The passages quoted in the
Russian and English versions are for the most part the same but do not entirely coincide.

Hessen paraphrases the preface to Marx, Contribution to the Critique of Political Economy (CW 29,
pp. 263-264; MEW 13, p. 9; and LW 21, pp. 55-57).

Last phrase added in the Russian.



The Social Foundations of the Mechanistic
Philosophy and Manufacture*

Henryk Grossmann

Borkenau’s Theory

The following is not meant to be a résumé of the contents of Borkenau’s book The
Transition from the Feudal to the Bourgeois World-Picture. Rather, these are but a
few economic-historical and sociological reflections on some problems connected
with the book’s main subject, leaving aside problems involving philosophy and the
history of ideas

Borkenau wants to show that the metamorphosis of the image of nature in the
course of historical development “can only be understood from the changes in the
image of the world in general” (p. 15). These again do not only depend on the expe-
riences derived from the process of production, but also on the “general categories”
which, by virtue of their being organizing concepts, hold the world-picture together.
All experience is as such subject to change through categories which are themselves
changing in the course of history: “which experience is being sought and accepted,

* The concept ‘manufacture’ is taken from Marx, Capital, Vol. I, Chap. 14 (chap. 12 in the fourth
German edition). Since this concept is not familiar in current English usage, a brief quotation from
that chapter may prove helpful in understanding Grossmann’s views. The term refers to production
characterized by division of labor in which the labor process is not yet simplified enough that a
mechanism can replace the skill of the craftsman.

“That co-operation which is based on division of labour, assumes its typical form in manufac-
ture, and is the prevalent characteristic form of the capitalist process of production throughout the
manufacturing period properly so called. That period, roughly speaking, extends from the middle
of the sixteenth to the last third of the eighteenth century ... For a proper understanding of the
division of labour in manufacture, it is essential that the following points be firmly grasped. First,
the decomposition of a process of production into its various successive steps coincides, here,
strictly with the resolution of a handicraft into its successive manual operations. Whether complex
or simple, each operation has to be done by hand, retains the character of a handicraft, and is
therefore dependent on the strength, skill, quickness, and sureness, of the individual workman in
handling his tools. The handicraft continues to be the basis. This narrow technical basis excludes a
really scientific analysis of any definite process of industrial production, since it is still a condition
that each detail process gone through by the product must be capable of being done by hand and
of forming, in its way, a separate handicraft” (Karl Marx, Capital, Vol. 1, transl. S. Moore and
E. Aveling, edited by F. Engels (1887), Moscow: Progress Publishers, 1965, pp. 338-339; see also
pp. 342-348) [G.F/PM.].

G. Freudenthal, P. McLaughlin (eds.), The Social and Economic Roots 103
of the Scientific Revolution, Boston Studies in the Philosophy of Science 278,
DOI 10.1007/978-1-4020-9604-4_3, © Springer Science+Business Media B.V. 2009
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whatever appears to be evident, empirical or nonsensical — all this depends on the
dominant categories.” The book undertakes the task of demonstrating this histori-
cal change in the basic categories in relation to the natural sciences and “to render
comprehensible their connection with social life” (p. 15). Borkenau wants to present
the process of the reification of consciousness, as described in the introductory part
of the book (pp. 15-96). He leads us from the flowering of scholasticism via the
late Renaissance and Francis Bacon to the threshold of Cartesian philosophy — the
principal topic of the book. Dealing with the beginning of this development, which
started out with Thomas Aquinas, Borkenau explicitly states the priority of the social
sphere. The natural law is guided by the “natural,” i.e. class-determined, order of
society with its hierarchical structure, and the world is understood analogously as a
harmonious ordering of its parts in its ultimate relation to God. Since all nature exists
for society and the latter is and should be a harmoniously arranged cosmos of fixed
structures, “the” scholasticism’s conception of natural law is static: “The Thomist
system excludes modern dynamics and all of modern natural science which is based
thereon” (p. 34).

With the erosion of feudalism due to the advent of the monetary system and
of capitalism, the optimistic-harmonious view of the universe in Thomist doctrine
is replaced by the pessimistic doctrine of the separation and antagonism between
[non-]rational affects and the natural law. There follows a gradual transformation of
the concept of natural law and the reversal of the order of precedence between natu-
ral and human law. During the Renaissance, human fate was regarded as accidental,
at the mercy of unpredictable external forces. Yet, even here in this wicked world,
God’s influence becomes visible in the contemplation of harmoniously ordered
nature. Nature, which in classic scholasticism ranked lowest in the divine plan of
the world, attains a higher rank, and human society should be understood — and
legitimized — only by the cognition of nature. The reversal of the hierarchy is
complete.

Contrary to scholasticism, the Renaissance took upon itself the task of concretely
exploring nature. But the Renaissance was not interested in the cognition of nature
as such — the cognition of the causal connection between the parts of nature by
means of quantitative measuring methods — but in the “interpretation of the concrete
world as a whole, as a system of harmonic measures” (p. 65). The mathematical
proportion of the whole universe was to be shown in the seemingly chaotic flow of
nature; only from this viewpoint are all parts of nature important and is the concrete
exploration of nature significant.

This attitude of the Renaissance to the exploration of nature is understandable.
Within the monetary and commercial capitalism of the Renaissance period, there
still was lacking any attempt at elaborating quantitative methods for the exploration
of nature. Therefore the philosophy of that period remained qualitative. Only with
the development of industrial capitalism and its first expression — manufacture —
did the quantitative methods evolve; “only the application of capitalist methods
in the production process enabled an observation of nature by quantitative meth-
ods” (p. 54). Since manufacture, which already arose in the sixteenth century, only
developed in the seventeenth century, it is understandable that the formation of the
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modern world-picture, based upon exact quantitative methods, only became possible
at the beginning of the seventeenth century. The culmination of the “process of
reification” of consciousness was reached in Descartes; for him it is an established
fact that everything that happens in human life (apart from thinking) is of a purely
external contingency which, however, is governed by laws which conform to reason.
With this “the bell is ringing in the birth of the modern concept of natural law”
(p. 358) and simultaneously of the mechanistic world view.

The mechanistic world view prevailed because of the thorough revolution of
social relations which took place at the turn of the sixteenth to the seventeenth
century. Italy had been affected by it only temporarily; therefore the mechanistic
exploration “was soon suffocated there by the blows of the Counter-Reformation”
(p. 14). In France, Holland and England the development was different. “In all these
three countries it is at that great turning point that the industrial bourgeoisie and its
related class of the gentry first appeared on the stage as an independent power and
soon occupied the center of the stage. . .. This historic change immediately preceded
the emergence of the mechanistic world-picture; it brought it about” (p. 14). Yet
Borkenau did not describe this “revolution of social relations,” which was deci-
sive for the emergence of the mechanistic world-picture, for any of the countries
with which he was dealing. Neither did he demonstrate why Italy had been “only
temporarily affected” by this revolution. Rather, we have to deduce from inciden-
tal remarks, scattered throughout his book, how Borkenau perceives this situation
which is so decisive for his research.

The specific carrier of the Renaissance world view is the monetary and com-
mercial capital, viz. in the first instance the “booty-capitalism,” (p. 215) the “adven-
turesome capitalism” (pp. 155, 157) which — in contrast to the “solid”” manufacturing
capital (p. 155) of the later period — remained exclusively in the sphere of circulation
(p- 89) and stood apart from the capitalistic labor process and thus from its rational
shaping (p. 155); this view of a class remote from the labor process could only be
a harmoniously balanced ideology, an estheticism which despised the life of the
masses. Only when the monetary capital entered the sphere of production, which —
despite the repeated endeavors in this direction during the sixteenth century — did
not have “the first decisive success” before the beginning of the seventeenth century,
did the “first period of capitalistic industry, the period of manufacture” arise (pp. 89,
90). This also implied an important revolution in the history of science as well as
in the history of philosophy. For the monetary capital, remote from the labor pro-
cess, could not create rational techniques; the latter was “adequate to capitalism
alone and was realized ... for the first time during the period of manufacture”
(p- 90).

The representatives of these new manufacturing techniques are not the “reli-
giously indifferent capitalists,” but the “upward-struggling Calvinist little people.”
The rational techniques of manufacture “emerged from the efforts toward the ratio-
nalization of handicraft” (p. 90), whereas the monetary capitalists are lacking “any
motivation to rationalize the techniques systematically” (p. 90). Borkenau declares,
though, that “during the Renaissance innumerable inventions had been made by
practitioners, some of them of the highest significance; but incidentally and without
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the possibility of systematical perfection” (pp. 88, 89). But things had been differ-
ent in the case of manufacturing techniques: “The simple basic forms of modern
techniques,” which “became the foundations of the mechanistic world-picture . . .
developed quite apart from the inventions of the Renaissance” (p. 90).

The essence of these new techniques, which were so important for the new
world-picture was, “as is well known,” nothing but an extreme division of labor,
retaining at the same time all the craftsmanlike essentials of the production process
(p. 2). Through division of labor, the skilled worker in manufacture was replaced by
unskilled laborers whose work consisted of “the execution of a quite simple move-
ment” (p. 7). Thus there was no longer any need for specialized training, work lost its
quality and “became mere quantity.” This meant that qualified work was replaced by
“general human” or “abstract work,” which constitutes the basic concept of modern
mechanics. Thus it is evident that manufacture constitutes a necessary condition for
the development of the basic concepts of modern Galilean mechanics, “in that for
the first time it created abstract work and abstract matter” (p. 13).

Galilean mechanics or “one related to it” was, however, a condition of the mech-
anistic world picture, since this new philosophy was nothing but the demonstration
“that all processes in nature can be explained in a mathematical-mechanistic way”
(p. 10), that all natural phenomena can be reduced to meaningless changes of matter,
i.e. to impact and motion (p. 12). This interlocking chain of deductions provides
evidence that the mechanistic world-picture is only “an extrapolation from the
manufacturing processes to the cosmos as a whole” (p. 12). The mechanistic world-
picture prevailed simultaneously with modern mechanics and modern philosophy
(p. 10): “The rejection of qualitative philosophy, the creation of the mechanistic
world-picture is a radical change that started around 1615 and had its culmination
in Descartes’ Discours (1637), Galileo’s Discorsi (1638), and Hobbes’s Elements
(1640)” (p. 13).

The Reality of Historical Development

The historian has methodological doubts from the very beginning: Does history
really take so rectilinear a course as Borkenau would have it? Do the single stages
of the process really follow each other in such a sequence that one can speak of the
world-picture of Scholasticism, of the Renaissance and of modern times as clearly
distinct concepts? And are there never any regressions — often lasting for centuries —
which also should be taken into account and explained? Yet doubts arise not only
with regard to the succession in time but also to the proximity in space: do not
different world-pictures coexist in every period, e.g. in the Scholastic, hence ren-
dering the scholar’s work even more complicated; does he not also have to explain
this particular coexistence? Are these world-pictures not equally differentiated as
the social circumstances of the times? And furthermore: Should it not be assumed
that the various disciplines develop at a quite uneven pace; that in northern Italy,
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e.g., astronomy, mathematics, and mechanics attained a higher stage of development
than anatomy and other disciplines? It appears to us that the real task is the tracing
of the concrete connections between the various areas of material social life and the
individual disciplines.

We might have expected that Borkenau, adducing characteristic examples from
the history of the sciences and their particular disciplines, would demonstrate and
directly explain their prevailing basic categories and their metamorphoses by study-
ing the historical material to be analyzed. In order to fulfill the task outlined in the
title of the book, to demonstrate the “transition from the feudal to the bourgeois
world-picture,” it would have been necessary to describe, in the separate spheres of
positive knowledge of nature, those social and intellectual processes through which
the feudal world-picture was upset and the germ of the modern world picture was
developed simultaneously. But Borkenau got stuck in generalities: the empty for-
mula of the eroding influence of the upcoming monetary and commercial capitalism
upon the harmonious stratified hierarchical feudal order is supposed to explain phe-
nomena which can only be elucidated by a closer study of the networks of facts
of material life! Borkenau feels correctly that, with such a formula as the method-
ological instrument of analysis, the task cannot be fulfilled, and he actually narrows
this task with the aid of a syllogism: the concept of natural law is the fundamental
category of our image of nature. Instead of presenting the change of categories in
the history of sciences, he gives the history of the development of the concept of
natural law, i.e. the “history of the word” (p. 19).

The examination of Borkenau’s construction as to its content of reality appears
to us even more necessary since in itself it constitutes a revolution in the previously
prevailing conceptions. A few of the most important points will be enumerated here:

1. The assumption seems to suggest itself that mechanistic philosophy and sci-
entific mechanics derived their basic mechanical concepts from the observation of
mechanisms, of machines. Borkenau however deduces the rise of mechanical con-
ceptions not from the machines but from the division of human labor in the crafts.

2. The beginning of modern natural sciences, viz. of a complex of knowledge
having at its disposal both exact methods of investigation and the formulation of
fundamental laws governing a certain sector of nature, has been placed, usually, in
the second half of the fifteenth century, but the beginnings of exact research date
even farther back. Borkenau negates more than 150 years of the history of science
with its “increasingly speedy” progress, and postpones the birth of modern science
to the turn of the sixteenth to the seventeenth century.

3. According to Borkenau the elaboration of exact scientific methods, which
some scholars already ascribe to the Arabs of the Middle Ages, viz. at least to
the twelfth and thirteenth centuries, arises between the sixteenth and seventeenth
centuries together with the dissemination of the division of labor in manufacture.
Here he even negates three to four centuries of development. Before considering
Borkenau’s further deviations from the previous state of knowledge, we have to
delve more deeply into this question of the beginnings of scientific mechanics.

Presenting here the beginnings and development of scientific mechanics since
the end of the fifteenth century would lead us too far. Suffice it to mention the name
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of Leonardo da Vinci. Today, after the publication of the most important heritage of
Leonardo’s manuscripts from the library of the Institut de France (1881-1901), of
the Codice Trivulziano (1891) and Codice Atlantico from the Abrosiana of Milan
(1894), of the Windsor manuscripts (1901), of the Codice sul volo degli uccelli
(1893) — so important to theoretical mechanics — and especially of the mechanical
manuscripts of the Kensington Museum in London (1901),! and after the pioneer-
ing research by P. Duhem into Leonardo,” determining the time of Galileo and
Descartes as the beginnings of scientific mechanics would mean ignoring at least
fifty years of scientific research. “Nowhere,” says Borkenau, “does the Renaissance
seek knowledge for mere knowledge’s sake” (p. 73). It was only interested in the
symbolism of the circle with God as its center of attraction, whereas scientific
research was but a by-product of this attitude. Only where the circular form was
applicable, as in astronomy, did science progress as far as the formulation of precise
laws; beyond astronomy, therefore, the attempt at framing the phenomena in math-
ematically exact laws proved unavailing. The contribution of the Renaissance to
our contemporary knowledge of nature was “pure natural history; an accumulation
of an immense, often valuable, mass of material, an empirical acceptance” (p. 72),
and “an entirely unmathematical method of observation” (p. 80). There followed
in the second half of the sixteenth century an upward turn in the sciences which
described nature; the use of experiments was demanded but not systematically
carried out (p. 80).

One need only lay one’s hand on Leonardo da Vinci’s manuscripts, only consult
any general presentation of Leonardo’s scientific achievements (e.g. G. Séailles’
book)? in order to become convinced that every sentence in the above description of
“the” Renaissance is quite incredible. It is an established fact that Leonardo in his
research used exact quantitative methods, that he stressed the general applicability
of mathematics. Libri, the learned historian of the mathematical sciences in Italy,
reports: “Léonard étudiait la mécanique et la physique avec le secours de I’algebre
et de la géometrie . . . et appliqua cette science a la mécanique, a la perspective et a
la theorie des ombres.” It is also certain that Leonardo not only always demanded
the systematic use of experiments but also actually carried them out in various fields
of science — see the book on the flight of birds.’> There is no doubt nowadays that

! Leonardo da Vinci, Problémes de géométrie et d’hydraulique. Machines hydrauliques. Applica-
tion du principe de la vis d’Archimede. Pompes, machines d’épuisement et de dragage, Paris, 1901,
Vols. I-111.

2p Duhem, Les origines de la statique, Paris, 1905/6, Vols. I/1I; Etudes sur Léonard de Vinci,
Paris, 1906, Vols. I/11.

3 Léonard de Vinci, Iartiste et le savant, Paris, 1906.

4 Histoire des sciences mathématiques en Italie, Paris, 1840, Vol. I11, p. 46. Leonardo writes: “Qu’il
ne me lise pas celui qui n’est pas mathématicien, car je le suis toujours dans mes principes.”
(Peladan, Léonard de Vinci, Textes choisis, Paris, 1907, p. 34), and “La mechanica e il paradiso
delle science matematiche perche con quella si viene al frutto matematico” (Duhem, Les origines
de la statique, Vol. 1, p. 15).

5 Leonardo writes: “When dealing with scientific problems I first make some experiments, because
I intend to pose the question according to experience, and then to prove why the bodies are
compelled to act in the manner demonstrated. This is the method according to which one should
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Leonardo not only knew the contents of the most important basic laws of mechanics,
hydrostatics, hydrodynamics, optics, aerodynamics, and several other sciences, and
precisely formulated these laws, but that he also already laid the foundations of a
comprehensive mechanistic world-picture.®

Leonardo knew the basic principle of mechanics, the law of inertia, the impos-
sibility of the perpetuum mobile, and he fought opposing views, even though until
now the discovery of the principle of the impossibility of the perpetuum mobile
was ascribed to Simon Stevin (1605).” Leonardo recognized “la loi d’équilibre de
la balance ou du levier.”® With regard to the parallelogram of forces, he provides
an equivalent, mathematically precisely formulated solution: “le moment d’une
résultante de deux forces est égal 4 la somme des moments des composants.”

According to Borkenau (who refers to Duhem) the “beginning of the calcula-
tions of the center of gravity” was in the mid-seventeenth century (p. 35). Duhem
really shows that Leonardo had already made these calculations.'” And before
him M. Cantor, in his “Vorlesungen iiber die Geschichte der Mathematik,” had
stated that Leonardo correctly determined the center of gravity of a pyramid with a
triangular base.!!

“Cent ans avant Stevin et avant Galilée Léonard établit . . . la chute d’un corps qui
suit la pente . . . d’un plan incliné.”'?> Leonardo provides an exact calculation of the
speed of the fall on an inclined plane. “There is no doubt,” says Hermann Grothe
as early as 1874, “that by the end of the fifteenth century Leonardo had already
clearly and distinctly formulated many laws of mechanics, and these bestow on

proceed in all explorations of the phenomena of nature.” (Cf. August Heller, Geschichte der Physik
von Aristoteles bis auf die neueste Zeit, Stuttgart, 1882, Vol. I, p. 237. Kurt Lasswitz, Geschichte
der Atomistik, Hamburg 1890, Vol. II, p. 12.) “This clear insight,” adds Lasswitz, “into the essence
of the experimental-mathematical method of natural sciences determines da Vinci’s procedure and
success.”

6 “Cent ans avant Galilée,” says G. Séailles (op. cit. p. 220), “Léonard a posé les vrais principes
de la mécanique; cent cinquante ans avant Descartes il a pressenti en elle I’idéal de la science.
Il semble qu’il lui ait di I’idée méme de sa méthode. Observer les phénomenes, les reproduire
artificiellement, découvrir leurs rapports, appliquer a ces rapports la mesure, enfermer ainsi la loi
dans une formule mathématique qui lui donne la certitude déductive d’un principe que confirment
ses conséquences, c’est la méthode méme de Léonard et celle de la mécanique.”

7 E. Mach, Populdr-wissenschaftliche Vorlesungen, Leipzig, 1903, p. 169. [E. Mach, Popular
Scientific Lectures, transl. by Th. J. McCormack, La Salle: The Open Court, 1943, p. 140f.]

8p Duhem, Les origines de la statique, Vol. 1, p. 19.

9 Op. cit., Vol. 1, p. 32. Cf. Vol. I1. pp. 347f.

10 0p. cit., Vol II, p. 111.

1 Leipzig, 1899, Vol. 11, pp. 302, 570. Séailles says: “Commandin (1565) et Maurolycus (1685)
se disputaient jusqu’ici I’honneur de ces découvertes” (op. cit., p. 225). The calculations of Mau-
rolycus, though executed in 1548, were only published in 1685. (Cf. Libri, Histoire des sciences
mathématiques, Vol. 111, p. 115.)

12 Séailles, op. cit., p. 229. Similarly Eug. Diihring, Kritische Geschichte der Principien der
allgemeinen Mechanik, 3rd ed., Leipzig, 1887, pp. 12-17.
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Leonardo ... at least equal importance for mechanics as was ascribed to Stevinus —
and moreover the precedence.”!?

Leonardo’s pioneering work in the field of comparative anatomy is based on the
realization that the functions of the animal body and the motion of its limbs are gov-
erned by the laws of mechanics. “The whole world, including living things, is sub-
ject to the laws of mechanics; the earth is a machine, and so is man. He regards the
eye as a camera obscura, . . . he determines the crossing point of the reflected rays.”'*

In aerodynamics he provides a mechanical theory of air pressure. “Plus étonnan-
tes sont les expériences sur le frottement et les lois qu’il sut en déduire ... Ainsi,
deux siecles avant Amonton (1699), trois siecles avant Coulomb (1781), de Vinci
avait imaginé leurs expériences et en avait fixé 2 peu prés les mémes conclusions.”'
In hydrodynamics and hydrostatics, Leonardo discovers the basic mechanic laws
of liquids. “Il faut rectifier sur ce point I’histoire de la science positive.” Leonardo
“a I’idée nette de la composition moléculaire de 1’eau .. .; un siecle et demi avant
Pascal, il observe les conditions d’équilibre de liquides placés dans des vases
communicants.”'® In hydrodynamics: “plus de cent ans avant le traité de Castelli
(Della misura dell’aqua corrente, 1638), Leonardo cherche la quantité d’eau qui
peut s’écouler par une ouverture pratiquée a la paroi d’un canal” ... “Il calcule la
vitesse de I’écoulement de 1’eau . . . Il donne la théorie des tourbillons, il en produit
d’artificiels pour les mieux observer.”!” “La mise au jour des manuscrits de Léonard
de Vinci recule les origines de la science moderne de plus d’un siecle . . . Conscience
de la vraie méthode . .. union féconde de I’expérience et des mathématiques, voila
ce que nous montrent les carnets du grand artiste. Pratiquée avec génie, la nouvelle
logique le conduit a plusieurs des grandes découvertes attribuées a Maurolycus,
Commandin, Cardan, Porta, Stevin, Galilée, Castelli.”!8

And now the essential point: according to Borkenau, the concept of mechanical
work has its origins at the beginning of the seventeenth century only, in connection
with the division of industrial labor and with highly skilled work being replaced
by “general human” work. In fact, the concept of mechanical work was already
well known to Leonardo by the end of the fifteenth century and he developed
it from observing the effect of machines which replace human performance. In
comparing the work of machines with the human work it replaces, both types of

13 Leonardo da Vinci als Ingenieur und Philosoph, Berlin, 1874, p. 21; cf. p. 92. Similarly M.
Herzfeld, Leonardo da Vinci, Leipzig, 1904, CXIII. The influence of Italian science is demonstrable
in other areas of Stevin’s work as well: he introduced into Holland the Italian bookkeeping system
whose beginnings in Florence go back to the book by Luca Paccioli (1494), Leonardo’s friend. (Cf.
E. L. Jager, Luca Paccioli und Simon Stevin, Stuttgart, 1876.)

14 M. Herzfeld, op. cit., CXXIL, CXV.

15 S¢ailles, op. cit., p. 231.

16 Op. cit., pp. 232-34. Leonardo writes: “Le superficie di tutti i liquidi immobili, 1i quali infra
loro sieno congiunti, sempre sieno d’equale altezza,” independent of the width and shape of the
vessels, and he shows that the height of the columns of liquid is inversely proportional to their
weight (density). (Cf. A. Heller, Geschichte der Physik, Vol. 1, p. 242.)

17 S¢ailles, op. cit., pp. 235/236.

18 Op. cit., pp. 369/370.
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work are reduced to a common denominator, to the concept of mechanical work.
Thus Leonardo calculates the work of a water wheel which activates a machine.'
From the knowledge of the basic laws of mechanics he already calculates the amount
of work to be performed by machines while building them, and in the case of the
rolling mill for iron rods which he constructs he calculates both the load and the
force (work) to be applied to pull the iron along under the rollers. As theoretical
basis for this calculation he uses his study “Elementi machinali” (which has evi-
dently been lost), to which he often refers.?’ A similar case is that of a spinning jenny
which he invented around 1490.2! And there is more. Leonardo does not confine
himself to such calculations, he even constructs an apparatus for this purpose: “Pour
calculer I’effet des machines il inventa un dynamometre; il détermina le maximum
de I’action des animaux en combinant leur poids avec la force musculaire.”>?

It would be superfluous to add further examples. Is Borkenau perhaps of the opin-
ion that Leonardo da Vinci’s achievements need not be taken into account because
his writings were not published, and therefore had no influence on the emergence of
scientific mechanics? Did Venturi not believe, when he rediscovered Leonardo’s
manuscripts in 1797, that, because they were unkown, mankind had been com-
pelled to make his discoveries a second time? But would not such an argument
be irrelevant, since the primary problem lies in the questions of why and how could
Leonardo da Vinci already lay the foundations of scientific mechanics in the end of
the fifteenth century?

Besides, P. Duhem has established — and therein in particular lies the impor-
tance and originality of his research — that Leonardo’s mechanics did not remain
as unknown as hitherto presumed; that, e.g., Galileo frequently quotes Girolamo
Cardano, who himself was undoubtedly influenced by Leonardo;>® that a long
list of writers, conscious or unconscious plagiarists, knew Leonardo’s mechanics
and made use of its results throughout the sixteenth century; and that, through
their very intermediary, his influence had a mighty effect on the works of Stevin,
Kepler, Descartes, Roberval, Galileo, Mersenne, Pascal, Fabri, Christian Huygens
and others. These intermediaries, such as Cardano, Tartaglia, Benedetti, or bold pla-
giarists like Bernardino Baldi, rendered an important service to mankind in rescuing
Leonardo’s ideas and inventions from oblivion and introducing them into the wide
mainstream of science.?*

19 Duhem, Les origines de la statique, Vol. 1, p. 21.

20 H, Grothe, Leonardo da Vinci als Ingenieur, op. cit., p. 77. Cf. furthermore August Heller, op.
cit., p. 242.

21 H. Grothe, op. cit., p. 82. Leonardo calculates, e.g., the force (work) required for hammering in
nails and bolts, regarding them as wedges. A. Heller, op. cit., p. 242.

2. Libri, Histoire des sciences mathématiques, Vol. 111, p. 42. Cf. there also appendix VII,
p. 214: “Della forza dell’'uomo.”

23 Duhem, Les origines de la statique, Vol. 1, pp. 40, 44.

24 Op. cit., Vol. 1, pp. 35, 147, Etudes sur Léonardo da Vinci, Vol. 1, pp. 108, 127. Olschki (Galilei
und seine Zeit, Halle, 1928) however says that pre-Galilean mechanics had quite a different char-
acter (he did not show wherein this difference lies) and that, therefore, the predating of the origins
of scientific mechanics is due to the “malice” of Galileo’s “detractors.” But this is not a matter of
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The fact that modern mechanics already originated with Leonardo da Vinci at
the end of the fifteenth century has been recognized for these past fifty years by a
majority of leading scholars; for example, K. Lasswitz wrote in 1890: “Thus the
new mechanics, and modern scientific thinking generally, begins with the admirable
genius of Leonardo da Vinci who was so incredibly far ahead of his time.”?> The
task lies, though, in rendering the “incredible” “credible,” i.e. not conceiving of
the phenomenon of Leonardo da Vinci as an “individual phenomenon beyond the
context of historical development” (Lasswitz), but rendering it comprehensible from
the social development of his epoch.

However — and here we come to our decisive conclusion — if Borkenau never-
theless does not want to recognize the significance of Leonardo’s mechanics, if he
rejects the views of a Venturi, Libri, Grothe, Duhem, G. Séailles, and many others
who see in Leonardo the originator of modern mechanics already at the end of the
fifteenth century, then such rejection must be substantiated. By failing to do so, he
conceals the whole problem! In his book, wherein he deals with so many secondary
figures of the Renaissance, the name of Leonardo da Vinci is not even mentioned.

4. Just as revolutionary as his view of the chronological beginning and substan-
tial origin of modern science is Borkenau’s opinion on the processes in social and
economic history, which were conditional for the development of modern science
and of the mechanistic world-picture. Even if the capitalist methods of production
only became general in the sixteenth century, and one can only speak of the “cap-
italist era” at that time, the beginnings of the capitalist method of production (and
these are of prime importance in elucidating the rise of the bourgeois world-picture)
date much farther back. In contrast to Marx’s view, that in Italy “we meet the first
beginnings of capitalist production as early as the fourteenth or fifteenth century,
sporadically, in certain towns of the Mediterranean,”?® Borkenau says that not before
the turn of the seventeenth century did the introduction of monetary capital into
the sphere of production “have its first decisive success.” Only at that time, there-
fore, did the “first period of capitalist industry, the period of manufacture” begin.
Here, Borkenau skips three hundred years of capitalist development in Western
Europe.

5. Wherever capitalist production is taking place, the abolition of serfdom and of
the stratified-feudal order has been long since achieved through monetary capital.
Since capitalist production exists in Italy in the fourteenth century, the dissolution
of the stratified-feudal structure through the mercantile and monetary capital must
have taken place much earlier, viz. during the twelfth and thirteenth centuries —
as could be read (until now) in every history book of Italian economics. Let us
only mention the development of monetary and commercial capital in the proud
Italian republics of the twelfth and thirteenth centuries, and the protracted trade

“detracting” from Galileo, Descartes, Pascal, or Stevin, but of understanding an historical epoch as
a whole.

5K, Lasswitz, Geschichte der Atomistik, Vol. 11, p. 12.

26 Das Kapital, 3rd ed., Vol. I, pp. 739, 740. [Marx-Engels-Werke, Vol. 23, pp. 743, 744; Capital,
Vol. I, pp. 715-716.]
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wars between Amalfi and Pisa, between Pisa and Genoa, and between Genoa and
Venice.?” Due to the greatly intensified circulation of money and goods in thirteenth-
century Italy, the quantity of silver specie in circulation no longer sufficed, so that in
1252 Florence was compelled to start minting gold coins (hence the name “Florin™).
J. Burckhardt describes how, as early as the twelfth century, the Italian nobility lived
in the towns together with the burghers and, having become quite bourgeois, turned
to commerce.?® There are licensed banks in Genoa, since the thirteenth century,
with a highly developed system of deposits and clearing concentration.?’> When
industrial capitalism began to develop in northern Italy, feudalism had long since
completely disintegrated due to the invasion of monetary and banking capital. These
historical research findings are also disregarded by Borkenau. According to him,
capitalist production methods were nonexistent in Italy prior to the beginning of
the seventeenth century; the dissolution of the stratified-feudal order through the
incursions of monetary and merchant capital into Italy had not taken place in the
twelfth and thirteenth, but only in the sixteenth century, and then the mental attitude
of the Renaissance, the character of its scientific research, and its philosophy, are
explained by the destructive influence of the inflow of monetary capital.

6. Past research into the history of economics presented the view that the
industrial-capitalist development of Italy, which started in the fourteenth century
and which developed in a steeply ascending line until the middle of the fifteenth
century, suffered a heavy setback after the discovery of America and the blockade
of the East European trade routes by the Turks: As a consequence of the shift in
the axis of international trade from the Mediterranean to the Atlantic Ocean, Italy
entered a period of regression of capitalism — this process of deterioration explains
the specific characteristics of the mental attitudes of the late Renaissance.

According to Borkenau’s book, this conception was evidently unfounded. That
shift in the axis of world trade plays no role in his attempt to interpret the Renais-
sance; he does not even mention it. In this he is quite consistent. Having asserted that
Renaissance Italy had only advanced as far as monetary capitalism, and that produc-
tive capitalism never existed there, he cannot discern any setback in the development
of industrial capitalism. He clearly finds it superfluous to adduce the phenomenon
of the revolution in the world market to the end of the fifteenth century, in order to
explain the material and intellectual situation of the Renaissance.

7. The conception of the genesis of capitalist production in the other West Euro-
pean countries is just as new as that of Italy’s development. This applies firstly to the
question pertaining to the initial plant structure in capitalist production. Borkenau
adopts Sombart’s erroneous interpretation of Marxist theory, according to which
Marx had designated manufacture as the first stage of capitalist plant structure,** and
he even places the thesis that “manufacture is the first period of capitalist industry” at

27 Cf. H. Grossmann, Das Akkumulations- und Zusammenbruchsgesetz, Leipzig, 1929, p. 48.
28 Die Cultur der Renaissance, Leipzig, 1899, Vol. 1, p. 81.

29 H. Sieveking, Genueser Finanzwesen, Freiburg i.B., 1899, Vol. II, p. 47.

30 W. Sombart, Der moderne Kapitalismus, 2nd ed., 1917, Vol. II/2, p. 731.
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the center of his conception and its substantiation! Here again he pays no heed to the
100-150 years of capitalist development which preceded the period of manufacture,
namely the period of decentralized putting-out system.

8. Not quite as new as the conceptions just outlined — but perhaps even more
interesting — is Borkenau’s theory of the genesis of capitalism from the material
aspect. Following the publication of Das Kapital, theoretical controversy arose
about this genesis, in which W. Sombart, M. Weber, H. Sieveking, J. Strieder, G. von
Below, Heynen, A. Doren, H. Pirenne, R. Davidsohn, and many others participated
either directly or indirectly. One basic question was the following: According to
Das Kapital the bearers of the emerging capitalism did not originate from among
the artisans, and such provenance would have been impossible. This impossibility
relates to (a) capital necessary to operate a capitalist enterprise, (b) the new techni-
cal processes, (c) the precognition of complicated elements of profitability (cheap
sources of raw materials in distant markets, the currency and legal conditions of
foreign marketing outlets, costs of transportation, customs, etc.), (d) to the technical
and monetary organizational problems of a large enterprise, and finally (e) to the
class origin of wage laborers.

The competition which threatens local handicraft comes with the rise of world
commerce and international trade fairs in the thirteenth century. In order to neutral-
ize this and prevent any social differentiation within the community or the guild,
the rules of the medieval guilds try to block the master’s ascent to capitalist sta-
tus through regulations governing the number of tools he may use, the number
of journeymen (Gesellen) he may employ, etc. Thus the accumulation of larger,
freely disposable amounts of capital within the guild is rendered impossible. At
the same time and for the same motives, any technical innovation is discouraged,
the established technique becomes rigid routine, and production is adapted to the
local market from which the competition is being excluded. The narrow horizon of
the production of the local guilds prevented them from surveying distant markets
of raw materials; the artisan obtained his raw materials second- or third-hand from
the wholesale merchant. Likewise the artisans had no knowledge of foreign outlets
for exports, of conditions governing foreign currencies and of customs duties. But
above all, the guilds’ artisans were lacking all organizational prerequisites for the
creation of large-scale undertakings, as well as the ability to rationally calculate
a production process extending over longer periods. How could the impoverished
artisans, in their process of decay, who respected the spirit of traditionalism and
routine, and rejected every innovation, have acted as historical signposts and have
opened new horizons? Even in the best of circumstances the accumulation of capital
within the framework of local manufacturing production was too slow and did not
answer the new commercial requirements of the world market. It was also incapable
of creating a new class of industrial entrepreneurs.’!

The new capitalistic plant structures gradually emerged “outside the control of
the ancient urban system and its constitution of guilds” — be it in the rural areas

31 Marx, op. cit., I, p. 776. [Marx-Engels-Werke, Vol. 23, pp. 777f; Capital, Vol. 1, p. 750.]
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or in the trading ports by the sea where, for specific reasons, the structure of the
guilds became relaxed. Yet the bearer of this new revolutionary development was
naturally not the artisan who belonged to a guild but the large-scale merchant, i.e.
the trading and usury capital. The first big capital funds in circulation accumulated
through banking and usury, before they could be used in the sphere of production.
“Usury centralizes money wealth where the means of production are dispersed.”?
The large-scale merchant possessed larger capital means, knowledge of sources of
raw material supplies and of buyers’ markets for finished merchandise in which he
traded. He was accustomed to doing business on credit — in short, he had all the
prerequisites necessary for the new plant structures. The latter was not created all
at once, rather it developed gradually in the course of a lengthy historical process.
The large-scale merchant bought finished products from the artisans who originally
had been working directly for the consumer, and thus, as he cut them off from
their sales outlets, made them dependent on him. As he was advanced money and
soon also supplied with raw materials for processing, the craftsman became even
more dependent; and finally, despite his formal autonomy, he sank to the status of
a wage laborer, while the production process, manual technique, did not change.
In this manner the large-scale merchant provided work for numerous artisans who
worked separately in their own homes with their own tools, formally independent
but in fact totally dependent on him. Thus originated the putting-out system, the
first capitalistic, albeit decentralized, large-scale enterprise. In view of the relatively
small amount of capital funds accumulated, this form of enterprise was the most
appropriate and rational, since the entrepreneur saved capital expenditure for factory
buildings, lighting, heating, taxes, etc. We encounter the first beginnings of capital-
istic production in this form of putting-out systems in fourteenth-century Italy and
even as early as in thirteenth-century Flanders.

The next stage in the process of subordinating production to capital was that
the large-scale merchant, hitherto only the organizer of other peoples’ production,
proceeded to take over the production under his own management. But this change
was also gradual and extended over long periods. At first the merchant takes over
single stages in manufacture, e.g. dyeing and dressing, while the other processes (for
instance from spinning to weaving) continue in the usual way. The centralization of
the workers in closed factories, manufacture, is only the last stage of this lengthy
historical development and itself constitutes the beginning of a new evolution of
manufacture which takes place gradually — of a new process to which we shall later
revert (see no. 10 below).

This is not the place for delving into this theory’s details. Numerous historians
have brilliantly demonstrated its validity using the historical material.** Especially

32 Op. cit., Vol. ITI/2, p. 136. [Marx-Engels-Werke, Vol. 25, p. 610; Capital, Vol. 111, p. 596.]

33 H. Sieveking, “Die kapitalistische Entwicklung in den italienischen Stidten des Mittelalters,”
in: Vierteljahrsschrift fiir Sozial- und Wirtschaftsgeschichte, Vol. VIII, 1909, pp. 73, 80. Cf. also
Adolf Schaube’s criticism of Sombart on the basis of English historical material: Die Wollausfuhr
Englands vom Jahre 1273, in Vierteljahrsschrift fiir Sozial- und Wirtschaftsgeschichte, Vol. VII,
1908. Heynen, Zur Entwicklungsgeschichte des Kapitalismus in Venedig, 1905, pp. 121ff. Broglio
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with regard to Italy, Doren has proved with the aid of an abundance of factual mate-
rial the correctness of Marx’s conception.>* The same proof has been supplied, just
as convincingly and also on the basis of ample source material, by H. Pirenne® for
thirteenth-century Flanders and the Netherlands, by W. Cunningham, W. J. Ashley
and G. Brodnitz*® for fifteenth- and sixteenth-century England, and by Baasch?’
for sixteenth-century Holland. Other authors have shown via exhaustive historical
research that in fifteenth- and sixteenth-century France the erosion of the artisans,
their narrow horizon and their adherence to routine were too strong for new plant
structures and techniques to emerge from their midst — and that in France, just as
in England, it was the monetary and commercial capital which pioneered capitalist
production — the putting-out system.*® One can say that this theory of the historical
genesis of capitalism has become the predominant one; it has already been intro-
duced into textbooks of general economic history, such as those by H. Sée and J.
Kulischer.®

Such a genesis of capitalism does not, however, fit into Borkenau’s “structural”
scheme of development. He regards mechanics as the immediate prerequisite for
the rise of the mechanistic philosophy in the first half of the seventeenth century,
and the beginning of the analysis of the labor process into its constituent phases
and of quantitative working methods as the immediate prerequisite for mechanics.
According to him, the beginnings of capitalism are here and not in the thirteenth
and fourteenth centuries. The large-scale merchant as the bearer of capitalist devel-
opment does not fit very well into this scheme. Borkenau does not have capitalism
emerge from monetary and commercial capital, but from the guild’s craftsmen and
through the rationalization of the methods of artisanship by analysis of the labor
process — and he shifts its beginning in one leap across centuries into chronological
proximity with the mechanistic philosophy, in the late sixteenth century! “It is,”
expounds Borkenau, “one of the most important insights resulting from all of Max
Weber’s research, that the main body (Grundstock) of manufacturing entrepreneurs,
the first to introduce systematically capitalist methods into the production process,
does not originate from the moneyed and trading bourgeois classes but from the
ascending craftsmen” (p. 155). “The new manufacturing technique is not employed
by religiously indifferent capitalists but by Calvinist, ambitious little men . ...” It is

D’Ajano, Die Venetianer Seidenindustrie bis zum Ausgang des Mittelalters, Stuttgart, 1893. R.
Davidsohn, Forschungen zur Geschichte von Florenz, Vol. 1V, Berlin, 1922, pp. 268ff.

34 A, Doren, Studien aus der Florentiner Wirtschaftsgeschichte, Vol. 1, Stuttgart, 1909, p. 23.

35 Henri Pirenne, Les anciennes démocraties des Pays-Bas, Paris, 1910.

36w, Cunningham, The Growth of English Industry and Commerce, London, 1890, Vol. I. W. J.
Ashley, Englische Wirtschaftsgeschichte, Vol. 11: Vom 14. bis zum 16. Jahrhundert, Leipzig, 1896.
G. Brodnitz, Englische Wirtschaftsgeschichte, Jena, 1918.

37 Baasch, Holléindische Wirtschafisgeschichte, Jena, 1927, pp. 86, 156.

38 E. Levasseur, Histoire des classes ouvrieres et de !'industrie en France avant 1780, Paris,
1901, Vol. II: “Au XVlle siécle les corporations opposaient un obstacle presque insurmontable
a la création de la grande industrie et méme de procédés nouveaux dans I'industrie” (p. 174). “La
grande industrie ne pouvait pas naitre dans le sein de la corporation” (pp. 271, 154). Similarly
Henri Hauser, Les débuts du capitalisme, Paris, 1927, pp. 22ff.

39 Henri Sée, Les origines du capitalisme moderne, Paris, 1930, pp. 13, 15. J. Kulischer,
Allgemeine Wirtschaftsgeschichte, Munich, 1929, Vol. 11, p. 110.
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generated “by the efforts toward rationalization of craftsmanship” (p. 90). Manufac-
turing capitalism has everywhere “been recruited from the higher strata of artisans
and from aristocrats who had turned bourgeois” (p. 157).

Borkenau does not notice that Max Weber’s views on the origin of capitalism,
to which he refers, were criticized and superseded in the discussion mentioned, and
he is not aware that Weber himself had become unsure and doubtful of his theory.*
Elsewhere Borkenau refers to Boissonade with regard to French manufacture.*!

Apart from these, of all historians of economy only J. Kulischer is mentioned
once. Boissonade is the source of Borkenau’s information! An “exemplary treatment
of material,” through which all other works on the origin of French capitalism are
supposed to have become “obsolete”’! The seminal works of Fagniez, E. Levasseur,
Germain Martin, E. Tarlé, J. Godart, Henri Hauser, Henri Sée et al., each of whom
provides deeper insight than Boissonade into the essence of the historical processes,
are supposed to be obsolete!

Actually, Boissonade’s book does not at all constitute a revolution in French
historiography of economy. In 1899 Boissonade presented the first results of his
research, providing archival documentation on 582 manufactures. In 1901
E. Levasseur already treated the findings of Boissonade’s research with critical
irony.*> Since that time, in almost thirty years of untiring research in archives,
Boissonade has considerably enlarged the number of known manufactures. But our
knowledge about the origin of capitalism was not advanced through this investiga-
tion but rather became even more obscure. Due to its methodological insufficiency
and ignorance of capitalistic forms of enterprise, his work was already outdated
on publication (1927) and fell short of the results of earlier findings of French
research.** Thus e.g. J. Kulischer blames Boissonade for having overlooked the
putting-out system as the first capitalist form of undertaking and having mistaken it
for artisanship! Here Tarlé’s criticism had a clarifying effect. “Sée too stresses in a

40 “In the occident the early capitalist putting-out system did not always, and not even usually,
develop from within craftsmanship, but it originated very often beside the artisans ...” (M. Weber,
Wirtschaftsgeschichte, Munich, 1923, p. 145). [Max Weber, General Economic History, transl.
by Frank H. Knight, Illinois: Free Press, 1950 (1927), p. 158.] “To sum up, one should always
be aware that the factory did not originate from the workshop nor at its expense, but initially
emerged alongside it (Weber identifies the factory with manufacture and criticizes the distinction
made between these two concepts by the ‘early science, also Karl Marx,” op. cit., p. 149. — H.
G. [op. cit., p. 162f.]). Above all, it seized upon new forms of production and new products, e.g.
cotton, chinaware, gold brocade or surrogates — none of which were manufactured by the craftsmen
organized in guilds” (op. cit., p. 157 [English: p. 173]).

41 «On the entire development of manufacture and of commerce protected by the state from Louis
XI to Louis XIII, we now obtain very comprehensive information from P. Boissonade, Le social-
isme d’état, Paris, 1927. It is theoretically insufficient and inadequate for the history of the relations
of production, yet it is exemplary in its treatment of the material for the history of the productive
forces. Since its recent publication, and despite the imperfections, all other works on the genesis
of French capitalism have become obsolete” (p. 173).

“2g, Levasseur, Histoire des classes ouvrieres . . ., op. cit., Vol. II, p. 239.

43 Boissonade’s confusion of concepts is evident already in the title of the book, which calls
the mercantile policies of the French governments in the sixteenth and seventeenth centuries “Le
Socialisme d’Etat.”
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number of his writings that in France, just as in England, the industrial capital was
preceded by the commercial capital, which tried to dominate the production of the
small craftsmen.”**

9. In view of the central role assigned in Borkenau’s thinking to the origins of
capitalism, we have tried to clarify the question as to the time of its first appear-
ance, the monetary and commercial capital as its bearers, and finally the putting-out
system as its first form of enterprise. Now it would be thinkable that capitalism,
though not when it first appeared, but at some later stage of its development, viz.
in the transitional phase from the decentralized putting-out system to the cen-
tralized manufacturing plant, did develop in the manner claimed by Borkenau.
However, even if understood this way, this theory of the genesis of capitalism proves
untenable.

In view of the problem’s importance we would like to cite some proof for this
statement. It can be ascertained from the sources that the overwhelming majority of
the first manufacturing entrepreneurs in seventeenth-century France were monied
people, capitalists, merchants, speculators, high officials, in short, anything but
“little men with high aspirations.”

Some typical examples from the whole period between Henry IV and Louis XIV
will show who were the carriers of manufacturing. In Troyes, under the reign of
Henry IV, the manufacture for satin and damask is founded by J. Schier, a wealthy
merchant. (Marjépol, in Lavisse, Vol. VI/2, p. 78.) Thomas Robin, “maitre de requ-
éts” of Queen Marguerite, founds the “manufactures royales des Toiles fines et des
Toiles de coton” in Rouen and Nantes (1604—1609). (Boissonade, loc. cit., p. 255.)
The merchants J. Wolf and Lambert founded in 1606 the “manufacture des toiles
fines de Hollande” at St. Sévere near Rouen. (Levasseur, op. cit., Vol. II, p. 171.)
The first big manufacture “des industries des lainages” of the firm of Cadeau, aris-
ing at Sedan under state sponsorship, was founded by three Parisian merchants.
(Boissonade, loc. cit., p. 254.) The manufacture of wallpaper was started under
Colbert, and a factory was erected at Beauvais by Hinard, a Parisian merchant,
while the first mirror factory was built in 1663 in Orleans by Denoyer, “receveur
de tailles.”®

These are not solitary selected examples. As was always the case with under-
takings sponsored “from above,” there soon appeared speculators and adventurers
wishing to exploit this chance. E. Levasseur states about the time of Henry IV:
“Pierre Sainctot, de Paris, membre de la Commission du Commerce; Claude Parfait,
sellier, riche marchand de Troyes, étaient des capitalistes. Dans ces affaires d’argent,
il se glissaient déja des spéculateurs suspects, comme Moisset de Montauban . .. et
des habiles, comme Nicolas Le Camus qui, arrivé a Paris avec 24 livres, passa pour
avoir laissé a sa mort une fortune de 9 millions.” (Further examples, Levasseur, op.
cit.,, Vol. 1, p. 175; Vol. 11, pp. 200, 258. Lavisse, op. cit., Vol. VII/1, p. 220.)

Colbert, the actual initiator of the manufacturing system, surrounded himself
with a team of agents who — always traveling throughout the country in the factories’

44 J. Kulischer, op. cit., Vol. II, p. 110.
S E, Levasseur, Vol. II, p. 258. Lavisse, Vol. VII/1, p. 220.
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interest and being partners in Colbert’s foundations — represented a mixture of for-
tune hunters, speculators, and apostles of the new capitalist creed. “Pour fonder des
manufactures, Colbert employa un certain nombre d’agents pris dans le commerce
ou dans la banque, qui furent en quelque sorte les missi dominici de la réforme.”
The principal agent was Bellinzone, an Italian naturalized under Mazarin. He was
appointed “inspecteur général des manufactures” with a salary of L. 4000 and was
imprisoned for “malversation” at Vincennes after Colbert’s death. Another agent,
the banker Jabach, appointed director of the wallpaper manufacture of Aubusson,
participated as a capitalist in a series of undertakings. The team included the mer-
chant Camuzet of Paris, founder of innumerable manufactories for silk stockings,
and finally the two brothers Poquelin, Parisian merchants, who had offices in Genoa
and Venice and likewise participated in a number of manufactories, e.g. the mirror
plant in the Faubourg St. Antoine. (Levasseur, op. cit., Vol. II, p. 238.)

Sagnac emphasizes that in Colbert’s times the foundation of manufactories
mainly took the form of capitalist joint-stock and similar companies, so that their
original basis was not the “extreme effort” of the little man, but the participa-
tion of capital. “Sociétés en nom personnel, sociétés en commandite, sociétés
anonymes surtout, recueillent des capitaux des marchands, des magistrats et des
nobles euxmémes, s’efforcant de dralner vers les grandes affaires une partie de la
richesse, d’habitude employée en achat de rentes sur I’Hotel de Ville ou d’offices
royaux.”40

The form of the joint-stock company or limited partnership enabled the mer-
chants and magistrates to invest capital without having to leave their offices to
personally look after the business. “Colbert pressait . .. les gens riches qui étaient
sous sa main, bourgeois et marchands de Paris, de Lyon, de Rouen, de Troyes,
courtisans, magistrats, banquiers, officiers de finances et traitants d’apporter leur
contingent” to the capitalists of the newly emerging joint-stock companies.*’

Not only the capitals, the stock owners, and other suppliers of money came
from the circles of commerce, finance and the magistrates — but also the managers,
i.e. the practical directors, were usually taken from the estate of traders. “C’est
parmi les marchands,” says Sée, “que se recrutent ordinairement les directeurs de
manufactures ... Ces marchands-manufacturiers n’appartiennent plus en aucune
facon a la classe de maitres des métiers; ils échappent a 1’organisation corpora-
tive.**® For Jacques Savary, the famous author of Le parfait négociant (1673) and
Colbert’s counsellor in all legislative matters of manufacturing organization, it is
a matter of course that the big merchants are those who establish manufactories.
Thus he provides instructions for “Négociants qui voudroient établir des
manufactures.”*

46 In Lavisse, op. cit., Vol. VIII/1, p. 230.

47 Levasseur, Vol. II, p. 241; cf. Lavisse, Vol. VII/1, p. 222.

48 Esquisse d’une histoire économique de France, Paris, 1929, pp. 300/301. This statement by Sée
is in agreement with Levasseur’s, op. cit., Vol. II, p. 402.

49 Jacques Savary, Le parfait négociant, Vol. 1I, Chaps. 6 and 7, quoted from the fifth edition,
Lyon, 1700.
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We see that Borkenau’s historical conception that capitalism in general and
manufacture in particular “were not created by monetary capitalists, but by upward-
striving little men” does not correspond to historical reality. It is a theory which
presents the origins of capitalism, i.e. of the original accumulation, as an “idyll”
according to which the “work,” the “unlimited effort” (p. 176) serve to create the
“solid” manufacturing capital (p. 155), and the “ascent to the capitalist class through
strict rationalization of work” (p. 157) is achieved.

10. In the above we have shown how Borkenau simply disregards the develop-
ment of capitalism in the premanufacturing period. Now we will examine manufac-
ture and its division of labor.

In his opinion, manufacture’s span of life extended from “the beginning of the
sixteenth century” (p. 13) until the last third of the eighteenth century, i.e. over a
period of almost 300 years. It is clear to anybody who has studied history that man-
ufacture cannot have remained unchanged over such a long period. Borkenau does
not take this into account. The problem of the “period of manufacture” is for him
a simple and unambiguous matter. He speaks of “the manufacturing bourgeoisie”
(pp. 13, 162) and of “manufacturing mentality” (p. 404), as if these were always
concerned with absolutely fixed and unequivocal categories. “As is well known, the
manufacturing technique consists of nothing but an extremely developed division of
labor, while entirely retaining the foundations of the production process in crafts-
manship” (p. 2). Manufacture abolishes the qualification for work, it replaces the
skilled artisan with the unskilled laborer whose work consists of “the performance
of a perfectly simple manipulation which is accomplished with precision and which
“should be feasible even to a child, even to an imbecile” (p. 7). Thereby all special
training becomes superfluous, manufacturing work loses all particular quality and
“becomes pure quantity.” Thus at the turn of the seventeenth century, manufacturing
has replaced qualified work by “general human” or “abstract” work, therefore devel-
oping that concept which is the basis of modern mechanics. Thus the emergence of
scientific mechanics in the beginning of the seventeenth century presupposes the
prior development of manufacturing.

This presentation of the character of manufactorial work at the turn of the
sixteenth and seventeenth centuries is sheer fantasy. It contains an inner logical
contradiction. The term “craftsmanship” already implies a skilled type of work
for which one is qualified. Work that can be performed by unskilled laborers, by
anybody — also by children and imbeciles — for which no training is required, ceases
to be “craftsmanship.” Borkenau’s generalized conception of manufacture is evi-
dently based on the description in the first chapter of Wealth of Nations, illustrated
by the far-reaching division of labor and dissection of the work process into sim-
ple manipulations of the production of metal pins. He transfers the situation and
conceptions described by A. Smith which apply to the conditions of the second half
of the eighteenth century to those prevailing in the sixteenth century, without giving
a thought to the question as to whether the “manufacture” of the sixteenth century
can be identified with that of the eighteenth century.

Borkenau has overlooked the various stages of development in manufacturing.
Manufacturing has undergone various successive phases of development in its over
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two hundred years of existence. The characteristics are clearly identifiable. (1) In
the beginning, manufacturing appears in the form of simple cooperation between
workers in a spacious workshop, without any trace of division of labor. Although
laborers assembled in a workshop is a precondition for the subsequent division of
labor, at first — during the extensive period of cooperative manufacture — this divi-
sion of labor does not yet exist. At the end of the sixteenth and at the beginning
of the seventeenth centuries there hardly existed any division of labor in the most
advanced manufacture, the Dutch one; even less existed in the relatively backward
French one. Cooperative manufacturing was followed by the (2) heterogeneous and
(3) serial manufacture; these are not only two different basic modes but also two
consecutive phases in the development of manufacturing history. Finally there arises
the fourth and last phase, the “combination of manufactures” which, although not
universally accepted, did exist as a tendency: the combination of different manu-
factories into an “overall manufacture.” The highest stage of technical development
is represented by the “organic” manufacture which subdivides the work process
into the simplest, repetitive manipulations performed with virtuosity, where the end
product of one worker is the starting point for his successor’s labour. This “organic”
phase represents the “finished form,” the “perfected form™ of the development of
manufacture.>

It is a blatant anachronism to apply the division of labor in “organic’” manufacture
of the eighteenth century to the “cooperative” and “heterogeneous” manufacture of
the end of the sixteenth and the start of the seventeenth century. In the second half of
the seventeenth century, in England, William Petty only knows the “heterogeneous”
manufacture, i.e. a plant structure in which several independent artisans work in
one workshop under the same capitalist, and nevertheless fashion their products
entirely by the traditional method, without division of labor into simple manipu-
lations, where the final product, e.g. a clock or a carriage, results from “simple,
mechanical assembly of separate partial products.” Almost until the end of the
seventeenth century, the division of labor into simple manipulations is out of the
question, as is the replacement of skilled workers by unskilled ones, children, and
imbeciles. The manufacture is based upon specialized and highly qualified crafts-
manship; once specialized, the participants’ separate tasks in the total complex are
frozen, and a hierarchy of qualified partial specialists is formed.

Beside the hierarchical pyramid of differently trained and specialized workers
there appears a new “class of so-called unskilled laborers,” for, within specialized
work, there are also “certain simple operations of which everybody is capable.” In
the latter class, which is an exception within the general specialization, “the cost
of apprenticeship vanishes”; the lack of specialization is thus also turned into a
specialty within the hierarchical specialization of manufacture.!

50 cf, Marx, Kapital, op. cit., Vol. 1, pp. 342-348. [Marx-Engels-Werke, Vol. 23, pp. 362-371;
Capital, Vol. 1, pp. 342-350.]
51 Op. cit., Vol. I, p. 351. [Marx-Engels-Werke, Vol. 23, p. 370; Capital, Vol. 1, p. 350.]
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Because of the qualified character of the work, manufacture was dependent on the
workers, as they could not easily be replaced. This is also the reason for the struggle
and efforts of governments to attract foreign workers (e.g. Colbert’s demand for
glassblowers from Venice, for tinplate workers from Germany, etc.), whereas on the
other hand the emigration of specialized workers was forbidden and was threatened
by heavy prison sentences.

Nothing is more characteristic of manufacturing work’s qualified character than
the conditions in the first mirror factory, established in 1663. Italian workers,
brought from Murano in Venice at great expense, difficulty, and danger through
the intermediacy of the French ambassador, earned 3—4 ducats daily. They were
to train a certain number of French workers annually, yet they strictly preserved
their professional secrets, so that the manufactories with their precious equipment
“dépendaient absolument du caprice des étrangers.” Once, when one of those Italian
workers “celui qui gouverne les glaces sur les grandes pelles” had broken his leg,
the manufacture had to be closed for ten days, but the workers had to be paid and
the fires in the big furnaces maintained, because the other workers “ne savent faire
sa fonction et n’ont pas méme voulu y essayer, disant que c’est la plus difficile et
qu’il faut I’avoir appris des I’age de 12 ans” (G. Martin, La grande industrie sous le
regne de Louis XIV, Paris, 1899, pp. 77, 78).

Nowhere is the arbitrariness of Borkenau’s construction better illustrated than
in this question. With the progress of the division of labor, each partial procedure
did not become simpler nor did qualified work become superfluous and replaceable
by unskilled work. Parallel with the development of the division of labor one can
observe a strengthening of the role played by qualified work rather than a weak-
ening thereof. At the end of the fifteenth century — earlier in some countries and
later in others — parallel with the development of the division of labor, a process of
diversification of production began. Formerly only few and simple types of cloth
were produced in England, so that one and the same clothmaker could master the
spinning, weaving, and dyeing; at the end of the fifteenth century new types of cloth
appeared: ordinary and fine cloth, straights and kerseys, were now made; the statute
of 1484 contains half a dozen varieties in addition to the aforementioned ones. With
the diversification of products came greater demands on the skills of the artisans,
weavers, dyers, etc. — a development which would accelerate in the future.’? The
weaver had to learn to weave ten to fifteen different kinds of cloth, the ribbonmaker
had to produce twenty or thirty kinds of ribbon, etc. We see a similar diversifica-
tion in Holland. By the end of the sixteenth century, new branches of production,
new raw materials, new techniques appear, and all these innovations demand higher
qualifications; in Leyden, e.g., begins the weaving of fustian (1586), of serge (1597),
and of “draps changeants.”>

52, Cunningham, The Growth of English Industry, German translation, Halle, 1912, Vol. I,
p- 508.
53 Baasch, Hollindische Wirtschaftsgeschichte, Jena, 1927, p. 84.
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New dyes, such as cochenille and later indigo, caused a revolution in the tech-
nique of dyeing. The smallest error could spoil large quantities of material. In
Haarlem, in addition to delicate tablecloths, there were the famous “Bontjes” (linen
mixed with cotton). In Amsterdam there was the production of ribbons and of velvet,
in Rotterdam there was plush and “Bombasin.” The same development occurred in
France. With the rise of the wealthy bourgeoisie in the sixteenth century, luxury
became more widespread (up to the fifteenth century this was limited to the nobility
and the clergy), while cheaper, “lighter” luxury materials such as satin de Bruges,
crépe de soie, serges, étamines, caddis, etc. now came into demand.

11. We have seen how, according to Borkenau, “rational technology” was impos-
sible during the period of “predatory capitalism” and how it only arose with the
“solid” manufacturing capitalism, because the industrial bourgeois which developed
from artisanship “needed a rational structuring of operations” (p. 9). Manufac-
ture, thus rationalized, therefore represented a superior plant structure which soon
replaced the previous forms of production. “The displacement of handicrafts by
manufacture, though it had its beginnings already in the sixteenth century, neverthe-
less became general only in the seventeenth century, and introduced sophisticated
manufacturing techniques” (p. 2). Alongside with this fundamental view, we find
elsewhere another remark which evidently contradicts the former. There we learn
with regard to the first half of the seventeenth century that in France “the emerg-
ing manufacturing bourgeoisie ... had to rely on government support in every
respect” and that “without the direct protection of the government it could not
exist at all” (p. 171). And this despite the “rational technique” and despite the great
“sophistication” of that technique!

The “displacement of the handicrafts” by manufacture, which according to
Borkenau has “become even more general,” is a pure illusion. Let us take the
example of France to examine the character of manufacture and the truth of Borke-
nau’s statement. In general the handicrafts were not replaced by manufacture; in
the seventeenth and even in the eighteenth century the workshop remained the pre-
dominant plant structure; even though there existed undertakings which in everyday
and administrative language were called “manufactures,” there was no manufac-
ture in the sense of A. Smith up to the end of the seventeenth century, i.e. as a
basis of far-reaching division of labor; the capitalist forms of undertakings, as far as
there were such forms, were almost exclusively represented by the system of home
industry.>

When after the civil war the state under Henry IV (1589-1610), the “créateur”
and “pere” of the mercantile economic policy, began to sponsor the manufactur-
ing system, it endeavored to keep in the country the money which was payable
abroad for luxury articles. Therefore “manufactures” of luxury goods — silk and

54 Thus e.g. J. Kulischer says about the French silk industry in the seventeenth century: . .. The
flourishing silk, velvet and brocade industry of Lyon (including also the use of gold and silver
threads for braids, lace, fringes, bows, etc.) was exclusively a home industry; there were no man-
ufactures. About half of all French silk goods were produced in Lyon” (J. Kulischer, Allgemeine
Wirtschaftsgeschichte, Vol. 11, p. 171).
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wallpaper plants, the manufacture of tapestries, crystal, and mirrors — were founded
in the country. Since the luxury industry was never a field for division of labor
and employment of unskilled workers, but always used highly qualified, artistically
and technically trained craftsmen, these were imported at great expense and with
difficulty from abroad: from Milan, Venice, and even from the Levant, and this
despite the fact that France itself suffered from severe general unemployment (in
Paris in 1595 there were more than 14,000 unemployed, in Amiens in 1587 almost
6,000, in Troyes in 1585 nearly 3,000). In these establishments “rational techniques”
were out of the question. The system of official support and premiums was bound
to encourage uneconomical, speculative undertakings, even when conditions for
normal profitability did not exist. Despite the monopolies and financial subsidies
granted by the king, these manufactories could not hold out. “La plupart de ces
créations avaient succombé de son vivant ou aprés sa mort.”>

In the next half-century there was no improvement, but a deterioration in the
industrial development sphere. After Henry IV’s death (1610), the king’s creations
went bankrupt under Maria di Medici’s rule. Fresh creations were, of course, out of
the question. Until Richelieu became minister, there followed “quatorze années de
mauvaise administration et de désordre qui arréterent de nouveau le progres de la
nation,” — in short, it was a “période de stérilité .0

The eighteen years of Richelieu’s ministry (1624—1642) were a period of general
decline and exhaustion in the country “peu favorable a I’industrie.”>” Richelieu was
too strongly occupied with higher politics, with the struggle against the Habsburgs,
to devote his attention to industry. His most important creation is the Imprimerie
Royale (1640); not even Borkenau would wish to claim that this was a special area
for manufactured analysis of the labor process. Then came the time of Mazarin and
the Fronde. Before Louis XIV came of age, France again went through a period
of civil war. “La Fronde (1648-1652) ... porta un grand préjudice aux affaires
industrielles et commerciales.”® It was “the time of France’s total ruin. How then
could one find industries?”>

And Levasseur’s judgment is not different: “Quand Louis XIV prit la direction de
I’Etat . .. I'industrie et le commerce paraissaient languissants.” “Le nom de Mazarin
... en réalité ne mérite pas une place dans 1’histoire économique.”*°

Our analysis has shown that the “période semi-séculaire de 1610-1660 a été
plus agitée par les troubles a I’intérieur et par la guerre avec I’étranger. La classe
industrielle souffrit.”®" This half century which, according to Borkenau, was the
period in which modern mechanics emerged, was not a period of technical progress

55 R, Levasseur, op. cit., Vol. II, p. 176; cf. p. 170.

S6 |, Levasseur, op. cit., p. 187.

57 Op. cit., p. 188.

38 Op. cit., p. 199.

9c. Hugo, “Die Industrie im 16. und 17. Jahrhundert,” in: Der Sozialismus in Frankreich.
Stuttgart, 1895, p. 814.

60 Op. cit., p. 201.

61 Op. cit, p. 410.
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but one of general economic decay and of sterility in industrial development in
particular, in which there could be no question of “sophistication of techniques”
and progressive division of labor. The decay was so complete that Colbert had to
start the reconstruction of industries anew. Thus he himself wrote about his efforts
for the establishment of manufactures: “La grande manufacture étant chose presque
nouvelle, hasardeuse. . .2

In France, even under Colbert and up to the end of the seventeenth century, there
existed no manufactures in A. Smith’s sense with extensive division of labor. Most
of the manufactures established with government subsidies and privileges operated
too expensively and therefore found few customers — which exposes the techniques
they were based on! For instance, in Berri as well as in some other provinces “les
marchants aimaient mieux acheter comme par le passé, aux petits fabricants qu’a la
manufacture,” since the small artisans were cheaper. How, then, might the “rational”
division of labor of these manufactures have looked?%

In addition, due to Colbert’s strict official regulation of industry (Reglements
généraux of 1666 and the subsequent special regulations for individual sectors of
industry), all technical procedures were precisely prescribed by law, which impeded
all technical progress! All the historians, such as Mosnier, Sée, G. Martin, Sagnac,
Levasseur, and Kulischer, agree on this point. Thus H. Sée says about the con-
trol: “Elle a pour effet de maintenir 1’industrie dans I’immobilité, d’empécher toute
innovation.”%*

Despite the generous government subsidization, the “manufactures” went broke
in France. This was not as a consequence of external coincidence; their ruin was the
necessary result of the internal shortcomings of the Colbertian system of protection.
They were an artificial product of the royal administration; they could thrive under
the wings of royal protection and not by virtue of a rationalization of production
processes. Rationalization as well as division of labor in particular are a necessity
for the entrepreneur, imposed on him by the struggle of competition: a reaction to
the difficulties of marketing. Through technological progress and division of labor,
production should become cheaper, and through the drop in prices an advantage
should be gained over the competitors. But the “manufacture,” privileged by the state
institutions, need not be afraid of competition, for it relies on royal subsidies, import
restrictions, and monopolistic privileges. Instead of developing and becoming effi-
cient in the competitive struggle, it loses its fighting strength in the unhealthy atmo-
sphere of monopolistic protectionism. Borkenau himself admits that the emerging

62 Lavisse, op. cit., Vol. VII/1, p. 221.

63 Levasseur, op. cit., Vol. II, p. 274; Mosnier, op. cit., p. 127.

64, Sée, Esquisse d’une histoire, p. 295. Cf. Mosnier, op. cit., p. 140; Sagnac, op. cit., p. 210;
Levasseur, op. cit., Vol. II, pp. 339, 341; J. Kulischer, op. cit., Vol. II, p. 107. For Borkenau’s
construction, which speaks of the “displacement of handicraft by manufacture, the assessment of
the decline of manufacture by both contemporary writers (Vauban, Boisguillebert, Fénelon) and by
present historians is a fatal fact. According to him, the decline of manufacture was only a decline
in quotation marks, a result of intentional blows directed by the monarchy against capitalism!
(p. 263).
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French bourgeoisie “was in every respect dependent on government support,” and
that “without direct governmental protection it could not exist” (p. 171).

12. However, the manufactural work was by no means made redundant by
unskilled labor -on the contrary, it always remained quality work. Also and espe-
cially for this reason, its effects on scientific mechanics were and had to be different
from those stated by Borkenau! The highly sophisticated nature of the manufactural
work makes it impossible for it to give impetus to the development of that “general
human” and ““abstract” kind of work which is the basis of scientific mechanics. On
the contrary, manufactural work was fundamentally unsuitable for this. The most
important characteristic of every mechanical labor is its homogeneity; the work
done is always identical qualitatively and is only different quantitatively, and these
differences can be exactly measured. (Descartes, in the preface to his Traité de la
Mécanique (1637) presupposes such homogeneity of performance as a condition for
measurability.)

It is just this characteristic of homogeneity which every labor of man or ani-
mal is lacking. The manufactural worker’s performance is not “general human,” i.e.
qualitatively always uniform, but is dependent on the worker’s strength and skill,
and therefore individually different, subjective — therefore not homogeneous, not
uniform. In the long run man performs uniform movements only very imperfectly.

This individual, subjective character of human labor precludes, according to
Marx, “truly scientific analysis,” viz. exact quantitative methods are not applicable
to it. Borkenau makes an effort to formally agree with Marx’s standpoint (p. 2),
but then to prove the contrary, namely that manufactural work had excluded quali-
fication thereby becoming “general human” work; it had thus founded the basis for
exact scientific analysis, for exact quantitative methods in mechanics!

If the far-reaching division of labor sufficed for the development of a “general
human” labor, then scientific mechanics would have already emerged in the four-
teenth century. Borkenau says repeatedly that the manufactural technique of the
seventeenth century consists of a “division of labor to the utmost degree,” yet in this
matter, which is of decisive importance for his conception, he does not adduce a
single example, not even a source. If one compares the division of labor in England
and France of the sixteenth and seventeenth centuries with that practised in Italy
during the fourteenth century, one will see that the former had a rather miserable
appearance, whereas e.g. in the silk industry of Lucca and Venice a total of six-
teen separate processes of labor are mentioned, including winding, twining, boiling
(cocitori), dyeing, rolling bobbins (incannaresse), warping, weaving, etc.5

Because of human labor’s aforementioned subjective, heterogeneous character it
could not serve — divided or undivided — as the basis of scientific analysis; therefore

65 Broglio d’Ajano, Die Venetianische Seidenindustrie, pp. 21/23. In the Florentine cloth industry
at the beginning of the fifteenth century, one distinguished between the following processes: sort-
ing, washing, beating, combing, scraping and carding of wool, weaving, dyeing, shearing, weaving,
degreasing, fulling, roughing, stretching, smoothing, pressing, rolling, etc. of cloth — altogether up
to thirty different partial processes: Doren, Studien, op. cit., Vol. 1, p. 43.
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the impetus to theoretical mechanics was not given by human labor but by the mate-
rial means of labor, the machine, i.e. only to the extent that this narrow subjective
barrier of human labor was overcome! In the manufacture “the process was previ-
ously made suitable to the worker”; thus “the organization of the social labor process
is purely subjective.” “This subjective principle of division of labor no longer exists
in production by machinery. Here, the process as a whole is examined objectively”
and therefore open to scientific analysis, to quantitative methods. “The implements
of labor, in the form of machinery, necessitate the substitution of natural forces for
human force, and the conscious application of science, instead of rule of thumb.”60

Thus we arrive at the decisive point: In the course of their development since
the middle of the fifteenth century, the mechanistic thinking and the progress of
scientific mechanics show no trace of a closer relationship to manufactural division
of labor, but are always and everywhere closely related to the use of machines! It
is typical that Borkenau suppresses all traces of the use of machines over a period
of some three hundred years, thereby deterring the reader from thinking that mod-
ern scientific mechanics have anything to do with machines! Thus, for instance, he
speaks of “the technique of the artisan, which is almost exclusive to the period of
manufacture” (p. 8).%7 Thus he does not mention Descartes’ Traité de la Mécanique
of 1637, although he discusses all his other works.

As a matter of fact, manufacture has never been a form of production in which
artisanship “is almost exclusive.” From the very beginning, machines were used in
manufacture — and even before — and for two purposes:

(1) As motor mechanisms, where human labor was replaced e.g. by water power,
as in mills and other water-driven machines. This in particular was the strongest
incentive for going deeper into theoretical mechanics. Namely, when attempts
were made to achieve an increased performance (e.g. driving two milling pro-
cesses or two stamps by means of one water wheel), the overstrained mechanism
of transmission became incompatible with the insufficient water power, which
led to research into the laws of friction.

(2) As working machines — wherever there was a matter of crude, undivided,
largescale processes requiring the application of brute force: crushing ore in
metallurgy, so-called stamping mills in pits and mines, grinding rags in paper
mills, etc.

Water power was instrumental in one of the greatest upheavals of technology,
the revolutionizing of the iron and mining industries. Since Roman times, iron was
obtained from ore in the smithies’ primitive furnaces in the woods. Farmers usually
did this as a sideline. The invention of casting iron and the transition to blast furnaces

66 Marx, Kapital, op. cit., Vol. 1, pp. 383, 390. [Marx-Engels-Werke, Vol. 23, pp. 401 and 407;
Capital, Vol, 111, pp. 380, 386.]

67 Thus he already contradicts himself on the following page, where he says that the seventeenth
century was a century of water, while the nineteenth was a century of fire. But it could become
a “century of water” only through the natural force of water applied as the driving power for
machines which replaced artisan’s labor.
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and to the indirect production of crude iron came with the beginning of the fifteenth
century. The technical starting point of this upheaval was the use of water as driving
force in the production of iron, viz. the water-powered hammers in smelting and
in moving the bellows when melting and forging. This technical upheaval, itself
connected with the upheaval in the technology of warfare and the greater need for
iron, soon led to a social upheaval, to the relocation of the iron industry from the
heights of the mountains and woods to the river valleys. There, the numerous small
furnaces were replaced by large-scale enterprises with mass production: impressive
blast furnaces with foundry buildings, water wheels, bellows, stamping works, and
heavy water hammers operated on a capitalistic basis with wage labor and rational
bookkeeping.

Furthermore, water power caused the upheaval in the mining industry from the
second half of the fifteenth century. The use of water as another mechanism for
powerful pumping works and conveyor systems enabled the first really deep excava-
tions, the building of deep mines and shafts. In general the exploitation of the natural
forces (water in the mines, machines for crashing ore, etc.) enabled the application
of concentrated power which transcended human power, thus rendering mankind
independent of the latter and placing it before new tasks. This was the beginning of
the technological age.®

It is evident that man, in all these technological upheavals, acquired new, impor-
tant material for observing and contemplating the actions of forces. In the machines,
in the turning of the water wheels of a mill or of an iron mine, in the movement of the
arms of a bellows, in the lifting of the stamps of an iron works, we see the simplest
mechanical operations, those simple quantitative relations between the homoge-
neous power of water-driven machines and their output, viz. those relations from
which modern mechanics derived its basic concepts. Leonardo da Vinci’s mechani-
cal conceptions and views are only the result and reflection of the experiences and
the machine technology of his time, when one new technical invention follows the
other or the previous inventions are improved and rationalized.®

68 The technical revolution in mining brought about a thorough social upheaval. With the extension
of mining, the need for more capital to finance the building of shafts, ventilation, ore-lifting, and
water storage systems caused a thorough change in ownership and concentration of capital: on
German soil and in adjacent regions, in the middle of the fifteenth century the small medieval
(communal) enterprises became dependent on a few financially powerful putting-out capitalists,
usually wholesale ore dealers (as e.g. the Fuggers in Augsburg), who granted them advances,
took possession of their shareholdings (Kuxe), while the original members of the miners’ union,
deprived of their ownership, were reduced to wage laborers. In this manner industrial capitalism
in the German, Tyrolean, and Hungarian mining industry became a major power long before the
Reformation. The financial support of the Fuggers was not only instrumental in 1519 in the election
of Charles V as emperor; this big power, as we know from Ranke, was even capable of thwarting
the strengthening of the central government within the empire, so as to safeguard the interests of
its own price monopoly and unrestricted profits.

%9 Since the middle of the fifteenth century a technical literature emerges. The oldest printed pub-
lication on technical matters, with numerous descriptions of machines, is the book of Valturio
Roberto of Rimini, written about 1460 and printed at Verona in 1472. Vanuccio Biringuccio of
Siena, the originator of modern metallurgy, mathematician, engineer, and practical director of
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Here in the case of machines we see the tendency toward the replacement of
qualified work by unskilled labor at an early stage — which Borkenau ascribes
to the division of labor in manufacture. Yet for Borkenau the mechanical aspect
of manufacture does not exist; he does not even mention it. Even though during
the period of manufacture the work of machines was quantitatively less important
than the work of human beings, it was most significant for theoretical mechanics.
Marx has demonstrated that the sporadic use of machines in the seventeenth cen-
tury was extremely important and inspired the great mathematicians of the time to
initiate modern mechanics. Research in economic history has since revealed much
new material; chronologically the use of machines began much earlier and their
sophistication and frequency was greater than was assumed only sixty years ago.
But Borkenau wants the basic concepts of theoretical mechanics to be derived from
the manufactural division of labor, which is why the history of machines and their
use must be obliterated from the horizon.

13. According to Borkenau, the manufacturing period at the turn of the six-
teenth and seventeenth centuries put capitalist accounting into practice, thereby
also enabling the observation of nature according to quantitative methods. It must
be stated against this: capitalistic calculation has nothing to do with any work pro-
cesses. As Max Weber correctly remarked, it is a formal procedure of comparing
the monetary value of expenses (costs) with income (prices) for the sake of maximal
profitability. Once it had developed in the sphere of trade, capitalist calculation could
easily be extended to the sphere of production. Exact accounting, like the general
partiality for exact methods of measuring in diverse areas of knowledge, was first
developed in Italy during the thirteenth and fourteenth centuries.”” This develop-
ment culminated in the first scientific system of double-entry bookkeeping in Fra
Luca Paccioli’s book (1494), in which Paccioli theoretically formulated a practice
in use for a hundred years, viz. since the second half of the fourteenth century
(Sombart, loc. cit., p. 312). The oldest well-kept Italian account books originated in
the fourteenth and fifteenth centuries. In Italy, the period’s leading capitalist country,
says Sombart, “the general spirit of rationalization and mechanization was most
advanced” (loc. cit., p. 325). Double-entry bookkeeping “organizes the phenomena
in an intricate system which one can call the first cosmos based on the principle of
mechanical thinking . . .. It is the consistent application of the basic idea of quantifi-
cation which entails the endeavor to conceive all phenomena merely as quantities,

mines and iron works, describes in his Pirotechnia (1540) the mechanical system for the better
exploitation of water power, which he invented and introduced in northern Italian iron works: a
large bucket-wheel, which set in motion a number of bellows and could serve four fires at the
same time, for which otherwise four water wheels had been needed. — Georg Agricola shows in
book VIII of his work De re metallica, written around 1550 (Basel 1556), the construction of the
crushing machines which were already used in Germany in the fifteenth century for the crushing
of iron ore. The water wheel moves at first one, and later three or four crushing stamps, which
entailed a considerable rationalization of the work and a saving in manpower. (Cf. Ludwig Beck,
Geschichte des Eisens, Braunschweig, 1893, Vol. II, p. 87.)

70 W. Sombart, “Die Entstehung der kapitalistischen Unternehmung,” Archiv fiir Sozialwis-
senschaft, Vol. 41, 1915, pp. 311, 325.
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an idea which brought to light all the wonders of the cognition of nature.” In short,
the “double-entry bookkeeping, developed in the fourteenth century, originated from
the same spirit as the systems of Galileo and Newton” (loc. cit., p. 318). Here again,
Borkenau has eliminated from history two hundred years of capitalist methods of
calculation.

The Substantiation of Borkenau’s Conception

Until now we have outlined Borkenau’s conception and have confronted it with
reality; now the question arises of how he substantiates his conception. To him there
are only two ways of considering historical facts: the descriptive presentation, which
he scorns, and the emphasis on “structural” moments, i.e. their arrangement into a
structured scheme. We have seen how he neglected the historical development of
natural sciences and presented the historical change in the concept of natural laws
in its place. We see the same disdain for facts in his principal conception of the con-
nection between mechanistic philosophy and manufactural division of labor. Here,
too, a proof is replaced by an assertion. Borkenau himself comments on his thesis:
“if this conception is valid, then the actual scientific research of the time had to be
done at [sic!] the manufactural production process itself” (p. 6). This can only mean
that scientific research had to frame its basic concepts according to the manufactural
division of labor which presented the material for scientific analysis. Now Borkenau
himself establishes that three different technical procedures existed side by side dur-
ing the period of manufacturing: (1) the traditional artisanship, (2) the division of
labor in manufacture, and finally (3) “the factory which was emancipated to a large
extent from artisanship,” i.e. if we express this phrase more clearly — mechanical
production by machines. And Borkenau finds: “It is striking that the science of the
period allows itself to be led exclusively by the methods of manufacture” (p. 4).
In the face of this “striking exclusiveness” it ought not be difficult to adduce the
necessary evidence. Yet no such evidence is produced.

Borkenau tries to illustrate his thesis by the example of physiology: “At the very
beginning of the seventeenth century, physiology obtains its scientific foundation
through Harvey’s discovery of blood circulation which he explains with the analogy
of a pump mechanism” (p. 5). One asks with surprise: what does a pump mechanism
have to do with the manufacturing methods based on division of labor? After all,
the pump is a machine. Thus, instead of demonstrating the connection of mechan-
ically conceived physiology with the division of labor in manufacture, Borkenau
demonstrates its orientation towards machines. Elsewhere he says with regard to
the seventeenth century that the “manufacturing period” was simultaneously “the
century of water” (p. 9), that is, a century which built machines driven by water. But
what have water-driven machines to do with the division of labor in manufacture?
Finally, on a third occasion he asserts that this connection is “evident in Simon
Stevin, the field engineer of Moritz of Nassau,” the founder of modern mechanics
in Holland (p. 6). And again we ask in wonder: what does the practice of field
engineers have to do with the method of division of labor in manufacture? These are
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the only examples given for the historical proof of the alleged connection. Galileo’s
mechanics and those of his time are said to be nothing but the scientific treatment of
the process of manufacturing production. “According to the latest state of research,
this thesis can now be critically confirmed by the recourse to the sources, which
was until recently impossible” (p. 6). Yet Borkenau does without this attestation
from sources. To console us he says that this can be found in another author’s book.
Olschki, he says, “in his excellent research on Galileo and his time,” has proven
that what is innovative in Galileo’s quest is the rejection of theoretical tradition
and the reference to the active technicians’ practice.”! The same interconnection
with practice, Borkenau says, was also “self-evident” for Simon Stevin, the field
engineer (p. 6). But we can only repeat our question: what does the connection
with the praxis of technicians have to do with the scientific treatment of the divi-
sion of labor in the manufactural process of production? After all, we know that
three different procedures existed side by side in the practice of the manufacturing
period. The “connection with the praxis” does not yet indicate with which praxis
the connection was established — the artisan’s, the manufacturer’s or the praxis with
machines. Thus Borkenau thinks with regard to Francis Bacon that it was “precisely
Bacon’s close ties with the most highly developed (i.e. mechanical, H. G.) forms
of industrial praxis” which impeded his access to those basic forms of technique
which became the foundations of the mechanistic world view (p. 90). Therefore, if
Borkenau’s thesis is to make sense at all, then proof should be provided not only
of the connection with some kind of praxis but of manufacture based on division of
labor. For this is the “thema probandi” of Borkenau’s book. He does not provide the
proof, and Olschki, whom he cites, does not either.

In addition to the historical evidence in the sources, Borkenau wants to provide
a second, theoretical proof: “The new mechanistic world view’s dependence on the
technique of manufacture can also be easily shown from their respective contents.”
And now the reasoning we already know follows — by the division of work into
simple manipulations, the skilled workers are replaced by unskilled ones, whereby
all work is reduced to uniform, “general human,” and thus quantitatively measur-
able labor. Only thereby do the quantitative methods which are the foundations of
mechanics become possible. We have already shown what this reasoning is worth.
Where and how the argument by ‘“content” is supported by evidence is essential
here. This is already provided in the introductory remarks on p. 7 of the book,
before the start of the research and before any material has been presented. In the
book itself, especially in the section on Descartes, no further proof is brought; the
previously developed trend of thought is simply repeated (p. 357).

B Everyone familiar with Alberti’s and Leonardo da Vinci’s achievements, knows that Galileo’s
rejection of the traditional academic science and his reference to practice is not “innovative.” One
hundred and fifty years before Galileo, Alberti, this “truly universal Titan” — as Burckhardt calls
him — studied all possible sciences and arts; “he went into physics and mathematics and simula-
taneously learned all the skills of the world, asking artists, scholars, and craftsmen of all sorts,
including shoemakers, about their secrets and experiences” (Jakob Burckhardt, Die Cultur der
Renaissance in Italien, op. cit., Vol. I, p. 150).
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We are told of Descartes’ whole family’s civic history, the professions of his
father and grandfather, of his mother’s father and grandfather, of the grand-uncles
and other ancestors; we are given a lengthy interpretation of the dreams in the
mystical crisis of Descartes’ youth, from which — after all the biographers’ earlier
interpretations — nothing substantially different or better emerges; we find many
other superfluous details — however, what is really essential for the thesis is missing,
viz. positive evidence of the connection between mechanistic philosophy and divi-
sion of labor in manufacture. Within the system of categories actually used, the
reduction of the elements of the mechanistic world image to the division of labor
in manufacture proves to be decorative, “materialistically” adorning the genesis of
mechanistic philosophy, but by no means serving as a means of analysis. In the
book itself this technique of division of labor in manufacture is inconsequential in
the analysis of individual thinkers’ actual ideas or of concrete intellectual trends.

Only when one bears this in mind does Borkenau’s attitude toward a series of
phenomena become comprehensible — e.g. toward the inventions of the Renaissance:
there were many, and some were “of the greatest importance,” but were made only
accidentally, by practitioners, without a possibility for perfecting them systemat-
ically. Again, it is enough to mention Leonardo da Vinci to see this assertion’s
baselessness. All his inventions — and there were dozens of them — emerge from
the theoretical cognition of the relevant subject matters. Leonardo himself writes:
“The practice must always be based upon good theory.”’?> “Science is the captain,
practice the soldiers.”’® The research on air and air pressure laws led him to con-
struct the parachute, invent the pluviometer (which measures the humidity in the
air), the pendulum of the anemometer (which measures the wind force) and to his
systematic, long-lasting endeavors to construct a flying machine.”* The discovery
of the most important laws of mechanics, of the law of the lever, of the inclined
plane, the screw, etc., all of which he traces back to the pulley, leads him to the
construction of various pulleys and combinations of pulleys, winches and various
lifting machines. The discovery of the laws of hydrostatics leads him to the idea of
the artesian well, for which he also constructs the suitable drilling equipment.

For Borkenau the inventions of the Renaissance are purely “accidental.” Had he
really applied the thesis of the connection between mechanics and division of labor,
he would soon have encountered factual connections which would have induced
him to revise his thesis. He would immediately have grasped the connection of
Renaissance inventions with the situation prevailing in Italian industry. But he
did not pay any attention to the Italian economy’s development at that time. He
made do with the empty formula of the incipient monetary capitalism as a general
explanation.

Due to lack of space it is impossible to describe in greater detail Italy’s state
of affairs in those days. Let us only recall that, as a consequence of the shift of
the international trade axis from the Mediterranean to the Atlantic coast of Europe,

2 M. Herzfeld, Leonardo da Vinci, op. cit., p. xvii.

3 G. Séailles, Leonardo da Vinci, ’artiste et le savant, Paris, 1906, p. 353.

74 Op. cit., p. 231. Cf. F. M. Feldhaus, Die Technik, Leipzig 1914, and idem, Leonardo da Vinci,
der Techniker und Erfinder, Jena, 1913.
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Italian capitalism — which had been flourishing for almost two hundred years — expe-
rienced a sudden recession. This was aggravated by the wage increases caused by
the best manpower’s move from the cities to the country — into gardening. In order
to compete with the world markets, efforts were made to reduce production costs.
Hence the trend toward replacing expensive human labor with cheap natural power —
water power — a context which clearly emerges from Leonardo’s’> writings.”® Do we
here encounter the problem of capitalist “rationalization”? By no means, according
to Borkenau; for him it is an established fact that rational technique can only “be
put into practice for the first time during the manufacturing period,” that it only
“develops from the endeavors to rationalize crafts,” and that its bearers could not be
the religiously indifferent Renaissance men, but only the “Calvinist ambitious little
men” (p. 90).

Not only the general connections between industrial development of Italy and
the invention of industrial machinery become clear with an economic analysis. One
can go further and recognize that certain inventions are determined by the social sit-
uation of a particular stratum. Since the late fifteenth century, Venice, the maritime
power, had been using, on its war galleys propelled by rowing slaves, mitrailleuses
of a special structure consisting of twenty barrels arranged in two circles, with the
ten interior barrels longer than the ten outer ones. During normal service on the
galleys the whip was enough to impose obedience; in face of the enemy in battle
the situation was different. In this connection we learn about the purpose of the
mitrailleuses: “elles servaient a tenir les rameurs en respect pendant 1’action, quand
le fouet des surveillants n’y suffisait pas.” The salvo from the shorter barrels was
intended for the more closely placed slaves, that from the longer barrels for the
more distant side of the ship.”’

The Sources of Descartes’ Mechanistic Conception
According to His Texts

Since in Descartes there is no reference to division of crafts labor, the question
arises: what do his texts reveal regarding the sources of his mechanistic inspiration?
In all his principal works we find numerous explicit references to machines. These
are not just occasional remarks but are the foundations of his mechanistic concep-
tion. His concept of the world and its parts being a mechanism is demonstrated
in decisive passages of his argumentation with the example of machines. None
of these numerous passages, which are at the core of the Cartesian arguments, is
ever mentioned by Borkenau! And there is even more. He also negates the practical
importance that Descartes attributes to the machines as a way of reducing human

75 Grothe, op. cit., p. 10.

76 G. Cardano, in his book De subtilitate (1550) stresses the most important advantages of the use
of machines: (1) the savings in manpower, (2) the possibility of employing unskilled, and therefore
cheaper, workers, (3) less waste of material, thereby making production even cheaper, (4) general
advantages of hygiene, thus saving cleaning expenses.

7T E. Hardy, Les Frangais en Italie de 1494 & 1559, Paris, 1880, p. 37.
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labor, in short, as productive forces. “By the way, there is no doubt that, in regard to
the practical usefulness of knowledge, he was much less interested in the develop-
ment of productive forces than in medicine. His mechanical inventions were limited
to appliances for polishing lenses” (p. 274). Indeed, Descartes was a physician and
not an engineer. His interest in the development of productive power was not based
upon the utilization of his own inventions but on his conviction that science can
be generally useful for practical tasks of life. Although “there is no doubt” that
Descartes was less interested in the practical applicability of knowledge and in the
development of product