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EDITORIAL PREFACE

In this stimulating investigation, Gideon Freudenthal has linked social history
with the history of science by formulating an interesting proposal: that the
supposed influence of social theory may be seen as actual through its co-
herence with the process of formation of physical concepts. The reinterpre-
tation of the development of science in the seventeenth century, now widely
influential, receives at Freudenthal’s hand its most persuasive statement, most
significantly because of his attention to the theoretical form which is charac-
teristic.of classical Newtonian mechanics. He pursues the sources of the parallels
that may be noted between that mechanics and the dominant philosophical
systems and social theories of the time; and in a fascinating development
Freudenthal shows how a quite precise method — as he descriptively labels it,
the ‘analytic-synthetic method’ — which underlay the Newtonian form of
theoretical argument, was due to certain interpretive premisses concerning
particle mechanics. If he is right, these depend upon a particular stage of con-
ceptual achievement in the theories of both society and nature; further,
that the conceptual was generalized philosophically; but, strikingly,
Freudenthal shows that this concept-formation itself was linked to the specific
social relations of the times of Newton and Hobbes.

The history of the social relations of theoretical science, much discussed
and debated these past six decades in German, French, Russian and English
works, has been criticized as more promise than achievement, more a matter
of asserting what is evident than of explaining what is subtle, original and
admirably creative. Who would doubt that social context of utility in peace
and war, of belief in myth and religion, would influence the problems chosen
and the explanatory metaphors too? Or that the materials and instruments
made available by the crafts and resources of a society would be useful to
those investigating nature? But Gideon Freudenthal goes much deeper; he has
taken the complexity of the interactions among the social, the practical, the
philosophical, the ideological, and the autonomous scientific, through a
meticulous and documented examination. Far from barren, his result seems
to us fruitful, and his method promises much more to come.

Not the least of his achievements is the brief but incisive comparison
drawn between the social world of Newton and that which conditioned

ix



X EDITORIAL PREFACE

Leibniz’s philosophical presuppositions. Shall we look for other contrasts,
perhaps the world of Gassendi? But what we have here is already extraordinary
in Freudenthal’s tripartite historical and conceptual analysis of the ways of
understanding element and system in the fundamental work of the science
and politics of modern society. With the synthesis of knowledge of nature
came the ‘anti-feudal social philosophy’ of Hobbes, and ultimately that same
analytic-synthetic method in the establishment of a basis of understanding
civil society. We need not decide whether the physical particles, to be our
atoms, and the social individuals run together, whether each was idealized
along the same standard, to see that the materials for reaching a decision are
soundly presented in Freudenthal’s work. The decision concerns a far-reaching
issue: whether scientific theory may be cognitively conditioned by social
relations without abandoning the claim to empirical truth? Freudenthal’s
response supports the objectivity of scientific theory within a clear-headed
social dialectic.

February 1986 ROBERT S. COHEN
Center for Philosophy and History of Science
Boston University

MARX W. WARTOFSKY
Department of Philosophy
Baruch College, CUNY
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PREFACE TO THE ENGLISH EDITION

In the study presented here I shall try to reconstruct the genesis of a specific
form common to both Newtonian mechanics and some of the social theories
and philosophies of Newton’s time. This form is the result of applying a
particular version of the analytic-synthetic method.

The genesis of the form under examination in this study will be recon-
structed with reference to supra-theoretical conditions. I believe that by the
method of investigation itself I have succeeded in excluding that kind of
relativism which prevents comprehension of the truth content and of the
continuity in development of scientific knowledge. I have tried, first of all,
to determine precisely which aspects of the theory under examination,
Newtonian mechanics, need an explanation that goes beyond the theory
itself, and, secondly, to explain why theoretical assumptions, which when
considered from today’s point of view cannot be sufficiently justified, were
nonetheless accepted. The reconstruction of a theory out of its premises,
which also include such assumptions, can, I believe, also do justice, both to
the historical limitations of a theory and to its still valid cognitive content.
This method of investigation and its application are explained at length in the
introduction and at various points in the main text itself.

This study was originally published in German in 1982. Since then a
number of important works on some of the subject matters treated here have
appeared. After examining these publications, I see no reason to modify
the theses presented here and have therefore abstained from incorporating
references to the most recent literature. A number of minor changes have
been made in the original text, and I have have supplemented it in two
places: I have pointed more explicitly to the connection between Newton’s
philosophical views and the physiological theories of his time, a connection
which was one of the factors mediating his philosophy with his physics
(Chapter XIII). Furthermore, L have attempted in the Afterword to summarize
more clearly the interrelationships demonstrated in this study. Despite these
additions and Peter McLaughlin’s sensitive translation, the book remains in
one respect very ‘German’: a central question is pursued through differing
themes and areas, and each succeeding step of the investigation is structured
by the result of the preceding step. For this reason, although the results are

xiii



xiv PREFACE TO THE ENGLISH EDITION

summarized at the end of each part of the book as well as in the Afterword,
my thesis will probably be comprehensible only to those who follow the
entire argument. I believe, however, that this difficulty is grounded in the
subject matter itself and could not have been avoided by a different kind of
presentation.

I should like at this point to thank Joachim Moebus for his careful reading
of and detailed commentary on the original manuscript and my brother Gad
Freudenthal for his helpful lessons in physics.

The reworking of earlier drafts of this study or of parts of it has benefited
from the criticism and suggestions of Gad Freudenthal, Wolfgang Krohn,
Wolfgang Lefevre, Rachel Livné-Freudenthal, Peter McLaughlin, Joachim
Moebus, Friedrich Tomberg, and Michael Wolff.

For mistakes that remain as well as for the theses proposed, however, I
alone am responsible.

Finally, I would like to thank the Van Leer Jerusalem Foundation for
assuming most of the costs of translation.

GIDEON FREUDENTHAL



I am amazed, Sir, that you say one must agree
on the method of philosophizing before one
speaks about the philosophy of Mr. Newton:
Is there a different logic in London than in
Hanover? If one reasons in good form from well
established facts, or from indubitable Axioms,
one will not fail to be right.

(Leibniz to Conti, April 9, 1716, Robinet, 65)

If geometry were so opposed to our passions
and present interests as are morals, we would
contest and violate it scarcely less, in spite of all
the demonstrations of Euclid and Archimedes,
which would be treated as dreams in the belief
that they were full of paralogisms.

(Leibniz, Nouveaux Essais, 1.ii.12)

XV



INTRODUCTION

1. PROBLEMS AND METHODS OF ANALYSIS

The analysis presented here takes up two major problem complexes. The first
deals with the relationship between philosophy and modern science; the
second with the influence of social relations on concept formation in natural
science. Both complexes are closely connected here.

The question of the relationship between natural science and philosophy
has comparatively seldom been discussed. In the familiar phrase about the
‘emancipation’ of science from philosophy the answer seems tacitly presumed:
namely, that a separation of the two was the prerequisite for natural science.
The question as to the reasons for the purported separation thus seems to
coincide with the question as to the foundations for the origin of modern
science. On the other hand, the question of the possible influence of social
relations on concept formation in science has for some years been the focal
point of discussions on the methodology of the historiography of science.
A systematic problem, I believe, lies at the root of this discussion, which
will not be dealt with in more detail here: it is, that if a scientific theory is
substantiated, then it can be rationally reconstructed; its origin seems to need
no further explanation. If, however, connections are pointed out between a
scientific theory and social relations, then, at first, only two courses of
argument seem open: on the one hand, the rational reconstruction of the
theory can be accepted in principle, but at the same time it can be argued
that the possibility and even the necessity of the development of science
must be explained through and on the basis of social relations. On the other
hand, it can be maintained that what is called scientifically rational is itself
affected by social relations. The first possibility leads to the opposition of
‘external’ (here: social) and ‘internal’ (cognitive) ‘factors’ in the development
of science. The conceptual structure of the theory under examination is
thus not included in the socio-historical explanation of its origin. The second
possibility denies the claim to truth of science in general and leads to the
position that science must be considered as merely one possible way of
explaining nature, in principle of equal value with any other.

Both these positions have the assumption in common that a scientific

1



2 GIDEON FREUDENTHAL

theory is already determined unambiguously by the theoretical form (e.g.
empirical-mathematical) and by the subject-matter of the science. The present
analysis will, on the contrary, attempt to demonstrate that a scientific theory
can be rationally reconstructed and nonetheless can be co-determined in its
concept formation by the social relations.

A more precise answer to the question, how concept formation in a
scientific theory can be influenced by social relations and at the same time
meet the ‘internal’ standards of scientific work, can only be given in the
course of the analysis undertaken here. At this point I should like only
to present a few deliberations which have determined the course of this
investigation.

The proof that a scientific theory was co-determined by motives ‘external
to theory’, itself presupposes the proof that different scientific theories of
equal value could be formulated about the same subject with the conceptual
tools available at the time. If this proof can be given, then it must be asked
further, what were the reasons for the difference between the theories and for
the fact that one of them prevailed. The possibility of proposing different
theories of the same subject on the basis of empirical research is grounded
in the fact that a scientific theory does not consist merely in ascertaining
supposedly theory-independent ‘facts of experience’. The epistemological
question whether it is possible at all to ascertain such ‘facts’ need not be
discussed here. For the purposes of the present analysis, it suffices to show
that different theories have been formulated on the basis of the same ‘facts’,
in order to be able to inquire about the theoretical premises which led to
this difference. 1t should however be pointed out that such premises need not
necessarily belong to that knowledge that is taken as scientifically well estab-
lished. “It is often hard to draw a clear dividing line”, writes Michael Wolff,
“between what appears evident to the supporters of a scientific doctrine and
a conviction which they have taken over unnoticed as a prejudice”.!

With the demonstration that the investigation of the same phenomena
could support the formulation of different theories of equal value, the way
would be opened up to inquire about motives above and beyond the quest
for empirical confirmation and theoretical consistency, which might affect
the difference; but a more exact determination of such motives must still be
sought after. This analysis will deal particularly with the influence of social
relations in the narrower sense, that is, with the influence of socio-political
processes, not with that of technological-economic interests or other motives.

Thus we shall not deal with the question whether scientific experience
was stamped by an allegedly evident, prescientific ‘preconception’ of the
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objects (Wolff). Such a relationship is imaginable, for instance, between
technological experience and scientific mechanics, since their objects — the
motion of material bodies and the forces which move them — are the same.
However, the objects of the experience of socio-political processes and those
of scientific mechanics, for instance, are different.

In so far as an ‘evident preconception’ (that is, a theoretical presupposi-
tion), a preconception which originates in the experience of socio-political
processes, has stamped a scientific theory, it must itself be the concept
of an object common to (scientific or prescientific) social theory and theory
of nature. Thus it must be the concept of an object which transcends both
theories. Concepts of such objects are philosophical concepts. The demon-
stration that social relations can have an influence on concept formation
will therefore be so conducted as to show,

(1) that a natural scientific concept was formed on the basis of an ‘evident
preconception’;

(2) that this preconception is a philosophical concept;

(3) that the philosophical concept found application both in a theory of
nature and in a social theory and that it relates to the same philosophical
object;

(4) that the specifications of this philosophical concept which cannot be
drawn from research in natural science originate in the use of the concept in
social theory and not in a preconception based on prescientific (technical)
experience of nature;

(5) that these specification of the philosophical concept can be explained
through social relations (not, for instance through peculiarities of concept
formation in social science);

(6) that these specifications of the concept also appeared evident to
natural scientists;

(7) that these specification, although they stamped the natural scientific
concept, did not destroy its scientific character, that is, were not in contradic-
tion to the empirical results of scientific research.

From these deliberations it should be clear that the two questions posed
at the beginning as to the relation between philosophy and natural science
and as to the possible conditioning of concept formation in science by social
relations, are closely connected, and that the so-called ‘emancipation’ of
science from philosophy is here rather called into question. Furthermore,
these deliberations determine the choice of the historical subject matter
of the investigation, namely, classical mechanics, which was the first natural
scientific discipline to be developed. The attempt to demonstrate the socio-
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historical conditioning of concept formation in empirical-mathematical phy-
sics will be conducted so as to sketch summarily the social history of England
in the age of Newton, on the one hand, and particular aspects of contemporary
social and natural scientific theories, on the other. The justification for so
extending the subject of investigation must be evaluated by whether the sus-
pected connections between the different areas mentioned can be demon-
strated. These requirements determine the course of investigation. It will take
a direction which is the reverse of the conjectured sequence of conditions.

The subject of the analysis will be Newton’s theory of space and its
connection to some other parts of his physics. (The choice of this historical
subject will be justified below.)

In the first part of the analysis (Chapters I-III), the ‘evident preconcep-
tion’ of the Newtonian theory of space will be uncovered: it involves a parti-
cular conception of the relation between phenomena and the properties of
the particles out of which material bodies are composed (I). Thereupon, it
will be demonstrated that at the same time an alternative physical theory was
conceived, that of Leibniz (IT), which differed from Newton’s in that it started
from a different ‘preconception’. The following chapter will show that the
theory of Leibniz (which did not prevail) is not merely of equal value but also
has some advantages. Some references to the later justifications of the New-
tonian theory of space (which prevailed in physics) are to show that this
theory was not only conceived on the basis of this preconception but also
that its later acceptance was based on this preconception. The question of
why the preconception appeared ‘evident’ is thus not confined to the person
of Newton nor to short term, temporary conditions but rather must be
directed toward fundamental conditions characteristic of an entire epoch.

In the second part of the investigation (Chapters IV-VII) it will be demon-
strated that the Newtonian ‘preconception’ was a philosophical preconcep-
tion. To this purpose the possibility will first be excluded that this preconcep-
tion was common property of the tradition of natural science (IV); then it
will be shown that it can be discovered in the various disciplines of a contem-
porary philosophical system (V). Finally, it will be shown (VI, VII) that
Newton’s presupposition was not taken directly from social philosophy and
that the ‘Newtonian presupposition’ in social philosophy did not result
directly from the experience of social relations.

The third part (Chapters VIII-XII) will show that the ‘evident’ character
of the ‘preconception’ can nonetheless be explained by social relations —
although only for social science. The demonstration will be made in three
steps: (1) the social-historical background will be discussed (VIII); (2) it will
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be shown that the preconception is not to be found in the tradition of social
theory or the theory of nature; and (3) it will be indicated how the mediation
between social relations and the formation of the preconception can be
explained (IX—XII).

In the fourth part (Chapters XIII and XIV) the mediation between the
social and the natural scientific ‘preconceptions’ in Newton’s deliberations
will be presented (XIII), and thus the argument for the influence of social
relations on Newton’s theory concluded. To check the argument, the social
conditions of Leibniz’s differing view will be considered (XIV), and it will be
shown that he, too, had a philosophical ‘preconception’ which stamps his
social philosophy, metaphysics, and physics.

2. SCIENCE AND PHILOSOPHY; NEWTON AND LEIBNIZ

The historical example, on which the systematic problems of the relationship
between natural science and philosophy and of the socio-historical roots of
scientific theory are to be examined in this study, is the discussion between
Leibniz and Newton of the concept of absolute space. This discussion is
particularly suited for the purposes of this study, both on account of the
persons involved and of the subject matter dealt with.

Newton and Leibniz can be taken as representatives of the two lines of
development: natural science and philosophy. Newton’s works are considered
to be the culmination of the above mentioned process of the ‘emancipation’
of mechanics, the ‘leading’ branch of science of the time, from philosophy.
Newton himself has been considered ever since as ‘the’ scientist. His contem-
porary Leibniz, on the other hand, is generally valued as a mathematician and
philosopher.

The separation of science and philosophy seemed already advanced by the
time of Leibniz and Newton and was sensed and addressed by both of them.
Thus, Leibniz had words of recognition for Newton’s physics but scorn for
his philosophy:

I believe the metaphysics of these gentlemen [Newton and his supporters — G. F.] a
narrow one and their mathematics arrivable enough; this does not prevent me from esti-
mating very highly the physico-mathematical meditations of M. Newton . .. (Letter to
Conti, Dec.6,1715; Alexander, 185—186;the italicized words are English in the original.)

Leibniz even noted a connection between the growing separation of philoso-
phy from natural science and Newton’s theory of space:

Mere mathematicians, who are only taken up with the conceits of imagination, are apt
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to forge such notions [as absolute space — G.F.]; but they are. destroyed by superior
[philosophical — G.F.] reasons (5th Letter to Clarke, §29).

Newton, on the other hand, made the accusation, that philosophy is specu-
lative. Leibniz, he wrote,

prefers hypotheses to arguments of induction drawn from experiments, . . . and instead
of proposing questions to be examined by experiments before they are admitted into
philosophy, he proposes hypotheses to be admitted and believed before they are exam-
ined (Newton to Conti, Feb. 26, 1716; Alexander, 187).

Nonetheless, the separation had not so far advanced by the time of Leibniz
and Newton, that mutual understanding had become impossible. This advan-
tage applies also to the clarification of the influence of social relations on
scientific theories. Leibniz and Newton lived in an age of transition. This
circumstance made a discussion possible which would not have been possible
between a medieval scholastic scholar and a modern natural scientist.

On the other hand, Newton lived in a society, which was the first to carry
out a bourgeois revolution (aside from the Dutch Revolution which was waged
as a war of national liberation). This reference should not be understood as
if local social relations were to be ascribed a fundamental significance. How-
ever, the circumstance that the first bourgeois revolution occurred during the
lifetimes of Newton and Leibniz and that each of them took up a different
position with regard to the social changes, might at least suggest that, if social
relations and partisanship in social controversies have an influence on concept
formation in science, we ought to be able to recognize them here.

3. ‘ABSOLUTE’ AND ‘RELATIVE’ SPACE

The second general advantage of the Leibniz-Newton discussion for the
clarification of these questions is its subject: the concept of space.

The concept of space is, on the one hand, one of the fundamental concepts
of physics and, on the other — since all of material reality is spatial — one of
the basic concepts of philosophy. In the opinion of one historian, the theory
of space is a ‘cornerstone’ of the system of any philosopher in modern times
(Jammer, Space, 1).

Schematically, two schools can be characterized into which the various
theories of space can be divided: the theory of ‘relative’ and the theory of
‘absolute’ space.

Einstein writes:



INTRODUCTION 7

Those two concepts of space may be contrasted as follows: (a) space as positional quality
of the world of material objects; (b) space as container of all material objects. In case (a),
space without a material object is inconceivable. In case (b), a material object can only
be conceived as existing in space; space then appears as a reality which in a certain sense
is superior to the material world (Einstein, Preface to Jammer, Space, xiii).

According to this division, Leibniz’s conception of space theory would fall
under (a) ‘relative space’ and Newton’s under (b) ‘absolute space’. The signifi-
cance of the problem becomes clear when the consequences are taken into
consideration. A particular concept of space cannot be evaluated indepen-
dently of the theory to whose ‘conceptual tools’ (Einstein) it belongs. These
two alternative theories of space in the 17th century will therefore be ex-
amined to see if and, if so, to what extent, they could have a function in the
most advanced physical theory of the time, in mechanics.

4. NEWTON’S THEORY OF SPACE AND THE SPACE THEORY OF
NEWTONIANISM

At the end of the 19th century and the beginning of the 20th, the earlier
discussion was repeated in certain regards. This led to a revived interest in the
controversies on the theory of space carried on in the 17th century. In his
systematic critique of Newton’s theory of absolute space, Ernst Mach charac-
terized Newton simply as an ‘absolutist’. Others saw in Leibniz the anticipa-
tion of the newly developed theory (Cassirer, Carnap, Reichenbach, Weyl).

Once it was recognized that mechanics can dispense with the theory of
absolute space, historians of science began to search for the reasons which
might have moved Newton to propose this theory. Great stress was laid on
showing that Newton coupled the theory of absolute space to metaphysical-
religious notions, and the conclusion was drawn, or at least implied, that the
theory was influenced by these notions (Burtt, Koyré).

The demonstration that the theory of absolute space had metaphysical-
religious meaning for Newton, however, touches only a limited aspect of the
problem. For Newton does not justify the introduction of his concept of
space with his metaphysical convictions, and leading physicists in the 200
years after Newton retained his theory of space without sharing Newton’s
metaphysical convictions; they agreed with his physical arguments. For these
reasons Newton’s theory of space will first be examined without going into the
metaphysical-religious aspects. Assuming that Newton’s argumentation con-
tains ‘preconceptions’ whose origins are to be foundin the social relations and
if, as samples will show, later physicists increasingly used these presuppositions
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for support, we shall be able to ask whether the results might not also apply
to the ‘Newtonianism’ of a particular epoch and not just to Newton’s own
work.

5. THE LEIBNIZ-NEWTON DISCUSSION AND THE LEIBNIZ-CLARKE
CORRESPONDENCE

The discussion between Leibniz and Newton on the theory of space was to
the greatest extent carried out in an exchange of letters between Leibniz and
Samuel Clarke. Historical research has demonstrated that Clarke, at least in
particular points, argues as Newton’s spokeman and in agreement with him.
The correspondence and other related documents date for the most part
from the years 1715 and 1716. The discussion ended abruptly with the death
of Leibniz. It was carried on approximately thirty years after Newton had
published his Philosophiae Naturalis Principia Mathematica (1687), the work
in which he founded his theory of space, and just as long after Leibniz’s
first outline of his philosophy in the Metaphysical Discourse (1686). From
this it should be clear that the original justifications of the different theories
do not appear in the exchange of letters.

The correspondence presents some difficulties for the present analysis.
Its systematic value is held by many interpreters to be rather small, since to
all appearances it is the metaphysical-religious aspects of the space theories
which are focused on. An additional failing is seen in the fact that the dialogue
rather gives the impression of a series of monologues held in the presence of
the adversary, and it seems that neither party takes the least trouble to
understand the point of view of his opponent. Such a style of discussion is
not surprising; for the discussion of the theory of space is only one of the
continuing controversies between Leibniz and Newton, or between their
respective supporters. The most bitter quarrel dealt not with scientific prob-
lems but with the question of who first discovered the infinitesimal calculus.
This ‘priority dispute’ acquired with time the status of a national affair,
in which a choice had to be made between England and Germany. Not
only national prestige was involved, but even political differences acquired
significance. Leibniz at any rate brings the priority dispute into connection
with the controversies over the succession to the throne of England. An
attack on himself, maintained Leibniz, who represented the interests of the
House of Hanover, must be seen in connection with these controversies.2

For these reasons the correspondence between Leibniz and Clarke cannot
constitute the starting point of this analysis; an interpretation will be under-
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taken only after Newton’s theory of space, as presented in his major work,
has been reconstructed and after it has been examined whether Leibniz
was able to develop his dynamics on the basis of concepts different from
Newton’s.

Only then will it be possible to demonstrate the inner relationship of the
scientific, philosophical, and metaphysical-religious aspects of the discussion
and to have a basis on which to discuss the alleged separation of science and
philosophy and the influence of social relations on Newton’s theory of
space.3



PART ONE

ELEMENT AND SYSTEM
IN CLASSICAL MECHANICS



CHAPTER I

NEWTON’S JUSTIFICATION OF THE THEORY OF
ABSOLUTE SPACE

In his Philosophiae Naturalis Principia Mathematica Newton presented his
theory of absolute space. ‘Absolute’ means that an immovable space exists
independently of the existence of material bodies. Space is conceived as a
‘container’, in which material bodies are located, but which would also
exist even if there were no material bodies located within it. Newton believed
that he could prove this theory on the basis of physical experiments. At the
end of the 19th century Ernst Mach found Newton’s proof unconvincing. In
his critique he adduced no facts which would not have been familiar to
Newton, rather he rejected the conclusions which Newton had drawn from
his experiments. Apparently, it was possible to draw different conclusions
from the same established facts. Newton, however, had no doubt that his
conclusions were certain. Therefore the first step of our investigation will take
up the question of the conditions under which Newton’s proof is valid. We
shall see that if we accept certain assumptions, the proof is indeed compelling.
The reasons which impelled Newton to presuppose these assumptions will be
discussed later on. But since Newton does not name the presuppositions of
his proof, an analysis of his argument must first be undertaken in order to
reveal them.

1. ABSOLUTE MOTION AND ABSOLUTE SPACE; NEWTON’S
FIRST PRESUPPOSITION

The purpose of the Principia, wrote Newton, is “to obtain the true motions
from their causes, effects, and apparent differences, and conversely from the
motions whether true or apparent to obtain their causes and effects”.!

With these words Newton formulates the fundamental step forward in the
history of science represented by the Principia: it is a systematic presentation
of dynamics, and from its laws he derives the “system of the world” (Book III
of the Principia). For, Newton says, “the whole burden of philosophy seems
to consist in this — from the phenomena of motions to investigate the forces
of nature, and then from these forces to demonstrate the other phenomena”.
(Princ., Praefatio Auctoris; Cajori, XVII-XVIII)

To this purpose Newton starts with a series of definitions. He defines the

13
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‘quantity of matter’ (mass, Def. 1), the ‘quantity of motion’ (momentum,
Def. 2), ‘vis inertiae’ (inertia, Def. 3), ‘vis impressa’ (force, Def. 4), ‘centripe-
tal force’ (Def. 5) and its measures (Def. 6—8).

With the exception of inertia and force, the definitions are definitions of
the measure, not of the thing measured (that of centripetal force is not really
a definition). Matter and motion are not defined. The explanation of the
concept of motion presupposes explanations of the concepts of time, space,
and place; and these are given in the ‘Scholium’ after the definitions.

Since, as Newton believes, time, space, place, and motion are in general
the most familiar concepts, they are not defined. But it is necessary to fore-
stall the habit of considering space and time only in relation to perceivable
objects. He therefore differentiates them into absolute and relative, true and
apparent, mathematical and common (Princ., 46; Cajori, 6).

The determinations of absolute and relative time are given first, then
those of absolute space:

I. Absolute, true, and mathematical time, of itself, and from its own nature, flows
equably without relation to anything external, and by another name is called duration:
relative, apparent, and common time, is some sensible and external (whether accurate
or unequable) measure of duration by the means of motion, which is commonly used
instead of true time, such as an hour, a day, a month, a year.

II. Absolute space, in its own nature, without relation to anything external, remains
always similar and immovable. Relative space is some movable dimension or measure
of the absolute space; which our senses determine by its position to bodies; and which
is commonly taken for immovable space; such is the dimension of a subterraneous, an
aerial, or celestial space, determined by its position in respect of the earth. Absolute
and relative space are the same in figure and magnitude; but they do not remain always
numerically the same. For if the earth, for instance, moves, a space of our air, which
relatively and in respect of the earth remains always the same, will at one time be one
part of the absolute space into which the air passes; at another time it will be another
part of the same, and so, absolutely understood, it will be continually changed (Princ.,
46—-47; Cajori, 6).

Newton does not carry out his intention of differentiating between “absolute
and relative, true and apparent, mathematical and common” concepts to the
same extent for time and space. Absolute time is called true and mathemati-
cal, while absolute space is not given these determinations. The reason for the
difference in the concepts can easily be seen: the measure of time is motion,
but “it may be that there is no such thing as an equable motion, whereby
time may be accurately measured””. All motion could be accelerated or
retarded, but the flow of absolute time cannot be changed. The duration
of the existence of things is the same, whether the motions are accelerated
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or uniform or even if there is no motion at all. Thus duration must be
distinguished from its measures (Princ., 48; Cajori, 8). Accordingly, time is
completely independent of its measure.

A perfectly uniform periodic motion would be the exact measure of time,
the number of motions its standard of measure. However, all standards of
measurement used, such as the motions of the planets etc., are merely ap-
proximations to a perfectly uniform motion. Thus for the physicist such a
motion is an ideal which must guide the choice of a standard of measurement
and the introduction of necessary corrections.

‘Absolute’ time can be called ‘true’ as opposed to ‘apparent’, because
in the phenomena it is not the duration of the existence of a body that
is measured but rather the duration of its motion on a particular path. Since
‘apparent’ time does not satisfy the condition of ‘flowing’ perfectly uni-
formly, absolute time can be called ‘mathematical’ as opposed to ‘common’.
If the distance traversed by a moving body is divided into segments of equal
length and the time periods in which the body traverses these lengths turn
out to be of different durations when compared with another standard
of measure, it cannot be determined whether one of the two measures is
suitable as an exact measure of uniformly flowing time.2

Space is different. ‘Relative’ space is an arbitary part of ‘absolute’ space,
and since space is homogenous, every relative space is also a mathematically
exact measure of absolute space. Any ‘standard’ can serve as a measure of
absolute space. The difference between relative and absolute space is that
relative space is movable, absolute space is immovable. Distinguishing between
relative and absolute space makes sense, but not between true and apparent,
common and mathematical space. Thus the explanation begins merely:
“Absolute space, in its own nature, without relation to anything external,
remains always similar and immovable”; the determinations ‘true’ and ‘math-
ematical’ are not mentioned here as they were in the explanation of the
concept of time.3

Nonetheless, the difficulty arises of how to identify absolute, immovable
space, since it might be that there are no bodies really at rest, to which it
could be related (Princ., 48—49; Cajori, 8). The object investigated in dy-
namics can, according to Newton, only be determined if a distinction is made
between absolute and relative motion. ‘Absolute’ motion presupposes an
absolutely immovable frame of reference. One can however try to distinguish
between absolute and relative motion by means of their (1) properties, (2)
causes, and (3) effects, without necessarily determining by sense perception
their relations to absolute space (cf. Princ., 48—49; Cajori, 8).
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(1) A property of bodies absolutely at rest is that they are at rest relative
to one another. Should there be a body at rest relative to absolute space,
then the motions of other bodies with respect to absolute space could be
determined by observing their motions relative to the body at rest (Princ.,
49; Cajori, 8). However, since such a body is not known, this possibility
can be excluded,* and there remain the causes and effects, by means of
which we might be able to distinguish between absolute and relative motions
and thus between absolute and relative space.

(2) The distinction between absolute and relative motion based on their
causes: “True motion is neither generated nor altered, but by some force
impressed (vis impressa) upon the body moved” (Princ., 50; Cajori, 10).
On the other hand, the relative motion of a body can be generated even
when it rests absolutely if other bodies change their positions with respect
to it. The problem here is that one non-perceptible (absolute space) must
be identified by means of another non-perceptible (force). An exception
can be made only for those forces which man himself ‘impresses’ on a body.
Even in such cases it can only be determined that a force affects the body,
but it is impossible to say whether its motion is the result of this force
alone. Thus this criterion, too, is useless for determining absolute motion.

(3) The distinction between absolute and relative motion can also be
based on their effects. This procedure finally allows Newton to determine
first absolute motion and then absolute space.

The effects which distinguish absolute from relative motion are the forces of receding
from the axis of circular motion (Princ., 50-51; Cajori, 10).

To distinguish relative from absolute circular motion, Newton introduces the
famous experiment with the rotating bucket. A bucket filled with water and
hanging by a cord is wound up. The water and the bucket are at rest relative
to one another. When the bucket is released, it begins to rotate as the cord
unwinds and at first moves relatively to the water which remains at rest. The
surface of the water remains smooth. The motion is gradually imparted
to the water until the water is moving just as fast as the bucket, that is,
until it is again at rest relative to the bucket. At the same time the surface
of the water takes on a concave shape, that is, the water receding from the
axis of rotation climbs up the side of the container. It reaches its highest
mark when the water is at rest relative to the bucket.

This ascent of the water shows its endeavor to recede from the axis of its motion; and
the true and absolute circular motion of the water, which is here directly contrary to the
relative, becomes known, and may be measured by this endeavor (Princ., 51; Cajori, 10).
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A further experiment is that of two balls connected by a string which rotate
around their common center of gravity. The balls are at rest in relation to
one another, but the tension in the string (the effect of centrifugal forces)
shows their absolute motion: *“and from thence we might compute the quan-
tity of their circular motions™ (Princ., 53; Cajori, 12). By the application of
forces in or opposed to the direction of the motion and by their effects on
the tension of the string, the absolute direction of motion can be ascertained.

A proof has unquestionably been given; the only question is, what has
been proved. Newton’s conclusion is clear:

And thus we might find both the quantity and the determination of this circular motion,
even in an immense vacuum, where there was nothing external or sensible with which the
globes could be compared (Princ., 53; Cajori, 12).

The ‘absolute’ motion which Newton believes he has demonstrated is a motion
relative to absolute space. And so, he concludes, the existence of absolute
space has been proved.

There are thus two conclusions. The one concludes that there is absolute
motion from the appearance of centrifugal forces, the other that absolute
space exists from absolute motion.

The first conclusion was criticized by Ernst Mach. “Try”, he wrote, “to
fix Newton’s bucket and to rotate the heaven of fixed stars and then to prove
the absence of centrifugal forces” (Mach, 279).

Newton’s experiment with the rotating vessel of water simply informs us, that the rela-
tive rotation of the water with respect to the sides of the vessel produces no noticeable
centrifugal forces, but that such forces are produced by its relative rotation with respect
to the mass of the earth and the other celestial bodies. No one is competent to say how
the experiment would turn out if the sides of the vessel increased in thickness and mass
till they were ultimately several leagues thick (Mach, 284).

The fundamental question whether from centrifugal forces the ‘absolute
motion’ of the body on which they are observed may be shown was consid-
ered once by Newton himself. In light of the relativity of the motion of the
heaven of fixed stars and of the earth, one might think that God could move
the fixed stars from east to west and let the earth stand still: “But who will
imagine”’, Newton replied, “that the parts of the Earth endeavour to recede
from its centre on account of a force impressed only on the heavens?” (De
Gravitatione, (1664—1668) Hall and Hall, 96, 128).

In the Principia the question is no longer raised. In Newton’s interpreta-
tion of the experiment with the two bodies rotating around their center of
gravity, it is furthermore presupposed that the centrifugal forces would also
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appear if the two bodies rotated in an otherwise empty space. Likewise, the
question, how a ‘motion’ of bodies which are at rest with every perceptible
point of reference (the respective other body) might be ascertained, is not
discussed. Newton also makes no attempt at all to justify these assumptions,
or even to designate them as such. They enter as self-evident into the inter-
pretation of the rotation experiment.

But let us assume with Newton that the centrifugal forces which appear
on a rotating body depend only on the rotating body itself and that they
would therefore also appear in an otherwise empty space. From this, however,
it by no means follows that space exists independently of material bodies.
From the first hypothetical assumption it cannot be concluded whether or
not the existence of space depends on the rotating bodies. Thus from his
proof of absolute motion Newton could still not conclude that absolute
space exists independent of material bodies.

Newton, however, believed he could prove the existence of a space which
existed independently of material bodies — and thus the existence of an
empty space — in yet another connection.

2. PROOF OF THE EXISTENCE OF A VACUUM;
NEWTON’S SECOND PRESUPPOSITION

Based on careful experiments with pendulums of various materials but of
equal weight, which were so constructed that in spite of their different
volumes they had the same air resistance, Newton was able to confirm the
fact that all bodies fall equally fast in a vacuum.5 In non-empty spaces, how-
ever, a body falls only in media, whose specific gravity is less than that of the
body.® From this Newton derives the following conclusion:

And so a vacuum is necessarily given. For if all spaces were full, then the specific gravity
of the fluid which fills the region of the air, on account of the extreme density of the
matter, would fall nothing short of the specific gravity of quicksilver, or gold, or any
other most dense body; and therefore, neither gold, nor any other body, could descend
in air; for bodies do not descend in fluids, unless they are specifically heavier (Book III,
Prop. vi, Theor. vi, Corol. 3 of the first edition; Princ., 575ff.).

The presuppositions of this assertion are the assumptions, that the particles
of all matter are of equal volume and equal mass (and if the force of gravity
is equal: of equal weight) and that the difference in specific weight of mate-
rials is due to the relation of filled to empty parts of space per unit of volume.
Newton introduces this assumption explicitly: “If all the solid particles of
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all bodies are of the same density, and cannot be rarified without pores, then
a void, space, or vacuum must be granted” (Princ., 575f.; Cajori, 414).

The concept ‘density’ thus means the relation between the number of solid
particles of a body and the pores; with the exception of an absolutely dense
body, every body must be conceived as porous. Newton thus concludes, “that
Bodies are much more rare and porous than is commonly believed. Water is
nineteen times lighter, and by consequence nineteen times rarer than Gold”
(Opticks, Bk. 11, Part iii, Prop. viii, p. 267). The conclusion, that gold is
nineteen times less ‘porous’ than water since it is nineteen times heavier, is
only valid if it is presupposed that every ‘ultimate’ particle of gold has the
same mass and the same volume as every ‘ultimate’ particle of water.

If this presupposition were true, then Newton would have succeeded in
demonstrating a vacuum between the particles of matter in a body. Such an
‘inner’ vacuum, however, is not to be identified with a vacuum existing out-
side the body, or better: an empty space in which the body is located. The
existence of such a vacuum must be shown separately. Before that, however,
the consequences of this notion for Newton’s concept of ‘density’ and for
his definition of the ‘quantity of matter’ should be pointed out.

Nonetheless, in the argument thus far Newton’s second presupposition
can already be detected: all particles of bodies are equal, i.e., of equal volume
and equal mass.”

3. ‘DENSITY’ AND ‘QUANTITY OF MATTER’

Newton uses the concept ‘density’ with various meanings: one such meaning,
which is different from that discussed above, is expressed in the following
definition: “By bodies of the same density, I mean those whose forces of
inertia are in the proportion of their bulks” (Princ., 575; Cajori, 414). Density
can be determined empirically only as the relation of the masses of two bodies
of equal volume. P, =P, if m;/m, =V, /V,.

The measure of density is: P = m/V. A measure of density would then be
the mass of the unit of volume of a particular kind of matter. The density of
other bodies can thus be expressed as the relation of their masses per chosen
unit of volume to the standard (i.e., the unit of measurement). Newton
expresses this by speaking of the “same density” and thus assuming that two
masses are being compared.

From the relation of the masses of the two bodies of equal volume Newton
could conclude that a vacuum exists only, because he had presupposed that
all particles are of equal volume and equal mass. This assumption could not
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be examined empirically since only material bodies could be weighed,
accelerated, and measured — not their ultimate elements. While the mass of
a body can be determined empirically only by measurement, it can nonethe-
less be defined as the product of the mass of the uniform particle multiplied
by the number of particles in the particular body.

The density of a material can be expressed empirically only by the relation
of the masses of two bodies of equal volume; it can however be defined as the
number of particles of equal volume in a volume unit of that kind of matter.

Assuming that all particles are of equal mass, we can then define the mass
of a particular body as the product of the ‘density’ of its kind of matter (the
number of particles per unit of volume), the number of volume units in the
body, and the mass of a particle.

Compare with these remarks Newton’s definition of the ‘quantity of
matter’ (mass): “The quantity of matter is the measure of the same, arising
from its density and bulk conjointly.”® Ernst Mach rightly saw a circle in
this definition, “As we can define density only as the mass of unit of volume”
(Mach, 237). On the assumption given above, which Newton does not name,
the definition follows quite logically.

If the density of a body expresses the relation of the number of particles
to the number of equal units of volume in the body, then the particle itself,
in which by definition there is no vacuum, must be absolutely dense; a body
without vacuum is an absolutely dense body. An ‘absolutely dense’ medium
is thus for Newton ‘full of Matter without any Vacuum’ (Opticks, Qu. 28;
368). The presupposition about the equal mass and equal volume of all par-
ticles of matter is thus contained implicitly even in the first definition of the
Principia.®

4. PROOF OF THE EXISTENCE OF EMPTY SPACE

Under the conditions stated, Newton has demonstrated the existence of
empty space between particles. He has, however, not proved that empty space
also exists where there are no particles, that is, that there is also an empty
space which exists independently of the existence of material bodies. One
argument of Newton’s for the existence of such a space consists in an extra-
polation: “An if the quantity of matter in a given space can, by any rare-
faction, be diminished”, (as the differences in specific gravity clearly show)
“what should hinder a diminution to infinity?” (Princ., 575; Cajori, 414).
The existence of empty space can also be demonstrated in a strictly empirical
way, that is, through a ‘deduction’ from a phenomenon.10
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Material bodies can be perceived and offer resistance, as opposed to mathe-
matical bodies, which “are not perceived by touching nor cause a resistance,
nor are they usually called bodies” (McGuire, ‘Body and Void’, 217, 244).
The place in which a body can move without resistance is defined as a vacuum
(op. cit., Draft No. 3, Def. III; 247). If body is what offers resistance, and if
in a vacuum no resistance is met with, then Newton can define a vacuum in
the following manner:

And vacuum 1 call all space which is destitute of bodies of this kind (that is, material
bodies — G. F.) (op. cit., Draft No. 4, Scholium, 222, 247).

And that there really are such empty spaces, can be seen from empirically
ascertained facts. At a height of 200 miles, Newton calculated, the air is
thinner than that at the surface of the earth in a ratio of 75-10! to 1, so
that the motion of the planet Jupiter would be retarded by a millionth in a
million years by the resistance of the medium. And in experiments with
bodies falling in a vacuum at the earth’s surface no retardation at all can be
established.

And therefore, the celestial regions being perfectly void of air and exhalations, the
planets and comets meeting no sensible resistance in those spaces will continue their
motions through them for an immense tract of time (Princ., 586; Cajori, 419).

In very distant regions we must thus assume a completely empty space.
The basic principle of Newton’s method:

From the phenomena we know the properties of things, and from the properties we infer
that the things themselves exist and we call them substances (Draft to Scholium Generale,
in Hall and Hall, 306, 356).

is by no means transgressed here. For, the differences in the resistance of
various media, the lack of resistance of others can be ascertained empirically
or can beinferred from experience. If we are to infer the properties of ‘things’
from these phenomena, then we can consequently attribute resistance to
material bodies and lack of resistance, as a property of extension without
body, to empty space.

S. THE ESSENTIAL PROPERTIES OF A PARTICLE IN EMPTY SPACE:
THE PROBLEM OF GRAVITATION

In the Principia Newton explicates the methodological rule: “From the
phenomena we know the properties of things”, as follows:
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The qualities of bodies, which admit neither intensification nor remission of degrees,
and which are found to belong to all bodies within reach of our experiments, are to be
esteemed the universal qualities of all bodies whatsoever (Regula Philosophandi 111,
Princ., 552; Cajori, 398).

Since Newton presupposes that bodies are composed of particles, he adds a
further determination:

The extension, hardness, impenetrability, mobility, and force of inertia of the whole,
result from the extension, hardness, impenetrability, mobility, and forces of inertia of
the parts; and hence we conclude the least particles of all bodies to be also all extended,
and hard and impenetrable, and movable, and endowed with their proper forces of
inertia. And this is the foundation of all philosophy (Scholium to Regula III, Princ., 554,
Cajori, 399).

In this catalogue of qualities which belong to all particles of matter it is
apparent that gravitation is missing, although it too is a property of all bodies
within reach of our experiments. In the explanation of this same rule Newton
remarks that the “argument from the appearances™ is even stronger “for the
universal gravitation of all bodies than for their impenetrability; of which,
among those in the celestial regions, we have no experiments, nor any manner
of observation™ (Princ., 552ff.; Cajori, 400).

In an unpublished addendum to the first edition of the Principia Newton
went on to draw the conclusion:

Gravity is a quality of all bodies upon which experiments can be conducted, and, existing
in individual bodies in proportion to the quantity of matter, it cannot be intensified or
remitted, and consequently by Hypothesis III (= Regula III — G.F.) it is a property of all
bodies (Addendum on an interleaf in Newton’s own copy of the first edition to Bk. III,
Prop. vi, Theor. vi, before Corol. 3; Princ., 575, fn.).

Gravity, then, meets the requirements of a ‘universal property’ of all bodies,
and although it was not mentioned from the start among the ‘universal prop-
erties’, it is now determined to be such.

However, in the third edition of the Principia Newton added four sentences
at the end of the explanation of Regula III:

Not that I affirm gravity to be essential to bodies. By their vis insita I mean nothing but
their force of inertia. This is immutable. Their gravity is diminished as they recede from
the earth (Princ., 555; Cajori, 400).

The argument seems to be nonsensical; for it is not the ‘property’ gravity but
rather its effect, the acceleration of the gravitating bodies, which diminishes
with distance. Let us assume, for instance, that particles A, B, and C are
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situated oOn a line and gravitate towards one another. Let the distance AB be
double the distance BC. How much is the ‘property’ of gravity in B supposed
to have diminished?

A further difficulty lies in the fact that,according to the text of Regula III,
qualities which “admit neither intensification nor remission” are the universal
qualities of all bodies; in the addition to the third edition Newton does not
deny that gravitation is a universal property of all bodies, but he does think
that it is not an essential property.!! Newton does not explain the difference
between a universal and an essential property. The difficulty is thus, that it
is first of all unclear under what conditions the ‘property’ of gravitation is
diminished, and secondly, itis unclear what the difference between a universal
and an essential property is supposed to be.

One criterion for a universal property, namely that it cannot be diminished,
was explicated by Newton in the first edition of the Principia with the deter-
mination: ‘“‘and such (qualities) as are not liable to diminution can never be
quite taken away” (Princ., 553; Cajori, 398).12 If there is a possibility that
a body might lose its gravity, then both Newton’s proof of the ‘diminution’
of gravity and his distinction between ‘universal’ and ‘essential’ properties
makes sense. This can be shown by comparing his argument on gravitation
with his proof of the existence of absolute space.

The existence of empty space independent of matter was supposed to be
proven by the fact that at a height of even 200 miles the quantity of matter
is infinitesimal in relation to the volume of space, without there being any
change in the character of space. If all particles were evenly distributed
throughout space, the relation of empty volume to filled would be 686 - 1018
to 1. But matter is not evenly distributed throughout space; the relation of
empty space to matter in the distant regions is thus even incomparably
greater, and the attraction of two particles can for practical purposes be
neglected. '

If we can by extrapolation show the existence of empty space, then we
can also consider what would happen if there were only one single particle
of matter in empty space. Vis inertize must continue to be a property of the
particle, since, according to Newton, it would retain its state of motion and
this state is relative to absolute space. Any attempt however to attribute
gravitation to a single particle would be absurd, since gravitation can only
be conceived as mutual gravitation, that is, it presupposes at least two bodies.
Gravity may thus be considered as a property of all bodies in the world (as
a universal property) but not as an essential (necessary) property of a body
as such.'4
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Newton’s distinction between ‘universal’ and ‘essential’ properties in the
explanation to Regula III makes sense after the following addition: the
essential properties of a material body are those universal properties which
also belong to a single body in otherwise empty space.

With this addition Newton’s argument, that gravity can diminish and
consequently can disappear from a body, makes sense; for the property of
gravitation can in fact be eliminated, namely in the case that only one particle
is located in empty space. The suggested addition also justifies Newton’s dis-
tinction between ‘essential’ and ‘universal’ properties. The contrast between
the ‘essential’ property ‘inertia’ and the merely ‘universal’ ‘gravitation’ shows,
moreover, that the assumption that inertia is a property of a single particle
in empty space seemed obvious and evident to Newton. The validity of
Newton’s proof of the existence of absolute space depends on this assump-
tion, which also determines his formulation of the law of inertia; this will be
discussed next.

6. NEWTON’S LAW OF INERTIA

In the explanation to Regula III Newton determined that gravitation is not an
‘essential’ property of matter, but that the ‘force of inertia’, as an ‘inherent
force’ (vis insita) of bodies, belongs essentially to matter. According to the
interpretation presented above, essential properties are those which are
attributable to a material body independently of the existence of the system
of the world, that is, in empty space. Correspondingly, Newton’s first law of
motion, the ‘law of inertia’, refers itself to this empty space:

Every body continues in its state of rest, or of uniform motion in a right line, unless it
is compelled to change that state by forces impressed upon it (Princ., 54; Cajori, 13).

In the explication of the law we are not told, in regard to which frame of
reference a body is supposed to continue in its “state of rest, or of uniform
motion in a right line”. The distinction between ‘rest’ and ‘uniform motion’
implies, however, an absolutely resting frame of reference, and this can only
be absolute space (Scholium to Def. VIII; cf. Jammer, Space, 101—-103).

Using the criteria of dynamics, one cannot differentiate between uniform
motion and rest. For such a distinction, a point must be given that is at rest
relative to absolute space. But even such a point cannot be demonstrated due
to the dynamical equivalence of uniform (‘inertial’) motion and rest.!s This
problem may well have been the reason for the following peculiar delibera-
tion of Newton’s
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Hypothesis I: That the centre of the system of the world is at rest. This is acknowledged
by all,while some contend that the earth, others that the sun, is fixed in that centre. Let
us see what may from hence follow.

Proposition XI, Theorem XI: That the common centre of gravity of the earth, the sun,
and all the planets, is at rest. For (by Cor. iv of the Laws [of motion]) that centre
either is at rest, or moves uniformly forwards in a right line; but if that centre moved,
the centre of the world would move also, against the Hypothesis (Princ., 586; Cajori,
419).

The reasoning is of course anything but a proof; nor is it passed off as a
proof. For in Newtonian physics it is impossible to distinguish between a
system at rest and one in uniform motion. Newton therefore appeals to a
widespread conviction. However, the necessity of assuming some point or
other to be absolutely at rest follows for Newton from his formulation of the
law of inertia, which determines the state of motion of a body in reference
to absolute space.

Ernst Mach, who criticized Newton’s version of the law of inertia as evi-
dence of his “metaphysical penchant for the absolute”, suggested an alterna-
tive formulation of the law, according to which “the mean acceleration of
the mass pu with respect to the masses m, m', m' ... at distancesr, ', 7' ...
is = 0.” This formulation is interesting because Mach explicitly states the
difference between his and Newton’s conceptions:

When, accordingly, we say that a body preserves unchanged its direction and velocity in
space, our assertion is nothing more or less than an abbreviated reference to the entire
universe (Mach, 286—289).

“Nature””, Mach concludes, ‘‘does not begin with the elements as we are
obliged to begin with them” (Mach, 286—289). The important point of this
critique is that Mach sees the decisive difference between his own procedure
and that of Newton in Newton’s starting with an ‘element’ that stands in
relation to absolute, empty space. It is also in precisely this point that
Newton’s formulation of the law of inertia differs from that of Descartes,
from whom he otherwise borrowed a number of things.

Descartes formulation of the law of inertia was as follows:

The first of these laws [of nature — G.F.] is that each thing, provided that it is simple
and undivided, always remains in the same state as far as is in its power (quantum in se
est), and never changes except by external causes. Thus, if some part of matter is square,
we are easily convinced that it will always remain square unless some external interven-
tion changes its shape. If it rests, it will continue to rest; if it moves, it will continue to
move (Princ., Phil. 11, §37).
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The second law of nature is: that each part of matter, considered individually, tends to
continue its movement only along straight lines, and never along curved ones; . .. This
rule, like the preceding one, results from the immutability and simplicity of the opera-
tion by which God maintains movement in matter (Princ., Phil. II, §39).16

Two points are of interest here. First of all, Descartes introduces inertia not
as a property of a body but as a law of nature grounded in the immutable
character of God and the simplicity of his operation, that is, in the axiom
that nothing happens without a cause. Thus, not only the state of motion of
a body but also its unchanged shape are listed as consequences of the law;
and the vis and actio, which can be attributed to a uniformly moving body,
can also — due to the relativity of motion — be ascribed to either one of two
bodies moved relatively to one another (Princ., Phil. 11, §29, §40).17

Newton proceeds differently: an ‘inherent force’ of matter is introduced,
which a body ‘exercises’ on impact. A number of peculiar formulations are
the result. For instance, the vis impressa exercised on impact is an instan-
taneous ‘actio’, although the force of inertia is supposed to be inherent to
matter, i.e., permanently to reside within matter. It is thus not an ‘actio’ but
a ‘potentia’. But it must also be asked why it is called ‘vis’, when ‘force’ in
Newton’s dynamics denotes the cause of a change in state. As Newton put it,
this inherent force is given the “most significant name” ‘vis inertiae’, force
of inactivity (Princ., Def. III, 40). For Newton, these (and similar) peculiar
formulations are necessary: the necessity arises from his presupposition that
phenomena must be traced back to the essential properties of particles,!® to
properties which are independent of the existence of these particles in the
world system.!?

As is well known, Descartes limited the task of God to creating matter and
to giving it laws of motion and the first push. The equal parts of matter
arrayed contiguously, without intervals or spaces between, first become
separated with motion, and at the same time their original sizes and shapes
are changed (Princ. Phil. 1II; § §46ff.). The individuation of matter into
corpuscles with their individual properties thus depends on the laws of nature,
which continue to operate. The law-likeness of nature thus precedes the
individuation of matter. For Descartes, all phenomen are to be traced back to
laws of nature or to the properties of the particles of matter in this world,
not to the properties which belong to a single particle in empty space. For
Newton, nothing preceded the individual existence of the particles of matter:

. it seems probable to me, that God in the Beginning form’d Matter in solid, massy,
hard, impenetrable, movable Particles, of such Sizes and Figures, and with such other
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Properties, and in such Proportion to Space, as most conduced to the End for which he
form’d them (Opticks, Qu, 31, 400).

The subsequent interaction of the particles can change nothing in these
properties. Impenetrability and mobility of a mass distinguish a particle from
empty space; figure and size (which presuppose extension) determine it in
relation to space. Inertia (contained in the concept of mass) determines the
state of motion (resting or in uniform motion) of a single particle in empty
absolute space.

7. A SINGLE PARTICLE IN EMPTY SPACE; NEWTON’S
FUNDAMENTAL PRESUPPOSITION

Newton’s proofs of the existence of absolute space had two presuppositions:

(1) Inertia and the other essential properties belong to a particle inde-
pendently of the existence of other particles. These attributes thus also apply
to a single particle in empty space.

(2) All particles of matter are of equal volume and of equal mass.

The two assumptions can be combined in the following way: the material
world is composed of equal particles, whose essential properties are attribut-
able to every single particle even as the only particle in empty space. This
single assumption provides the basis for Newton’s proofs for the existence
of absolute space, the formulation of the law of inertia, as well as for the
apparent circle in the definition of the quantity of matter.

A further consequence of this presupposition is that the analysis, which
started out from a system of the world in which the particles of matter
gravitate towards one another, leads to the concept of a particle to which
gravity is not attributed. This result in turn has important consequences, as
we shall see. For, the synthesis which follows Newton’s analysis will lead to
the result that the cause of gravitation can in principle not be physical.

It is of decisive importance that Newton was not aware of the presupposi-
tions of his proofs. In the explanations to Regula III quoted above, he wrote:

The extension, hardness, impenetrability, mobility, and force of inertia of the whole,
result from the extension, hardness, impenetrability, mobility, and forces of inertia of
the parts; and hence we conclude the least particles of all bodies to be also all extended,
and hard and impenetrable, and movable, and endowed with their proper forces of
inertia. And this is the foundation of all philosophy (Princ., 554; Cajori, 399).

Apparently, the proposition that phenomena follow from the properties of
particles is assumed as self-evident, just as it was assumed as evident that all
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particles are of equal volume and equal mass. The final presupposition that
the properties mentioned of the particles would also belong to every single
particle in empty space, was never even formulated by Newton; apparently,
he was not even aware that it is a presupposition which neither is contained
in Regula III nor follows from it.



CHAPTER II

LEIBNIZ’S FOUNDATIONS OF DYNAMICS

The analysis thus far has shown that ‘absolute space’ in Newton’s theory
refers not merely to an ‘inertial frame of reference’ but to a physical reality,
which is also responsible — as a vacuum — for the ‘density’ of various materials
and for the lack of resistance in regions distant from the earth. The presup-
position of this theory has turned out to be the assumption that the material
world is composed of equal particles whose essential properties belong to
them independently of the existence of a world system.

It does not of course follow from this demonstration that Leibniz’s critique
of the theory of absolute space was based on his recognizing and rejecting
this presupposition. Furthermore, even the demonstration of an explicit
critique by Leibniz of that presupposition would not suffice for the purposes
of this analysis. For the purpose of this investigation is not merely to explain
why Newton held his proofs for the existence of absolute space to be certain,
but also to explain why his theory was retained until the end of the 19th
century. As long as no alternative to a scientifically confirmed theory is
offered, no critique of the foundations of a theory can lead to its replace-
ment. Thus, if Leibniz’s critique were directed only against the above men-
tioned presupposition of Newton’s theory without at the same time pointing
out a viable alternative, then the question, why his critique exercised no
influence on the further development of physics, would already be answered.
Leibniz’s critique would then be justified as a ‘philosophical’ critique, that is,
as touching on the principles of science, but it would nonetheless be insuffi-
cient for a different development of science. As long as it cannot be shown
that there were alternative theories, there is also no occasion for the question
whether social factors were the grounds for the ascendancy of Newton’s
theory. For this reason we shall analyze Leibniz’s writings on dynamics to
see whether an alternative physical theory is developed there. At the same
time we shall investigate whether the difference between the theories of
Newton and of Leibniz originate in Leibniz’s not sharing the presupposition
shown to be at the bottom of Newton’s proof of the existence of absolute
space.!

29
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1. LEIBNIZ’S NEW MEASURE OF FORCE

Leibniz’s immediate contribution to mechanics consisted in particular in
the introduction of a new principle of conservation, which was later to be
designated as the law of conservation of vis viva (‘living force’). He argued
for this principle in a controversy with the Cartesians. Leibniz maintained:
not the ‘quantity of motion’ (mv) but the “is viva’ (mv?) is universally
conserved.?

In the argument two assumptions, which the Cartesians also accepted,
are made:

(1) “That a body falling from a certain altitude acquires the same force
which is necessary to lift it back to its original altitude if its direction were
to carry it back and if nothing external interfered with it” (GM VI, 117,
PPL, 29).

(2) That the same force is necessary to raise the body A of weight 1 to
the height 4 as to raise the body B of weight 4 to the height 1. In other
words: the force necessary in both cases is four times that necessary to raise
a weight of 1 to a height of 1 (ibid.).

According to assumption (1) two bodies with the weights 1 and 4, which
fall from the heights 4 and 1, will acquire the force necessary to rise to their
former heights. According to assumption (2) the forces of both bodies are
equal at the end of the fall.

However the quantity of motion (mv) of each of the two bodies is dif-
ferent. In a free fall from a height s, as Galileo showed, v & +/s. Consequently,
the body A has a velocity (in the appropriate units) proportional to /4 = 2
after a fall from the height 4; body B has a velocity proportional to /1 =1
after a fall from the height 1. The quantity of motion would thusbe 1:2 =2
for A, and 4-1 =4 for B. Thus, says Leibniz, it is clear that the ‘force’ should
not be measured by mv but by its effect (¢ quantitate effectus), that is here,
by m-s amv? (GM VI, 118; PPL, 297-298).3

2. DESCARTES’ ERROR AND THE LIMITS OF THE
CONCEPTION OF LEIBNIZ

The universal validity, which Leibniz claims for the law of conservation of
vis viva, stands in marked contrast to his failure to apply the law to any cases
other than the free fall of bodies. He does mention other examples such as
the “tension of a spring, the impulsion of a body to motion or the retardation
of a body in motion” (‘Brevis Demonstratio’, Scholium to the Supplement,
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GM VI, 122; PPL, 301), but nowhere does he carry through an analysis of
such a case. The model of the falling body which lifts a weight is the only
model for which a demonstration is given.*

A second problem occupied Leibniz himself. If his proof consists of noth-
ing but the application of Galileo’s law of falling bodies, and if Descartes, as
Leibniz remarks in a letter to Arnauld, also considered the possibility of
calculating force by the height of fall, then the question arises, why Descartes
himself had not already discovered vis viva as the measure of force.

In the attempt to answer this question, Leibniz gives a hint as to how his
own restriction of the proofs for the law of conservation of vis viva to a
discussion of the free fall of bodies might be explained. The ‘Brevis Demon-
Stratio’ begins:

Many mathematicians, seeing that velocity and mass compensate for each other in the
five common machines, have estimated the force of motion (vix motrix) by the quantity
of motion or by the product of the body and its velocity (GM VI, 117; PPL, 296).

In simple machines (e.g., lever, windlass) in equilibrium the masses are in-
versely proportional to the heights and the velocities. The velocities are
directly proportional to the distances traversed. It is therefore all the same
whether one multiplies the mass by the distance or by the velocity:

It is therefore merely accidental here that the force can be estimated from the quantity
of motion. There are other cases . .. in which they do not coincide (GM VI, 119; PPL,
298; cf. also ‘Essay de Dynamique’, GM VI, 218).

Descartes, when he dealt with statics, had a particular case in mind, in which
both measures are accidentally (per accidens) equivalent. That this might not
hold in other cases, he did not take into consideration.

Leibniz’s explanation, that Descartes did not discover vis viva as the mea-
sure of force because he restricted himself to examining the five simple
machines, prompts the question of what kind of machines Leibniz himself had
in mind. It is surprising that he mentions the pendulum, with which Huygens
had already implicitly discovered the measure my?, only as an example of a
“physical perpetum mobile”. He refers in his proof to a machine in which
a falling weight produces an ‘effect’ by descending vertically and expending
its entire ‘potentia’ to raise another weight so that the ‘potentia’ of A (ms;)
is equal to the ‘effect’ on B (m;s;).

A further peculiarity lies in the fact that Leibniz first employed the term
“yis viva” in a later work (Specimen Dynamicum, 1695); in 1686 he used the
term ‘potentia viva’ (as opposed to ‘potentia mortua’ = my).5
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The machine which Leibniz might have had in rind is thus one in which
raised weights represent a ‘dead power’ and acquire by falling a ‘living power’.
Practically, such a machine is possible only if the weights are already located
at the higher level and if the losses due to friction can be compensated. In
Harz between 1680 and 1686, that is, precisely the years before composing
the ‘Brevis Demonstratio’, Leibniz had a great deal to do with just such
machines, for which the major mechanical problem was the conversion of
a given ‘living power’ into a ‘dead power’ for future use.5

In the mines in Harz machines were used to pump water out of the shafts
as well as to ventilate them and to raise the ore. The use of machines involved
two technical problems which are of interest here:

(1) guaranteeing a regular source of power and

(2) reducing friction in the transmitting mechanism.” The natural forces
of nature used, which were cheaper than animal or human power, were run-
ning water and the wind. The technical problem was, on the one hand, that
available water power was insufficient in dry years and, on the other, that
wind power was not available with any dependable regularity.®

Leibniz had a plan to solve both problems at once: both to supplement
the water power and also to guarantee a regular effect. Expressed in a general
form and in modern terms, the solution suggested consisted in using the
available kinetic energy of the wind to pump water, which when collected in
highland ponds constituted a reservoir of potential energy:

One can save up the power of the wind and so to speak lay it in storage. So it is to be
understood, when one brings water into the ponds, which can hold it in storage and can
later dispense it to the common advantage of mining for machinery to raise and crush
ore (Kiinste und Puchwerke). This eliminates the major objection, namely that one is
neither master of the wind nor has it when he wants it (A I, iv, 43).

This stored up ‘power’ (‘Kraft’) would not only be available when needed but
could also be applied regularly, since

the primus motor does not immediately move the field or shaft mechanism but only
raises a certain load to the top, which then descends by itself and thus turns the mech-
anism. For in this manner the pull remains constant all the time, because the same weight
always encounters the same resistance and always descends with the same speed. On the
other hand, accordingly as the wind is weak or strong, one can then raise such a weight
swiftly or slowly to the top again (Gerland, 183).

With these practical, technical problems in mind, it is hardly surprising
that Leibniz demonstrates the conservation of force on the example of a
falling weight that lifts another. Nor is it surprising that he refutes Descartes
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with a reductio ad absurdum, by showing the absurd consequences of Car-
tesian measure of force. For according to Descartes’ measure, it must be
possible to construct a mechanical perpetuum mobile, that is, a machine
which could not only remain eternally in motion but on top of that also
produce a mechanical effect (effer méchanique), such as raising water or
milling grain (cf. Dynamique (1692), Prop. 4, Démonstration). If it thus
appears as if “Leibniz had only to feed the numbers into Galileo’s kinematics
of free fall and turn the crank” (Westfall, Force, p. 285), in order to obtain
his new measure of force, it should not be forgotten that he had for years
dealt with real cranks and with the practical conversion of kinetic energy into
potential energy. From this it is understandable not only that Leibniz could
correct Descartes’ mistake but also why he again and again cites the model of
this ‘dynamic machine’ to prove his law of conservation.’

3. ACTION MOTRICE

Leibniz’s proof for the conservation of the ‘true measure of force’ showed
that the ‘living power’ of a freely falling body A was equal to the product
of its mass and the height of fall. The proof presupposes the assumptions (1)
and (2) listed above, which taken together assert the possibility of a ‘physical’
perpetuum mobile. From this assumption it also follows that the effect of
the vis viva of a body A after the fall is equal to the product of the mass of
body B and the height to which it is raised. It is thus assumed that the body B
at rest at the O level resists upward motion in proportion to its mass.

If one abstracts from the resistance of the mass, then ‘it would be no
more difficult to move a large body than a small one, and hence there would
be action without reaction, and no estimation of power would be possible,
since anything could be accomplished by anything” (Spec. Dyn., GM VI, 241;
PPL, 440).

If bodies did not offer a resistance proportional to their masses, then, for
instance, a body of mass 2 falling from a height of 4 could lift a body of mass
4 also to a height of 4. The ‘force’ would thus have doubled. The world
would then be a “pure chaos” (Leibniz to De Volder; March 24/April 3,
1699, GP 1II, 179; PPL, 517). Since this is obviously not the case, the mass
must be included in the equation as a ‘passive force’, just as it entered into
the expression of force as the cause.!® The conservation of living force (vis
viva) applies not only to the particular case where the effect is dependent on
gravitation: “I do not tie myself down to gravity; rather I think I can obtain
the same results whatever effect you take; nonetheless, compared to other
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effects, gravity is more convenient to the intellect” (Leibniz to James Ber-
noulli, March 15, 1697, GM I1I, 58).

If the law of conservation of vis viva is to be universally valid, then the
force must be conserved even when it is not consumed, that is, when no
‘effet violent’, as Leibniz called such an effect, occurs. The body to which
a living power is attributed must move with a finite velocity. This motion of
a body, which does not consume its force in an ‘effet violent’, Leibniz calls
an ‘effet formel’. The effect consists in the translation of a mass through a
particular distance with uniform velocity. The vis viva is conserved (GM IV,
243, 345, 436; cf. Gueroult, 121).

The estimation of the force in an ‘effet formel’ can occur in two ways.
The ‘effet formel’ can be converted into an ‘effet violent’, for instance, by
converting a horizontal uniform motion into a vertical retarded motion, so
that the familiar methods of measurement can be applied (GM VI, 220).
But the estimation can also be done without consuming the force. For this
Leibniz introduced a new measure: action motrice. This is supposed to be
the product of the ‘effet formel’ and the velocity.

We want to transport 100 pounds to a distance from here; that is the formal effect which
is demanded. One of us desires to do it in one hour, the other in two hours; I say that
the action of the first is double that of the second, being doubly quick with an equal
effect (GM VI, 221).

The action motrice is thus the product of mass times distance times speed:
msy = my?. 1

In the justification of this new measure of force, Leibniz emphasizes that
he assumes “always a continual and uniform motion” (GM VI, 221; GM VI,
366f.).

The following consideration forces itself upon the modern reader: in a
uniform motion in which no impediments are overcome, no work is per-
formed and no force applied. Therefore, the multiplication of ‘living force’
by time is senseless. For no matter how long a uniform motion lasts, it
needs no application of force to continue. It seems as if Leibniz did not
distinguish between cases of ‘uniform motion’ and such cases where work
(msa = W) is performed and thus fell far short of the level of physics existing
at the time (i.e., Newtonian physics).
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4. LEIBNIZ’S LAW OF INERTIA

The criticism, that Leibniz did not distinguish between ‘motion’ and ‘per-
formance of work™ and thus wanted to measure ‘work’ where no ‘force’
is applied, presupposes the Newtonian law of inertia, according to which
force is needed only for accelerations. However, according to Leibniz’s own
concept of inertia, his determination of ‘action motrice’ is justified and
fruitful.

In his discussions of the concept of ‘inertia’ Leibniz never appealed to
Newton. For instance, in De ipsa natura (1698) long after he had studied
Newton’s Principia, he argues against the geometrical concept of body held
by the Cartesians, which implied indifference to rest and motion. Matter,
Leibniz believed, resists being moved “by its own natural inertia (per suam
inertiam naturalem), as Kepler has fittingly named it” (De ipsa Natura, §11,
GP 1V, 510; PPL, 503). Kepler’s inertia, however, does not denote the con-
tinuance of a body in its state of motion but rather the resistance of matter
to motion in general.'?

Leibniz thus makes the following distinctions: mass (i.e., materia) resists
motion; ‘original motive force’ causes motion (not just acceleration!); ‘body’
is the unity of mass and force.

Uniform motion is thus not a state (status) but an action (actio), not an
‘essential property’ of matter but the result of the action of force and the
reaction of mass. Differing from Newton’s conception, Leibniz distinguishes
here not between ‘inertial motion’ and acceleration but between rest and
motion as such. The so-called ‘inertial motion’ is likewise an activity and

presupposes “that inertia also constantly resists the ... motive force during
its motion” (Letter to De Volder, March 24/April 3, 1699, GPII, 171; PPL,
517).

Leibniz introduced inertia in the context of deliberations on the conser-
vation of force in a ‘free system’. In the case dealt with there ‘motion’ and
‘acceleration’ were the same, since the body to which force was applied had
been at rest. From the two resulting possibilities for determining ‘inertia’
Leibniz chose the resistance to motion as such not resistance merely to
acceleration. He thus interpreted a uniform motion as the effect of a constant
‘motive force’ and an equally constant ‘resistance’. Continuance in uniform
motion was thus not introduced as an axiom, as it was by Newton, but asa
special case of the general law of the conservation of vis viva, namely in the
hypothetical case in which the ‘free system’ consists of merely one body. The
force given the body is conserved as ‘active force in the body’ — as long as it
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does not collide with another — just as the mass and thus the ‘passive force’
which resists motion is also conserved.'?

If uniform motion is to be conceived as a special case of the conservation
of force in a free system, and if it is to be formulated for a single body, then
the body must be conceived as a system in which the action of the motive
force is always equal to the reacting passive force of matter. Compare
Leibniz’s formulation:

However, even in this free or formal action of the mobile itself in as much as it is con-
ceived as acting in itself, we can in a sort of analogy conceive a real effect which will
not be a change of place (which I consider merely as something modal) but will be that
the mobile itself proceeds with the given velocity in the following moment . ... And in
this sense the axiom of the equality of the whole cause with the entire effect is also
verified in formal or free action (actio formalis seu libera, i.e., uniform motion — G.F.)
(Letter to De Volder, 1699, GP 11, 191).

A ‘genuine’ action in a system of material bodies is distinguished from the
uniform motion of a single body merely by the fact that in the first case (effet
violent): “the force is consumed and exercised upon something external”
(quelque chose de dehors; another body is meant, of course) (ibid.); whereas
in uniform motion, “the effect lies in the body in motion taken in itself”
(Essay de Dynamique, GM VI, 221; my italics — G.F.). This view of things
receives its classical formulation in one version of the law of conservation:

Proposition 7: The power (potentia) in any system of bodies not communicating with
others is always the same . ... Thus if there is just one body, it will always retain the
same power; if there are many bodies colliding with each other, there will always be the
same power in the sum of them all.

Proposition 8: The power in the universe is always the same. For certainly the bodies of
the universe cannot communicate with other bodies, which are not contained in the
universe. Therefore the universe is a system of bodies not communicating with others
and hence (by the preceding proposition) always has the same power (Dynamica, Part 11,
GM VI, 440; my italics — G.F.).

For a single body, for a system of bodies, finally, for the universe as a whole,
the same law holds since all three are conceived as systems. The subject of
propositions in physics is thus the system and not, as with Newton, its sup-
posed ultimate element, a material atom. Not just the subject but also the
content of Leibniz’s proposition differs from that of Newton’s. The motion
of each and every element can be determined relative to others. Since, how-
ever, the system as a whole is material and every element in principle is
movable, no frame of reference must be presupposed as being at rest, relative
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to which the motion could be determined as absolute. Every motion con-
sidered as such is thus merely relative.

For every subsystem conservation laws can be determined — the conserva-
tion of relative velocity before and after a collision, the conservation of the
quantity of motion in a particular direction — but they are always relative
conservation laws, which are inconsequential for the system of the world as
a whole. For this world system, only one conservation law obtains, and it is
absolute: the conservation of vis viva.

With the demonstration that the ‘action motrice’ (msv) is conserved in a
free system, Leibniz wanted to provide a further proof for the conservation
of ‘living force’ (mv2). The proof, however, itself presupposes that ‘force’
is to be measured by the distance (ms) not by the velocity (mv). Basically,
writes Leibniz, ‘action’ is nothing other than the product of ‘force’ and time.
And since it has already been proved that the vis viva is conserved, it follows
that the product of this force and the time, mv2t must also be conserved
(cf. Essay de Dynamique, GM V1, 222).

The concept of ‘action motrice’ is thus of no significance as a measure of
force. The basic idea of introducing a measure of force for distance is none-
theless significant, for it takes the first step towards a concept of ‘work’ (msa).
It is however characteristic that Leibniz is not interested in the measure of
an ‘additional force’ producing acceleration along the distance. It was im-
portant to him to demonstrate the conservation of force in a free system. The
reasons for this will become clear in his discussion with Newton.!#

S. ABSOLUTE MOTION AND ABSOLUTE SPACE

The concept of ‘action motrice’ and Leibniz’s conception of inertia are both
particular conclusions from the fundamental law of the conservation of vis
viva in a free system. A system of moving bodies can be considered kinema-
tically or dynamically. In kinematics only changes of position of bodies are
of interest, and these are completely relative. Dynamics deals with the forces
which cause these motions.

Here Leibniz distinguishes ‘respective’ (relative) and ‘directive’ forces: the
former are the causes of the motions of the elements in a system, the latter
are the algebraic sums of the former, by which systems as wholes can act
upon one another (Spec. Dyn., GM VI, 238f.; PPL, 439f.). Whether a merely
respective or a directive force is attributed to a body depends only upon
whether it is considered as an element or as a system. Every body can be
taken as a system of particles; the algebraic sum of its respective forces would
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give the directive force of the system. If the body is considered as an element
of a system of bodies, its directive force is a respective force with regard to
the system, etc.

Rotational motion, however, presents a problem. For here Newton was
able to prove that, taken dynamically, the motion must be attributed to that
body on which centrifugal forces appear. In his correspondance with Huygens
Leibniz asserted that in spite of rotational motion ‘“‘nothing transgresses the
universal law of equivalence (of hypotheses — G.F.)”.1%

Twenty years later when Clarke cited rotational motion against Leibniz
as a proof for the existence of absolute space (Clarke’s 4th Reply, §13),
Leibniz responded that he recognized a difference between the “absolute true
motion” of a body and a “mere relative change in its situation with respect
to another body”; but he insisted that neither in Definition 8 of the Principia
nor in the Scholium could he find anything “that proves, or can prove, the
reality of space in itself”” (Leibniz’s 5th Paper, §53).

Leibniz’s response is thus directed against the second conclusion in New-
ton’s argument for the existence of absolute space. Although we may con-
clude that there is absolute motion from the appearance of centrifugal forces,
we cannot from this show the existence of absolute space. The reason is that
the determination of which body moves absolutely presupposes that motion
occurs. But every motion consists in a change of position of bodies: while
motion is not dependent upon being observed, it is dependent on observa-
bility. To say that a body moves absolutely, means nothing more than that
only one of the kinematically possible descriptions is also suitable for a
dynamical explanation. In the system in question certain bodies move abso-
lutely but all bodies move relative to one another. None of the motions needs
to be referred to absolute space.®

In his reply Clarke counters that he did not see how from this point of
view one could avoid the “absurd consequence”, that

the mobility of one body depends on the existence of other bodies; and that any single
body existing alone, would be incapable of motion; or that the parts of a circulating
body (suppose the sun,) would lose the vis centrifuga arising from their circular motion,
if all extrinsic matter around them were annihilated (Clarke’s Sth Reply, § §26—32).

Leibniz did not live to respond to this letter. However, from the views he had
already developed, an answer can easily be found without having to develop
a relativistic dynamics. If the parts of the revolving sun remove themselves
from the center, their motions are observed not with reference to space but
relative to each other. This is not a single body but a system, in which the
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the relative change of position of the elements can be observed. If, however,
the only ‘rotating body’ is a material point, then neither can ‘rotational
motion’ be observed nor can centrifugal forces be demonstrated, since no
parts remove themselves from the center. In both hypothetical cases, there-
fore, a motion relative to ‘absolute space’ cannot be proven.!?

Newton’s proof for the existence of absolute space consisted of two argu-
ments. First of all he proved absolute space from absolute motion — this
proof Leibniz rightly rejected — but secondly Newton believed he had proved
the existence of a vacuum. The differences in the specific gravity of various
materials was traced back to differences in their ‘density’, that is, to the
relation of full and empty units of volume in a body. We shall next examine,
whether Leibniz accepted this proof or, as the case may be, how he defined
the concept of density.

6. DENSITY

The resistance which a body offers to a motive force determines the magni-
tude of its mass. Equal volumes of different materials provide resistance of
different magnitudes and thus have different quantities of mass. The relation
of mass to volume is defined as ‘density’:

Density (or the intensity of matter) is that, the quantities of which are proportional to
the quantities of matter (...) contained in equal volumes (in heavy bodies it is called
specific gravity). 18

For every body the density of matter results from its mass — or experi-
mentally more simple: its weight — divided by its volume: density = m/V.
‘Density’ is a physical measure and denotes a relation of quantities. The units
of measurement are arbitrary. Since a constant magnitude or quantity is
determined by comparison with the standard of measure, which must be
empirically given, an object which is as far as possible unchanging must be
chosen as a standard of measurement.!®

Since ‘density’ is a concept denoting a relation of two empirical magni-
tudes, any definition of the concept which contains non-empirical magnitudes
is improper. One such definition is Newton’s implicit definition of density,
upon which his definition of the ‘quantity of matter’ is based. It has been
shown above that Newton implicitly takes ‘density’ to be the number of
equal particles per unit of volume. Leibniz on the contrary sticks to an
empirical definition of measure, which is not dependent on a particular
philosophy of nature. Therefore, after his definition Leibniz says that he does
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not assert “with philosophical rigor that the same quantity of matter can
occupy a greater or lesser volume”, he even believes the opposite to be the
case (GM VI, 297). These considerations can be dispensed with here, and for
Leibniz there is no necessity of assuming an empty space (between particles).

On the other hand, Leibniz had reason to deny the existence of absolutely
dense and inelastic particles of matter. The reason can be found in the law of
conservation of ‘force’ or rather in its consequences with regard to the laws
of impact. (This problem is taken up in the next section.)

7. LAWS OF IMPACT, ELASTICITY, AND THE CONCEPT OF A
MATERIAL BODY

Leibniz developed his laws of impact within a critique of the Cartesian laws.
Descartes’ first impact law states that if bodies A and B of equal ‘size’ with
the same speed but opposite directions (actually: determinations)?° collide,
they both recoil and move with the same original speeds in the opposite direc-
tion (Princ. Phil. 11, 46).

The second law states that if body A is somewhat larger than B and all
other conditions remain the same, body B will recoil and both A and B will
move with equal speeds in the same direction (Princ. Phil. 11, 47).

Leibniz’s criticism of the laws of impact of Descartes is based on two
principles: the principle of continuity and the principle of the equivalence
of cause and effect.?!

“Datis ordinatis etiam quaesita sunt ordinata” — if the given (quantities)
are ordered, then the quantities sought after are also (proportionally) ordered.
From this it follows:

if two instances (or data) approach each other continuously, so that one at last passes
over into the other, it is necessary for their consequences or results (or what is sought)
to do so also (Principe générale, GP 111, 52; PPL, 351; cf. Principium Generale, GM VI,
129).

If the ‘data’ of the first two laws of impact of Descartes are continuously
approximated to one another and finally equated, then a discrepancy occurs
in the effects asserted by Descartes. Thus the principle of the equivalence of
cause and effect would be transgressed.

For, as Leibniz put it, let the difference between A and B be infinitely
small. The difference in the effects must likewise be infinitely small. If both
laws of impact of Descartes were correct, then an infinitely small increment
in the size of A “will make the greatest difference in the effects, in that it
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will change an absolute regression into an absolute continuation of motion.
And this is an enormous leap from one extreme to another” (Principe général,
GP 111, 53; PPL, 352; cf. GM VI, 131). One can see that Leibniz, unlike
Descartes, does not separate motion from direction. In the refutation of the
Cartesian laws of impact, the ‘general law of nature’ concerning the equiva-
lence of cause and effect is confirmed. Leibniz had so far applied this principle
only in the special case in which a freely falling, uniformly accelerated body
represents the ‘whole cause’ and the raising of another body represents the
‘entire effect’. Leibniz formulates his own laws of impact on the basis of this
principle. These laws of impact, however, are contrary to ‘experience’, and
it seems as if Leibniz has fallen into the rationalist error of deriving laws of
nature from a theoretical ‘principle’ without concern for empirical experience.
This problem must be examined more closely.

Leibniz formulates three laws of impact (Essay de Dynamique, GM VI,
226f.). Let @ and b be the masses of two bodies; let v be the velocity of a
before impact, x after impact; y the velocity of b before, z after impact; v is
positive.

Conservation of relative velocity before and after elastic impact:

L V-y=z-Xx

Conservation of the ‘quantity of motion’ in every impact:
IL av + by =ax + bz

Conservation of vis viva in every impact:

II1. avv + byy = axx + bzz

The precondition for the conservation of vis viva in colliding bodies — and
thus for the conservation of vis viva in the system of the world — is the per-
fect elasticity of bodies (F? nisi Elasticum esset omne corpus, leges motuum
verae et debitae obtineri non possent. ‘Beilage’ May 1702, GM VI, 103).

It is just this general elasticity of the bodies of the world that Malebranche
(against whom Leibniz is arguing here) denied; and Leibniz, like everyone
else, knew quite well that the perfect elasticity of bodies cannot be proved
empirically; on the contrary, it can seemingly be refuted without much
trouble. Thus, after Leibniz’s refutation of the Cartesian law of universal
conservation of the quantity of motion (mv), it could seem as if there were
no force-quantity which is conserved in the world.?? If this view were to
be accepted, then one would either have to refrain from setting up equations
— dynamics would have lost its foundations —, or to admit supernatural
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intervention to compensate for the respective losses of vis viva. With the latter
solution, dynamics would be possible, but science would have to rely on a
suparnatural presupposition. Leibniz, on the contrary, insisted on the ‘prin-
ciple of general order’. The ‘sovereign wisdom’ proceeds like a perfect geome-
trician and according to a perfect harmony (Principe général, GP 1II, 52):
Even if the laws of motion are dependent on the will of God as Malebranche
(following Descartes) believed, “nonetheless this same divine will observes a
kind of order and reason in every thing it does, so that they all harmonize
with each other” (Principium Generale, GM VI, 133).

The presupposition for the conservation of vis viva in the universe is thus
that all bodies are perfectly elastic. From this the requirements for a concept
of material body are derived. First of all, it was shown that the laws of impact
contradict the determination of material bodies as indifferent to rest and
motion (which Descartes assumes). A resistance to motion must be attributed
to matter which guarantees that no resting body can be moved without
proportionally reducing the force of the body that moves it. Now, it is pos-
sible to retain the Cartesian concept of body and to resolve the contradiction
by assuming that bodies do not act upon one another, but that God moves
them according to certain laws that are independent of the properties of
bodies. This solution is quite possible, but it means that one starts from one
unsubstantiated hypothesis (the concept of body) and reconciles it with
experience by means of a second unsubstantiated hypothesis (intervention
of God).?

For the same methodological reasons, the atomistic theory is also to be
rejected. The assumption that bodies are composed of indivisible, inelastic
particles of matter (elasticity being understood as compression and regaining
of the original shape) is incompatible with the conservation of vis viva. On
the contrary, two atoms of equal mass and velocity with opposed directions
of motion must come to rest at collision, that is, lose their force, “since it
would seem that it is only elasticity which makes bodies rebound”.2*

If material bodies were compounded of indivisible, i.e., inelastic atoms,
then the amount of force in the universe must continually decrease (this was
Newton’s view, cf. Opticks, 398). To justify the law of conservation of force
a further hypothesis would have to be introduced. Here, as before in the
critique of the Cartesian concept of material body, the point is to derive the
attributes of material bodies from scientific knowledge, not to patch up
already proposed, deficient hypotheses with supplementary hypotheses.

It is thus necessary to prove that the conservation of vis viva holds even
if bodies which are not perfectly elastic collide. Leibniz’s explanation is based
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on the conception of elasticity which he developed in criticism of Huygens.
If elasticity is conceived as perfect hardness, then the changes of direction
and velocity of two elastic bodies must be instantaneous, without going
through all degrees of positive and negative acceleration. But this contradicts
the law of continuity, which allows no saltatory changes in nature.

If, however, ‘ultimate particles’ of matter must be taken as inelastic —
since elasticity can only be taken as the result of the internal motion of the
particles in a body — then the concept of an ‘ultimate particle’ must be dis-
carded, all particles must be taken as actually divided, and matter must be
taken as divided in infinitum. In this manner the conservation of vis viva in
the impact of inelastic bodies can be explained.?

In a collision the force imparted to a body is transferred to the particles
and as a consequence of their motion the body as a whole is moved. This
applies to elastic collisions:

One will always find that if bodies should convert their horizontal motion into motion
of ascent, they would always raise, in total, the same weight to the same height before
or after impact, assuming that nothing of the force is absorbed during the impact by the
parts of the bodies (Essay de Dynamique, GM VI, 220; my italics — G.F.).

Thus in every seeming loss of force during impact, an acceleration of the
particles must be inferred. That this acceleration is not transferred to the
motion of the body as a whole is due to the fact “that the parts are not
sufficiently united to transfer their change to the whole. Whence it comes
that during impact of some bodies a part of the force is absorbed by the little
parts which compose the mass without the force’s being transferred to the
whole” (Essay de Dynamique, GM VI, 230).

The force absorbed by the ‘little parts’, “is not lost absolutely for the
universe although it is lost for the total force of the colliding bodies™ (ibid.;
cf. also the 5th Letter to Clarke, §99).

Thus both the grand and beautiful laws of nature can be reconciled with
empirical experience: the law of conservation of absolute force and the law
of continuity (ibid., 228f.). The basic law of Leibniz’s dynamics, the con-
servation of vis viva, holds even though it seems to be transgressed in the
impact of inelastic bodies. However, it also does not refer to single particles
as ultimate building blocks of a bodys; it is valid only on the condition that
every particle is in turn conceived as a whole system, which is internally
structured.2®



CHAPTER III

THE DISCUSSION BETWEEN LEIBNIZ AND NEWTON
ON THE CONCEPT OF SCIENCE

Our investigation of Newton’s dynamics has shown that his proof of the
existence of absolute space rested on the presupposition that the system of
the world consists of equal particles whose essential properties belong to
them independently of the existence of the world-system. Qur investigation
of Leibniz’s dynamics has shown that Leibniz did not share Newton’s pre-
supposition and that his dynamics does not need the concept of absolute
space. Both investigations dealt with an area which is now called ‘physics’.
Newton’s Principia also contains deliberations on the relationship between
God and absolute space. These remarks have ever since their publication been
the subject of much interest, which, however, has been directed at Newton
the ‘metaphysician’ and not the ‘physicist’. In this chapter we shall see that
a physical problem lies at the bottom of this metaphysics, although Newton’s
metaphysics of space does not necessarily follow from his physics. From the
connection between Newton’s method in physics discussed above and his
‘metaphysical’ deliberations a concept of ‘science’ arises which takes on
central importance in the discussion with Leibniz. First of all, however, we
should examine Newton’s reasons for believing that deliberations on God
belong in a work on physics.

1. NEWTON’S MEASURE OF FORCE AND GOD’S INTERVENTION

Newton attempted to refute the measure of force (mw?) which Leibniz had
developed in the Brevis Demonstratio by indicating that Leibniz had not
considered the different times of fall of the bodies. In a free fall, Newton
argued, the ‘impulsive forces’ imparted to a body are proportional to its
velocity, and since in a free fall acceleration is for practical purposes constant,
then the ‘impulsive force’ applied to the body is proportional to the time of
fall. However, since the time of fall is itself proportional to the square root
of the height of fall, it follows that the impulsive force of a freely falling
body of mass 1, which falls from the height 16 (not 4!), is equal to that of
a body of mass 4, which falls from the height 1:

impulsive force = (1m) - /16 = (4m) -+/1.}
44
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In this critique, Newton abstracts from Leibniz’s argument on the conserva-
tion of ‘force’ in a free system and concentrates on the measure of ‘impulsive
force’ applied to a single body in a moment of time. This view of things is
no accident. For Newton does not exert himself to demonstrate the conserva-
tion of ‘force’ in the system of the world; on the contrary, he believes that in
every system ‘force’ (quantity of motion) can increase or decrease, and that
in the system of the world as a whole it is more likely to be decreasing. This
conclusion follows from Newton’s belief that material bodies, like the par-
ticles that compose them, are not perfectly elastic. For,

by reason of the Tenacity of Fluids, and the Attrition of their Parts, and the Weakness
of Elasticity in Solids, Motion is much more apt to be lost than got, and is always upon
the Decay (Opticks, Qu. 31, 398).

Here, too, the different ways of proceeding of Newton and Leibniz can be
seen. Newton starts from an assumption about the nature of the elements
and derives the result for the system of the world. Leibniz starts with an
assumption about the system and derives from it the nature of the elements
of the system.?

The supposed decrease in the quantity of motion in the universe apparently
did not disturb Newton. Nowhere does he attempt to replace the arguments
of Leibniz that he criticized, with others that would avoid this consequence.
The question, why the assumption that the quantity of motion decreases
seemed unproblematical to Newton, can perhaps be answered by the conse-
quences which he drew from it.

Two possibilities result from the view that the quantity of motion de-
creases. The most obvious conclusion is that the world system would in time
lose so much of its quantity of motion that the planets would fall into the
sun. This consequence holds for Leibniz’s measure of force, too. For, al-
though the same amount of vis viva is preserved, the quantity of motion of
bodies can nonetheless decrease. Leibniz drew this conclusion. One must
assume, he wrote, “that there might come a time when this lovely star with
its entire system will no longer exist, at least not in its present form” (N.E.,
Preface; GP V, 43).

Newton did not draw the same conclusion as Leibniz. Rather, he assumed
that the solar system would be preserved and that the lost motion would be
replaced. This feat Newton attributed to God or some ‘active principles’. In
the Latin edition of the Opticks (1706), which Leibniz read, he writes:

Seeing therefore the variety of motion which we find in the world is always decreasing,
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there is a necessity of conserving and recruiting it by active principles . . . . For we meet
with very little motion in the world, besides what is owing either to these active prin-
ciples or to the dictates of a will.3

Newton repeats the procedure of Malebranche that Leibniz had criticized:
an unfounded hypothesis (material bodies are composed of inelastic particles)
is asserted and then the consequences are avoided by a second hypothesis.
Neither for Newton’s first hypothesis nor for Leibniz’s (all particles of matter
are elastic, i.e., internally structured ad infinitum) was sufficient empirical
evidence available. However, Newton’s second hypothesis not only goes
beyond the given state of knowledge but also oversteps the bounds of what
is in principle knowable. To explain the conservation of the system, Newton
appeals to a force which by definition is supernatural and thus cannot be the
object of natural science. Newton’s assurance, that while composing the
Principia he directed his attention to such principles as could support the
belief in God, is surely more than an ex post interpretation.?

Newton’s assumption, that God can intervene in the world system and
effect phenomena which contradict the known lawfulness of nature, must
be distinguished from his assumption that the world system is composed
of equal particles whose essential qualities are also attributable to a single
particle in empty space: the latter was a presupposition of Newton’s approach
and affected his concept formation. Upon this assumption depend not only
the proof of the existence of absolute space but also the explanation of
density, the definition of ‘quantity of matter’, and the inference that the
amount of force’ in the universe must be decreasing. Moreover, Newton was
in no way conscious of this presupposition; rather he considered it identical
with the analytic-synthetic method.

Newton is quite conscious of the second assumption. In fact, God’s arbi-
trary intervention in the world is not a presupposition of his research (God’s
intervention is arbitrary since no laws can be stated as to how often he inter-
venes to supply new ‘force’ to the world system). Every phenomenon that
is made dependent on God’s arbitrary will must eo ipso be excluded from
the field of investigation of science. However, Newton restricts God’s inter-
vention in the world to bridging the gap between his own scientific results
and the assumption that the planetary system will eternally retain its present
form. The assumption has no influence on his formation of concepts. It is
simply grafted on to the completed scientific system. The next section will
show that there is nonetheless a connection between the two assumptions.
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2. NEWTON’S CONCEPT OF GRAVITY; SPACE AS THE
SENSORIUM DEI

Newton’s proof for the existence of ‘absolute space’ depends on his first
presupposition concerning the essential properties of a particle. Absolute
space is denoted by Newton as the Sensorium Dei (literally: God’s organ of
perception). This characterization forms the basis for the explanation of
God’s intervention in the material world. It thus forms the basis for Newton’s
assumption that God replaces the force that the world system loses.’

It is significant that Newton also includes remarks on the relationship
between God and space in the Scholium Generale to the Principia — that is,
in the same place where he also declares that he “feigns no hypotheses”. In
the Scholium Generale Newton wanted to guard against the accusation that
he introduced occult qualities to explain gravitation or that he considered
God to be the ‘soul of the world’. Newton denies the allegation and explains
that he does not know what the cause of gravity is, and he feigns no hypo-
theses. However, he adds extensive remarks about God, which he doubtlessly
knew would occasion those long discussions which he loathed.

These remarks as well as Newton’s characterization of space as God’s
organ of perception are due to the difficulty of explaining how gravity works.

(a) Mechanical Explanations of Gravity

The discovery, that the orbits of the planets could be derived using the law
of gravity, leaves the question of the physical cause of ‘attraction’ open. An
action at a distance, that is, a real attraction of material bodies across empty
space would imply an action which occurs at a place where the thing acting
is not present. Such an action is not accepted by Newton.é

Even in his early studies, Newton had left the way gravity works undeter-
mined:

Centripetal force is a certain action or power by which a body is impelled or drawn or
in any way tends towards a certain point as if to a centre: of this ilk is the gravity by
which a body tends to the centre of the earth, the magnetic force by which iron seeks
the centre of a magnet, and that force, whatsoever it may be, by which the Planets are
held in their orbits and perpetually restrained from flying off at a tangent (‘De Motu
Corporum’, in: Herivel, 315—317, Definition 5, 316).

In line with these remarks, Newton used two models to reduce circular motion
to centrifugal motion and an opposing push: on the one hand, a ball moving
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along the inside surface of a cylinder, and on the other, a body that revolves
around a middle point to which it is tied.”

The model of the ball which circles in the cylinder implies that the ball
pushes against the surface of the cylinder and in turn is pushed back. The
circular motion would thus be the result of two forces: a centrifugal force in
the direction of the tangent and a push in the direction of the center of the
circle. The push is nothing but the reaction to the ball, which pushes against
the inner surface of the cylinder. In this sense, no ‘active force’ in addition
to inertia would be needed.

The gravitation of the planets towards the sun cannot be the reaction to
the planets’ pushing against a sphere (for the planets do not revolve in crystal-
line shells). Moreover, the same gravitation acts not only on revolving but also
on falling bodies. In his first studies Newton had had in mind a ““matter which
caused gravitation”, which — since it penetrated bodies and pushed against
their particles — caused the fall of bodies independent of their surface areas.
In subsequent years he often modified the explanation but always had to
acknowledge that none of his explanations satisfied the requirements.3

In the Principia Newton applies the law of gravity, according to which
bodies attract one another in proportion to their masses and inversely pro-
portional to the square of their distances from each other, without specifying
how gravity acts. The short and convenient formulation, “the bodies mutually
attract each other”, can scarcely be avoided even if nothing is supposed to be
said about the cause.

To forestall an initially plausible but over-hasty interpretation, Newton
remarks in connection with the formulation of the law, that he uses the word
‘attraction’ for the striving of bodies to move towards each other, whatever
may be the reason for the process.’

(b) The Harmony of the World; God or the Sun as the Cause of Gravity

Shortly after Fatio de Duillier had begun to prepare the second edition of
the Principia, he wrote to Huygens that Newton believed the Ancients had
known the law of gravity (Letter of Feb. 5, 1691/92, Corresp. III, 193f.); and
in July of 1694 David Gregory could report that most of the changes in the
second edition would provide proof that the most ancient philosophers had
taught the Copernican world view and universal gravitation (Memorandum
by David Gregory, July, 1694, Corresp. 111, 384—386; here: 384).

In these explanations, which in the end were not published but only
hinted at in a footnote to the Scholium Generale, Newton maintained that
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Pythagoras had discovered the inverse proportion to the square of the distance
in the harmony of two strings, whose tensions are inversely proportional
to the squares of their lengths. Newton saw in this an intimation of the law
of gravity.!® Although the inverse proportion to the square of the distance
is thus expressed as a comprehensive, harmonious law of the world, nothing
is said about the way it acts. Newton maintains steadfastly that “plump
inanimate matter” cannot bring forth action and that its laws are passive.
“And to affirm that there are no others (laws) is to speak against experience.
For we find in ourselves a power of moving our bodies by our thought. Life
and will are active principles by which we move our bodies and thence arise
other laws of motion unknown to us.” 1!

Already in the early work, De Gravitatione (1664—1668), Newton had
declared: “If that (the way we move our own bodies) were known to us, by
like reasoning we should also know how God can move bodies” (Hall and
Hall, 107, 141). He repeats this same opinion in all his writings. An explana-
tion must be sought for both phenomena at the same time: for the movement
of the body by the will and for gravitation.

Thales regarded all bodies as animate, deducing that from magnetic and electrical attrac-
tions. And by the same argument he ought to have referred the attraction of gravity to
the soul of matter . ... And to the mystical philosophers, Pan was the supreme divinity
inspiring this world with harmonic ratio like a musical instrument and handling it with
modulation, according to that saying of Orpheus ‘striking the harmony of the world in
playful song’ . . .. But they said that the Planets move in their circuits by force of their
own souls, that is, by force of the gravity which takes its origin from the action of the
soul (McGuire/Rattansi, 119).

Of the two possibilities — referring gravity to the ‘soul of matter’ or attribut-
ing it to the action of God — Newton must choose the second explanation.
For matter, as he often emphasizes, is “inanimate and plump”. It remains to
be explained how God moves matter. A first hint at a solution is offered by
the insight of the Ancients, who called the sun “King of the seven sounding
harmony”; “by this symbol they indicated that the Sun by its own force acts
upon the planets in that harmonic ratio of distances” (McGuire/Rattansi,
116). They expressed this by ‘“calling the Sun the prison of Jupiter, because
he keeps the Planets in their Orbs” (ibid., 118).

Since it is definite that an activity without substantial presence is impos-
sible, the sun — if it is to be the cause of gravity — must also be present
substantially in all bodies: in the form of light particles. This seems all the
more plausible since the attraction that these particles exercise is immeasur-
ably greater in relation to their volume than the gravitation of bodies at the
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earth’s surface. “And so great a force in the rays cannot but have a very great
effect upon the particles of matter with which they are compounded, for
causing them to attract one another.” 2

(c) Leibniz’s Critique

For more than fifty years Newton tried to find a physical explanation for the
way gravity acts; every attempt failed. In the Principia he spoke of the mutual
attraction of bodies but declared at the same time that he did not mean a real
action at a distance. This declaration did not protect him against attacks.

In the Theodicy Leibniz mentions the “‘excellent Mr. Newton” who had
rehabilitated the “direct action at a distance” — which modern philosophers
had discarded — and brought this view into connection with that of the
“evangelists”, who believed in an actual transsubstantiation, “it being not a
great step from the immediate operation to the presence (of one body in
another — G.F.), and perhaps the one depends on the other” (§19). A year
later Leibniz wrote to Hartsoeker that the assertion that gravity is a primitive
quality or that it is brought forth by God without any intelligible means can
be reduced to the consideration of gravity as an occult quality (Feb. 10,1711,
GP 1L, 519).

Cotes pointed out Leibniz’s letter to Newton (it had in the meantime been
published) and suggested that he respond to Leibniz’s objections — without
of course naming any names (Cotes to Newton, March 18, 1713, Corresp. V,
391-393).

Cotes himself replied at length in his preface to the second edition of the
Principia, and Newton contributed the Scholium Generale. Here he wrote
the sentence that was later understood as program: “But hitherto I have not
been able to discover the cause of those properties of gravity from phenom-
ena, and I frame no hypotheses.”

He continued:

for whatever is not deduced from the phenomena is to be called an hypothesis; and
hypotheses, whether metaphysical or physical, whether of occult qualities or mechanical,
have no place in experimental philosophy (Princ., 764; Cajori, 547).

This is of course not a prohibition of ‘hypotheses’ — that is, as long as they
are ‘deduced’ from the phenomena. In the text of the Scholium Generale
Newton begins with a phenomenon, namely the wonderful order of the
cosmos, and ‘deduces’ that it could only have been brought forth by God
(Princ., 762-763; Cajori, 546). He closes the paragraph with the remark:
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“And thus much concerning God; to discourse of whom from the appearances
of things, does certainly belong to Natural Philosophy”!?® (ibid.). A meta-
physical hypothesis can thus be derived from the phenomena just as can a
mechanical one.

(d) Space: the Sensorium Dei
Having described the order of the cosmos, Newton concludes:

This most beautiful system of the sun, planets, and comets, could only proceed from the
counsel and dominion of an intelligent and powerful Being . .. . This Being governs all
things, not as the soul of the world, but as Lord over all; . . . and Deity is the dominion
of God not over his own body, [as those imagine who fancy God to be the soul of the
world,] but over servants (Princ., 760; Cajori, 544. The words in brackets added to the
3rd edition).

There follows a discussion of God’s relationship to space:

God is “eternal and infinite, omnipotent and omniscient; that is, his duration reaches
from eternity to eternity; his presence from infinity to infinity; he governs all things,
and knows all things that are or can be done. He is not eternity and infinity, but eternal
and infinite; he is not duration or space, but he endures and is present. He endures
forever, and is everywhere present; and by existing always and everywhere, he consti-
tutes durationand space . . . . He is omnipresent not virtually only, but also substantially;
for activity (virtus) cannot subsist without substance. In him [here a footnote with
numerous citations, mainly from the Bible and Greek philosophers — G.F.] are all things
contained and moved; yet neither affects the other: God suffers nothing from the motion
of bodies; bodies find no resistance from the omnipresence of God. It is allowed by all
that the Supreme God exists necessarily; and by the same necessity he exists a/lways and
everywhere. Whence also he is all similar, all eye, all ear, all brain, all arm, all power to
perceive, to understand, and to act; but in a manner not at all human, in a manner not
at all corporeal, in a manner utterly unknown to us” (Princ., 761-762; Cajori, 545).

God’s omnipresence means that all material bodies are ‘in him’; this as well
as other properties (eternity, infinity, etc.) is attributable to the same extent
to God and to space. As a result it is possible to denote space as divine
(whether as a property, attribute, or emanation of the divinity). Here Newton
believes he can appeal to the authority of tradition and relates a number of
times that one of the Hebrew names for God (Makom) means ‘place’.'#

In these remarks Newton stresses that God is omnipresent and that the
material world is contained in him. To explain gravity, he then relates that
the divinity is its cause although God does not move the world as its soul.
These considerations lead to the hypothesis that space is God’s sensorium.
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How do the Motions of the Body follow from the Will, and whence is the Instinct in
Animals? Is not the Sensory of Animals that place to which the sensitive Substance is
present, and into which the sensible Species of Things are carried through the Nerves
and Brain, that there they may be perceived by their immediate presence to that Sub-
stance? 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: Of which
things the Images only carried through the Organs of Sense into our little Sensoriums, are
there seen and beheld by that which in us perceives and thinks (Opticks, Qu. 28, 370).

In a subsequent passage Newton describes first the wonderful harmony of the
universe, especially of the animal organism, and concludes:

All that can be the effect of nothing else than the Wisdom and Skill of a powerful ever-
living Agent, who being in all Places, is more able by his Will to move the Bodies within
his boundless uniform Sensorium, and thereby to form and reform the Parts of the
Universe, than we are by our Will to move the Parts of our own Bodies. And yet we are
not to consider the World as the Body of God, or the several Parts thereof, as the Parts
of God. He is an uniform Being, void of Organs, Members or Parts, and they are his
Creatures subordinate to him, and subservient to his Will; and he is no more the Soul
of them, than the Soul of Man is the Soul of the Species of Things carried through the
Organs of Sense into the place of its Sensation, where it perceives them by means of its
immediate Presence, without the Intervention of any third thing. The Organs of Sense
are not for enabling the Soul to perceive the Species of Things in its Sensorium, but
only for conveying them thither; and God has no need of such Organs, he being every
where present to the Things themselves (Opticks, Qu. 31, 403).

Material bodies thus stand in the same relation to God as do their Species
to the human sensorium. The sensorium of humans is indeed conceived by
Newton as extended. In his theory of the composition of species out of the
perceptions of both eyes, he speaks of the different sides of the sensorium
(Qu. 15, 346f.) and calls it, “the place of Sensation” in the brain (403). With
this he subscribes to a widespread notion.!S

If material bodies in space are considered analogous to species in the
human sensorium, then the difficulty of explaining gravitation is inconse-
quential. For species do not act upon each other like material bodies, but
rather are moved by thought or the will. It makes no difference whether
species move towards one another or away from each other; in the sensorium
one can just as easily imagine a mutual approaching (‘gravitation’) as a separa-
tion (as a consequence of ‘impact’).

Newton’s hypothesis is the attempt to solve the problem of gravitation
— in general the action of something immaterial on material bodies — by
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dissolving the materiality of bodies. The difficulty of explaining action at a
distance is solved by denying all mutual action of bodies whatsoever, as if we
were in truth dealing merely with the motion in God’s sensorium of species
which obey certain mathematical laws.

A subsequent solution pushes the negation of the materiality of the world
even farther. In the second edition of An Essay Concerning Human Under-
standing (Bk. IV, Ch. X, §18) Newton’s friend Locke wrote, that “if we
would emancipate ourselves from vulgar notions, . . . we might be able to aim
at some dim and seeming conception how matter might at first be made, and
begin to exist, by the power of that eternal first Being”.

Pierre Coste, the French translator of Locke’s Essay and of Newton’s
Opticks, asked Newton in a conversation long after Locke’s death about the
meaning of this statement. Newton replied that it was he himself who had
thought up this theory.

And this is how he explained his thought: We may (he said) form some kind of idea of
the creation of matter by supposing that God by his power prevented anything from
entering a certain portion of pure space, which of its nature is penetrable, eternal,
necessary, infinite; for so long, this portion of space would have impenetrability, one of
the qualities essential to matter; and since pure space is absolutely uniform, one has only
to suppose that God communicated this kind of impenetrability to another similar
portion of space and this would give us some sort of idea of the mobility of matter,
another quality which is also very essential to it (The French text is quoted by Koyre,
Studies, 92 fn.; cf. also Fraser’s note to Locke’s Essay, Vol. I, 321-322).

If material bodies are in reality only parts of space to which God has imparted
impenetrability, the question about the way gravity acts can be dispensed
with. What appears as gravitation is like every other motion of material bodies
nothing but the transfer of impenetrability from one part of space to another.

This latter hypothesis was by no means held by Newton only in his old
Age. Already in his youthful work, De Gravitatione (composed between 1664
and 1668), he had written that all appearances of the material world would
remain unchanged, even if they were nothing but empty space in which God
had imparted impenetrability to the respective parts. This property of im-
penetrability can, however, be transferred from one part of space to another.
Since we judge the reality of a substance only by sense perception, these
‘bodies’ would be no less real than if they were conceived in the usual manner
(De Gravitatione, Hall and Hall, 106f.).

Both of these hypotheses, with which Newton sought to eliminate the
problem of gravitation, failed to satisfy him. This can be seen from his per-
sistent attempts to find a mechanical explanation for gravity as well as from
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his admission in the Scholium Generale that he did not know what the cause
of gravity is. It is important, though, that he was willing to suggest an ex-
planation of gravitation that made it dependent upon God. According to
these hypotheses even the laws of motion depend on God’s will to move the
bodies according to those laws. In this dependence of physical laws on the
will of God lies the basis for Newton’s belief, mentioned earlier, that God
replaces the amount of ‘force’ lost in the universe.

As soon as it is admitted that all motion in the world is persistently de-
pendent on God’s will, there is nothing to prevent him from occasionally
moving a body quicker in order to preserve the system of the world. The
common basis of Newton’s hypothesis concerning the cause of gravitation
and that concerning the conservation of ‘force’ in the system of the world
consists in his readiness to use God’s intervention to solve open problems in
physics.

Newton’s theory of space and matter thus occasions two fundamental
problems. First, the origin of the presupposition that essential properties
belong to an element independently of its system must be analyzed: Newton’s
physical proof of the existence of absolute space rests on this assumption.
Secondly, it must be asked why Newton abandons the positions reached by
his predecessors and is ready to admit an intervention by God (or active
principles) contrary to the laws of motion. On this assumption rest the above
mentioned hypotheses on the way gravity acts as well as Newton’s view that
God could replace the lost amount of force.

It must, however, first be asked whether these presuppositions were the
subject of the discussion between Newton and Leibniz. A good deal of the
material cited above was first published in the second half of our century and
thus could not have been known to Leibniz. A first glance at the discussion
will however show that these problems were indeed central to the discussion
and constitute its so-called ‘theological’ aspect; furthermore, that both
problems are intimately connected.

3. LEIBNIZ’S CRITIQUE OF THE UNSCIENTIFIC CHARACTER OF
NEWTON’S PHILOSOPHY

Newton’s hypothesis to explain the conservation of the ‘quantity of motion’
in the world allowed two possibilities: the task of replacing the quantity of
motion lost could be assigned to God — an immaterial principle — or to
‘active principles’. Such principles are not mentioned in Newton’s catalogue
of the properties of all bodies; they also cannot be introduced formally since
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nothing can with certainty be concluded as to their existence or manner of
action. Qualities which are introduced ‘ ad hoc’ to ‘explain’ an unexplained
phenomenon were traditionally called ‘occult’.

Leibniz saw that Newton attributed the replacement of the quantity of
motion to God, but he suspected that Newton also appealed to ‘occult
qualities’ to explain gravitation. On the basis of the mechanics of the time,
the problem of gravitation, which appears as ‘action at a distance’, could be
resolved in three ways:

(1) by a mechanical explanation, that is, by the impact of particles of a
medium between the planets,

(2) by the interpretation of gravitation as a ‘real action at a distance’
carried out by an immaterial principle,

(3) by suspending the problem as insoluable for the time being.

I have already shown that Newton supported all three solutions: his ether
hypotheses present a series of attempts to explain gravity mechanically; his
determination of space as God’s sensorium and his appeal to the Pythagorean
tradition were intended to interpret gravitation as the action of God; finally,
Newton’s famous declaration, “hypotheses non fingo”, suspended the prob-
lem.

For an interpretation of the Leibniz-Newton discussion it is irrelevant
whether ‘Newton preferred one of these solutions to the others and which
solution it was. It is of interest, on the one hand, that the positions which
Leibniz and Newton took up in their supposedly metaphysical-theological
discussions concern the scientific, philosophical question: what kind of
hypotheses are in principle admissable; and on the other hand, that Newton’s
position is connected with his assumption that phenomena are to be explained
by the essential properties of individual particles. These questions of principle,
which concern the concept of ‘science’ and that of ‘scientific philosophy’,
will concern us now.

In a letter received shortly before the beginning of the correspondence
with Clarke, Leibniz learned from Conti — who went back and forth between
England and France just as much as between Newtonian and Leibnizian
philosophy — that according to Newton “or rather according to his disciples,
gravity (pesanteur) is produced by a cause which is not at all mechanical:
since every part of matter is heavy (pesante), one sees that there is something
in each part that acts and that acts with order and consequently with intelli-
gence” (Letter from Conti, June 30, 1715, communicated by Rémond on
Oct. 18,1715, GP 111, 653—656; Robinet, 18f.).

That the Newtonians were not inclined towards a mechanical explanation
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of gravity, that is, by means of a medium, was already well known. In the
preface to the second edition of the Principia (1713), Roger Cotes argued at
length, why the property of gravity must be attributed to a material body and
concludes:

In short, either gravity must have a place among the primary qualities of all bodies, or
extension, mobility, and impenetrability must not. And if the nature of things is not
rightly explained by the gravity of bodies, it will not be rightly explained by their exten-
sion, mobility, and impenetrability (Princ., 27; Cajori, xxvi).

In the draft of his preface, Cotes even wrote that gravity is an essential
property of matter (‘“‘essential to Bodies”). After Clarke had indicated that
such a characterization would give occasion for unnecessary attacks, Cotes
changed the formulation (cf. Letter of Cotes to Clarke, June 25, 1713;
Corresp. V. 412f.). Newton himself wrote to Cotes that gravity is a property
of all bodies and is inferred just as inductively as impenetrability and mobility
or as the laws of motion (Newton to Cotes, March 31, 1713, Corresp. V,
400). What conclusions are to be drawn from the fact that gravity is merely
a universal property of all bodies but not an essential one, Newton does not
say.

With the recognition of gravity as a property of matter Leibniz saw in any
case a relapse to prescientific positions:

Mr. Roberval supposed in his Aristorque that each part of matter of which the universe
is composed has a certain property by means of which they all are carried towards one
another and reciprocally attract each other. Mr. Descartes . . . finds this quite absurd and
says that to conceive this, one must suppose that each part of the universe is animated
... and even that these souls (dmes) are intelligent and quite divine in order to be able
to know what happens in places very distant from them .. . and to exercise their power
(pouvoir) there.

This supposition of Mr. Roberval is just the same as that of Mr. Newton (Leibniz,
Manuscripts Phil. IV, 1, 4f., 38 (17157); Robinet, 43f.).

Thus, the discussion concerned not the law of gravity but its Newtonian inter-
pretation. In a letter to Conti, after having once again expressly supported
‘experimental philosophy’, Leibniz wrote that universal gravitation of every
part of matter had not been proven by a single experiment (he means gravity
as a property of matter):

And because we do not yet know perfectly and in detail how gravity is produced or
elastic force or magnetic force, this does not give us any right to make of them scholastic
occult qualities or miracles (Leibniz to Conti, Dec. 6, 1715; Robinet, 41—-43; Alexander,
184-187).
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At about the same time Leibniz attacked Newton’s explanation for the
conservation of force. In a letter to the Princess of Wales, which opened the
Leibniz-Clarke correspondence, he wrote that Newton and his followers had
a rather peculiar notion of God’s works:

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 con-
course, and even to mend it, as a clockmaker mends his work (Leibniz’s 1st Letter, Nov.,
1715, §4).

Leibniz, on the contrary, maintains that force (force et vigeur) only passes
from one part of matter to another and on the whole is conserved according
to the laws of nature. Miracles, that is, supernatural effects are performed by
God only for the purposes of grace, not of nature.

Both attacks are directed at the same problem: according to Leibniz the
world is conceived as a system that is subjected exclusively to natural laws.
It cannot be ruled out that the solar system in its present form might not be
preserved eternally. Newton, on the contrary, believed that the world is also
subject to the extraordinary intervention of God, and that the present form
of the solar system is preserved by precisely this means.

The largest part of the ensuing discussion deals with these problems.
Recognizable progress is made in the presentation of both positions, but
scarcely any at all occurs in the discussion itself. The reasons for this can
already be seen in the first reply by Clarke and Newton.

Newton’s response to the accusation, that his explanation of gravity is
equivalent to introducing ‘occult qualities’, does not recognize Leibniz’s
distinction between ‘natural’ and ‘supernatural’ law-likeness. In his answer
he calls not the cause of gravity but the law of mass attraction itself a quality.
In a very carefully prepared answer Newton explains that Leibniz calls such
things miracles which create no wonder and calls such things occult qualities
which are manifest and whose causes only are occult (Newton to Conti, Feb.
26, 1716; Robinet, 62f.). In a draft to this letter Newton explicates the
position, which Clarke, too, in his first four letters persistently takes up,
namely that regularly occurring phenomena may not be called miracles:

For Miracles are so called not because they are the actions of God but because they
happen seldom & by happening seldom create wonder.16

The answer could not of course dispel Leibniz’s reservations. The regularity
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of gravitation was beyond doubt; Leibniz insisted only that the ignorance of
its cause provided no justification for declaring it to be supernatural:

“I call a miracle,” he explained in reply, “any event which can only occur through the
power of the Creator, its reason not lying in the nature of created things.”

If one ascribes such an event not to the intervention of God but to ‘qualities
or powers’ of the things themselves — although the event could in no way
follow from the known nature of things — “then I call this quality an occult
quality a la scholastic, that is, one that it is impossible to render manifest”
(Letter to Conti, April 9, 1716, Robinet, 64f.; Alexander, 187—188).

In Newton’s explanation of gravity and of the conservation of ‘force’
Leibniz saw the same problem, just as he treated both Newtonian answers
as of equal value. In both cases the problem is not a particular scientific
question but the principle of whether a supernatural and thus unscientific
explanation can be admitted. Newton was also aware of the importance of
the principle involved in the discussion:

Leibniz, he wrote, “goes upon the Hypothesis of the materialists viz. that
all the phaenomena in nature are caused by mere matter and motion and man
himself is a mere machine . ... And his zeale for his precarious hypothesis
makes him rail at Mr. Newton’s universal gravity” (Draft No. 10, K/C, 113).

It seems that no mediation between the two standpoints is possible, even
no mutual understanding. Newton does not at all deny that the system of the
world is subject not merely to natural laws; and Leibniz says clearly that in
his opinion God is an intelligentia supramundana and his watch is so perfect
that it functions without his intervention. Clarke asserts, on the contrary,
that the perfection consists in the very fact that his work cannot exist with-
out his “government and inspection”. Leibniz’s conception of the world as
a clock which functions without God’s assistance is materialistic and fatalistic,
as can be seen in his expression that God is a ‘super-mundane intelligence”
(Clarke’s 1st Reply, §4).

Both Clarke and Leibniz illustrate their views by using the clock as a
model. The model seems at first to be unsuitable. First of all it is unclear,
what in the clockwork model is supposed to correspond to the conception
that material bodies move in God’s sensorium. The model seems rather to
exclude every action at a distance (whether in God’s sensorium or interpreted
as the effect of occult qualities). In a clockwork every transmission is pro-
duced by direct contact. On the other hand, the clockwork model seems to
justify the conception that every system is composed of bodies whose prop-
erties belong to them independently of the system. A clockwork is composed
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of parts whose essential properties (impenetrability, mass, etc.) belong to
them before any composition; otherwise the construction of a clock would
not be possible. Thus Leibniz ought no more to have used the model of a
clockwork than Newton.

The model seems to be inadequate to both conceptions, but it is question-
able whether the same model is meant at all; for Leibniz always says montre
— a word which Clarke correctly translates as ‘watch’; Clarke himself however
calls God’s work a ‘clock’. The choice of word is by no means accidental but
points to two very different models, which in turn are borrowed from two
kinds of ‘clock’ of the time. The investigation of the meaning of the two
models can shed some light on the relations of natural science and philosophy
in the 17th century.'”

4. THE CLOCK AS A SCIENTIFIC MODEL

The terms montre and ‘clock’ do not by any means refer to every device for
measuring time, nor does every ‘clock’ necessarily serve this purpose. ‘Clock’
refers to any mechanical automaton and only to such devices. Sun dials,
which were widespread in the 17th century, are not to be included. But even
among mechanical clocks, from the time of their invention around the be-
ginning of the 14th century and on into the 18th century, two kinds must
be distinguished. For the sake of simplicity we shall call the one an ‘artisan’s
clock’ and the other a ‘scientist’s watch’.

‘Artisan’s clock’ refers to the rather simple and bulky tower clocks. Such
clocks were fashioned out of iron or bronze and up to the 18th century were
built by blacksmiths. It is not surprising that they ran rather inaccurately. In
the middle of the 14th century they lost or gained up to 15 minutes a day;
this margin of error had been reduced by only 7 minutes by the middle of the
17th century. It was only in the course of the 16th century that these clocks
regularly received a minute hand.®

On account of the cumbersome mechanism and the inaccurate functioning
of these clocks, it was necessary that they be serviced regularly by the keeper
or ‘governor’:

Often the governor had to wind up the clock twice a day and he had therefore to climb
twice a day to the top of the clock tower; he had very frequently to grease the machine,
because the gears were not so smoothly and precisely constructed; he had finally to reset
the hand (or the hands) of the clock every time this was being wound because the clock
lost or gain much time in the course of half a day.19
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To get an accurate measure of time in order to set the mechanical clock
correctly, the governor used a sun dial, whose construction required no
scientific training.2

The accuracy of the clocks was improved markedly when the pendulum
was introduced instead of the balance to regulate the motion. This invention
designed by Huygens — was made possible by the cooperation of scientists
and learned watchmakers. The interest of scientists in the clock is, however,
much older and resulted from the possibility of using it in astronomy to
exhibit the motions of the planets or of the sun and the moon. Such models
had already been constructed with a water-clock mechanism in ancient
Greece.?!

The invention of the mechanical clock opened up further possibilities. In
the middle of the 14th century the famous clock in Strasbourg was con-
structed, which in addition to the actual clock also contained a number of
automatic mechanical figures, and an astronomical clock. At the same time
De’ Dondi built an astronomical clock, which displayed the circular motions
and epicycles of the planets — a feat which presupposed highly developed
technical and mathematical knowledge. In the 17th and 18th centuries,
mechanical planetaria, or models of the solar system, which were driven by
a clockwork (‘orreries’) were widespread.??

The astronomical clocks and mechanical planetaria, it goes without saying,
were not constructed by the same ‘blacksmiths and clockmakers’ who built
the simple tower clocks. Giovani de’ Dondi and his father, for instance, were
‘philosophie, medicine et astrologie doctores’ at the University of Padua; the
construction of the astronomical clock in Bologna was supervised by the
humanist Cardinal Bessarion (Basil).

The first great public clocks usually showed more resemblance to gigantic planetaria or
orreries than to the modern timekeepers ... [and it might be suspected, that] the
mechanical clock indeed owes its origin to the desire to exhibit more complex models,
which would demonstrate the glory of God as revealed in the perfection of regularity in
the complicated motions of the heavens.23

(a) Clock Construction and Scientific Explanation

Great importance must be attributed to the construction of these clocks.
In the first place they represented the first fruits of the cooperation of
scholars and craftsmen.?® Furthermore, these clocks represented the first
material realization of scientific knowledge and proved that the claim to
putting material production on a scientific basis could be realized. In Bacon’s
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formulation this claim became the motto of the progressive forces of the age.

Human knowledge and human power meet in one; for where the cause is not known the
effect cannot be produced. Nature to be commanded must be obeyed; and that which
in contemplation is as the cause, is in operation as the rule.25

However, before this ideal could be put into practice, further developments
were necessary, in which the clock was also to acquire particular significance.
In the first place the production of the ‘scientist’s watch’ provided proof that
the requirements for an explanation of a phenomenon, namely that the con-
ditions be given from which it follows with necessity, could also be fulfilled
in physics: for the motions of the clock are the necessary results of its
construction, which was undertaken on the basis of scientific knowledge.2¢

(b) The Clock as Laboratory

The clock served not only to demonstrate what had already been achieved
but also as a ‘laboratory’ for the study of mechanical problems. In particular,
experiments with the pendulum presented opportunities to study the laws of
motion.?’

The pendulum clock which Huygens constructed in cooperation with a
watchmaker was intended for practical use (it was supposed to help determine
geographical position at sea). It was not able to fulfill its intended purpose,
but it did lead (aside from some important steps towards the establishment
of the law of conservation of kinetic energy) to a qualitative leap forward
in clock technology. Important success was also achieved by Hooke in his
studies on the mechanism of the spiral-spring watch. These successes, achieved
with the watch and realized in its improved construction, led to the first
application of scientific results in commercial material production. As early
as 1759 Adam Smith could confirm that a watch, which runs two minutes
fast or slow can be purchased for a few guineas, but a watch that loses no
more than one minute a fortnight costs fifty guineas (TMS IV, i, 5; cf. WN I,
xi, 0. 4).28

(c) Scientist’s and Artisan’s Clocks, Natural and Supernatural Action

The importance of clock technology for the development of modern science
as sketched above is sufficient to explain why almost all scientists of the time
used clock models in their explanations, but it also shows that quite differing
‘clocks” may be referred to and consequently quite differing clock models
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may be intended. For our purposes, the difference between the ‘artisan’s
clock’ and the ‘scientist’s watch’ is of interest.

In Leibniz’s opinion, the world must be conceived as a perfect ‘scientist’s
watch’ and in no case as an ‘artisan’s clock’: in the latter the motion of the
hands is partly the result of the mechanism and partly due to the intervention
of the ‘governor’. If the possibility is allowed that a governor intervenes in
the system of the world to compensate for the difference between the phe-
nomenon and the recognized laws, then a cause is acknowledged, which in
principle follows no natural law: in theology such an intervention is called
a miracle. For natural science the model of the ‘artisan’s clock’ is thus useless
and even harmful.

To conclude. If God is oblig’d to mend the course of nature from time to time, it must
be done either supernaturally or naturally. If it be done supernaturally, we must have
recourse to miracles, in order to explain natural things: which is reducing an hypothesis
ad absurdum: for, every thing may easily be accounted for by miracles (Leibniz’s 2nd
Letter, §12).

“But the truth is”, replied Clarke, “natural and supernatural are nothing
at all different with regard to God, but distinctions merely in our conceptions
of things” (Clarke’s 2nd Reply, §12) (Newton expresses the same opinion
in the drafts to the letter to Conti of Feb. 26, 1715/16,K/C, 73f.).

Clarke’s reply misses the point since it is precisely human knowledge,
science, that is being discussed. Natural and supernatural may well not be
different for God, but for humans they mark precisely the difference between
science and non-science. Leibniz wrote:

In good philosophy, and sound theology, we ought to distinguish between what is explic-
able by the natures and powers of creatures, and what is explicable only by the powers
of the infinite substance. We ought to make an infinite difference between the operation
of God, which goes beyond the extent of natural powers; and the operations of things
that follow the law which God has given them, and which he has enabled them to follow
by their natural powers, though not without his assistance (Leibniz’s Sth Letter, §112).

Otherwise nothing will be easier than to account for any thing by bringing in the deity,
Deum ex machina, without minding the natures of things (ibid., §107).

The lack of comprehension for the other side is here again perfect. If one
admits, Clarke replied, that God created the world, then he cannot under-
stand why so much effort is made to exclude God’s “‘actual government” and
why God in his operation is only allowed to let things function just as they
would by “mere mechanism” (Clarke’s 5th Reply,-§ §110—116).
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The history of clock technology provides the explanation why the dia-
metrically opposed conceptions of Leibniz and Newton on the possibility of
divine intervention in the world system could both be illustrated to the same
extent on the model of a clockwork. Clarke, who admitted the intervention
of God to explain the conservation of ‘force’ and probably also to explain
the way gravity acts, calls God’s work ‘clock’ and ascribes to God “inspection
and government”. ‘Governor of the Clock’ was the title of the man whose
profession was to wind up, clean, and reset the tower clock. Clarke’s ‘clock’
is thus an ‘artisan’s clock’; and God as the creator of the world is an artisan
or craftsman; as its preserver he is ‘Governor of the Clock’. Leibniz, on whose
view the world represents a perfect work of God which needs no resetting,
refers with the term montre to the ‘scientist’s watch’, in whose functioning
God does not intervene. God is thus the perfect mechanic: scientist and
learned watchmaker in one person.??

Although the history of clock technology explains why Clarke and Leibniz
could illustrate their different views on the clock model, it of course cannot
explain the origins of their conceptions. This problem will be discussed later
(cf. pp. 182ff.). The conception of the world on the model of the ‘artisan’s’
or the ‘scientist’s’ clock also provided the opportunity to discuss different
conceptions of the analytic-synthetic method on the model of a ‘clock’.

(d) The Clock as a Model of the Object of Knowledge

In the construction of the mechanical clock it was possible to produce com-
plicated movements by an appropriate disposition of gears and a driving
force. The task of science can be interpreted as the attempt to discover in a
limited area and to a limited extent the principles of construction of the
divine clock. As opposed to a mechanism constructed by humans, a natural
system can only be known according to its effects, according to the phenom-
ena. The task of the scientist can be compared with the attempt to draw
inferences about the hidden mechanism from the visible motions of the hands
and of the mechanical figures of the clock. Using this analogy, we can for-
mulate (with Leibniz) some conditions for a scientific explanation. First of
all, the general condition is acknowledged that the phenomenon is to be
traced back to a mechanism. It is consequently unscientific to infer ‘occult
qualities’ or ‘miracles’ as the causes of the phenomena:

as if pocket watches marked the hours by a certain hourshowing faculty (faculté
horodeictique) without needing wheels (N.E, Preface; GP V, 61).
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But it is just as domatic and sterile merely to assure us that a phenomenon
depends on a lawfulness of nature without seeking out and reporting its
particular law.

Thus it is not enough in explaining a clockwork, to say that it is moved by a mechanical
principle, without further distinguishing whether it is driven by a weight or by a spring
(De ipsa Natura, §3, GP IV, 505; PPL, 499).

But it by no means follows that the phenomenon can result only from the
system of conditions reported. Here, a peculiarity of a natural system must
be taken into account which distinguishes it from the mechanical clock. Any
knowledgeable person who has access to the mechanism can decide whether
a clock is driven by a spring or a weight. The scientist, on the contrary, has
no direct access to a ‘mechanism’ supposedly ‘behind’ the phenomena; natural
natural phenomena are analogues to the face of a clock whose hands and
figures are visible but whose mechanism must be inferred by theory. Thus,
taking apart a clock’s mechanism cannot serve as a model for the process of
scientific knowledge, even though the necessary connection between the
mechanism and the visible movements of the hands can be compared with the
connection between the laws of nature and the phenomena. The process of
scientific knowledge can be compared with the attempt to make inferences
as to the clock’s mechanism from the observed motions of the hands. It thus
follows that every scientific theory will be evaluated by how far the natural
appearance follows with necessity from the asserted natural laws, without
however there being any justification for the dogmatic assertion that the
scientific theory proposed is the only possible one. Thus Descartes says about
his explanation of the origin of the world system:

And although perhaps in this way it may be understood how all natural things could
have been created, it should not therefore be concluded that they were in fact so created.
For the same artisan can make two clocks which indicate the hours equally well and are
exactly similar externally, but are internally composed of an entirely dissimilar combina-
tion of small wheels (Princ. Phil. IV, 204).30

Leibniz insisted even more consistently than Descartes on the relativity
of all scientific hypotheses. Not only are different hypotheses as explanations
of the same phenomenon possible, but also different hypotheses are to be
used according to the purpose of the explanation. To describe a system of
moving bodies, for instance, one can use any kinematic hypothesis whatever,
and from the observation of motion “not even an angel could discern with
mathematical rigor which of many bodies is at rest and which is the center of
the motion of the others”.3!
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If, therefore, there is no means of distinguishing one of these possible
hypotheses as the true one, then that hypothesis should be chosen which is
more intelligible. Herein lies the truth of hypotheses. But since various
hypotheses can be intelligible in various regards, the truth of hypotheses
consists in choosing the most intelligible with respect to a particular purpose
of explanation,3?

A quite different line is taken by Cotes in his preface to the second edition
of Newton’s Principia:

The same motion of the hour-hand in an automatic clock may be occasioned either by
a weight hung, or a spring shut up within. But if a certain clock should be really moved
with a weight, we should laugh at a man that would suppose it moved by a spring, and
from that principle, hastily taken up without further examination, should go about to
explain the motion of the hour hand; for certainly the way he ought to have taken
would have been actually to look into the inward parts of the machine, that he might
find the true principle of the proposed motion (Princ., 28; Cajori, xxvii—xxviii).

Cotes does not write that one must pursue observations and conduct experi-
ments, on the basis of which one could infer from the motions of the hand
whether the clock was driven by a spring or a weight. One must, he writes,
look into “the inward parts”; how this is to be done, he does not reveal.

Cotes obviously interprets the process of knowledge not as observation of
the hands in order to learn about the clockwork but as the actual disassembl-
ing of the clockwork itself. Thus, he has grasped the technical procedure,
which represents the predecessor of the analytic-synthetic method, but not
the method itself,33

This interpretation of the analytic-synthetic method fits the Newtonian
conception that the world is composed of particles with essential properties.
The ‘artisan’s decomposition’ corresponds to the ‘artisan’s composition’ of
the world out of the particles which God created in the beginning. The
“primitive Particles”, Newton wrote, are

so very hard, as never to wear or break in pieces; no ordinary Power being able to divide
what God himself made one in the first Creation. While the Particles continue entire,
they may compose Bodies of one and the same Nature and Texture in all Ages . ... And
therefore, that Nature may be lasting, the Changes of corporeal Things are to be placed
only in the various Separations and new Associations and Motions of these permanent
Particles (Opticks, Qu. 31, 400).

Leibniz pointed out another connection between this notion and the
‘artisan’ conception of the ‘world-clock’. Those persons, he wrote, who favor
atoms and the void let themselves be more influenced by ‘imagination’ than
by ‘reason’:
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They carry their inquiries no farther than those two things: they (as it were) nail down
their thoughts to them: they fancy, they have found out the first elements of things, a
non plus ultra. We would have nature to go no farther;and to be finite, as our minds are:
but this is being ignorant of the greatness and majesty of the author of things.34

S. SCIENCE AND UNSCIENTIFIC PHILOSOPHY:
NEWTON’S CONTRADICTORY VIEWS

On various questions Newton takes the same position: the world is to be
conceived as an ‘artisan’s clock’, as a clock put together out of prefabricated
components (ultimate particles with essential properties). Only under this
‘artisan’ conception can be possibility even be conceived that God intervenes
in the world, as the governor of the tower clock compensates for the defec-
tive functioning of the mechanism by resetting the hands. Epistemologically,
this ‘artisan’ conception affects the interpretation of the analytic-synthetic
method as the dissection of the object into its ultimate elements; properties
of a system are then to be explained by the ‘essential properties’ of particles.

The opposition between the Newtonian and the Leibnizian conceptions is
at first glance an opposition between a prescientific and a scientific world
view. This result could be accepted without further ado, were it not for the
fact that Newton was the most important physicist of his time. Since a
mathematical natural science is practically impossible on the basis of the
notion expressed by Newton that the world is an imprecisely constructed
system which is arbitrarily manipulated by God, we must assume a contra-
diction in Newton’s views themselves. This contradiction appears in two
forms: on the one hand, as a contradiction between his practical procedure
and his comments on this procedure, and on the other, as a contradiction
between various remarks concerning his methods of procedure.

An example of the first kind of contradiction is the concept of density
already dealt with.

Newton’s measure of density consisted in the mass of a body divided by
its volume. Empirically, this meant the relation of the mass of a body to the
mass of another body of equal volume, which served as a standard of measure.
Newton’s definition of the ‘quantity of matter’ presupposes a concept of
density as the number of ‘ultimate particles’ per unit of space.

A further example is the law of gravitation: Newton’s formulation of the
law refers to a system of bodies: “In a system of several bodies A, B, C, D,
etc. ...” (Princ., Bk. I, prop. Ixix, theor. xxiv, 296; Cajori, 191). This is
also expressed in the mathematical formulation of the law: F = G mm'/R?.
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Newton of course makes no attempt to determine the measure of the gravita-
tion of one body. His methodological rule, however, asserts that one must
infer from the phenomena the properties of individual bodies, not those of
the system.

An example of the second kind of contradiction can be seen in Newton’s
comments on the analytic-synthetic method. Whereas in his Regulae Philo-
sophandi Newton takes the position that analysis consists in reducing the
phenomena to the properties of particles, and in his proofs for the existence
of absolute space, that it consists in reducing them to the ‘essential properties’,
in the Opticks on the contrary, he formulates the task of the analytic-synthetic
method as follows:

to derive two or three general Principles of Motion from Phaenomena, and afterwards
to tell us how the Properties and Actions of all corporeal Things follow from these
manifest Principles (Qu. 31, 401; cf. 404f.).

Here, Newton does not specify that the ‘general Principles’ must be proposi-
tions about particles with essential properties.

A further example of this kind of contradiction can be seen in the problem,
whether the world is to be conceived as a ‘scientist’s watch’ or as an ‘artisan’s
clock’. In his statements about the conservation of ‘force’ he takes up the
standpoint that the world is to be conceived as an artisan’s clock that God
can manipulate. In the preface to the Principia, however, he insists on the
difference between the ‘imperfect mechanic’ (craftsman), who works with
lesser accuracy, and the ‘most perfect mechanic’ (scientist), who works with
perfect accuracy. This perfect accuracy is achieved by the use of mathematics,
that is, in Newton’s Principia (Princ., 15; Cajori, xvii—xviii).

These contradictions do not mean that Newton openly held fast to mu-
tually exclusive opinions. While there is in fact in his actual procedure no
basis for his interpretation of it, this interpretation could nonetheless not be
falsified by his scientific results. It has been shown upon what presuppositions
Newton’s proof of the existence of absolute space rests. The proof is not
compelling if the presuppositions are not admitted, and it cannot withstand
a careful analysis. But the theory of absolute space was not refuted because
it fulfills the requirements of an ‘inertial frame of reference’. For the same
reason, his formulation of the law of inertia could also pass muster. Newton’s
assumption, that God replaces the amount of ‘force’ lost, was intended ex-
pressly to prevent a contradiction between his conclusion, that the amount
of force decreases, and his conviction, that the solar system would be pre-
served. Later developments in physics were able to confirm without assuming
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God’s intervention that there is no contradiction between Newton’s measure
of force and the preservation of the solar system.

Finally, the explanation of gravitation would probably have remained an
unsolved problem, even if Newton had not traced it back to a property of an
isolated body or to the action of God. A further, epistemological consequence
follows from Newton’s concept of ‘essential qualities’. The propositions
about the qualities of the elements, which were originally made to explain
the phenomena — and thus were hypothetical and able to claim validity only
as a part of a successful synthesis — are now posited absolutely by the con-
ception that these properties are essential (necessary) to matter. Phenomena
which cannot be explained by the synthesis are thus not an occasion to re-
examine, relativize, or reject earlier propositions; on the contrary, these
continue to be asserted as absolutely valid. This dogmatism can be seen, for
instance, in the fact that Newton does not contemplate whether the con-
servation of the system of the world could be explained by assuming matter
to be elastic (which would contradict the absolutely posited assumption that
it is inelastic); on the contrary, he considers the earlier assumptions to be
certain and seeks to eliminate the problems that arise through a supernatural
intervention by God. Likewise, this dogmatic conception determines the
view that all other phenomena can be explained by determining additional
qualities.

In contrast to this procedure, Leibniz presented the propositions about
the properties of the elements as results of the analysis of phenomena as
propositions which are valid only in so far as the synthesis can explain the
phenomena. The difference appears clearly in the interpretation of the clock
model. Whereas Leibniz and others assumed that only the number dial and
the hands of the clock are known to us, and that the asumptions about the
mechanism of the clock must be taken as hypotheses, Cotes took the pro-
positions about elements and properties (originally arrived at by analysis)
as certain and as independent of the investigation of other phenomena, which
can only specify additional properties. For phenomena which have already
been explained, Leibniz’s conception is hypothetico-deductive, that of the
Newtonians is evident-deductive. Newton’s conception was one of the worst
imaginable interpretations of his physics but nonetheless a possible one. It
still remains to be seen, what reasons might have induced him to adopt such
an interpretation.3®

In the discussion between Leibniz and Newton, two pairs of basic prin-
ciples confronted each other. Leibniz’s first basic principle stated that the
appearances of a system must be the point of departures for research; from
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these appearances simple laws of the system are to be derived. Newton’s first
basic principle also required that the starting point be the phenomena of the
system, from which, however, inferences were to be drawn about the ultimate
elements and their properties which are independent of the system.

Newton’s second basic principle, that God intervenes in the world system
to compensate for the disappearing ‘force’, was rejected by Leibniz as un-
scientific. If the hypothesis of such an intervention were admissable, then all
phenomena could be explained without further ado; that is, nothing would
be explained scientifically.

Between these two assumptions of Newton’s there are, however, important
differences. In the first place, Newton’s assumption that the amount of
‘force’ decreases — and the consequence that God could replace it — is based
in turn on the assumption that all material bodies are composed of inelastic
particles. Newton arrived at this conclusion by deriving the properties of the
ultimate elements from the impact laws of material bodies (loss of ‘quantity
of motion’ in an inelastic collision). Thus this second assumption is based
on the first, that we should infer the properties of ultimate elements from
phenomena.

The second difference between the assumptions is at once historical and
systematic. The assumption that God intervenes in the world was obviously
unscientific, but it served to close a scientific ‘gap’. As soon as d’Alembert
and Lagrange had closed the gap with a scientific solution, Newton’s hypo-
thesis was superfluous and no longer played a role in physics. But Newton’s
fundamental presupposition, that phenomena are to be explained by the
properties essential to every single particle, and the theory of absolute space,
which depends on it, were influential up to the end of the 19th century.3¢

The later discussions of the concept of absolute space and absolute motion
and of the formulation of the law of inertia need not concern us here;37 it
is, however, important that the basic principle, that phenomena are to be
explained by the essential qualities of single particles, was not only implicitly
supposed by the theory of absolute space up until the end of the 19th cen-
tury but could also be introduced expressly as an evident postulate by the
supporters of this theory.

Leonard Euler, for instance, argued in 1736 that a single body in empty
space would retain its state of motion for lack of any sufficient reason for
changing it; this is, however, according to Euler not the physical cause, as can
easily be seen in the fact that a body in uniform motion, upon which no
external forces act, will continue in uniform motion in real space, although
there could very well be reasons for motion in a particular direction:
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‘The lack of a sufficient reason cannot of course be taken for the true and essential cause
of any event; but only proves its truth and does this in a strict manner. At the same time
it also indicates that in the very nature of the thing there is an occult, true, essential
cause, which is not removed when that lack of sufficient reason is removed . . .”38

Euler thus distinguishes between the strict proof of the truth of the law
of inertia and the physical explanation of the same. The physical explanation
which Euler gives is a classical example of the ‘Newtonian principle’: a phe-
nomenon is to be traced back to a ‘true and essential cause’, which is neces-
sarily to be attributed to the nature of the body independently of whether
the body is in empty space or in the system of the world.

As late as 1870 Carl Neumann justified the introduction of the concept
of absolute space by pointing out that we could otherwise not avoid an
‘insufferable contradiction’: on a rotating star the effects of the centrifugal
forces, which are ‘completely independent of the other celestial bodies’ can
be observed; if however these other celestial bodies were annihilated, then —
if motion is defined only as change of position with regard to other bodies
— the rotating star must be said to be at rest and ought not to display the
effects of centrifugal forces.3®

The fundamental Newtonian presupposition, that phenomena are to be
explained by the essential qualities of single particles, can thus not be attrib-
uted merely to the early stages of mechanics; rather it was quite widespread
in the ‘Newtonianism’ which set the tone for mechanics up to the end of the
19th century.

6. RESULTS

Newton characterized his method as analytic-synthetic. The analysis consists
in inferring the causes from the phenomena investigated; the synthesis takes
these causes as principles on the basis of which the phenomena are to be
explained. More specifically, the analysis consists in proceeding, on the one
hand, “from Compounds to Ingredients” and, on the other, “from Motions
to the Forces producing them” (Opticks, Qu. 31, 404f.). The presentation
above has shown that Newton’s interpretation of the analytic-synthetic
method is based on the implicit presupposition that the system of the world
is composed of primitive particles; each and every particle has essential prop-
erties which belong to it even as the only particle in empty space. On the
basis of this presupposition Newton concluded that absolute space exists
from the centrifugal forces which appear in rotation experiments. On the
basis of this assumption he inferred from the experimentally grounded fact
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that material bodies lose some of their quantity of motion on impact, i.e.,
that material bodies are not perfectly elastic, that the primitive particles are
not elastic at all. Newton then saw himself constrained to explain the conser-
vation of the world system by a supernatural intervention, The same presup-
position forces him to seek a non-physical explanation for gravitation, since
gravitation can only be conceived as mutual gravitation and thus cannot be
ascribed to a single particle. Newton ‘solved’ both problems by assuming
God’s intervention. He imagined this divine intervention as mediated by the
‘Sensorium of God’, absolute space. The problems, which the assumption of
God’s intervention was supposed to defuse, had been created by Newton’s
presupposition that phenomena were to be explained by the essential qualities
of single particles; the solution to these problems, which uses the concept
of absolute space as the sensorium of God also depends on the same presup-
position, since only on the basis of this are Newton’s proofs of the existence
of absolute space compelling. Finally, this presupposition implies an epis-
temological dogmatism; for, on the one hand, the system of propositions is
no longer interpreted as hypothetico-deductive, and on the other hand, it is
pre-ordained that all future research will consist in determining further prop-
erties of the elements. Leibniz’s foundations of dynamics referred to material
systems and stressed the hypothetico-deductive character of scientific the-
ories. In the subsequent development of physics, Newton’s theory prevailed,
and the theory of absolute space was accepted on the basis of Newton’s basic
principle that phenomena are to be traced back to the essential properties
of single particles. The second part of this analysis will therefore attempt to
uncover the origins of Newton’s fundamental presupposition.



PART TWO

ELEMENT AND SYSTEM IN MODERN PHILOSOPHY



It has already been indicated that, while Newton’s interpretation of the
analytic-synthetic method, according to which phenomena are to be traced
back to the essential properties of single particles, did not correspond to his
own procedure in science, it did indeed correspond to the craftsman’s com-
pounding and decompounding. The product of a craftsman, say a clock, is
compounded of prefabricated parts and its functioning is due to the properties
of the parts and to their disposition. The original qualities of the parts do not
change either by their being compounded or by their later being dismantled.
This possible origin of Newton’s interpretation does not, however, explain
why consequences drawn from the artisan procedure should be transferred
uncritically to the scientific method of analysis and synthesis, especially
since Clarke in his discussion with Leibniz stressed some differences between
the product of an artisan and the world system created by God.!

On the other hand, the Newtonian interpretation of the analytic-synthetic
method was not directly contradicted by his use of it in science. The conse-
quence of this interpretation — Newton’s definition of the ‘quantity of
matter’ and his implicit definition of ‘density’ as well as the theory of abso-
lute space — either went unnoticed or seemed not to present any particular
problems. And even if Newton’s misunderstanding of Leibniz’s proof for the
conservation of yis viva had likewise heen a consequence of this interpretation
of the analytic-synthetic method, the conclusion could not have disturbed
him. Newton was not concerned with formulating conservation laws for a
system of bodies. Finally, it is to be noted that, while Newton’s problems
with gravitation resulted likewise from his conception of the relation of
element and system, nonetheless a physical explanation of gravity would not
have been achieved simply by abandoning this basic principle.

Since Newton nowhere justifies his conception of the analytic-synthetic
method nor even hints that it is only one of the possible interpretations of
this method, it seems that he presupposes that his interpretation is evidently
the only one possible. Our first step therefore will be to examine whether and
where such an interpretation of the analytic-synthetic method was recognized
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in science and how it was justified. Thus, we shall first take up the two schools
of mechanistic natural philosophy which dominated discussion in Newton’s
time: the atomist and the Cartesian forms of corpuscular philosophy.

The mechanistic philosophy of nature, out of which modern science
developed, itself also arose in close connection with the tradition of mech-
anical arts. If the principle, that phenomena are to be explained by the essen-
tial qualities of single particles, as machines are explained by the essential
qualities of single parts, had been generally accepted in the mechanistic
natural philosophy, it could thus perhaps be explained why Newton took this
view to be self-evident and to need no justification. And since the mechanistic
natural philosophy developed in opposition to the prevailing (scholastic)
natural philosophy and drew on the tradition of mechanical arts, it could
perhaps also be explained, why at first artisan procedures were taken over
for the purposes of science. We shall see that this was not the case.

However, within mechanistic natural philosophy a distinction must be
drawn between atomism and corpuscular philosophy. The significance of
these alternatives for the basic principle on the relation of element and
system lies in the fact that according to the Cartesian corpuscular theory
the properties of the corpuscles are the result of the individuation of uniform
extended matter, so that it thus seems questionable whether one could speak
of essential properties of a particle in empty space. In the atomic theory, on
the contrary, it is possible (although not necessary) to assume that each atom
in itself has essential properties and that the material world is compounded
of such atoms. In the examination of both these schools the main goal will
thus be to see whether the ‘artisan’ interpretation of the analytic-synthetic
method was presupposed as evident or, as the case may be, whether Newton’s
critique of the shortcomings of the theories of his predecessors determined
his interpretation of this method or made the concept of absolute space
appear necessary.



CHAPTER 1V

THE CONCEPT OF ELEMENT IN 17TH CENTURY
NATURAL PHILOSOPHY

English atomism just like the Cartesian corpuscular philosophy was developed
in opposition to the dominant scholastic natural philosophy. The anti-scholas-
tic thrust of English atomism is clearly illustrated by the circumstance that
the English atomists stood at first under the influence of Giordano Bruno,
who published no less than five books during his stay in England (1583—
1585) and at the end of the century was condemned and executed by the
Catholic Church. No less characteristic was it that one of the first English
atomists, Thomas Hariot (1560—1621), was sponsored by Walter Raleigh,
whose sceptical views on religion were proverbial. In 1590 Hariot, who ap-
pealed to the classical materialism of Lucretius and Epicurus, was arrested on
charges of atheism. Although Hariot after his release was extremely careful to
express his views in such a way that they did not openly contradict theology,
the anti-scholastic and atheistic character of atomism was unmistakable.!

1. BACON

These traits of early English atomism, its anti-scholastic thrust and the conflict
with religion, reached a peak in the work of Francis Bacon; at the same time,
his philosophical development reveals a central problem of atomism: its
speculative character.?

The present, said Bacon is “like a seer with two faces, one looking towards
the future, the other towards the past” (Masc., 68). The glance at the past
Bacon used to express criticism of the dominant tradition; from the stand-
point of today the entire Greek tradition is inferior. In comparison to the
present, the Greeks are like children in comparison to adults; the criteria of
judgment are the ‘works’ accomplished in both ages, and the new inventions:
printing, gunpowder, and mariner’s compass prove the superiority of the
mechanical arts over philosophy; in the former many people work in coopera-
tion and achieve a constant progress, but in philosophy one authority sup-
plants the other, and the disciples of the founder of a school achieve nothing
new (Thoughts, 97).

Nonetheless, this criticism of tradition itself also appeals to tradition:
tradition resembles a river — as Bacon later formulated it — in which the light
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and puffed up (inferior) swims to the top and the weighty (valuable) sinks
(N.O. 1, 71, 77). Against the dominant tradition represented by the names of
Aristotle and Plato (Masc., 63—68; Thoughts, 12f.), Bacon marshals first the
Presocratics in general (Thoughts, 13) and then Democritus in particular
(Masc.,71; De Princ., 456f.).

“The doctrine of Democritus concerning Atoms”, Bacon wrote, “is either
true or useful for demonstration. For it is not easy to grasp in thought or to
express in words the genuine subtlety of nature, such as it is to be found in
things, without supposing an atom” (Cogit., 419). An atom is the smallest
part into which a body can be divided, or a body without any vacuum what-
soever (ibid.), and has the following properties: form, dimension, place,
resistance, appetite, motion, and emanations (De Princ., 492). With Demo-
critus Bacon, too, assumes the possibility of a vacuum, not only between the
particles of matter but also a ‘collected vacuum”, i.e., an empty extension
(Cogit., 421).

The theory that all natural phenomena can be traced back to atoms
endowed with these properties denies any kind of activity to the ‘place’ of
a body. “For place has no forces, nor is a body acted on except by body”
(De Princ., 500). The same theory assures the ‘unity of nature’, for though
there are great differences between supra- and sub-lunar bodies, the separation
of the two areas would be ‘a great hindrance’ to the investigation of nature;
one ought rather to distinguish between these bodies, which have much in
common, than to admit a gap in their investigation (Confut., 437—439). Like
Brecht’s Galileo Bacon could also have said, ‘Himmel abgeschaft’.

However much Bacon championed atomism at this time, his later critique
of atomism is nonetheless intimated here:

The understanding is endowed by nature with an evil impulse to jump from particulars
to the highest axioms (what are called First Principles). This impulse must be held in
check; but generalisations lying close to the facts may first be made, then generalisations
of a middle sort, and progress thus achieved up the successive rungs of a genuine ladder
of the intellect (Thoughts, 99).

The criticism of the procedure of jumping over the ‘middle causes’ applies
equally to all speculative philosophies of nature; Bacon, on the contrary,
stresses the necessity of uniting the empirical and the rational (Refut., 131;
Thoughts, 97) and sees the criterion of truth in practice. “For in nature
practical results are not only the means to improve well-being but the guaran-
tee of truth . ... It is by the witness of works rather than by logic or even
observation, that truth is revealed and established” (Thoughts, 93).
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Some years later appeared Bacon’s Novum Organum (1620), in which he
rejected both the scholastic philosophy of nature and atomism, on account
of their seeking first principles instead of middle principles: ‘“Hence it is that
men cease not from abstracting nature till they come to potential and un-
informed matter, nor on the other hand from dissecting (secare) nature till
they reach the atom; things which, even if true, can do but little for the
welfare of mankind” (N.O. I, 66). Bacon therefore suggests that we do not
trace things back to atoms and the void but to the ‘“real particles, such as
really exist”, that is, to empirically demonstrable elements (N.O. II, 8).

The common error of scholasticism and atomism lies in the search for first
principles; the difference between the two lies in the fact that the former
goes too far in ‘abstracting’ nature in thought, and the latter — in analogy to
the craftsman — goes too far in “dissecting” it. The dependence of atomism
on mechanical arts was formulated explicitly by Bacon:

Now the human understanding is infected by the sight of what takes place in the me-
chanical arts, in which the alteration of bodies proceeds chiefly by composition or
separation, and so imagines that something similar goes on in the universal nature of
things. From this source has flowed the fiction of elements, and of their concourse for
the formation of natural bodies (N.O. I, 66).3

Bacon’s recourse to the tradition of the mechanical arts does not lead to
his accepting the method of separating and compounding; on the contrary,
by appealing to this tradition he criticizes the speculative consequences for
science. By the time Bacon’s early atomistic writings were published in 1653,
the controversy over atomism had become quite complicated. On the one
hand, the atomism of Gassendi had been propagated by English emigrants
on their return from France (among them Hobbes) and was taken — against
the intentions of Gassendi — as materialism; on the other hand, the natural
philosophy of Descartes presented an alternative to atomism, although it,
too, was reckoned to the ‘mechanical philosophy’; finally, in England itself
much exertion was undertaken to cleanse atomism of the stigma of material-
ism (cf. Kargon, 76—92).

In the following we shall take up the Cartesian corpuscular philosophy
in order to be able to evaluate the grounds for the decision made between
atomism and corpuscular philosophy in Newton’s time.

2. DESCARTES

In his early work, Regulae ad Directionem Ingenii (composed 1628/29),
Descartes argued that only a mathematical science can be a science of nature.*
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“All science consists of sure and evident knowledge”, he writes, but only
geometry and arithmetic are evident (R 2; 362f.). Only mathematics is
science, but it is of no use; its problems are non-existent (R 4, 4; 373). Mathe-
matics deals with quantities (figure and number) without concerning itself
whether these quantities “have a real fundament in the subjects themselves”,
whether they express an essential relation of the material object (R 14, 17;
448). The evidence of mathematics, which consists “entirely in consequences
rationally deduced”, is grounded in precisely this abstraction (R 2, 5; 365).
All deception arises from experience (R 2, 4; 365). From this it may not be
inferred “that arithmetic and geometry are alone to be studied, but that in
our search for the direct road to truth we should not occupy ourselves with
any object about which we are unable to have a certitude equal to that of
arithmetical and geometrical demonstrations” (R 2, 6; 366). To mathematics
belongs everything ‘““in which order or measure is examined” (AR 4, 1; 377);
and these can be investigated not only in abstract but also in material objects.
The science which investigates these general relations — in a later formulation,
the “science of proportions” (Disc. II, 11; 21) — can be denoted as Mathesis
Universalis (AR 4, 1; 378).

The first step towards solving a problem thus consists in transforming it
into a mathematical problem. Therefore “‘the secret to the whole art” consists
in finding out the respective necessary, measurable “simple natures” in the
object: “among measurable things extension is something absolute” (i.e.,
simple) (R 6, 5;382).5

Descartes never changed this point of view; in his Principia Philosophiae
(1644) he wrote:

Therefore, all matter in the whole universe is of one and the same kind; since all matter
is identified solely by the fact that it is extended. Moreover, all the properties which we
clearly perceive in it are reducible to the sole fact that it is divisible and its parts movable;
and that it is therefore capable of all the dispositions which we perceive can result from
the movement of its parts (Princ. Phil. 11, 23).6

Now all “Natural Phenomena” must be demonstrated from these “common
notions” (division, shapes, movements) of uniform matter “with such cer-
tainty that it (the demonstration — G.F.) must be considered as a Mathe-
matical demonstration” (Princ. Phil. 1, 64). But just this is not possible.
From “mere reason” one cannot deduce “the size of the parts into which
this matter is divided, nor at what speed they move, nor what circles they
describe. For, seeing that these parts could have been regulated by God in
an infinity of diverse ways; experience alone should teach us which of these
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ways he chose” (Princ. Phil. 111, 46). And when Descartes writes that the
analogy between nature and a work of art supported him in the formulation
of his theory (Princ. Phil. IV, 203), he also uses the analogy to explicate the
hypothetico-deductive character of his system:

And although perhaps in this way it may be understood how all natural things could
have been created, it should not therefore be concluded that they were in fact so created.
For just as the same artisan can make two clocks which indicate the hours equally well
and are exactly similar externally, but are internally composed of an entirely dissimilar
combination of small wheels . ... The same applies to the construction of nature as a
whole (Princ. Phil. 1V, 204).

Such a theory is not evident, but it suffices “for the needs of everyday life”
(ibid.); and indeed it was at least sufficient to propound a natural philosophi-
cal system on a mechanistic model as an alternative to the scholastic system.”

Descartes’ assertion that his theory about the origin of the particles and
their properties was merely hypothetical was based on the fact that corpsucles
cannot be perceived. If, however, a theory can be tested empirically, then it
is the case that theories which do not agree with experience can be excluded;
from this it of course does not follow that a theory which agrees with experi-
ence can be taken as absolutely true; but for the ‘needs of everyday life’ it
suffices when such a theory is found.

In the introduction to his physical explanation of the Copernican theory
Descartes remarks that his explanation would support the assumption that
the earth does not move. The basis of this explanation is the relativity of
motion. The earth is unmoved in relation to the surrounding celestial matter
and moved in relation to the visible fixed stars. There is no reason to attribute
motion to the earth, for motion “is only the transference of a body from the
vicinity of those bodies which are immediately contiguous to it, and con-
sidered to be at rest, into the vicinity of others” (Princ. Phil. IlI, 28); and
since ““this transference is reciprocal . .. and because there must be as much
force or action (vis sive actio) in the Earth as in the heaven; this transference
gives us no reason to attribute motion to the heaven rather than to the Earth”
(Princ. Phil. 111, 38; my italics).

If no proof can be provided for the motion of the one or the other body,
the Cartesian hypothesis at least has the advantage that it not only retains the
‘simpler and clearer’ Copernican theory but also offers a physical explanation
which denies “the motion of the Earth more carefully than Copernicus and
more truthfully than Tycho” (Princ. Phil. 111, 19), by introducing place ‘in a
philosophical sense’ and determining the changed situation of the earth to the
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immediately contiguous particles of matter. However, the developed physics
of the heavens contradicts this appeasing assertion. For the origin of a vortex,
in the middle of which lies a fixed star (for instance, the sun) rests on the
“law of nature that all bodies which are moved circularly attempt as far as is
in their power to recede from the centers around which they revolve” (Princ.
Phil. 111, 55 (54)). The same phenomenon can be observed when a stone is
rotated in a sling: “We see, too, that the stone which is in a sling makes the
rope more taut as the speed at which it is rotated increases; and, since what
makes the rope taut is nothing other than the force by which the stone strives
to recede from the center of its movement, we can judge the quantity of this
force by the tension” (Princ. Phil. II, 59; my italics). Descartes thus recog-
nizes that circular motion is a compounded motion (cf. also Le Monde; AT
XI, 43), and lets no doubt arise that in his opinion the earth really moves.
Thus, Descartes recognized not only the relativity of all kinematically de-
scribed motions but also the possibility of determining an ‘absolute’ motion
without having to assume an absolute space. He ascribed absolute motion to
the earth; only the Copernican theory could correspond to this cosmology.?

The principal failing of the Cartesian cosmology lay in the fact that it
assumed the centrifugal motion of the circling celestial bodies but not the
centripetal action of gravitation; the vortices circling around a center would
thus have to expand out endlessly. “However that your vortices are not split
apart and do not flag out seems a clear indication that the world is in reality
infinite”, wrote Henry More to Descartes (Letter of March 5, 1649; AT V,
304). More did not understand why Descartes wanted to have the world
characterized only as ‘indefinite’ and not as ‘infinite’, but he indicates the
main point: Descartes can give an explanation of the preservation of the
world system only in the form of a ‘regressus in indefinitum’. However, the
important points to be remembered are that Descartes stresses the hypothe-
tico-deductive character of science and does not introduce the concept of
absolute space to distinguish between relative and absolute motion.

3. NEWTON’S CRITIQUE OF DESCARTES; BOYLE’S COMPROMISE

The contradiction between Descartes’ assertion that all motion is relative and
his cosmology was clearly recognized by Newton:

For he [Descartes] says that properly speaking and according to philosophical sense
the Earth and the other Planets do not move, and that he who declares it to be moved
because of its translation with respect to the fixed stars speaks without reason and only
in the vulgar fashion (Part III, Art. 26, 27, 28, 29). Yet later he attributes to the Earth
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and Planets a tendency to recede from the Sun as from a centre about which they are
revolved . ... What then? Is this tendency to be derived from the (according to Descartes)
true and philosophical rest of the planets, or rather from [their] common and non-
philosophical motion? Motion in the ‘vulgar sense’, Newton concludes, is more useful
(De Gravitatione et Aequipondio Fluidorum (1664/68); Hall and Hall, 90—121; here:
92f.,124).

This motion is related, Newton continued, to “extension in general (in
genere)”, to space as Descartes conceived it. According to Descartes this space
can only serve as a frame of reference for motion as long as “it is of the same
size and shape and maintains the same situation among the external bodies
which determine that space” (Princ. Phil. 11, 12). Newton wants to relate
motion to space itself (De Gravitatione, 104), but he does not say how this is
supposed to be possible, since space is not perceptible. Furthermore, Newton
thinks it necessary to assume an empty space, inasmuch as the motion of a
body which encounters no resistance presupposes a perfectly empty medium
(ibid., 112f.). He does not, however, take up or counter the arguments of
Descartes, who asserted the possibility of a medium without resistance and
nonetheless believed that such a space is ‘in a philosophical sense’, i.e., taken
strictly, not empty (Princ. Phil. 11, 16—19; III, 60). Newton himself came
back again and again to the ether theory, which also presupposed a medium
without resistance in a non-empty space.® However, from Newton’s justified
criticism of Descartes no necessity of accepting atomistic systems can be
inferred; Newton’s critique is also directed much more at the implicit atheism
which he suspected in Descartes’ opinions (ibid., 109). He suggests as an
alternative the hypothesis that space is an ‘effectus emanativus’ of God (ibid.,
99, 105), that bodies are parts of space to which God has imparted impene-
trability (105f.), and that the motion of a body is thus merely the transfer
of this impenetrability from one part of space to another of the same size and
shape (106). The result of this theory, Newton remarks, is again the ‘general’
concept of space of Descartes as well as his concept of body (114); for physics
nothing is changed. Thus, according to Newton’s own admission there was no
physical or natural-philosophical reason to prefer atomism to the Cartesian
corpuscular philosophy or the ‘artisan’ interpretation of the analytic-synthetic
method to the Cartesian interpretation.

Finally, it also cannot be assumed that, as atomism had prevailed in
England, it was simply accepted uncritically by Newton; on the contrary:
Newton’s contemporary, Robert Boyle, even asserted that a decision in favor
of one or the other of the alternatives was not at all necessary. The “Atomical
and Cartesian Hypotheses”, wrote Boyle, agree in their opposition to the
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Peripetetic and other vulgar doctrines; the differences between them seem to
concern “rather metaphysical than physiological notions” and rather “the
explication of the first origin of the universe” than the explanation of the
“phenomena” of its current state. From these and other considerations, but
especially because “both parties agree in deducing all phenomena of nature
from matter and local motion”, Boyle drew the conclusion that both hypo-
theses could be considered as one philosophy, “which because it explicates
things by corpuscules, or minute bodies, may (not very unfitly) be called
corpuscular” (Works 1, 355).

It is not surprising that Boyle cites the clock model, to explain that, just
as little as we can by observing a clock infer with certainty whether it is
driven by a spring or a weight, can we determine with certainty in science
which particles and motions produce a phenomenon (cf. Works II, 45). As
he adds at another place, this is also not necessary (Works IV, 235f.).

Neither mathematical natural science nor the success of mechanistic na-
tural philosophy against scholasticism demanded that essential properties be
ascribed to a single particle of matter in empty space. Furthermore, for
Newton no ‘naive’ generalization of artisan experience can seriously be
considered due to the various alternative already existing at the time. The
equal value of the corpuscular theory of Descartes, which did not share the
‘Newtonian’ principle on the relation of element and system, and of atomism
had practically been recognized by Newton. On the basis of this circumstance,
Boyle had pointed out the hypothetico-deductive character of even the
theory of matter. However, the basic postulate on the relation of element
and system and the atomism connected with it prevailed in England as well
as — significantly almost a century later — in France.

Newton’s decision for atomism and his interpretation of the analytic-
synthetic method in analogy to the mechanical process of assembling and
dismantling can in fact appeal to a tradition in natural philosophy, but they
cannot be explained simply as acceptance of this tradition. For atomism did
not represent the only tradition of mechanistic natural philosophy. The
Cartesian corpuscular philosophy must have been at least as widespread as
atomism. As was shown above, Newton’s critique of Descartes did not require
a decision in favor of atomism. The reasons for this decision, we may now
conclude, are not to be found in natural philosophy. It must therefore be
examined whether the ‘artisan’ interpretation of the analytic-synthetic
method was recognized in some other scientific discipline and how it was
justified.



CHAPTER V

THE CONCEPT OF ELEMENT IN THE
SYSTEMATIC PHILOSOPHY OF HOBBES

Newton’s major work bears the title Philosophiae Naturalis Principia Mathe-
matica. The expression philosophia naturalis points to a system of science
which is divided into three main branches: philosophia prima (metaphysics),
philosophia naturalis (natural philosophy), and philosophia civilis (social
philosophy). This division was in common use in the 17th and 18th centuries.?

The philosophia civilis can be excluded as the possible direct source of the
presupposition which guided Newton’s interpretation of the analytic-synthetic
method; neither the physical content of the assumption (the system of the
world is composed of particles, etc.) nor a general proposition from which
the former could be derived can be grounded in social philosophy. A general
proposition on the basis of which a physical proposition could be formulated
can thus only be contained in philosophia prima. If such a philosophical
proposition for some reason or other is taken to be evident, then it is also
understandable that a physical proposition can be derived from it and can
be accepted as long as it has not clearly been falsified.

With regard to the familiar division of the system of sciences into philo-
sophia prima, naturalis, and civilis, it follows that, if the origin of Newton’s
basic postulate on the relation of element and system is supposed to lie in
philosophia prima and if this postulate is not a principle of logic, then it can
only be a principle arrived at by generalizing propositions from philosophia
naturalis and civilis. For only propositions which are valid in both philosophia
naturalis and civilis can be taken as universal philosophical propositions and
thus can belong to philosophia prima. However, it is possible that a principle
on the relation of element and system is postulated in philosophia prima,
which obtains in both the other philosophical disciplines (natural and social
philosophy), which however includes some determinations which are general-
izations of propositions, say, of social philosophy, determinations which — as
long as they are not refuted by natural philosophy — seem applicable in this
area, too.

The following analysis will take up the question of whether the Newtonian
principle on the relation of element and system was a recognized part of
philosophia prima and whether this circumstance can explain Newton’s ac-
cepting the principle. But since there were a number of different philosophical
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systems in the 17th century, this analysis will be limited at first to those
which had laid claim to being scientific in Newton’s sense, i.e., empirical
mathematical. To limit the field of investigation still further, we can start
with a hint from Leibniz.

“Real absolute space”, said Leibniz, “is an idol of some modern English-
men”, ‘Idol’ he wanted understood in Bacon’s sense (Leibniz’s 3rd Letter,
§2). A month later he made the remark more precise, asserting that the
concept of absolute space was an ‘idolon tribus’ in Bacon’s sense (Letter to
Rémond, March 27, 1716, GP III, 673f.; Robinet, 61f.). ‘Idola’ in Bacon’s
sense are ‘false notions’, prejudices which hinder the advance of science (N.O.
I, 38). ‘Idola tribus’ are those prejudices which have their foundation in
human nature, species prejudices (ldola tribus sunt fundata in ipsa natura
humana, atque in ipsa tribus seu gente hominum,N.O. I, 41).

‘Idola tribus of some modern Englishmen’ is thus at first sight self-contra-
dictory: general species prejudices cannot be limited with respect to place
(England) or time (modern) or number (some). With these considerations
Leibniz introduces a new concept for the prejudice of a particular part of
society at a particular time. If we limit ourselves to ‘modern Englishmen’ and
then to those who systematically pursued philosophia prima, physics, and
social philosophy, there is only one philosopher who fits the bill: Thomas
Hobbes.? His philosophy will be examined to see whether there is an object
common to philosophia naturalis and philosophia civilis which can be ex-
amined with the help of the analytic-synthetic method, and, if there is,
whether Hobbes likewise infers from phenomena to ‘essential properties’.
The purpose of the examination is to find out whether a philosophy known
in England contained Newton’s basic principle on the relation of element and
system and perhaps even justified it, so that this principle could seem obvious
to later scientists.

It is of course clear from the start that the presupposition sought after
cannot be expressed in exactly the same words in both branches of philo-
sopby; the expression in each field corresponds to the particular object and
must in each philosophical discipline prove to be the particular formulation
of the same general philosophical principle.

Generalized philosophically, Newton’s presupposition reads: A system is
composed of equal (similar) elements, whose essential properties are indepen-
dent of their existence in a system.
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(a) Philosophia Prima

According to Hobbes, ‘“Philosophy is such knowledge of effects or appear-
ances, as we acquire by true ratiocination from the knowledge we have first
of their causes or generation: and again of such causes or generations as may
be from knowing first their effects” (De Corpore 1, 1, 2; English Works 1,
p. 3).

From this it follows that anything that is not generated or has no appear-
ances cannot be the subject matter of philosophy (ibid. I, 1, 8); the subject
of philosophy is the ‘body’ (corpus), that is, either the ‘body naturall’ as
subject of natural philosophy (philosophia naturalis) or the ‘body politique’
as the subject of social philosophy (philosophia civilis).?

Knowledge must imitate production. The object, which is taken as an
artifact, must first be separated into its elements; the properties of these
elements must be made known, in order then theoretically to reconstruct
the system by compounding the elements in thought. The method is thus
analytic-synthetic (ibid. 1, 6):

For everything is best understood by its constitutive causes (ex quibus rebus consti-
tuitur). For as in a watch, or some such small engine, the matter, figure, and motion of
the wheels cannot well be known, except it be taken insunder and viewed in parts (De
Cive, Opera 11, 145; Works 11, xiv).

But, whether the analysis leads to properties of a system-element or to
properties of the element, which belong to it independently of the system,
is not determined here. The question is to be answered by examining two
objects: the essential properties of the elements of the system of the material
world as a whole and those of the elements of a subsystem, society.

(b) Philosophia Naturalis

That the essential properties of a natural body are independent of the world
system, is taken by Hobbes as simply self-evident. His reconstruction in fact
begins by abstracting from the system:

In the teaching of natural philosophy, I cannot begin better (.. .) than from privation;
that is, from feigning the world to be annihilated (De Corpore 11,7, 1; Engl. Works 1,91).

Then comes the next step:
“Let us now suppose some one of those things [which were just anni-
hilated — G.F.] to be placed again in the world, or created anew” (De Corp.
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11, 8, 1; Engl. Works I, 102). This newly created thing will take up a part of
space, but will also necessarily “have no dependence on our thought” (ibid.).
As an extended thing it is called a body; and because it exists independently
of our thought: “a thing subsisting of itself” (II, 8, 1; Engl. I, 102). The
essential property of a body is only its extension (and thus its form, too) (II,
8, 3). Other properties such as “to be at rest, to be moved, colour, hardness
and the like, do perish continually and are succeeded by others; yet so as that
the body never perisheth”. They are thus not essential qualities (II, 8, 3;
Engl., 104).

While it is not essential to a body whether it be moved or at rest, the body
must nonetheless be in one of the two states. Continuing the thought experi-
ment, let it be supposed, “that some finite body exist and be at rest, and that
all space besides be empty; if now this body begin to be moved, it will cer-
tainly be moved in some way (per aliquam viam)”; it also “will always be
moved, except there be some other body besides it, which causeth it to rest”
(De Corp. 11, 8,19; Engl., 115; cf. 11,9, 7; 1V, 30, 4; Leviathan, ch. 2).

The ‘law of inertia’ thus applies to the state of motion of a body in empty
space. As opposed to Newton’s law of inertia, this ‘law’ is not traced back to
a ‘property’ or ‘force’ of the body but rather to the axiom that nothing
happens without a cause. But since the cause of a change in the state of
motion can only be the collision with another body, it follows that the state
of motion is conserved in empty space. The question, what exactly the pro-
position that a body moves in empty space is supposed to mean, is not even
considered. Hobbes’ presupposition thus reads: the essential properties of a
body and the conservation of its state of motion are independent of the
system. This presupposition — as was shown with Newton — cannot be
grounded. The validity of the thought experiment depends on the assumption
that one could destroy the entire world with the exception of one body with-
out changing the properties of the body or the laws of its motion.

() Philosophia Civilis

To ascertain the laws that ought to hold in a commonwealth, it is necessary
first to know which natural laws apply to man before human commandments
are introduced. Like every object of science, man and the state are to be
taken as artifacts:

Art goes yet further, than just producing automata, imitating that Rationall and most
excellent worke of Nature, Man. For by Art is created that great LEVIATHAN called a
COMMON-WEALTH, or STATE, (in latine CIVITAS) which is but an artificiall Man
(Leviathan, Introduction, 81).
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Here, too the point of departure is a system, and one has to determine by
analysis the properties of the elements. The subsequent synthesis will produce
the system as it results from the essential properties of the elements. From
this it can in turn be known what must be done to construct the system
wished for. The laws to be established must have a foundation in the essential
properties of the elements:

so to make a more curious search into the rights of states and duties of subjects, it is
necessary, I say, not to take them insunder, but yet that they be so considered as if they
were dissolved; that is, that we rightly understand what the quality of human nature is,
in what matters it is, in what not, fit to make up a civil government, and how men must
be agreed amongst themselves that intend to grow up into a well-grounded state (De
Cive, Preface, Opera 11, 146; Works 11, xiv).

It is thus presupposed that the elements of the state are individual men,
whose ‘nature’ is to be examined. To determine the essential properties of the
individual men, there are in principle two possibilities. First of all, one can
start with physics, which investigates the properties of material bodies and
the laws of motion, and from there advance to the physiology and psychology
of man. On the other hand, one can start with the given social system and
determine the properties of the elements; the elements are individual men, and
anyone can examine their properties by introspection — self-knowledge.*
The natural property of man that is important here is the appetite or desire
for certain things and the aversion to others. This endeavor is the beginning
of voluntary motion towards or away from an object; objects of the first
kind are called good, those of the latter kind are called bad. The desire (or
aversion) which follows upon deliberation is the will, which is immediately
connected to the act (Lev., Ch. 6). The means to obtain a sought after good is
defined as the power of a man (Ch. 10); this is partly natural, partly acquired.

And because the power of one man resisteth and hindereth the effects of the power of
another: power simply is no more, but the excess of the power of one above that of
another (Elements of Law Natural and Political, Part i, Ch. 8, Sect. 4; quoted by Mac-
pherson, 36).

The power of a man to obtain a good is thus not an absolute but a relative
quantity. It is determined by the relation of his power to that of all others
who endeavor to acquire the same good (Lev., Ch. 13, 184).

From this arises a “general inclination of all mankind, a perpetuall and
restlesse desire of Power after power, that ceaseth onely in Death” (Ch. 11,
161). The restless striving of everyone for power presupposes that at least
some few have such an unlimited desire, by which the others are forced
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likewise to strive for it, in order to obtain enough power against the others to
appropriate the goods necessary for self-preservation. For “the greatest of
goods for each is his own preservation” (De Homine, Ch. 11, 6).5

With regard to self-preservation all men are alike; for even the weakest is
strong enough to kill the strongest, whether by cunning or by alliance with
others (Lev., Ch. 13, 183). A mutual mistrust is the necessary consequence.

And from this diffidence of one another, there is no way for any man to secure himselfe,
so reasonable, as Anticipation; that is, by force, or wiles, to master the persons of all
men he can, so long, till he see no other power great enough to endanger him (Lev., Ch.
3,184).

Hereby it is manifest, that during the time men live without a common Power to keep
them all in awe, they are in that condition which is called Warre; and such a warre, as is
of every man against every man (Ch. 13, 185).6

It is unessential in this connection, how Hobbes has men secure peace
through a contract on the basis of one of the natural properties of man —
reason (Ch. 13); more important is the procedure by which he determines the
natural properties of man. All philosophers who have examined the founda-
tions of society and have thought it necessary to go back to the state of
nature, criticized Jean-Jacques Rousseau,

by speaking ceaselessly of need, voracity, desire, oppression, and conceit have transferred
ideas to the state of nature which they have found in society. They spoke of the Savage
Man and portrayed the Civilized man (Disc. sur l'inégalité, Oeuvres Complétes 111, 132).

When Hobbes determines the ‘properties’ which he ascribes to the natural
man and from which he infers the necessity of a war of every man against
every man and of a treaty of peace, he presupposes certain social relations.
It is presupposed that the relevant constitutive elements of society are in-
dividuals (not, for instance, families or classes), that all are free and equal,
that the objects of their needs are available only in limited amounts (only
because of this does the struggle become necessary), and that men will join
together against others but not with others for cooperative labor, etc.
Hobbes’s analysis, which was supposed to help comprehend the state of
nature, consisted in “setting aside” the laws that held in society ‘but not
the socially acquired behavior and desires of men” (Macpherson, 22). The
method is thus the same as that which Hobbes applied in his physics: the laws
inferred from the phenomena of the system are attributed to the elements
as properties, as if they were valid independently of the system in which the
elements are to be found. Hobbes’s analysis and his subsequent determination
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of the essential properties of ‘man’ present the same failing which has already
been pointed out in Newton’s application of the analytic-synthetic method.
It is presupposed that the respective systems under investigation are composed
of equal elements whose essential properties belong to them independently
of the system in which they are elements.

Macpherson has criticized Hobbes’s method:

The temptation was to think that everything could be explained by the necessary mo-
tions of the discrete individuals. . .. The resolutive-compositive method did not in itself
require this heavy reliance on individual motions. . . . But Hobbes was, after all, pioneer-
ing the application of that method to political phenomena, and his less than perfect
use of it is understandable (Macpherson, Introduction to Leviathan, 57f.).

If this interpretation were accurate and if later social theoreticians applied
the analytic-synthetic method without making the presupposition mentioned,
then it could no longer be taken in philosophia prima as a basic principle. In
that case, the conjecture that Newton’s assumption was taken from philo-
sophia prima would at least have to be modified. Thus, the first step will
then be to examine whether this assumption was also made by later theorists.



CHAPTER VI

THE CONCEPT OF ELEMENT IN 18TH CENTURY
SOCIAL PHILOSOPHY

The following presentation is intended to demonstrate that the Hobbes-
Newtonian assumption, that phenomena are to be traced back to the essential
qualities of elements, which are attributable to them independently of their
existence in a system, also remained a fundamental assumption of later social
theories.

It is of course clear that the investigation must be limited to a few repre-
sentatives of social philosophy after Hobbes and to the question, whether
they accept the Hobbes-Newtonian assumption. As representatives we may
take Jean-Jacques Rousseau and Adam Smith. Rousseau is appropriate, first
of all, because it was he who first criticized precisely Hobbes’s use of the
analytic-synthetic method and pointed out that the properties which Hobbes
ascribed to ‘man’ were ‘properties’ of men under particular social relations,
and furthermore, because Rousseau espoused a political theory opposed to
that of Hobbes. Smith also seems appropriate for two reasons: his political
theory differs both from Hobbes’s and from Rousseau’s, and, as the first
representative of classical political economy, Smith can be considered to be a
social scientist.

It may thus be supposed that, if both Rousseau and Smith shared the
Hobbes-Newtonian assumption, then it was probably generally held by scien-
tists and philosophers of the age. Afterwards, we shall inquire into the reasons
for this.

1. JEAN-JACQUES ROUSSEAU

(a) The Autarchy of Natural Man

Earlier theoreticians of natural right, criticized Rousseau, ‘“have transferred
to the state of nature ideas which they acquired in society”.! Since Rousseau
here expresses his conjecture that the natural man is different from the social,
he must pose the question, how he — who himself lives in society — can
obtain empirically grounded knowledge of natural man (Discours, 122).
Rousseau tries two approaches to a solution of the problem: first of all, he
draws on reports about peoples at a less advanced stage of development than
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the Europeans and draw conclusions about the earlier state of his own society;
secondly, he believes he can by observations within his own society infer
introspectively the properties of natural man.

The observation of less developed peoples may give important indications,
but, taken in itself, it does not suffice to gain adequate knowledge of man in
a state of nature, since most of the known “wild peoples” (peuples sauvages)
“are rather far from the first state of nature” (170). Rousseau relies, there-
fore, on the second method, on introspection, and attempts, by abstracting
from all properties which seem dispensible for the state of nature, to deter-
mine the necessary properties of man. His investigation uncovers two original
properties: the interest in self-preservation and in one’s own welfare and a
natural aversion to seeing a sensitive creature, especially one of our own kind,
suffer pain or death. He believes he can from these principles ““derive all the
rules of natural right” (126).

Now, these remarks of Rousseau’s do not yet demonstrate that he under-
stood the properties mentioned above to be ‘essential’ in the sense of Hobbes
and Newton, that is, to be properties which also belong to a single person. On
the contrary, the properties were determined on the basis of the investigation
of a social man and not of one living alone. However, the purpose of the
investigation was not to determine the properties of social but of natural
man. It must be asked whether, according to Rousseau, the natural man lived
in a social grouping or alone. Rousseau’s answer is decided: in the state of
nature men lived alone scattered around among the animals, and they met
each other only by accident; perhaps the same two individuals never met each
other twice in their lives (146, 136). Society is not naturally necessary (151),
and man feels no need for his own kind; on the contrary, natural man was
physically and psychically autarchic, self-sufficient (se suffisant a lui-méme,
159f.; cf. C.S. 11, 7, Oeuvres 111, 381).

(b) Division of Labor and the Autarchy of Natural Man

Neither in the description of ‘wild peoples’ nor in the reports of solitary
human individuals living among animals could Rousseau find any support
for his assumption that natural man was autarchic and lived alone in the
woods. At no point does he justify this view systematically; the reasons for
the assumption can be inferred only indirectly: they lie in the second way he
applies the analytic-synthetic method.

Rousseau’s critique of Hobbes and Locke is directed against their starting
from an age in which there were enough reasons for men to live together and
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against their transferring this situation to a condition in which the men had
no reason at all to live alongside others (218, n. 12). The reason which neces-
sitated social life is explicated by Rousseau in an important passage:

. as long as (men) applied themselves only to works which a single person could do
and to arts which do not require the cooperation of many hands, they lived free, healthy,
good, and happy as far as they could by their nature and continued to enjoy among
themselves the pleasures of an independent commerce (Discours, 171).

This changed with the invention of metallurgy and agriculture (the first forms
of productive ‘labor’ as opposed to gathering, hunting and fishing), which
represented the first forms of specialized division of labor; from then on the
individuals had to rely on one another: the ‘smith’ on the foodstuffs pro-
duced by the ‘farmer’ and the ‘farmer’ on the tools fashioned by the ‘smith’.
As soon as the form of production based on the division of labor was estab-
lished, social life becomes necessary.

Between the state of nature, in which men lived alone and autarchic, and
the developed social relations based on the division of labor, Rousseau places
intermediate steps (cf. e.g., 171f.); but more important than these connecting
links is the fact that from the developed social relations known to him of
peoples in the stage of barbary he extrapolates an original state of nature, in
which there were supposedly no social relations at all. Even at the first stage
of socialization, a combination of individuals might have been advantageous
(for instance, hunting: 166f.) but by no means necessary, the solitary individ-
uals remain in principle independent, that is, autarchic.?

From these deliberations of Rousseau’s the methodological path by which
he arrived at the assumption of an unsocial state of nature can be surmised.
The empirical object of analysis was contemporary society, the investigation
of which — after appropriate abstractions — was supposed to allow inferences
back to the state of nature. If then in the society he investigated, the sociality
of the otherwise apparently unsocial men was grounded in the division of
labor (which in turn was mediated by the exchange of the products of labor),
then it follows, after abstracting from the division of labor or by extrapolating
to a social state in which no division of labor had yet been introduced, that
in the state of nature the individuals could have lived independently of one
another.?

Based on this and the earlier cited deliberations, Rousseau concludes that
the natural man lived alone and attributes to him the ‘essential properties’
of self-preservation and compassion. The weakness of Rousseau’s argument
need not concern us in the present connection; what is important is, that he
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shares the Hobbes-Newtonian basic principle, that phenomena are to be
traced back to essential properties of a single element, and that he, just like
Newton, runs into difficulties as soon as he has to do with properties which
consist in a relationship. Thus Rousseau can attribute compassion, for in-
stance, to a person living in the woods among animals (154), since he can also
feel compassion towards the animals; but Rousseau must also relate compas-
sion “especially to those of his own kind” (ibid.), because otherwise after the
transition of primitive man to hunting, the life of those of his own kind
would not be secure (and Hobbes would be vindicated). This solution, too,
is unsatisfying because according to Rousseau the natural man can distinguish
neither species nor genera (149); he can scarcely even recognize individuals
of his own species as such (219, n. 15). It thus remains unclear why the pitié
refers especially to those ‘of his own kind’, nor can it be grounded why the
natural man satisfies his sexual instinct with a conspecific and not with some
other animal.

2. ADAM SMITH

Adam Smith was hailed in his own lifetime as the ‘Newton’ of his field, and
he himself took ‘Newton’ as the highest distinction for a scientist.* The
reason that ‘Newton’ is a synonym not just for a natural scientist (natural
philosopher) but for a scientist in general lies in the fact that Newton applied
a method which holds for all branches of philosophy; this method maintains
that:

we may lay down certain principles known or proved in the beginning from whence we
account for the severall Phenomena, connecting all together by the same chain . . .. This
method which we may call the Newtonian method is undoubtedly the most Philosophi-
cal, and in every science whether of Moralls or Natural philosophy etc., is vastly more
ingenious and for that reason more engaging than the other.5

Society, which for the purposes of scientific investigation can be con-
sidered as a machine,® must be considered from two perspectives:

All the members of human society stand in need of each others assistance, and are like-
wise exposed to mutual injuries (TMS I1.ii.3.1.).

By “each others assistance” Smith means the social division of labor, for

The unassisted labour of a solitary individual, it is evident, is altogether unable to provide
for him such food, such cloaths, and such lodging, as not only the luxury of the great
but as the natural appetites of the meanest peasant are, in every civilized society, sup-
posed to require (ED, 562).



96 GIDEON FREUDENTHAL

With the reference to the danger of “mutual injuries”, Smith addresses the
necessity of justice:

“Society, however, cannot subsist among those who are at all times ready to hurt and
injure one another”; without justice no society can survive (TMS 11.ii.3.3).

The necessary functions of social life are thus the exchange of goods and ser-
vices and the observation of justice; as such they constitute the two subjects
of social science: political economy and jurisprudence. It is to be examined
whether Smith explains these functions on the basis of ‘essential properties’
of a single individual.

(a) Division of Labor

Smith wants to explain the so advantageous social division of labor neither
teleologically — with reference to its effects’ — nor by the assumption of
different talents.® On the contrary, he asks “from what principles in our
nature” can the division of labor best be explained (LY(B), 492), and believes
such a principle is

a certain propensity in human nature . .. the propensity to truck, barter, and exchange
one thing for another.®

On the basis of this ‘principle’ Smith then explains how from occasional
exchanges a thoroughgoing division of labor was developed. “As right as it
is”, remarked Karl Marx on Smith’s view, “that private exchange presupposes
division of labor, it is quite false that division of labor presupposes private
exchange. Among the Peruvians, for instance, labor was extraordinarily divided
although no exchange of the products as commodities occurred”.1?

(b) Justice

Smith also traces the second essential function of society, justice, without
which society “must in a moment crumble into atoms” (TMS IL.ii.3.4), back
to a primitive principle in human nature, “resentment”.!!

Resentment arises from the injured self-love of a man who has been done
injustice (TMS IL.ii.1.4); that a person feels resentment towards a wrongdoer,
who has injured not him but another, rests on the fact that he can sympathize
with the suffering of the afflicted person (TMS I1.i.3.3; cf. IL.i.2.5). Resent-
ment is thus not an original instinct but derived from the self-love of the
injured party and from the disapprobation of the motives of the person who
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does mischief; for the spectator, resentment is derived from sympathy with
the suffering of the injured person and from disapprobation of the motives
of the offender (TMS I1.i.5.4-5).

These two — self-love and sympathy — cannot be traced back to other
qualities of man and are thus original. They, and the sentiment of resentment
derived from them, do not change with the development of society; before
the institution of ‘civil government’ resentment is the reason for revenge of
one private person on another (TMS ILii.1.7); the same sentiment is the
reason for punishment under civilized relations. In both cases the social
phenomenon examined is traced back to one and the same original property
of man.!?

(c) Autarchy

Smith maintains not only that the original properties do not change, but also
that they belong to every single living person; this is clearly recognizable even
in his introduction of the ‘propensity to barter’ to explain the division of
labor. For if this principle is supposed to be sufficient to explain the origin
of the division of labor, then the division of labor must be just as eternal as
the principle itself; if this is not the case, as Smith shows with examples, then
the propensity to barter which he cites is obviously not sufficient to cause
the division of labor. The resolution of this apparent contradiction is achieved
by assuming a pre-societal existence of men. As soon as the men endowed
with the ‘propensity to barter’ form a society, the process of division of labor
begins. Thus Smith traces social phenomena back to essential properties of
man, which also belong to him as a single individual.!3



CHAPTER VII

THE RELATIONSHIP BETWEEN NATURAL AND
SOCIAL PHILOSOPHY IN THE WORK OF NEWTON,
ROUSSEAU, AND SMITH

Newton’s justification of the theory of absolute space presupposed that the
material world is composed of equal particles, whose essential properties
would belong to each and every particle even as a single particle in empty
space. In philosophical generalization, this assumption of Newton’s maintains
that a material system is composed of equal elements, whose essential prop-
erties are independent of their existence in a system. In the chapter above it
was shown that the same presupposition also lies at the root of the prima
philosophia and the philosophia naturalis and civilis of Hobbes as well as of
the social philosophy of Rousseau and Smith. Whereas Hobbes himself had
explicitly drawn a connection between natural and social philosophy, Newton
did not deal directly with social philosophy and metaphysics; Smith and
Rousseau, on the other hand, concentrated precisely on social philosophy
and did not concern themselves explicitly with natural philosophy and
metaphysics.

Nonetheless, all three theorists believed in a relationship between the
theory of nature and the theory of society; Rousseau and Smith seem even to
have drawn on insights of natural science in order to be able to explain social
phenomena. It will now be shown that, in so far as a relationship can be
established between theory of nature and social theory, it is to be done at the
level of philosophia prima.

(a) The Supposed Analogy Between Natural and Social Philosophy

At the end of his Opticks Newton sums up once again the results of his inves-
tigations using the analytic-synthetic method and concludes:

And if natural Philosophy in all its Parts, by pursuing this Method, shall at length be
perfected, the Bounds of Moral Philosophy will also be enlarged (Opticks, Qu. 31, 405).

The duties towards God and towards men will then be grounded in the
knowledge of the ‘first cause’, his power over us, and the benefits we receive
from him, which “will appear to us by the Light of Nature”. The relationship
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between natural and moral philosophy thus consists in the former’s bringing
to light knowledge about the divine plan of the world, which includes the
destiny of the human race — knowledge which must be taken as the basis
of any moral philosophy.!

Rousseau seems to establish a scientifically usable relationship between
natural and social philosophy by drawing on the laws of motion of a system
of moving bodies as a model for society.

The social contract, writes Rousseau, becomes necessary because men
arrive at a point at which the obstacles to their self-preservation can no longer
be overcome by the forces of each single individual:

Since men cannot create new forces, but merely combine and control those which
already exist, the only way in which they can preserve themselves is to form by aggrega-
tion a sum of forces which can overcome the resistance by applying them through a
single body (mobile) and letting them act in concert” (C.S. I. 6, 360).

The constant amount of force of the single individuals guarantees that, with
the formation of a political body by the social contract (C.S. I1.6, 378), the
compounded force of all subjects, which constitutes the force of the govern-
ment, remains constant (“Or la force totale du Governement, étant toujours
celle de I’Etat, ne varie point”, C.S. I11. 2, 400; cf. 401).

Rousseau conceives of these ‘forces’ as directed, that is, as vectors. There-
fore, the ideal situation is one in which the force of the government is equal
to the arithmetic sum of the forces of all the subjects, that is, in which “there
are no opposed movements, which counteract one another”.? Rousseau does
not merely implicitly employ the analogy between the force of an individual
(as part of the sovereign) and a vector — between the force of the government
and the vector sum of all — but he also uses an explicitly physical term to
designate the sum: ‘quantité d’action’, that is, ‘work’ (msa = W) (C.S. IIL.1,
398). The ideal situation is thus the one in which the forces of all individuals
act on the compound body which they form in the same direction, parallel
to the same line.

The same model of society as a system of moving bodies is also used by
Smith. In a metaphor he compared the individual in a society with a chess
piece, which
has a principle of motion of its own, altogether different from that which the legislature
might chuse to impress upon it. If those two principles coincide and act in the same
direction, the game of human society will go on easily and harmoniously, and is very
likely to be happy and successful. If they are opposite or different, the game will go on

miserably, and the society must be at all times in the highest degree of disorder (TMS
VL1ii.2.17; cf. also VILiii.1.2; I1.ii.3 4).
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Smith thus uses the same analogy between society and a system of moving
bodies as did Rousseau before him; he can therefore compare explicitly the
unchangeable character of the ‘governing principles’ (or properties — G.F.) of
human nature with physical laws of motion (TMS II1.5.6; cf. Campbell, 59).

(b) The Fundamental Analogy Between Natural and Social Philosophy

The analogy which Hobbes, Rousseau, and Smith saw between the subject
of mechanics and the subject of social philosophy consists in the conception
of the individuals as moving bodies and of society as a system of such bodies.
But it has been made clear that mechanics does not provide a usable model
for social philosophy: Although Rousseau does indeed assume the conserva-
tion of force of the single individual and uses the metaphor of the compound-
ing of forces for the social contract, he also maintains that the most perfect
constitution (législation) of society is that in which the force of the entire
social body is “equal to or greater than the sum of the natural forces of all
the individuals” (C.S. IL.7, 382). With this, the possibility of using vector
addition in mechanics as a model for social science is given up; and it is pre-
cisely the increase of force by the compounding of many that is realized by
the division of labor, upon which social life necessarily rests.

This possibility, that the force of society could surpass even the arithmetic
sum of the forces of the individuals, is the focus of Smith’s deliberations.
According to Smith it is precisely the fact that in a society with division of
labor “‘the productive power of labour” (WN L.i.1) is greater than the sum of
the powers of all the individuals, which constitutes the difference between
a ‘rude’ and a ‘civilized’ society (WN I.i.11).

The first positive analogy to be established between a society and a system
of moving bodies consists in the fact that opposing motions of individuals,
that is, the pursuit of opposing interests counteract each other, so that the
algebraic sum would be less than the arithmetic sum. This insight is, however,
nothing more than what is expressed in the old Latin addage: ‘Salutis funda-
mentum republicae concordia populi’. The comparison with a system of
moving bodies adds nothing new.

There is also a second positive analogy, that maintains that the law-likeness
of social life, just as that of a system of moving bodies, depends on the mo-
tions of the elements — i.e., here: the individuals — and thus cannot be mani-
pulated arbitrarily.> The motions of the elements, as has been shown, depend
on their ‘essential properties’. From this Rousseau and Smith conclude that
the construction according to a plan of a society, which is supposed to be
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different from the existing one, requires a change of ‘human nature’; Rousseau
favors such an enterprise, Smith rejects it (cf. C.S. I1.7, 380; TMS VL.ii.2.17).

The basic agreement between Newton, on the one hand, and Hobbes,
Rousseau, and Smith, on the other, consists not in substantial determinations
of the elements and their properties but in the determination of their respec-
tive subjects as systems, which consist of equal elements, to which essential
properties are attributed independently of the system. The common ground
thus lies in philosophia prima and can be formulated both ontologically (“A
system consists of ...”) and methodologically (“A phenomenon is to be
traced back to . . .”).

(c) Concept of Element and Experience

The principle which determines the relation of element and system, can (with
regard to the scientific work of the above mentioned theorists) represent
either a presupposition of research or a generalization of scientific knowledge.
The latter possibility was eliminated earlier in this analysis. The first possibil-
ity, too, that the principle represents an ‘original presupposition’ apparently
does not hold; in traditional philosophia prima no such postulate can be
found, and it is not ‘evident’ in the sense of logic.

A third possibility would be that the principle represented, on the one
hand, a presupposition of scientific research and, on the other, a generaliza-
tion of prescientific experience. In its physical sense the principle could be
interpreted as a generalization of the artisan procedure of taking apart and
putting together (a clock, for instance). Such an interpretation is, however,
insufficient, for in the tradition of natural philosophy such a generalization
had been considered and rejected by some theorists. Hence it could not have
been adopted simply as a matter of course.

A comparable interpretation in regard to social philosophy seems more
plausible: the ‘essential properties’ such as sympathy and compassion or even
the ‘propensity to barter’ and the hypothetical autarchy of man seem to
reflect experiences. For, if the social division of labor is traced back to an
original propensity of every individual to barter and exchange, then this
could be interpreted as the generalization of that specific form of division of
labor which is mediated by the exchange of commodities and which Rousseau
and Smith refer to. In this form of social division of labor, the products of
the “labor of private individuals independent of one another” (Marx, Capital,
1, MEW 23, 57) are exchanged on the market; the exchange of commodities,
which, as Smith had stressed, has the form of a contract, presupposes that
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the exchanging parties recognize one another as proprietors and, in so far, as
freemen and equals.*

If this situation is generalized ahistorically, every form of social division
of labor then appears to be grounded on commodity exchange between inde-
pendent producers, and it is intimated that, where there is no division of
labor, the independence of the individuals is complete, they are autarchic.®

But even if it is admitted that experiences in a commodity producing
society are a necessary condition for the assumption that society is composed
of independent, in principle autarchic, individuals and that the properties of
these individuals belong to them as single beings, nonetheless, this condition
is not a sufficient reason for the assumption. To demonstrate that the social
relations corresponding to commodity production are not necessary and
universally valid, it suffices to draw a comparison to other forms of produc-
tion. Thus, Marx, for instance, writes:

Let us now transport ourselves from Robinson’s island bathed in light to the European
middle ages shrouded in darkness. Here, instead of the independent man, we find every-
one dependent, serfs and lords, vassals and suzerains, laymen and clergy. Personal de-
pendence here characterises the social relations of production just as much as it does
the other spheres of life organised on the basis of that production (Capital, 1, 77; MEW
23,91).

The reference to social relations can only then be taken as a sufficient
explanation of the basic principle on the relation of individual and society
if it is assumed that the theorists are familiar neither with different social
relations (earlier or coeval) nor with social theories that are grounded on a
different relation of individual and society. Only then could it be inferred
that their view is a naive generalization of the social relations prevailing in
their time. None of these conditions are met. Macpherson, who interprets
Hobbes’s theory with reference to the social relations of his time, considers
the following social conditions for Hobbes’s theory to have obtained: the
“development of market society” “had created, or was visibly creating, an
equality before the law of the market”; and secondly, “had replaced, or was
visibly replacing hierarchical order by the objective order of the market,
which did not require unequal rights for different ranks” (Macpherson, 90;
my italics).

The restrictions added in each of the quoted passages are revealing: for if
the development was ‘visibly’ leading from a feudal, hierarchical order of
society to another, based on equality before the law and at the marketplace,
then two social orders must have been ‘visible’: the feudal hierarchical society
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and another one based on freedom and equality. These two orders were in
fact not only ‘visible” in principle, but also both were known to Hobbes from
his own experience. Hobbes’s father was a country preacher, his mother was
descended from a line of yeomen; the expenses for Hobbes’s education were
paid by his uncle, a rich glovemaker. Hobbes himself after his studies at
Oxford entered the service of the Cavendish family. “The contradiction™,
writes Christopher Hill, “is apparent. Hobbes, the small bourgeois, the clever
boy making good at Oxford, is taken into the service of one of the most
conservative of the great feudal families, which still ruled large tracts of the
economically backward north of England”.6

It can also by no means be imputed of Hobbes that he had no knowledge
of theories of nature and of society based on a different relation of element
and system. During his studies at Oxford (1603—1608) he studied the logic
and metaphysics of Aristotle, and his familiarity with the Thomist social
theory is evidenced by his critique of Cardinal Bellarmine.”

Much the same goes for Newton. It is improbable that he developed his
theory as a naive generalization of artisan experience, and furthermore, it is
established that he was aware of theories of nature which were based on a
different principle of the relation of element and system.®

It is thus quite improbable that the assumption, that the appearances of
a system are to be traced back to essential (system-independent) properties
of the elements, is a naive generalization of everyday experience. On the
contrary, with Hobbes the question must be asked, how the circumstance is
to be explained that he seems to presuppose the — in reality non-existent —
prevalence of social relations appropriate to a commodity producing society.
With regard to Newton’ theory of nature the question arises, why Newton,
who had transcended the bounds of all artisan experience, nonetheless re-
tained a principle of the relation of element and system, which was adequate
for a craftsman’s purposes but not adequate to his own theory.

In the third part of this analysis I shall attempt, with reference to the
social history of England at the time of the Revolution, to reconstruct the
inception of the basic principle of the relation of element and system; the
mediation between this principle in social theory and the corresponding
theories in philosophia prima and natural philosophy will be taken up in the
fourth and last part.



PART THREE

ON THE SOCIAL HISTORY OF THE BOURGEOIS
CONCEPT OF THE INDIVIDUAL



In this third part, the investigation turns to the social history of the bourgeois
concept of the individual; in the fourth part I shall try to show that Newton’s
theory of absolute space is in the last analysis dependent on this concept of
the individual. The present part will first reconstruct the origin of Hobbes’s
basic principle of the relation of element and system. After an outline of the
social and political history of England on the eve of the Revolution (Chapter
VIII), a sketch of the scholastic conception of the relation of element and
system will be given (Chapter IX); and in the interpretation of Hobbes’s
social philosophy, I want to show that it is grounded in his anti-feudal posi-
tion, and that Hobbes develops a political program for the establishment of
civil society as a society of independent proprietors. Hobbes’s basic principle
of the independence of the essential properties of the elements from the
system which they compose will prove to be a necessary assumption for
grounding this theory. A further examination of the social history of England
after the Revolution (Chapter X) will show that the development led to the
establishment of a capitalist society, which could not be comprehended in all
regards by Hobbes’s model. The subsequent development of social philosophy
(Chapter XI) led to a division corresponding to that between the political
factions. The bourgeois-liberal social theory (Locke and Smith) introduced
the premise that even those wthout property have a property in their persons
and held fast to Hobbes’s model and to the fundamental principle of the
relation of element and system upon which it was based; the bourgeois-
democratic social theory (Rousseau) likewise retained the Hobbesian model
and demanded that everyone should have property in the means of produc-
tion. Both theories (Chapter XII) thus applied the model of a society of small
commodity possessors and could therefore also retain Hobbes’s interpretation
of the analytic-synthetic method.
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CHAPTER VI

ENGLAND BEFORE THE REVOLUTION

1. TOWN, COUNTRY, AND THE POOR

“Thomas Hobbes was born in 1588 and lived till 1679. His life thus extends
from the defeat of the Spanish Armada to the beginning of the Popish Plot;
from the year in which the independence of Protestant England was finally
ensured to the period when the threat to restore Catholicism in England was
less a political reality than the stunt of a Parliamentary party. The revolution
of 1640 occurred after Hobbes was 50 years old, when his main ideas had
taken form.”?

In relation to the history of English absolutism, Hobbes’s birth coincides
with one of the high points of the progressive absolutism of the Tudors, and
his decisive years were spent in the time of the controversies between Parlia-
ment and the Stuart monarchy, which succeeded in 1603 — the year Hobbes
began his studies at Oxford. In a nutshell, Hobbes experienced the transition
from progressive to reactionary absolutism, a development due not to the
strengthening of feudalism in England but, on the contrary, to the develop-
ment of bourgeois relations of production.?

At the beginning of the 17th century England was still an agrarian land:
approximately 4/5 of the population lived in the countryside, and the towns
— aside from London with its 200000 inhabitants and a few smaller cities —
were only sparsely populated.

The English village itself had been in a process of transition since the 15th
century: increasing demand for wool on the domestic and export market led
to rapid developments in sheep-farming and as a consequence to the ‘en-
closures’ of the 15th and 16th centuries. In the 17th century the enclosures
continued, among other things in order to satisfy the growing needs of the
towns for foodstuffs by extending cultivation. In the course of this develop-
ment, the traditional feudal lord, who resided amidst the peasant population
and lived off their rents, gave way to the landowner — often a rich citizen
from the town — who produced for the market and wanted to be able to
dispose of the land unhindered by the feudal rights of the peasants. Those
peasants not protected by property titles, the so-called copyholders, were
driven from their land and became wage laborers on the newly organized
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farms and in the industries of the towns or constituted the mass of ‘paupers’,
who remained unemployed in the towns or vagabonded on the highways. The
latter were gruesomely persecuted by special laws.

This development was however essentially confined to the Southeast of
England; in the Northwest — and even more in Scotland — the feudal property
relations were scarcely affected:

We must be careful, however, not to antedate these developments, nor to exaggerate
their extent: they are significant as the dominant tendency. Similarly the new progres-
sive landowners and farmers catch the eye as the rising and expanding class perhaps more
than could be justified statistically. The improving landlord was not typical before 1660
(Hill, English Revolution, 21).3

In the towns a rapid development of commodity production took place
at the beginning of the 17th century. Favored by a long period of peace and
the use of water-ways which eased transportation, trade flourished along the
southern coast. The dominant branch of production was cloth production,
which, although no technical revolutions occurred, passed from the small
independent masters into the hands of capitalists, who in the form of the
‘putting-out system’ employed up to 1000 spinners and weavers working
at home. In this development a key role was played by London; by 1600
London handled 7/8 of English trade; in the course of the next forty years
London’s exports increased five times over. London, where the royal court
now resided permanently, constituted the largest domestic market for agri-
cultural and industrial products.

All those who themselves had no commodities to sell were afflicted by the
development of commodity production and the inflation prevalent from the
middle of the 16th century onward. On the one hand the feudal lords who
lived off their rents, but to a much greater extent the wage laborers, whose
numbers increased and whose real wages — which were fixed by the Justices
of the Peace, who were identical with the landowners — fell so much that
they scarcely sufficed for survival. Even worse off were the masses of expelled
and unemployed peasants. Despite all the laws binding them to their rural
home parishes, despite all prohibitions of enclosures, the number of unem-
ployed laborers, beggars, and criminals in the towns continued to rise. And
although until the Revolution there were no organized revolts, nonetheless,
there were sporadic uprisings by the peasants threatened by enclosures or by
the unemployed in the towns. The fear of a possible uprising influenced the
politics of both the parliamentary majority and the royal party.?
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2. THE POLITICS OF THE STUARTS

In light of these developments, the Stuart kings (James I and Charles I) were
forced into contradictory policies. Like all feudal landlords the King, too, ran
into financial difficulties due to the rise in prices. The King was compelled
again and again to sell estates and thus to lose influence as a feudal lord; on
the other hand, he had to secure sources of income in the developing trade
and industry by selling monopolies and instituting taxes. Although the sale
of monopolies was pursued extensively — in 1621 the number was estimated
at 700 — and damaged the free entrepreneurs and tradesmen as well as the
mass of paying consumers (arousing hostility towards the crown) nevertheless
the King profited relatively little, since the greatest part of the proceeds
seeped off along the way.®

The monopoly system was completely discredited when the ‘Cokayne
Project’ (1614) ended in a fiasco causing many bankrupcies and mass unem-
ployment in cloth production.

Direct taxation was more remunerative than the sale of monopolies, but
it involved the King in disputes with Parliament. Parliament, whose consent
was needed, made its approval of taxes conditional on the fulfillment of
certain demands. Taxes were passed only for short periods of time thus keep-
ing the King in a state of dependence; and they were only granted on the
condition that Parliament could oversee their expenditure and thus attain
control over the executive. When Parliament was dissolved in 1625 and 1626
without voting the King the money he wanted, he tried to raise it by forced
loans. Parliament answered with the ‘Petition of Right’ in 1628, which laid
down that only taxes and loans consented to by Parliament could be raised,
that no free man might be arrested without cause (that is, not by a ‘special
command of the King’), that no forced quartering of soldiers was to be
allowed, and that all martial law commissions were to be revoked. These
measures, which were to prevent the financial independence of the King as
well as the establishment of a standing army, would have taken from the King
all possibility of ruling absolutely. The open struggle for sovereignty had
begun. Parliament was dissolved by the King in 1629.

In this struggle between Parliament and the King, Parliament was sup-
ported by the free tradesmen and entrepreneurs in the towns, by the modern
landowners and the yeomen in the country. The King, on the other hand,
was compelled, the more dependent he became on Parliament, to consolidate
his power with the aid of the feudal lords and the Church hierarchy.
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3. THE CHURCH

‘No Bishop — no King.” On this epigram of James I, Charles I expanded:
“People are governed by the pulpit more than the sword in times of peace. As
the Church can never flourish without the protection of the crown, so the
dependency of the Church upon the crown is the chiefest support of royal
authority” (Quoted by Hill, Century, 74).

The importance of the Church for political order is to be attributed both
to the social and state functions which it exercised as well as to its dominant
role in the ideological sphere. Church officials were not only responsible for
the care of the poor, they also assumed those administrative functions which
were not exercised by the ‘official informers’ or the Justices of the Peace and
which could not be exercised by the crown, which possessed no bureaucracy
of its own. Officials of the Church were thus at the same time officers of the
state.

It thus hardly comes as a surprise that “‘the abuses and extravagances of
preachers in the pulpit have been in all times suppressed in this realm . ..”
as James I reported in 1622, when he introduced a number of new regulations
for sermons, which among other things forbade preachers from advocating
restrictions on ‘“‘the power, prerogative, jurisdiction, authority or duty of
sovereign princes”.® Furthermore, the preachers had the duty (as they had
had since the days of the Tudor monarchy) to preach the divine right of
kings — on at least one Sunday per quarter as the Congregation of 1640
determined.

Besides the constant though often unsuccessful attempt to determine the
content of the sermons, the Stuart kings and the Church hierarchy, too, tried
to stop preaching altogether. In 1622 James I ordered that instead of Sunday
afternoon sermons the Catechism should be expounded; in 1633 Charles I
ordered them stopped. Laud, the former Bishop of London (and since 1633
Archbishop of Canterbury) and Charles’s right hand, wanted to emphasize
“the beauty of holiness” — by which he meant a ceremony similar to that of
the Catholics — instead of sermons. By means of the ministers, who were
nominated by a patron — a lay or clerical lord of the manor — and appointed
by the bishop, to whose authority they were subordinated, the Church could
exercise extensive control. On the other hand, the ‘lecturers’ were not subject
to episcopal authority; these were preachers who were paid by wealthy
persons or by the parish and who occupied vacant minister posts — in 1603
according to an episcopal estimate more than a third of the positions were
vacant. They preached the opinions of their patrons, who as a rule were
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‘modern’ landlords or rich citizens of the towns. In addition to this conse-
quence of vacant positions, the Church hierarchy was also confronted with
another problems, namely, the increasing influence of the Jesuits: “It was this
universally admitted lack of competent protestant preachers that made the
invasion of England by learned, well-trained and wholly devoted Jesuits so
dangerous to the precariously balanced Elizabethan settlement. The Jesuit
martyrs formed a marked contrast to the average rude and uneducated
English parish priest” (Hill, ‘The Preaching of the Word’, 54).

In light of this development, the Church hierarchy and the bourgeoisie had
a common interest in relieving the lack of ministers. But just as much as their
ideas on the preachers they wished for diverged, so too did their suggestions
differ on how to relieve the lack of ministers. While the bishops sought to
have the monastical estates returned or to have the present owners pay for
the preachers, the bourgeoisie demanded that they be paid for from the
revenues of the bishops. In some places, especially in Scotland, Laud was able
to force the episcopal solution, however, only by injuring the property rights
of the possesors thus contributing to the identification of Puritanism and
defense of property as well as to the identification of his own and the King’s
policy with feudal ‘papism’.

4. PROPERTY AND PROTESTANTISM AGAINST FEUDALISM
AND PAPISM

“Protestantism, patriotism, and property were closely linked. The association
of ideas was strong and popular. The danger from Catholicism was both real
and imaginary. Few English Catholics were Spanish fifth columnists. . . . Yet
the Jesuits certainly wanted a forcible reconversion of England, and if the
Catholic cause had prevailed in the Thirty Years’ War they might have got it”
(Hill, Century, 58).

Originally, the separation of the English from the Roman Church was the
expression of England’s development to a nation state. But ever since the
Stuart kings had begun a policy of reconciliation with Counter-reformation
Spain, the defense of the English national interests became the task of Parlia-
ment and grew to be identical with anti-Spanish, Protestant politics on the
continent. When Parliament in 1621 demanded war against Spain — to pre-
vent the victory of the Counter-reformation on the continent and especially
to free England’s trade from Spanish constraints and to win colonies for
England — James I dissolved it; and the Spanish ambassador Gondomar, who
had become one of the most influential advisors to the King, could remark
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with satisfaction that this action of the King’s was “the best thing that has
happened in the interests of Spain since Luther began to preach heresy a
hundred years ago”. In 1623 Prince Charles attempted to negotiate a marriage
with the Spanish Infanta; his offer included extensive concessions to English
Catholics, concessions which were in fact made when Charles finally married
the likewise Catholic Henrietta Maria of France.

Besides the disadvantages in foreign policy and trade which were to be
feared from a policy amicable to Catholicism and Spain, the interests of those
landowners who had acquired the estates of the dissolved monasteries during
the Reformation were threatened. Whether it was the attempt to re-catholicize
the country, the alliance with Spain, the agreement with Louis XIII to crush
the Protestant fortress of La Rochelle, or the domestic and Church policy of
Stuart kings and Anglican bishops, from the point of view of the bourgeois
entrepreneurs, merchants, and landowners, the Counter-reformation, feudal
rule, monopoly, support of feudal monarchies in the Thirty Years’ War were
one and the same policy of a feudal and papist monarchy. The Grand Remon-
strance of Parliament counted in the same breath among the protagonists of
this policy: the bishops, ‘Jesuited Papists’, and such councillors and courtiers
who for private advantage support the interests of ‘foreign princes or states’.

5. PRACTICAL AND THEORETICAL STRUGGLE FOR SOVEREIGNTY

From this brief overview of the period preceding the English Revolution, we
can see that bourgeois relations of production can by no means be looked
upon as the predominant relations. Undoubtedly, commodity production was
relatively developed, but this development was more or less confined to the
Southeast of England and was hampered by state regulation. There can be
no talk of a ‘market society’ (Macpherson) in prerevolutionary England, not
even that the development was ‘visibly creating’ a market society. What was
‘visible’ to sharp-sighted contemporaries was that the struggle for a bourgeois
social order lay behind the day to day political controversies; the outcome
of these controversies was not at all ‘visible’.

Much the same goes for the ideological sphere, both for the moderate form
of Anglican Protestantism and for the more radical varieties. On the Catholic
attempts at restoration, Hill writes: “On a world scale [i.e., in Europe] two
ideologies were in conflict, and it was by no means clear that Protestantism
was not going to be driven under, as so many heresies had been before. In the
sixteen-twenties and -thirties the outlook was perhaps even blacker than one
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or two generations earlier” (‘The Preaching of the Word’, 50). With regard
to the political controversies in England he confirms a similar state of affairs:
“Looking back, we describe the early seventeenth-century conflicts as a
struggle for sovereignty. Who was to be the boss, the King and his favourites,
or the elected representatives of the men of property? Contemporaries did
not see it in this light. Only Royalist thinkers had a clear theory of sover-
eignty” (Hill, Century, 62).

This situation is not surprising, for although restricting the power of the
King was practically necessary in the twenties and thirties in order to foster
the interests of the bourgeoisie, it was not irrevocably certain that absolutism
must necessarily pursue a feudal policy. The politics of the early Tudor
monarchy, just as the later politics of Cromwell (to whom the crown was
offered), show that such an evaluation was thoroughly justified. The bone
of contention between bourgeois and feudal supporters of absolutism was
thus not the form of government but the question to whose advantage power
should be exercised. Looking back in 1653, the republican Albertus Warren
wrote, “The question never was whether we should be governed by arbitrary
power, but in whose hands it should be.””

In the political theories the opposing interests are expressed in the differ-
ences of function intended for the monarchy, and the function in turn is
derived from the quite differently grounded necessity of the office of King.
On this point the feudal and the bourgeois theories differ fundamentally. On
a European scale there are thus three forms of theory to be considered: the
feudal-Catholic, the feudal-royal, and finally the bourgeois.

This theoretical discussion will concern us only in so far as it deals with
the relation of element and system. Only if we can find a basic principle
different from that of Hobbes in the feudal theories of the state we will be
able to speak of a significance of social history for the questions dealt with
here. Nonetheless, it should already have become clear, that the possible
importance of bourgeois relations for the theory formation of the time can-
not consist in their being an overpowering fact which these theories simply
reflect but rather that the various theories arose within a discussion which
was an element of the social struggle. The basic flaw in the interpretation of
Macpherson and others is thus: assigning theories to this or that model of
social relations blocks one’s view on the essential points of the epoch — the
struggle that led to the transition from one form of society to the next and
the partisanship in the theoretical controversies which these struggles in-
volved.®



CHAPTER IX

THE ANTIFEUDAL SOCIAL PHILOSOPHY OF HOBBES

The first thinker for whom the basic principle of the independence of the
essential qualities of an element from its system could be demonstrated was
Thomas Hobbes. In order to interpret his position on the background of the
political and theoretical controversies of his time, we must first take into
consideration the dominant conceptions against which he took the field.
Among the better known scholastics of his time, Hobbes himself mentions
the Jesuits, Francis Suarez and Cardinal Bellarmine; he dealt extensively with
the latter in the Leviathan.

In the history of science Cardinal Robert Bellarmine (1542—1621) made a
name for himself through his role in the trials of Giordano Bruno (1599) and
in the first trial of Galileo (1616). His own scholarly work was dedicated
primarily to philosophy of right and to grammar; he published no systematic
writings on natural philosophy. Bellarmine belonged to the Thomist school
and was an advocate of the philosophy of Thomas Aquinas. With the excep-
tion of a few theorems, Thomas was to be taken as ‘ordinarius et communis
auctor’, and the exceptions were then limited to the most minor theorems.?

For the analysis of the relation of element and system in scholastic natural
philosophy, we shall therefore turn first to the work of Aquinas;afterwards,
some modifications of Aquinas’s theory of the state which Bellarmine under-
took and their importance for the debates at the beginning of the 17th cen-
tury will be discussed.?

1. THOMAS AQUINAS’ DOCTRINE OF NATURE AS A
HIERARCHICAL ORGANISM OF UNEQUAL ELEMENTS

(a) Unequal Elements

According to the Thomist conception, tangible bodies exist only in the sub-
lunar sphere. These bodies consist either of one of the elements (fire, air,
water, earth) or of a compound of different elements. Every material body
consists of matter and form. Matter is passive and capable of receiving various
forms, but it can only exist in unity with a form (Quaestiones de Quodlibet
III, Art. 1).

115
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The substantial forms of the elements are determined according to the
primary qualities to which all other qualities are to be traced back. The
primary qualities are passive or active. The passive ones are the wet and the
dry; the active ones are the hot and the cold (De Generatione et coruptione,
II, Lect. 2). Out of these four qualities result four possible combinations of
opposed qualities and, correspondingly, four elements: dry heat (fire), wet
heat (air), wet cold (water), and dry cold (earth). Should one of the qualities
take the place of another, then the element transforms itself into another.
From fire (dry heat) — when the dry is changed to wet — there arises air
(wet heat); from air — when the hot is changed to cold — there arises water
(wet cold); and from water — when the wet is changed to dry — there arises
earth (dry cold).

Since the greatest warmth is derived from the quickest motion of the
outermost moving sphere, the place most distant from it (the center of the
earth) is the coldest. The elements in these most distant places are dry: in the
highest sphere, because fire dries; in the earth because great cold draws
material bodies together and squeezes out the wetness; between these two
extremes the wet elements are to be found: the warmer (air) above the colder
(water). Even from these elementary effects it can be seen that the distance
from the outermost sphere is decisive for the qualities attributed to the (in
itself) uniform matter. The place of a material body on the radius of the
spheres, that is, on the line up-down, is not only what contains the body but
also what ‘conserves and forms’ the body.3

It can easily be seen on the basis of this sketch that Aquinas’ view of the
relation of element and system is very different from that of Hobbes, indeed
quite the opposite of it: the world consists of unequal, dissimilar elements
whose primary qualities depend on their own peculiar place on the radius of
the world system.

(b) Hierarchical Organism

The hierarchy of all beings is connected to this necessary relationship between
the place of a body on the radius of the world system and its primary qual-
ities. Since the extemes are, on the one hand, the immaterial, the one God,
the most perfect being (ens perfectissimum), the pure activity and being itself
(actus purus; “Deus est ipsum esse per se subsistens”; Summa Theologica 1,
Qu. 4, Art.2) and, on the other hand, matter as mere possibility and passivity,
thus all species of entities, which are composed of possibility and reality,
are to be arranged in a series between these two extremes, whose order is
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determined according to the degree of participation in God’s being, unity,
and activity.?

The hierarchy leads from God down through the pure forms (formae
separatae) to the forms which exist only in conjunction with matter (formae
inhaerentes). Man participates in both worlds, the material and the immate-
rial; for his soul, due to its reason (anima intellectiva), forms the lowest step
of the formae separatae, and as animal soul it forms the highest step of the
formae inhaerentes (anima sensitiva and anima vegetativa). Beneath man are
those creatures which have no anima intellectiva, and beneath these are the
plants, which are endowed only with an anima vegetativa; and below the
plants are the inanimate material bodies whose substantial forms make up
the lowest step of the scale.

On each of these steps the same principle of unity (principium unitatis)
prevails; multiplicity has its source in unity (multitudo derivatur ab uno) and
is traced back to the One (reducitur ad unum). This order of the universe
appears especially in the order of the whole and in the order of man who
represents a microcosmos:

Just as all bodily motion outside of man can finally be traced back to the motion of the
celestial spheres, so, too, the motion of all organs and parts of the body to the motor
force of the heart. Just as the heavenly spheres are moved by angels, so the heart is
moved by the intellective soul as the form of the body; just as the whole universe is
moved by God, so the whole man with all his powers is moved by the commanding will
of the reasonable soul.5

The conception of every substance as a unity of passive matter and an
active fom in analogy with the unity of the parts of the body and the soul in
a living organism necessitates a more precise determination of the relation of
element and system: Every being in the material world represents a part or
member of the world organism, a part whose primary qualities depend on
its place in the hierarchy of the world system.®

2. THOMAS AQUINAS’ DOCTRINE OF SOCIETY AS A
HIERARCHICAL ORGANISM OF UNEQUAL ELEMENTS

(a) Hierarchical Organism of Society

The relation of a part to an organism which is governed by its head holds
especially for human society. For, although the universal law of the world
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permeates all creatures, only man, due to his participation in the ‘“‘eternal
(divine) reason”, recognizes and consciously carries it out.”

“And so if it were fitting for man to live alone, as do many animals, he
would need no other guide [than the ‘light of reason’ — G.F.] to reach his
end, but each would be a king unto himself” (I, 1). But since nature has not
given man food and means of defense like the animals but rather has endowed
him with reason and determined him to obtain the necessities of life by labor,
and since the power of an individual does not suffice for this purpose, it is
natural that he live with others, that is, in society.

“If therefore it is natural for man to live with many others in society, then
it is necessary that there be something among men by which the multitude is
governed” (De Regimine Principum,]1, 1). “Thus in the universe of bodies the
other bodies are governed by the first body, namely the heavens, according
to the order of divine providence, and all bodies by the rational creature. Also
in a single man the soul governs the body, and among the parts of the soul the
passions and desires are governed by reason. Similarly, among the parts of the
body one is principal and moves all the others, whether this be the heart or
the head. Therefore, in every multitude there must be something which
governs” (I, 1). “In the multitude of parts (of the body) there is one that
moves all the rest, namely the heart; among the parts of the soul one principal
force presides, namely reason . .. and in the whole universe there is one God,
creator and ruler of all. ... For all plurality derives from unity” (I, 2). All
social groupings are instituted according to this law (ordinatio ad unum): the
family, the village community, the town, the kingdom; the king, who rules
a city or a state thus has a similarity not only to the father of a family (pater-
familias; 1, 1) but also to God whom he represents in the state (I, 12).

Looking back from a later viewpoint, we can recognize two basic principles
in these deliberations: on the one hand, the natural necessity of social life,
which does not represent a combination of individuals (elements) but rather
an organism whose parts or members could not exist separately; on the other
hand, the natural necessity of a hierarchy, of a governing of the organism by
a unified, superior power. For Aquinas both principles are the same: A
society, consequently, represents a naturally necessary, hierarchical organism,
which is ruled by a governing organ.®

(b) Pope and King

The structure of human society just discussed is attained on the basis of
the reasonable nature of man; the goal is a virtuous life. On account of his
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participation in divine reason man also has a final goal located beyond his life
on earth: the supreme happiness which he hopes for in the sight of God after
his death (I, 14).

Man cannot reach the goal through virtue but only with the help of ‘divine
government’. Therefore, “such a government belongs only to that king who is
not only man but also God, that is, to our Lord Jesus Christ, who, making
men to be sons of God, has led them into heavenly glory” (I, 14). “The
ministry of this kingdom is entrusted not to worldly rulers but to priests, so
that spiritual things may be kept distinct from worldly, and in particular to
the Highest Priest, the successor of Peter, the Vicar of Christ, the Roman
Pontiff ...” (I, 14).°

The Church, like every human community, is thus taken as an organism,
as a ‘mystical body’, whose head is Christ and whose members are all the
faithful. 1°

But since the otherworldly goal is higher than that of this world, “those
who are concerned with antecedent ends ought to be subordinated to him
who is concerned with the final end and to be directed by his command”;
therefore, “all the kings of Christian people should be subject (to the Pope)
as to the Lord Jesus Christ himself” (I, 14), or as the body to the soul.!?

On this point too, Aquinas employs the basic principle, that every system
represents an organism, which is governed by one organ, and whose hierarchy
is constructed according to the nearness to God as the head of the world
organism.

3. CATHOLIC CHURCH AND NATION STATE IN THE
17TH CENTURY

(a) Cardinal Bellarmine’s Theory of the State

When Bellarmine at the beginning of the 17th century undertook to renew
the theory of natural right of Thomas Aquinas and to present a new justifica-
tion of the supremacy of the Pope, he had to take the changed situation into
account. Among the decisive factors for the final formulation of his theory
of the state were “the struggle of the Curie with the Republic of Venice and
its state theologians (1606—1607) and especially the controversy with the
absolutist English King James I and his court theologians (1607—1609) as
well as with Gallicanism, which was aggressive towards Bellarmine”.!?

The controversy with James I had this ‘decisive importance’ for Cardinal
Bellarmine and for the Catholic Church as a whole, because the liberation
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from the dominion of the Pope was carried out most decisively in England
and was coupled with the rejection of his ecclesiastical supremacy as well. A
number of other events had occurred before James I's exclusive claims to
dominion, which limited the power of the Pope and contributed to influence
the work of Bellarmine: the restriction of papal rights over the Church in
France by Charles VII (the so-called ‘Gallican liberties’, 1438), the Reforma-
tion, the recognition of the principle ‘cuius regio eius et religio’ even by
Catholic princes (a principle which derives spiritual authority from worldly
authority), and finally, the revoking of papal privileges by the Venetian
republic, against which Pope Paul V could only proceed with an inconsequen-
tial interdict (1606).

James I, who took the final step, had propounded as early as 1598 in the
(anonymously published) Trew Law of Free Monarchies and in Basilikon
Doron the theory (which will be discussed below) that kings have received
their offices directly from God, a direct appointment, which the Pope claimed
for himself alone in the line of succession from Peter.

The outstanding achievement of Bellarmine in his dispute with this claim
lies in seeking a compromise which took the changed power relations into
account and in defending it against out-of-date Catholic theories which laid
claim to the entire spiritual and temporal power for the Pope as the represen-
tative of God on earth. By such an assertion, remarked Bellarmine, ‘“‘ecclesia-
tical authority is without reason made odious to the secular rulers”.!3

Against such futile demands Bellarmine maintained that the Christian
princes were not vassals of the Pope, “but true kings and princes . . . state
and Church are different powers. They can be separated from one another or
joined together. The state can exist by itself without the Church and the
latter also without the former. So purely are the two areas separated in
Bellarmine’s mind that he considers it better, taken absolutely, that the Popes
take care only of the spiritual and the kings only of the temporal” (Arnold,
104). However, it would be mistaken to conceive the relation of the Church
and the state as that of two independent states. For, in so far as it is a Chris-
tian state (and a state can be Christian only as a Catholic state; Protestant
and heretical states are simply ‘infidels’) in which the people have temporal
and eternal ends, these ends cannot be separated from one another, and
consequently, the powers responsible for them can also not be separated. The
secular power, the state, is independent as far as its affairs “do not oppose
the spiritual purpose of men or those ends which are necessary to achieve
this goal”.

“In the latter case the spiritual authority can and must coerce the temporal
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in everyway which seems necessary (coercere temporalem omni ratione ac via,
quae ad id necessaria videtur). The Pope has no ordinary (ordinarie) right to
intervene in the affairs of state; but he does, as the highest spiritual prince,
have an extraordinary highest authority over the worldly affairs of all Chris-
tians in regard to the bonum spirituale. His right to intervene in the jurisdic-
tion of the state is founded in and limited by the necessities called forth by
the care for the salvation of souls.

“By this ‘indirect’ power the Pope cannot overturn the political order or
confound it with the spiritual regime .... The Pope can however by his
spiritual and apostolic power direct and correct the political power and, when
it is necessary for the spiritual end, transfer it from one prince to another.
This power was given him as the shepherd of all Christendom, as superior of
the whole Christian family, and as representative of the head of the entire
body, to which kings and emperors also belong”.'* Against James I Bellarmine
stresses that he has “allowed the unrestrained people no authority at all nor
has he loosed the reigns or paved the way for rebellion and regicide”; the
people have only the right to depose the king on the basis of a judgement by
the Pope, who has the right to condemn heresy (cf. Arnold, 249).

The compromise which Bellarmine suggests to the King consisted in the
abdication by the Church of direct temporal power (which it also no longer
possessed in England) and in the obligation of the subjects to obey the King
without restriction. In return the King was to submit to the ‘spiritual’ domin-
ion of the Pope with all the consequences for domestic and foreign policy of
such an action. Should the King refuse to accept this compromise, the Pope
reserved the right to call upon the Catholics to depose the heretical King. The
increasing activity of the Jesuits in England showed that this was no empty
threat.

For the theoretical controversies of the 17th century it is also of im-
portance that Bellarmine conceived the state and the Church as organisms
each of which was governed by a dominant organ, and that this hierarchy
is constructed according to the nearness to God as the head of the world
organism.

(b) The Theory of the State of James |

Bellarmine’s attempt to justify the supremacy of the Pope rests on two pillars:
first, the spiritual end of men is higher than their material end, which is in
the care of the king; secondly, the office of king is grounded in natural right
and thus indirectly God-given, while the office of Pope was founded directly
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by God. The position of the king as head of the social organism and of the
Pope as head of the Christian total organism remains unaffected.

The Stuart position was summarized by James I in a speech to Parliament
as follows:

The state of monarchy is the supremest thing upon earth; for kings are not only God’s
lieutenants upon earth, and sit upon God’s throne, but even by God himself they are
called gods. There be three principal similitudes that illustrate the state of monarchy:
one taken out of the word of God, and the two other out of the grounds of policy and
philosophy. In the Scriptures kings are called gods, and so their powers after a certain
relation compared to the divine power. Kings are also compared to fathers of families,
for the king is truly parens patriae, the politic father of his people. And lastly, kings are
compared to the head of this microcosm of the body of man.15

In these three comparisons of the dominion of kings over the state with
God’s dominion over the world, with the dominion of a father over the
family, and with the dominion of the head over the body, Bellarmine and
James I are in agreement. The difference occurs only in the determination of
the adequate analogues to the world, the family, the human body (the state,
Christendom, with which the precedence of the king or the Pope is justified).
The differences concerning the consequences of the theories which are sup-
posed to ground the supremacy of the king or the Pope do not affect their
common foundations. Both theories presuppose hierarchical-organic natural
and social relations (in a word: feudal relations). When the parliamentarians
in 1614 attacked Anglican bishops, Jesuits, and courtiers in the service of
foreign powers as being responsible for the ‘papist’ politics of the King, they
were not pointing out a conflict of interests between (feudal) King and
(feudal) Pope; on the contrary, they saw and clearly articulated the common
interests of the two feudal lords and the opposition of these interests to their
own. And so long as the bourgeoisie did not see its own interests joined to a
form of state different from absolutism, its political struggle concentrated
practically on the attempt to employ the absolutist power in its own interests
and, where this was not possible, to thwart its engagement in the interests
of the feudal lords by restricting its power. The limiting of absolutist power
was not, however, the primary aim of the bourgeoisie but rather a means to
an end. This circumstance, as well as the fundamental opposition of interests
between bourgeoisie and feudal lords was expressed theoretically not in the
question of the form of government but in the question of whether the King
is, or should be, the proponent of feudal society or the proponent of civil
society.

On this background, Hobbes’s political philosophy willnow be interpreted.
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4. HOBBES’S THEORY OF THE STATE AS A CONTRACT OF
EQUAL AND AUTARCHIC INDIVIDUALS

The common foundation or the royal and the papal versions of feudal ide-
ology consisted in the conception of society as a hierarchical organism that
is governed by a natural head. This conception was supported by the analogy
drawn with the order of nature, in which every subsystem, just like the wold
as a whole, forms a hierarchical organism, which is governed by a head and in
which the properties of each member or part are determined by its rank in
the hierarchy.

If one takes the prevailing social conditions as well as the prevailing inter-
pretation of those conditions into consideration, it becomes clear that the
basic principle of Hobbes, that a system consists of equal elements, to which
essential properties are to be attributed independently of the system, is di-
rected in its thrust against the feudal ideology and that due to the dominance
of that ideology, it could be developed and advocated only in the full con-
sciousness of that opposition.

Hobbes wrote not merely as the representative of antifeudal interests, he
also claimed to be practicing science. As long as his basic conception can be
sufficiently justified by his scientific procedure, it is not of interest whether
it was affected by his dispute with feudal theory or whether, just the reverse,
his dispute with feudal theory was necessitated by the results of his researches.
This question need be posed only if it should turn out that Hobbes’s concep-
tion cannot be grounded by his scientific analysis; this will now be examined.

(a) The Fquality of Men in the State of Nature

Hobbes’s intention was to analyze the system of the absolutist state or on the
basis of the analysis to demonstrate its necessity based on the constitution of
the elements themselves. A scientific analysis could not abstract from the fact
that this state had really arisen out of the struggle of feudal lords and was also
supported by the bourgeoisie. The presupposition that the state consists of
equal elements, taken consistently, means that it must be proved that the
differences among the nobility, the bourgeoisie, and the poor are in regard to
the state not essential differences.

Hobbes grounds the necessity of absolute rule in the necessity of prevent-
ing the war of every man against every man for the sake of the preservation
of each one (Leviathan, Ch. 13). This war was explained by Hobbes with the
‘restless desire’ of every man for more power, which in the last analysis is
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necessary for self-preservation (Ch. 11 and 12). In general, Hobbes explains,
the power of a man consists in “his present means, to obtain some future
apparent Good” (Ch. 10, 150) — a definition which remains neutral vis a vis
a feudal or a bourgeois social order. It is however peculiar and inappropriate
to a bourgeois form of society that the largest part of the chapter is dedicated
to determining the power which consists of honor.

In addition to ‘natural’ honor, there are in a commonwealth, where the
highest authority determines what is to be taken as a sign of honor, particular
honors: “A Soveraigne doth Honour a Subject with whatsoever Title, or
Office, or Employment, or Action, that he himself will have taken for a signe
of his will to Honour him” (Ch. 10, 154). To this kind of honor belong such
things as magistrate functions, offices, titles, “and in some places Coats, and
Scutchions painted” (ibid.). The latter kind of honor “commonly called
Gentry” (157) as well as the titles of nobility — Duke, Count, Marquis, and
Baron — are hereditary and firmly anchored in feudal society. The Gentry,
wrote Hobbes, “has been derived from the Antient Germans”, and Germany,
“as all other Countries in their beginnings [was originally] divided amongst
an infinite number of little Lords, or Masters of Families, that continually
had wars one with another” (Ch. 10, 158; my italics; cf. Ch. 17, 224).

The titles Duke, Count, Marquis, and Baron originally designated military
leaders, as Hobbes shows on the basis of etymology. The ‘honor’ which con-
stitutes power consists either in the command or the dominion of the person
honored over an area which he was to defend. ‘Honor’ (honos) — one might
add to Hobbes’s presentation — had even in ancient Rome not only the
meaning of ‘worth’ or ‘dignity’ but also of ‘office’ (e.g., cursus honorum as
the career path of public office), and in feudal society it also designated a
‘beneficium’, whether in the form of tenures of offices or money.

Thus, Hobbes does indeed take the origins of absolutism in the war of the
feudal lords against each other into account; however, he does not fall in with
the feudal ideology, which represented the hierarchy as natural: “Nobility”,
he remarks, “is Power, not in all places, but onely in those Common-wealths,
where it has Priviledges: for in such priviledges consisteth their Power” (Cf.
10, 151). Just as noble descent is not sufficient to give power, it is also
not necessary to be of noble descent in order to acquire privileges from the
sovereign and thus to belong to the ‘nobility’: nobility depends on the will
of the sovereign, and titles were conferred on “rich or otherwise deserving
people” and “men were made Dukes, Counts, Marquises, and Barons of Places,
wherein they had neither possession, nor command” (159; cf. the Latin
version of the same passage). The circumstance that many rich burgesses
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bought titles in the 17th century and that much of the nobility organized
their estates on a capitalistic basis made it possible for Hobbes to subsume
privileges and wealth under one concept: power.®

In the concept of ‘power’ the supposed difference in principle between
feudal privileges and bourgeois riches disappears, and Hobbes obtained at the
same time a standard of measure with which feudal lords and citizens could
be measured in the same way: “The Value, or WORTH of a man, is as of all
other things, his Price; that is to say, so much as would be given for the use
of his Power: and therefore is not absolute; but a thing dependent on the
need and judgement of another” (Ch. 10, 151-152).

The reduction of the significance of titles to the power that they actually
represent and the introduction of the same measure for the power of the
nobility and the power of the wealthy citizens enable Hobbes to assert their
equivalence. The first proposition of his basic principle, i.e., that a system is
composed of equal elements, is not yet justified; for that, the men without
property must also be included. However, the concept of power proves to be
general enough in principle to achieve this as well.

The first kind of power is the natural power, that is, “the eminence of the
Faculties of Body or Mind”’; in these properties all men are in principle equal
(Ch. 10, 150). The given “difference between man, and man, is not so consid-
erable, as that one man can thereupon claim himselfe any benefit, to which
another may not pretend, as well as he” (Ch. 13, 183). And since the kinds
of power already discussed are acquired through the ‘natural power’ or by
‘accident’ (Ch. 10, p. 150), all men are in principle equal in the struggle for
more power. Men are equal, not in the sense that their starting positions are
equal — it is, for instance, advantageous to be descended from “conspicuous
Parents” since one more easily acquires assistance and also inherits the friends
of the ancestors (Ch. 10, 156) — but they are equal in the sense that no one
is excluded from taking part in the struggle. And from this equality arises an
equality ‘of hope’ of attaining the projected goals (Ch. 13, 184).

The equality of all men is grounded not only in this equality in principle;
the struggle of all against all for more power arises in the last analysis because
it is necessary for self-preservation, and in the endeavor to preserve their lives
all men are, as natural creatures, equal. Basically, all men are equally threat-
ened, for even “‘the weakest has strength enough to kill the strongest, either
by secret machination, or by confederacy with others, that are in the same
danger with himselfe” (Ch. 12, 183). In the possibility of being killed the
rich and the penniless are equals, and therefore everyone, whether noble,
bourgeois, or propertyless, must fear for his life. All men also have an equal
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possibility of acquiring the greatest of human powers by founding parties.
From this Hobbes infers the necessity of setting up the “Greatest of humane
Power”, which is composed of the powers of the most men, the state, which
can enforce peace (Ch. 13, 150). In the end it is in this function of the state
that the general reasons lie which move even the propertyless to subject them-
selves to the absolute state in spite of all disadvantages that might arise for
them in such a state (cf. Ch. 20, 260).

Hobbes’s broad concept of power thus justifies his view that a system
consists of equal elements; moreover, this concept allows him to neglect the
differences between the feudal and the bourgeois society, so that the deter-
mination of the essential qualities of the elements (the men) can be under-
taken independently of a particular social system.

(b) The Equality of Men in the State

As soon as the state is established and the danger of being killed ceases to be
the dominant social reality as in the state of nature, the physical equality of
men loses its importance, and the actual differences in their power can no
longer be levelled by referring to the, in principle, equal possibilities of ac-
quiring power. The equality of men seems thus to hold for the state of nature
but not for life in the commonwealth: the now existing inequality was intro-
duced by civil laws, writes Hobbes (Ch. 15, 211). Thus Hobbes cannot assert
the equality of all men in the state as an actually existing equality; but he
does foresee measures to bring it about.

The specific power of the nobility, Hobbes explains, consists in its access
to state offices, in its function as military commanders, and finally in its
privileges. Hobbes rejects the inheritance of claims to office by the nobility
and demands that offices be filled by the most capable (Cf. 30, 391f.); the
same applies to command of the army (393f.). The legal privileges of the
nobility Hobbes also wanted to see dissolved; he celebrates the abolition of
special courts for the nobility in England (Ch. 23, 292) and demands equality
before the law as well as the impartiality of the courts (Ch. 27, p. 385).

Hobbes likewise demands that riches — whether of the nobility or of the
bourgeoisie — do not become a power in the state; he warns against the
wealth of the towns, which suffices to finance an army (Ch. 29, 374f.) and
also wants to limit the number of servants of private persons, so that they
cannot dispose of a private army (Ch. 22, 287). He even denies the uncondi-
tional validity of the right to property and reserves the sovereign the right to
confiscate and distribute property (Ch. 29, 367f.; Ch. 24, 297; Ch. 30, 376).
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Hobbes’s regulations culminate in a general prohibition of all ‘systems’,
thereby depriving nobility, bourgeoisie, as well as the propertyless of the
possibility of forming a power of any kind whatever, which could approach
the ‘greatest human power’ — that of the state — a power which arises from
the union of many and depends on the will of a private person, the power of
a party (Ch. 10, 150).17

Hobbes’s philosophical principle, that a system consists of equal elements,
is thus of twofold significance for social philosophy: in the theory of the
origin of the state, it allegedly represents the result of the analysis of society;
with regard to the form of the state recommended by Hobbes, however, it
represents a goal, which is to be realized by appropriate measures. These
measures are to prevent the development from the minor natural inequalities
of men to a more extensive inequality, so that the equality of all men can still
be acknowledged. This is to be achieved by equipping the state with so much
power and depriving the subjects of so much power that they can all be taken
as equals with regard to the state (cf. Ch. 30, 385f.); the fundamental equality
of all men in the commonwealth, just as in the state of nature, consists in
powerlessness. Hobbes’s state thus has the primary function of securing the
continuation of the ‘state of nature’: the equality of all men in the struggle
of all for more power. The condition for the continuation of this struggle is
that it be carried out peacefully and not be decided and ended through the
concentration of power in one private person.!®

It is thus clear that Hobbes’s basic principle of the relation of element and
system cannot be explained simply by a particular (artisan) interpretation of
the analytic-synthetic method, especially since it is also easy to see that even
the determination of the elements in the state of nature cannot be explained
without reference to Hobbes’s political program; for, from his description of
the war of the feudal lords against each other and of the war of the wealthy
burgesses for more power — a struggle in which allegedly the propertyless also
participate — one could just as well trace the state back to unequal elements,
which, moreover, need not even be individuals but could also represent
families. Hobbes’s reduction of the state back to the struggle of equal individ-
uals with one another thus seems partly determined by his intention to repre-
sent a commonwealth in which every supra-individual association of private
persons is forbidden as the ‘natural’ one.

This conjecture is supported by the circumstance that the knowledge that
the state is compounded out of individuals is not the result of an analysis
but is presupposed: in accord with the analytic-synthetic method, writes
Hobbes, he began with ‘“‘the very matter of civil government, and thence
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proceeded to its generation and form, and the first beginning of justice”. And
$0,

to make a more curious search into the rights of states and duties of subjects, it is neces-
sary, I say, not to take them insunder, but yet that they be so considered as if they were
dissolved; that is, that we rightly understand what the quality of human nature is, in
what matters it is, in what not, fit to make up a civil government, and how men must
be agreed amongst themselves (inter se componi) that intend to grow up into a well-
grounded state (coalescere) (De Cive, Preface, Opera II, 146; Works 11, xiv).

Hobbes thus begins not with the analysis of the state and the determination
of its elements but rather presupposes that the state is composed of individ-
uals, and the analysis already refers to the elements (individuals) and leads to
the determination of the psycho-physical endowments of man.

(c) The Autarchy of Man in the State of Nature

Hobbes’s deduction of the necessity of the state from the war of every man
against every man by no means implies that logically or historically a condi-
tion must be assumed in which independent, autarchic individuals lived along-
side one another and that the determination of essential properties must refer
to such single individuals. For Hobbes refers the war of all against all to the
war of families with one another, which embraced all individuals, and he
says that cities and kingdoms are nothing but “greater Families” which
“endeavour as much as they can, to subdue, or weaken their neighbors, by
open force and secret arts” (Ch. 17, 224; cf. Ch. 22, 287, and Ch. 10, 158).
Hobbes seems to intimate that he wants to explain the origin of the state by
the war of families or the social forms derived from them and not by the
struggle of autarchic individuals. It must therefore be asked whether Hobbes’s
theory of the origin of the state presupposes the autarchy of men in the state
of nature and whether such an assumption can be justified.

Hobbes considers two principal possibilities of founding the common-
wealth: acquisition and institution (Ch. 17, 228). The first form of founding
by acquisition is a contract between conqueror and conquered and is of no
interest here:-a lasting subjugation presupposes some kind of society on the
side of the conqueror, because it requires a lasting, superior power which a
single man cannot have over another. The second form of founding by ac-
quisition, the lasting subjugation of children also cannot explain the original
transition from the state of nature to the commonwealth: Hobbes argues that
the child owes its life to its mother, who nourishes it and could have exposed
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it, and therefore — as compensation — it must be her subject (Ch. 20, 253f.).
Assuming the subordination of the mother to the father, then the father is
— before the founding of the state — the absolute sovereign over his children
and his children’s children (Ch. 22, 285); and after the state arises, the father
deserves the honor and friendship of the children (Ch. 24, 301; Ch. 27, 352;
Ch. 30, 382).

These latter determinations cannot be reconciled with the conditions of
contracts which Hobbes sets; for “Covenants, without the Sword, are but
Words, and of no strength to secure a man at all” (Ch. 17, 223). Therefore,
“the Validity of Covenants begins not but with the Constitution of Civill
Power, sufficient to compell men to keep them: And then it is also that
Propriety begins” (Ch. 15, 203). If the family preceded the state it is not
clear what force could be supposed to move grown up children to fulfill their
duties to their fathers: on the contrary, the father would have to enforce
fulfillment with a war. The conclusion of peace would legally be the equiva-
lent of the institution of a sovereign, and the stability of a family would
presuppose the commonwealth by institution.

To explain the origin of the state by institution, that is, by covenant,
without assuming any already existing family or other social relations, means
that we

consider men as if but even now sprung out of the earth, and suddenly, like mushrooms,
come to full maturity, without all kind of engagement to each other (De Cive, 8.1;
Works 11, 109).

The theory that the state is instituted by contract thus presupposes the
autarchy of each man, not only in the sense that he supports himself (for the
contract follows not from the necessity of social labor according to Hobbes,
but from the desire for security from attack), but also in the sense that every
man has from nature all the necessary human properties — including, along-
side the physical properties, also the mental ones such as reason and language,
without which no contract can be entered into. Hobbes was aware of this
presupposition “Justice, and Injustice”, he wrote, “are none of the Faculties
neither of the Body, nor Mind. If they were, they might be in a man that
were alone in the world as well as his Senses, and Passions. They are Qualities,
that relate to men in Society, not in Solitude” (Ch. 13, 188; my italics).
However, all physical and mental properties which are necessary for an
autarchic existence and for concluding contracts must be ascribed to a man
“that were alone in the world”. Here too, lies the reason why eight chapters
on the psycho-physical properties of man as such without any relation to
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society had to precede the doctrine of the state in the first part of Leviathan
(“Of Man”).?®

One can scarcely believe of Hobbes that he ever seriously thought that
men had “sprung out of the earth, and suddenly, like mushrooms, come to
full maturity, without all kind of engagement to each other”. Furthermore,
Hobbes maintained that even if one were to assume the existence of such
ready-made autarchic individuals, they would never be able to institute a state
by agreement. In case the state dissolved at the death of the sovereign (if the
sovereign is a king), the “multitude” would be unable to agree on the institu-
tion of a new state, that is, on the choice of a new sovereign (Ch. 19, 249).

Hobbes thus does not put much faith in the ability of autarchic men,
peacefully to agree on instituting a sovereign at the present time, and it is
not clear why men should have had more insight in the past than they do
now. Indeed, Hobbes never supposed that a meeting of autarchic individuals
in reality founded the state by instituting a sovereign; his examples always
refer to subjugation by conquest, most often to the subjugation of many
feudal families by a single family. His institution theory is intended neither
to explain the historical origin of the state nor to suggest a new form of the
state; rather it points out the possibility of how the existing relations of sub-
jugation in state and family can be interpreted as contractual relations and
how subjugation can be grounded in a contract.

(d) The State as a Contractual Relation

Hobbes’s intention of interpreting relations of domination as contractual
relations is served equally well by both the institution and the subjugation
theory. For the state which is established by acquisition — whether by con-
quest or by subjugating children — differs from the state which is established
by the institution of a sovereign ‘“‘onely in this, that men who choose their
Soveraign, do it for fear of one another”; while in the case of the founding
of the state by acquisition, “they subject themselves, to him they are afraid
of. In both cases they do it for fear: which is to be noted by them, that hold
all such Covenants, as proceed from fear of death, or violence, voyd” (Ch. 20,
252). The sovereignty of the actually existing state, which arose out of the
war of the feudal lords, must be recognized just as well as the sovereignty of
the state which could have been established by a contract of the individuals
among themselves.

In both cases the prerequisite for a contract — the freedom and equality
of the contracting parties — are guaranteed. They are free, since freedom can



THE ANTIFEUDAL SOCIAL PHILOSOPHY OF HOBBES 131

be reconciled with fear (Ch. 21, 262f.); just as men are free to remain in a
state of war instead of instituting a sovereign, so too, are they free to resist
the conqueror or father. Their subjugation in both cases is the result of a free
decision to their own advantage.

The equality of contracting parties consists in the fact that a reciprocal
transfer of rights constitutes the contract (Ch. 14, 194). This requirement is
met both by the contract of institution (Ch. 17, 227) and also by the contract
of the conquered with the conqueror or parent, in which the loser submits to
the winner and in return retains his life (Ch. 20).

The question as to the origin of Hobbes’s basic principle, that a system
consists of autarchic elements, is thus the question as to the purpose of this
interpretation of the contract.

(e) Hobbes'’s Refutation of the Feudal Theory

The importance (although not the main purpose) of Hobbes’s attempt to
trace all social relations back to contractual relations and, accordingly, of his
basic principle that society consists of autarchic individuals can be understood
if one confronts it with the conception that was dominant in his time; for
Hobbes’s views represent a radical repudiation of all feudal justifications of
the state. It is radical in so far as not every argument is refuted one by one
but in so far as the feudal basic principle, that a system represents a naturally
necessary hierarchical organism, is ignored, and a theory is developed which
eo ipso excludes the feudal theory. The basis of this is Hobbes’s taking the
autarchy of man as his starting point: man, who unlike socially living animals
is not social by nature but rather on the basis of willful, conscious, and rea-
sonable actions enters into society.2°

Using this principle, Hobbes refutes the three analogies with which the
feudal theoreticians supported the claim to power in society. Against the
assertion, that kings rule the state as God rules the universe, Hobbes remarks:
“But to call this Power of God, which extendeth it selfe not onely to Man,
but also to Beasts, and Plants, and Bodies inanimate, by the name of King-
dome, is but a metaphoricall use of the word. For he onely is properly said
to Raigne, that governs his Subjects, by his Word, and by promise of Rewards
to those that obey it, and by threatening them with Punishment that obey
it not” (Ch. 31, 395f.).

Against the preference of monarchy over every other form of state because
of the analogy with the family, Hobbes argues, as has already been mentioned,
with the construction of the family as a contractual relation, and furthermore,
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he does not justify the right of the king to dominion with that of the father
but, just the reverse, that of the father with that of the king. The father has
power over his children not as their progenitor but as sovereign; paternal
power is a variety of state power and not the other way around. Accordingly,
the authority of the father is limited by the state (Ch. 22, 285), and the
instruction of the children to obedience towards their parents is placed within
the framework of instruction to obedience towards the sovereign (Ch. 30,
382).

The third analogy, too, with which the feudal theorists justified the social
order, the analogy between the human body, which is governed by the head,
and the state with a monarch at its head, is given no consideration by Hobbes.
The state instituted by contract is analogous to a mechanical clock, not to a
natural organism.?! Thus Hobbes subjects the state to the measure of human
reason as opposed to that of an allegedly natural, organic, hierarchical order.

5. HOBBES’S POLITICAL PROGRAM

The deficiency of Hobbes’s contract theory as an explanation for the histori-
cal origin of the state and its function as a refutation of the feudal theory of
society and the state do not have the consequence that his theory has no
claims to science. For Hobbes does not attempt to trace social relations back
to a form which he simply made up and which did not exist in social reality;
rather he attempted to ground social reality on the contract, which did indeed
lie at the bottom of social relations in so far as they were exchange relations.
Hobbes’s procedure thus consisted in generalizing the contractual relation
which the analysis of market relationships had uncovered, and — as a political
program — declaring them to be the form of social relationships as such. His
claim to be pursuing political science can thus not at all be judged according
to his success at representing the actually dominant form of social relations,
but rather according to whether a society based on contractual relations is
possible and whether he succeeded in drawing from his theoretical construc-
tion practical consequences, whose implementation would lead to the estab-
lishment of such a society.

The theoretical consequence of Hobbes’s justification of the state is that
the starting point of political theory has been transformed: equality instead
of hierarchy, self-interest instead of common good (bonum commune),
ability instead of hereditary right, reason instead of tradition, power instead
divine right. The practical consequences which Hobbes himself draws corre-
spond to these premises: he hales the abolition of the special courts for the
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nobility in England (Ch. 23, 292) and demands equality and impartiality of
jurisprudence; he denies the hereditary claim of the nobility to state functions
and demands that offices be given to the most competent (Ch. 30, 391f.);
and finally, he rejects the justification of law by tradition: a law should only
then take effect when the sovereign has assented to it, and all contracts are
legally binding which are entered into in accord with the laws that the sover-
eign has assented to it, and all contracts are legally binding which are entered
into in accord with the laws that the sovereign has made, and only such
contracts.??

With these determinations Hobbes opposes the traditional feudal notions
of law, in which even Parliament at first remained trapped (cf. Hill, Century,
64—67), and thus takes a position on the central problem of the time:

The burning question of the day was the position of the small proprietor, the copyholder
or cottager, whose holding was frequently an obstacle to consolidation of estates,
enclosure, racking of rents, and all the familiar methods by which one section of the
gentry was enriching itself and sharing in the commercial and industrial boom of the
century before 1640. The attack on the security of tenure of these small men, the mere
idea that customary rents could be raised and that peasants unable to pay might be
evicted, had seemed in the sixteenth century a breach with all that was right and proper,
a gross violation of equity even when the letter of the law was observed. For most copy-
holders and cottagers held by customary right, at customary rents, not automatically
enforceable at common law. There was no contractual basis for their claims. The aim
of the improving landlord was to replace copyholds by leaseholds, copyholds for lives
by copyholds for a fixed term of years; to substitute precise, limited, and determinable
contracts for the indeterminate, traditional, customary rights of the medieval peasantry;
to pass from status to contract. It had been a moral as well as an economic revolution,
an intrusion of the alien standards of the market into a sphere hitherto unaffected by
them.

... But now here was Hobbes making contract the basis of morality! Justice is the
keeping of covenants: no contract, no injustice. Nowhere is the fundamentally ‘bour-
geois’ nature of Hobbes’s approach to the state and to morality more apparent than in
this, the foundation of both (Hill, ‘Thomas Hobbes and the Revolution in Political
Thought’, in: Puritanism and Revolution;274).

It has already been indicated that the enclosures, which Hobbes justified
with the equation of justice and contract, were a precondition of the develop-
ment of capitalism in England, in that they freed the poor peasants from
feudal dependency and at the same time separated them from their means of
production thus forcing them to wage labor. This development, which was to
lead to a new class opposition between capitalists and wage laborers, was not
foreseen by Hobbes.

Hobbes did indeed see that a host of unemployed poor people had arisen,
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but his suggestions for a solution to the problem show that he had no pre-
monition of the actual later development of capitalism and therewith of the
rapid expansion of production. On the one hand, Hobbes recommended
fostering such existing branches of production as “Navigation, Agriculture,
Fishing, and all manner of Manufacture that requires labour”; and on the
other hand, if the “multitude of poor, and yet strong people” continued to
grow, he suggested transplanting them to sparsely settled countries. “And
when all the world is overcharged with Inhabitants, then the last remedy of
all is Warre; which provideth for every man, by Victory, or Death” (Ch. 30,
387). Just as Hobbes had no idea that the development of capitalism would
solve the problem of apparent overpopulation — the population of England,
by the way, was under six million — he was also unable to foresee the rise of
a class of wage-dependents. Whether Hobbes wanted to exclude the laborers
in manufactures, navigation, and agriculture from civil society or whether he
conceived of them as contract partners with equal rights is not important
here. Civil society in any case is composed of free and equal commodity
possessors, who only exchange that part of their product which goes beyond
their own immediate needs.??

Just as Hobbes did not yet have a concept of wage labor, he also had no
concept of capital. Hobbes sees the use of money as “the reducing of all
commodities, which are not presently consumed, but reserved for Nourish-
ment in time to come, to some thing of equal value” (Ch. 24, 300). The func-
tion of money as a measure of value, as a means of circulation, and as a means
of accumulating treasure are known to Hobbes; but he knows nothing of the
function of money as productive capital, money which the owner of capital
exchanges for means of production and for labor power and which he receives
again at the sale of the product — increased by the money amount of the
surplus value created.

Hobbes’s assertion that all social relations are based on contract thus
brought to clear expression and affirmed one aspect of the dominant develop-
ment — the replacement of all personal, naturally arising dependency by
reasonable, contractual relations of independent individuals; his scientific
achievement thus consisted not in representing the dominant social relations
but rather in recognizing the development of bourgeois relations as the most
important social phenomenon and in devising a social theory, which not only
pointed out the basis and the result of this development but also suggested
appropriate political measures for the establishment of this new form of
society. The other side of this achievement is Hobbes’s failure to recognize
that the replacement of the naturally arising feudal relations of dependency
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would lead not to a classless society of free commodity producers but to a
capitalist class society mediated by a contract entered into by capitalists and
wage laborers as free citizens.

The necessity of advocating bourgeois relations against the prevailing
feudal theory corresponded to the circumstance that the political program
of the bourgeoisie could only be implemented in a struggle against the feudal
lords; the heart of this theoretical controversy was that the feudal theoreti-
cians represented all social relationships as ‘natural’, political institutions as
‘organisms’ and personal rule as a natural principle of order. Hobbes, who
with political intent undertook to interpret the existing form of society
based on personal dependency as already a civil society based on contractual
relations, saw himself compelled in principle to interpret all natural relations,
in particular the family — which in his view, too, is the seminal form of all
society — as contractual relations. He supported this conception, although —
taken strictly — it implied the absurd consequence that men popped out of
the ground like mushrooms.24

The inadequacy of Hobbes’s theory, the reason for which lies in his one-
sided concentration on contractual relations, is to be seen not in his hypothesis
on the origin of the state nor in his conception of the family as a contractual
relation — he was probably aware of these flaws — rather it should be seen
in the fact that he recognized only the development of bourgeois relations
but not that these relations could only arise on the basis of capitalist relations
of production with the appropriate class relations. Hobbes opposed the feudal
social order with the program of a classless society of commodity producing
independent individuals which never became reality.

Hobbes’s fruitful one-sidedness — fruitful because it enabled him to see
the contractual relations, which were just developing, as the decisive relations
for the future — is the reason both for his significant scientific achievement
and for the inadequacy of his theory; and this one-sidedness is conditioned
by the controversy with the feudal view.,

6. THE CONTROVERSY WITH FEUDAL THEORY AND THE
ANALYTIC-SYNTHETIC METHOD

In conclusion, we must consider the consequences of this one-sided interpre-
tation of all social relations as contractual relations for Hobbes’s conception
of the analytic-synthetic method. It has already been shown that Hobbes’s
determination, that society is composed of individuals was not obtained
by analysis but was rather the presupposition of the analysis; the analysis
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itself applied only to the properties of single individuals. These individuals
had to be taken as capable of entering into contracts, that is, free, indepen-
dent, and rational. And since in Hobbes’s opinion a society is possible only
when an absolute rule has already been established, the prerequisites for
entering into contracts, independence and reason, must be attributed to
men before and outside of society. Thus, the assumption of autarchic in-
dividuals, to whom all properties are attributed that are necessary for self-
preservation and for closing contracts, was a necessary condition of Hobbes’s
contract theory.

This does not mean that Hobbes’s analytic-synthetic method was obtained
merely by abstraction from his theory of the state; but it does mean that it
is dependent on this theory. For even if Hobbes should have conceived his
method on the model of the artisan’s procedure of compounding and decom-
pounding, his partisanship for the bourgeois grounding of the state and against
the feudal organism theory provides the reason for the form of its application
in social philosophy. It is striking that Hobbes carries out no analysis at all
but presupposes that the decisive elements of society are individuals (and not,
for instance, families); on the other hand, it is inconsequential for the artisan
method, whether the essential properties are ascribable to each and every
element in empty space: important is only the circumstance that they belong
to each independently of the connection into which they are to be placed.
Hobbes, however, presupposes that the essential properties belong to every
single element and, although he recognizes and states openly the absurd
consequence for social philosophy, that ready-made men pop out of the
ground like mushrooms, he corrects neither his presupposition nor the cor-
responding interpretation of the analytic-synthetic method. For it is precisely
this absurd consequence which is the foundation of his theory of the state
and of his refutation of the feudal theory.

The suggested interpretation applies to Hobbes’s basic principle and to his
interpretation of the analytic-synthetic method only with regard to social
philosophy; with regard to natural philosophy there are some other possibil-
ities for an explanation. For instance, it could be possible that Hobbes was
compelled to ascribe essential properties to a single body in empty space in
order to oppose the feudal ‘organism’ conception, which dominated natural
philosophy. In this case his interpretation of the analytic-synthetic method
in natural philosophy would likewise, in the last analysis, have to be seen as
part of the social controversies. It could just as well be assumed that Hobbes
arrived at this interpretation of the method on the basis of his experience
with social philosophy and — since its consequences in natural philosophy
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were much more plausible — allowed it general validity; in this case, too, it
would have been conditioned by the social controversies.

Hobbes’s assertion of the equality and independence of all citizens became
increasingly problematical in as much as the historical developments led to
massive expropriation of the small producers and to a concentration of land
in the hands of a few. This development is of interest for the subsequent
course of this analysis: for if civil society can no longer be taken as a society
of equal and independent individuals, then a reinterpretation of Hobbes’s
basic principle of the relation of individual and society would be necessary,
a reinterpretation of that principle upon which his conception of the analytic-
synthetic method was based.

Before the problem of the determination of the new society as ‘civil’ or
‘capitalist’ was posed in social philosophy, it had been the object of social
and political controversies, which broke out in the course of the Revolution.
In order to interpret the development of social philosophy after Hobbes and
its conception of the analytic-synthetic method, it is therefore necessary to
consider the social struggles which were fought out in the time between the
publication of Hobbes’s Leviathan (1651) and that of Locke’s Two Treatises
on Government (1689/1690).



CHAPTER X

THE RISE OF CIVIL SOCIETY IN ENGLAND

1. THE LEVELLERS

In 1651, when Hobbes’s Leviathan was published in London, the question,
whether civil society was composed of independent, free, and equal citizens,
was a political question of decisive importance. The reason for this lies in the
fact that the victory of Parliament over the King had been attainable only by
recognizing people in the parliamentary army as free and independent whose
‘freedom’ and ‘independence’ had to be called into question at the end of the
revolution.?
When the Civil War began in 1642,

A very great part of the knights and gentlemen . . . adhered to the King . . . . Most of the
tenants of these gentlemen, and also most of the poorest of the people, whom the other
called the rabble, did follow the gentry and were for the King. On the Parliament’s side
were . , . the smaller part (as some thought) of the gentry in most of the counties, and
the greatest part of the tradesmen and freeholders and the middle sort of men, especially
in those corporations and counties which depend on clothing and such manufactures
(Richard Baxter (1615-1691), quoted by Hill, Century, 114).

After the defeat of the Royalists in 1645/1646 the decisive question was,
who was actually the victor: the gentry and the merchants, or the ‘middle
sort of men’, who had equal rights in Cromwell’s army? “Is this the liberty
which we claim to vindicate by shedding our blood?”” asked the Earl of Essex,
commander of the parliamentary army, in 1644. “Posterity will say that to
liberate them from the yoke of the King we have subjugated them to that of
the common people” (Quoted by Hill, Century, 117).

The ‘common people’ saw quite different dangers. In 1647 the conserva-
tive Presbyterian majority in Parliament wanted to dissolve the army (in
which the more radical Independents were in the majority) without pay and
negotiated with the King on a compromise. The regiments thereupon elected
agitators, most of whom are to be reckoned to the radical ‘Levellers’, and
when Cromwell and the majority of the officers sided with the soldiers, the
General Council of the Army was formed and the King was taken into the
custody of the army. The generals then began to negotiate with the King
on the establishment of a limited monarchy (Heads of Proposals), and the
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Levellers countered by drafting the ‘Agreement of the People’; both drafts
of a constitution were discussed in the Council of the Army (Putney debates).
The decision to be made was which of the two should replace the old con-
stitution destroyed by the Civil War; the question of sovereignty had already
been decided — practically. It was impossible for Parliament to wage war
against the King and at the same time assert his sovereignty: the sovereign
was to be the people whom Parliament represented.

Since Parliament was supposed to represent the ‘people’, the question
which was to be debated was: who belonged to the people, or who had the
right to vote. Those who were unwilling to make any compromises with the
King and with the feudal classes, the Levellers, appealed to the natural equality
of all men and demanded the same right to vote for all free Englishmen who
were willing to enter into the contract establishing a civil society. Only those
who had fought on the side of the King and thereby demonstrated that they
had no interest in such a contract — and of course those who abided by no
contract: the criminals — were to be excluded from the right to vote.?

All remaining freeborn Englishmen were to enjoy the same right to vote,
in so far as they were capable of entering into a contract, that is, in so far as
they had not lost their freedom by a previous contract freely made. Thus,
the following persons were also excluded from the right to vote: children —
who were under the jurisdiction of their parents —, all women, servants, and
those in receipt of alms: “now I see no reason”, formulated Thomas Reede,
“why any man that is a native ought to be excluded that privilege, unless
from voluntary servitude”. “I conceive the reason”, said Maximilian Petty,
a Leveller spokesman, “why we would exclude apprentices, or servants, or
those that take alms, is because they depend upon the will of other men and
should be afraid to displease (them). For servants and apprentices, they are
included in their masters, and so for those that receive alms from door to
door...”.3

The view that the Levellers had demanded universal male suffrage thus
seems to be a legend which arose from the contradictory statements and
unclear notions of the Levellers (Macpherson, 142—159).

The reasons for the apparently contradictory views of the Levellers as well
as for their connection to the communist ‘Diggers’ become clearer, when one
takes not only the texts of the suffrage debates into consideration but also
the social program of the Levellers as it is presented in their writings and
practice. Shortly after the suffrage debate a Leveller petition was published:
The Remonstrance of many Thousands of the Free People of England (Sept.
21, 1649) which had been signed by almost a hundred thousand men. In this
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petition it was demanded, “that every free commoner shall be put into a way
and enabled with means for his natural subsistence”.*

After the suppression of the Levellers the fourth Agreement of the People
was published; the §18 demanded that “all servile tenures of lands as by
copyholders and the like to be abolished and holden for naught” (quoted by
Brailsford, 449). Looking back, Cromwell characterized the Leveller position
accurately: “What was the design but to make the tenant as liberal a fortune
as the landlord? ... That this thing did extend far is manifest, because it was
a pleasing voice to all poor men and truly not unwelcome to all bad men”
(Opening speech to Parliament, Sept. 4, 1654; quoted by Brailsford, 417).

The conditions under which universal manhood suffrage and the suffrage
of independent small proprietors could be supported at one and the same
time should by now be clear: namely, that all men be small proprietors. This
program of the Levellers seemed to have good prospects for success. Two
things were necessary: (1) to prevent enclosures and (2) the distribution of
property or money to provide those without property with an independent
existence as farmers or craftsmen.’

(1) The resistance of the Levellers to enclosures scarcely needs to be
stressed; this can almost be taken as the essence of the Leveller movement.
The name ‘Levellers’ was first coined during the uprisings against enclosures
in the Midlands in 1607; and as late as 1724 the rebels against enclosures in
Galloway were called Levellers. Throughout the course of the Civil War up
to the suppression of the Leveller movement in 1649, large scale enclosures
were prevented; immediately afterwards began a wave of enclosures. At first
the Levellers had attempted to base their demand for small parcels of land
on an appeal to the Anglo-Saxon tradition; when they realized how tenuous
such arguments were, they began to argue that all men were by nature not
only free and equal but that they also had a natural right to property. Overton
was thus compelled to deviate from Hobbes, to whom he was otherwise
indebted for many things (cf. Macpherson, 141f.), and — like all Levellers
in the Putney debate (ibid., 139) — to attribute to man a right to property
prior to any social contract.®

(2) The time seemed also more favorable than ever before for the creation
of small property. For, since the beginning of the 1640s, local committees
had begun to confiscate the estates of royalists and papists and to collect
rents to pay the soldiers of the parliamentary army; Parliament supported
this action in order to be able to pay the army’s suppliers and the creditors
of the government. However, the estates of private persons were not sold
until the end of 1648: the members of the House of Lords and conservative
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parliamentarians successfully warded off such measures since they saw in
them the beginning of the end of private property. The ordinance of Nov.
17, 1646 allowed the immediate tenants for thirty days the first option to
purchase lands sold from the episcopal or Church estates; it seemed that
measures had been taken to transfer feudal possessions into the hands of the
immediate holders. However, the government desparately needed money,
so that half of the payment had to be delivered eight weeks after the sale was
contracted. It is obvious that the peasants could not exercise their options
to buy; the land passed into the hands of the merchants from the City, who
also arranged the whole transactions.”

Since the sale of estates was not sufficient to support the army and parts
of the army had at the end of 1646 and in 1647 taken to satisfying their
needs on their own by force, the government issues debentures, which could
be exchanged for land but were not to be sold. Here again it seemed possible
for the simple soldiers, among whom the Levellers played a decisive role, to
become small proprietors. Thus one regiment acquired together an entire
manor with such debentures; however, two and a half years later the major
and five other officers bought up the shares of all the other soldiers; the
reasons that the debentures helped only the officers to acquire land were
always the same: the simple soldiers, who needed money to live on, had
to sell their debentures — despite the initial prohibitions — while the officers,
who were financially independent, could speculate. Most of the estates sold
after 1649 went to the merchants of the City, higher ranking officers, and
affluent citizens.®

At the end of the Civil War the oppositions in the parliamentary camp
were clearly visible; those in the army were especially visible during the
Putney debates between the Levellers and the officers. The struggle for the
same demands of freedom and equality threatened to turn into a struggle
within the same faction over the realization of the different possible inter-
pretations of these slogans.

2. THE SUPPRESSION OF THE LEVELLERS

To the Independents, who wanted no limitations on property rights, who
were thus proponents of large holdings, and who accordingly denied the
property rights of the peasants (copyholders, tenants), the Leveller program
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