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. ABSTRACT

It is argued that the fundamental céncepts of early modern,
mechénistic science are in part socially constipuggd. Mechanism is
* here understood as a cof;;})tion of nature wherein naturaﬂ. objects are
abstracpi& reduced and homogenised such that they come to be viewed
as comprised of one primary material. Sensually intuitable events
are theq_seen as'explicable in.tenns of the mathematical relation
between qualitatively similar part;cles.

" This abstraction is gaintd by analogy to a society which is
becoming similarly abstract. When the pivotal relation in society
becomes that betwea#‘»nmxﬁ of exghangable commodities, a similar
abstraction occurs in the conhndities. Qualitatively dlfferent goods
come to be seen g§:cmmmensurate in terms of "value". The mathematics
and record-keeping which develop to keep track of "value", understood
as an expression of a social relation, become the-basis for a similarly
abstract science of nature.

Of the major contributors to the early modern mechanistic view of
.nature, the work of many is seen to be in-some way cammercially
inspired. Although no direct links are found for Galileo, Vieta,
Descartes or Bradwardine, for Tartaglia, Bombelli, Oresme, Pacioli and
Stévin, a rather sErong connection exists. Concepts in early modern
mathematics and mechanics thereby bear reference to a more abstract

and homogeneous object.

a

& : _ 1ii



»
Acknowledgements

My primaé& debt ig owed to my supervisor Dr. Cyril Levitt, forf
advice and encouragﬁment,:ﬂithout whése présence my own would have beeh
elsewhere. Dr. George Grinnell of the Department of History provided *
invaluable criticism and guidance for one who is a novitiate in the
history of science. The support of someone who disagrees is often the .
most encouraging and useful sort of support. Dr. Louis I. Greenspan
of the Religious Studies énd Sociology Departments has often tempered

some rather cosmic claims and has provided whatever continuity there

has been in my life at McMaster

Four rather gp€clal people have alSo contributed in countless ways

_ to the engfgy required to keep on with an overly long project. § ol Perel,

Bob Kiréhér, Rod Hay and Bruce Lidsten, although not directly involved

in my work, have at times been truly sine qua nons of -its completion.

Professor Charles V. Jones of the Institute for theéHigtory and
Philosbphy of Science and Tbchnologj‘bf the University.of Toronto must

take credit for whatever there is of value in my treatment of the history

- of mathematics. He. freely gave of his time and knowledge to someone who

was a beginner in hig field and invited me to take part in his informal |
Friday seminars in the history of mathematics. Pr?féssor Bert Hansen,
also of the Ins@itute, went out of his way to be’'a good listener and
provided invaluable-bibliographic help. A vote of thanks is also owed

to studénts and colleagueg of professor Jenes': Antonio APtolin, Tom

Archibald,- Ed Barbeau, Philip Enros, Alejandro Garciadiego and Ross

Willard.

iv



To Jean-Louis Picot of the Unive-rsity of Paris, Na.rmeterre,-I o;v‘e
a debt of gratitude for his translation of a pa.ssage‘f‘r'om Oresme, and to
Professor W.A.Slater of the -zpartment of Classics, McMaster University,
for his rendering of Archimedes.

"To rr(y current colleagues and friends at MeMaster, thanké for the
friendship and understanding required in rather anxious times in ocne's
life: Sandy Aylward, Debbie and ‘:Iictor‘Gulewitsch, David Brown, Peter
Rihbanyi, John Phyne, Mike Roddy, Michael O'Conﬁor, David Thomson and Jane
Vock. Many thanks to my parents for their understanding over such.a' long
period of preparation and to my mother, Marjorie }iadden ip-particular,
for typing an earlier version of the manuscript, and ) Gi Ghanem for
helping with the final draught. The thesis is dedicated to Barry
Thompson, Reg Ripton and Berkeley Fleming.

"™



P

TABLE OF CONTENTS
1Y 1 oh o= T2 v ..111
ﬁrclmowledgements ........................................ eeees iv
"I‘able OF COMEENIES - v e e e e e eeaeeennseneeneeaneaneeaneaaneanens vi.
Chapter One Introduction.......cieeveicieann... tesaseanernae 1

) Chapter Two Science and The Sociology of Knowledge... ...... 19
The Classical Sociology of Knowledge - Perspective and Method.19
Society and Kﬁowledge ........... ....... eeeasrsrenna ceeavenesal3
AiﬁedSohn—Rethel_ ..... ceeens PR 0
DAVId BlOOT: .. eeeuseanneeannennns C AT evreneeineis35

Chapter 'Ihree-;MarX and the Sociology of Knowledge and Science.47

The Cbncrete; Existence of Abstract RelationS.....c.ceecesage«-:65
- Commerce, Finance, Credit and the Méney Economy....ovv-. 3..72
Production, Labour and Labour THMme....se.sseee.. Ceeennas ceee..80
Chapter Four - From Economic to Intellectual Abstraction......97
Interpretations_of the Rise of SCAENICEA + v nsnvnenennsnnnnsessl]
The Marxist Ihterpretatién—‘I\echnique Cereeeetnereveneonas ...97
The Liberal View ..... ieee et eeaeaaeeeaenneeeneenneesa100
The Ontological Shift to Modern Mathematics...................105

Mathematics and Mechanics ~ The Homogenisation of Nature......113

Chapter Five - The Science of Business and The Business of
Science...vesrveccsnarescccnns vesnes P =

Mathematics in History - CONLENtIouS ISSUES.snrnersesssesnss.s123

Aristotle, Proportionality and Commerce........seeeevsencnesss130

vi

o

<



JONN PhilOpOnOSe . cveeeetnsencresansssaserssssssnssssnsasnssnas 135

The Early European Arithmetic and Record Keeping, Traditions...137

ThomAS BradwarTine. e eeuieesseeeecerocasorsarcansasssocanonans 150
N1COLE OreSmMe. s uierereeraenuacsassorasnsnssesssonnsacsansscaas 154
Rafael Bambellil...e.ireiiiernonncniosnossnosseisonssanssacasns .161
NicCOlo TArtaglide eeeeceeerenaccaseacanserasssnsornossransnnses 164
Galiileo 6= T 167
FranCOis VietaA. e eeiereuerorneconesennroesacocnsanssononannns 173
Rene Descartes.......... T 179
Simon Stevin............. e s 192

. . T~y
The History of Trades and the Royal Soclety........ tresescenn 198
.Chapter Six = ConcluSioN...ecvececuoanneas s & ...... 221
Bibliography e s s ersedesontcasesansacsssnceacnnanns rrnraes 225

vii

- "i.

a4



£F

Chapter One - Introduction

The scientific status of soéiolog;r has beeﬁ 'a contentious
issue for .decades. ‘Ihé sociology of knowledge, that discipline 5 -
dévoting itself tq formulating the relationships between social
existence and thought, has beén particularly réluc'_can‘t to discuss
-scientific thought in that context. 'Polit‘ic_s, ideology or religion
may readily be seen as related to social existenc'e in some fashion,
but science has, .f'or the most part, been seen as independent.

Science, it.1is argued, amounts. to the study of nature according'
‘to.its own principles. Im this view it is thus wholly unnecessary
and in fact mistaken to attempt to rélate scientific tho.ught‘_ to a ]
social context. To the extent t-hat polities, ideology, religion
or any othér' aspect of social reality affects science, the"results
of thi_s‘. effect are errors or nﬁsperceptio\;s. "I‘he sociology of know-
ledge is thus relegated to the ‘explanat'.,ion‘ of error.

The only éocio-histori;:al development whicﬁ is deemed relevant as
here is the emergence in early modern Burope of a movement which
liberated thdb@t from the "fetters of theology" and thus allowed
for the practical and theoretical exercise of human rationality
with respect to nature. One sociologist of knowledge, Peter Hamilton,
recognizes this as a social and historical development, but since the
values developed were scientific bnes, the social link involved
represents no problem for the rational and Enpiricai purity of
science's self-understanding.’ Hamilton"’é;oes on to suggest that the

attempt to undersi:and the knowledge-society relationship should

1
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itsélf be made more- scientific.’

.In our vjew,however, the social and historical character of
science's emergence have more faf-reaéhing consequences. Whereas
__many commentators are willing to descrjpe these social factors which
-éither help or hipffer science'%”ihsfiéutional development, we are
suggesting in addittion that the very concepts of eérly—nbdern Science
are in somp measure socially constructed. There are many potential
candidates for the factors.which influence the emeféenée of science,
some of which are social. Religious dispupes,”néw technical require- R
ments and occasional-discoveries, a renewed interest in ancient texts
and the.f;ourishing set of both amateur and professionallvirtuosos all ‘- N,
vie as f;Etors for understanding the ‘rather dramatic rise of gelentific
. thought in early-modern Europe.
~For our view, we take the Tead from Franz Borkenau's pathbreaking

3

work, Der Uebergang vom Feudalen zum Buerggrllchen Weltbild. Although :

the greater part of Borkenau's booﬁ is devoted to an attempt to
characterise changes in philosophy f;;m a theological to an anthropo-'
logical mode by tracing the ;hanges in the meaning of the term."lex
néﬁu?alis“ from Aquinas to Pascal as a result of class conflict, he

does state near the begiming of the work that the result of this
development is what he terms the mathematical-mechanistic world-view. -
Both Galileo and Descartes suggeSt, fbr example, that we may understand
the differences between sensually intuitable events in terms of

differences in the spegd,_shape and relation between qualitatively

similar "bodies".u

.
T e
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- For Galileo, various sense imi:;reséions are explicable inh terms of

the movement of barticles producing/dif‘fer'ent sensations'whe're the .=
movement and relation are different.. Different tastes, for example,
may be explained with reference to the "various shapes, numbers ard
speeds of the particles” on the tongue. Descartes, in tumrn, explai_ns'-.
differences in colour in terps of differences i figure possessed by
each of the objects of a different colour. u\ ‘ o
 Borkenau suggests what the similarity or parallel might be between
a form of social relatiohs, on the ane hand, &nd this mathematical-
mechantstic wor;ld-*}iew, on the other. This abstract view of nature
is in some measure a result, he suggests, of‘ ‘the following social
pr'ocess of abstraction:
On the one hand the extreme division ‘8f labour creates
an abstract, general substrate of labour, the chemical and
other qualltles of which are ignored as mch as possible and
which is to be viewed only as 'stuff in itself', as pure
matter. On the other hand, it creat&s the completely unqual-
ified worker, who is considered only as labour power in it-
self, whose function is-labour in the abstract, pure physical ..
movement. The grggtest classic physn.clst of the manufacture.
period, Galileo, deals in his main-work,. the Discorsi, with
-the laws of abstract work 5
The Spelelc lelSlOﬂ of labour referred to by Borkenau is that .
which brings abc‘at in turn is brought about by the advance of

comnod:l.ty productlon in early modern Burope. The not:i.ons gt;’.conm)dlty

and abstractlon used here are taken from Marx' development of the

T labour- theory of value. Br-iefly, the exchange of dissimilar commodities

produced by dlssmllar labours results in an abstraction fr'an the
specific qualities of both the commodities and.the labour wh:Lch
produces- eac':h._ Each is reduced to something which allows them to be

nd ‘



commensurable - value. This process 1is prediéated on the social
relations between the producers. (cf. Chapter III infra for a more

complete development of this.)

A society develops in which the needs and wants of members are

more and more satisfied by exchange and commodity production. In

the process of exchange,.furthermofe,'whgtIwe have is a comparison

of dissimilar goods. The bread that I have made will exchange on

the market for a certain number of pairs of shoés which I require.

If it happens, for Gxample,'that twenty-five loaves of bread exchange
for two pairs of'shoés,'thén the fwenty—éive loaves of bread are

seen to coritain something in equal quantity'tq the two pairs of shoes -
value. substance of both the bread and the shoes has been abstraét-
ed from thkir sensible qualities; their property of being exchangeable
with each other receives attﬁgﬁaoﬁ at the expensé of other sensually. .
inﬁuitablé proberties of the bréad and _the shoes. This property of ex-
changeability is abstracted@ "pulled away from" - the bredd as an

e

integrated whole ' an object. of our everyday perception.

This leaves us with the questibn of ﬁhat allows se goods'to
exchaﬁgp in a gé!ég_proportion; If we take as our gg:::i\éhp amount
of labour time expended in their production, then we have another
abstraction. The labour of the baker and/that of the 'shloe.rrakér' in
our example are qualifatively different. ‘In the act of exchaﬁgg these
labours are‘also made commensurable; they become human labour, pure
and simble. Hence, ﬁarx terms the labour producing the exchange;

value of a commodity abstract labour - labour expended without

regard to the mode of its expenditure.-
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In the soeial realm, then, we have abstraction from the specific
gualities of the objects éxchanged on the ma}ket and from the specific
qualities of the labour involved in the production of each. Similarly,
in terms of mechanistic sciehce'or natural philosophy as’ it was-then
called, we have a process of abstractiori from the specific qualities
of the objects of our perception. If, for example, for Galileo
or Descartes the shape and speed of particlés happénS-to be important
in-formuiating a mgthematical expression for accounting for their
sensually intqitable qua%ities, we abstract from those qualities
themselves to obtain measurable "operationalizations" of shape and
- speed. These proﬁérties are "pulled away from". the éensually-intuitaﬁle-
properties of the objects considered. The particles oﬁ Galileo's
tongue‘no longer appear as red, soft, aelicate and so forth, but
simply as ‘triangular and moving at a certain speed in relation to eaéh
other.

The tradition of thought .about nature in the West has not always -
been of this character. Much of Greek science was disﬁinguishable by .
its concern for hierarchy and the essential differences between thingg
in the world. This is reflected in their mathematics. Number and
magnitude are separate entities and.the principle of homogeneity is
- maintained -ypropoftions may obtain only between quantiﬁies of like:
kind. )

In the more moéern case, number and magnitude are reunited under
the rubric'of."general magnitude” and, owing to the abstraction descri-
bed above, the homogenisation of the world makes the principle of h&m&-

geneity superfluous. Sinhce, by abstraction, the world is reduced to
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one like substance, one need not worrty about’ comparing Quantities of -
unlike kind since ir reduction‘po this like substance becomes an

. b .
easy mattﬁr mathematicaddy. Whereas the Greeks had no notion of
. ) A »
velocity as a single quahtity, ‘ghe early moderns could suggest that
v=ks/t and thus relate time and distance, unlike quantities, in the

. [
same expression.

®»

We are thus claiming here that the history of science is less
than continuous, that a break in the conception of nature occurred
in the early modern period and that the new proliferation of éonﬁbdity
relations which is partly responsiblé for the break is partly reéponsible

at the same time for the constitution of'sone of the most {undamental

concepts of early modern science. That the.content of science can f

be influenced by social factors is a notion coming to be entertained-
by modern sociologists of science.6 Barry Barmes suggests that the
role of "éxteynal factors" in the scientific revolution has not yet
been adequatél& dealt with. Barnes syggests, fufthernbre, that

(t)he social context of sixteenth- and seventeenth- century

natural philosophy .and the ethos within which important figures

worked may prove impossible to reconstruct. The gap between
internal and extermal history may prove technically wynbridge-

able.7 v
The present work is intended. as a contribution to tﬁif/h?ﬁdge.

In his analysis of the social context of scientific discovery,
Bramnigan alludes to a shift in world-view which in his view changes
the very meéning of "discovery". In attempting to characterise the il
peculiar nature of modern discovery he suggests that it -

may derive from the shift of attention frem the
scholastic 'world' of the middle ages to the unknown

*



'nature' of the Renaissance, from the world of commgm$ense
knowledge and belief, to the mathematical nature of

existence. The shift is nlecely reflected in the change of
attitude regarding the formal representation of the world. .

In Cusanus, the arithmetical models of nature are referred to

as 'De Conjecture' - conjectures. With Galileo, the shoe .
is on the other foot: the real world is the 'mathesis univ-
ersalis', and the world of everyday life"is elusive and
'conjectural'. 8

We are characterising the shift as a shift to a mathematical-

- mechanistic world-view as defined above and charactesrise it as partly
" socially produced by the development of commodity relations.

The s'ociéily produced abstraction in commodity relations'rrakes
certain aspects of social existence, particularly exchange, calculable.
Pieces of value measured in money can be reckoned in order to size-up
one's life cl'_lanées, once such relations proliferate in society.

This provides an analogy, we are arguing, for a similarly abstract
and mathematical interpretation of nature on the ‘part of those
committed to the advance of commodity relations in the formulation
of a more complete and consistent world-view.

We have thus claimed that exchange relations and the attendant
social form of labour are responsible, by analogy, for the rise of
early-modern mechanistie conceptions of nature. The notion here that
a certain set of social relations Mgives rise to", "determines", or
"gives shape to" a certain conception of nature reeds a more complete

1

formulation.
It is our view that no logical, transhistorical relationship

between social relations and thought may be fornulated. We still

maintain, however, that they are cornected. The character of this

’ -
*
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.connection is not something physical or natural. To think of i} in
this way would be to presuppose a mechanistic interpretation of nature
and the unity of human and natural history. We could study zoology

to reach conclusions about epistemology. It'is an inappropr}ate

assumption in this work in any case, since we are concerned to display.

the extent to which a given form of thought is connected with a
given set of soéial relations.

Modern science has, in any case, superteded mechanism in mehy
respects. Werner Helsenberg pointé out tﬁe relative-character of
images of nature as a result of his own inquirieslin physics:

It has been pointed out before that in the Zopenhagen
interpretation of quantum theory we can Indeed proc2ed
without mentioning ourselves as individuals, but we cannot
disregard the fart that natural science is formed by men.
Natural science does not simply explain and describe nature;
it is part of the interplay between nature and ourselves; -~
it describes nature as exposed to our method of questioning.
This was a possibility of which Descartes could not have
thought, but it mekes the sharp separation between the world
and the T impossible.g

For Borkenau, a specific set ?f sog;al relations is not the
"cause" of the mechanistic world-view. His analysis is conc;ete and
historically specifié. The abstract aspects of a given set of social
relations provide a "preconception" for a view of nature. . The develop-
ment of abstract social reiatiéns and an abstract viéw of nature are
moments of the same complex, highly nuanced social and historical
procesé. Borkenau does believe, however, that in all periods of
histor&, periods defined by their mode of production:'there is some

theoretical generalisation of the specific social relations of that

period. He warns us at the same time that it is not simply technology
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which gives rise to conqeptions of nature "(b)ut what arises from the
thou;ght content of technoiogy depends on the relationships of human .
beings with one another."lo _ |

~ We take the lead here from Marx who, although opposed in most
respects‘to generalising tendencies‘in interpreting history, decided
that the most fundamental human, social :;ctivity is that activity in
which people provide for their exisi;ence. We must look at‘“how pecple
live an everyday life to understand other aspects of their'__society.
VAt the same ti-nme,‘ we may understand differences between elements of
different ‘eultures, including science, on the grounds that different
peoples lead different lives. | |

Thus, what w:e have been calling-an. analogy is for Borkenau a

precgnception and it arises from the relations of humans with gne
another, especially relations of production. Gerald Holton attempts
to make slightly more.specific this notion of pi;ecmception. Holton
us€s the term "analogon" to describe an iﬁ;agilqa-.ti{re_ly cdnétmctﬂed model
for the explanation of puzzling e\}ents. In the case of Plato‘s.
cosmology a geometric, lcinemat:,ical system of circles is l'wpothesisegl.ll

- .The most inportantr part of this process, however, for Holton, is
what he terms "oreselection". The process of preseléection operates
in such a way as to plate constraints on which facts are selected,
on the hypothesis proposed and on the kind of correspondence deemed
necessary to relieve puzzlement and, hence, to produce "understanding".
Holton's account .of the Platonic example is that preselection operates

there so as to assure the appropri:ate knowledge of order in the world |

deemed necessary for a magistrate; conce'ptiQr,lg of nature here turn out
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to be ancillary to moral philosophy.12

Holton's more formal account of this process is that when one
makes one's musings public one often

smuggles the style, motlvatlon and connutnbht of his individual

system and that of his 5001ety into his supposedly neutral,

value-indifferent luggage. And it is at this point that the

concept of projection will help us to understand how the

style of contemporary personal and social thought introduces

itself sinto sc1ent1f1c work 13
Furthermore ,-

Social and artistic processes and productions have often

- served as explanations by analogy for the universe as a

system - in short, by projecting outward into the universe

conceptual 1maggs¢from the domain of social and productive

action. 14

Holton mentions in the context of the notion of pfojection that
certain aspects of relativity theory, for example, require an
egalitarian social philosophy as opposed to an Aristotelian hierarch-
ical one. These social analogies which have been projected onto
nature may also be "retrojected" back onto human society.

Jacob Klein, whose work figures véry centrally in our analyses

later on, also suggests, following Husserl, that sclentific ideas

are intentiGnal prioducts - they are the objects off;onsciousness.

As such they are anticipafed and accomplished. Once accomplished,
 their initidl anticipation and cogstruction can be forgotten and

the "sedimented™ notions ard techniques simply used. For the
phenﬁmenological'analyst, the task is to deconstruct the sedimenéations
to uncover the intention and anticipation initially giving rise to

them.l5

Thus, if we are seriously to raise the question of the origins
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of mechaniStic‘écience, a mechanistic or naturalistic presupposition
will not be apg;opriate. Such intellectual products as the concepts
of early moderh mechanistic science are the prﬁducts of spontaneous
human beings living in an intéréubjective, historical, everyday world.
We cannot thus fqnmulgte any universal relétion beﬁweén society anq
idea; the relation is a historically specific ‘one and not a universally
log}cal one. Thus our view is not in keeping with that which suggests
that science is-wholly a résponse to-the technological requirements

of a particular age.™- Fbllé@ing Borkenay we suggest that mechapistic
th&ught is the result. of a "mechanistic" society and proves, once

fully constructed, to have a certain applicability to the aims and

[
.

pﬁrposes of various in;epests in that society at a later date.
" In general, then, our methodology is to put forth an analogon, viz.
that of analogy, and shrvey . the work of same likely contributors
to early modern mechanism for any sort of evidence of entailment with
commerce or for direct analogies to thelsocial, commercial world in the
texts themselves. We too must "puzzle out™ the deﬁelopméht of' early
modern science to see, by our preselection criteria, if there is an
undersﬁandable connection with commerce. We do not, howe&er, lay any
claim to absoluteness here. We acknowledge, from the outset, the
efficacy of other factors. What motivates us here is that we find very
little in the history ahd soclology of science which attempts to relate
the .gontent of science to social or other external factors. We-

" intend this work not simply as'a contribution to the bridge between

~éxterna1 and internal factors in the history of science, but also as a



counter to posi%ivistic and naturqlistié assumptions in sociology. The
scientific status of sociology is for us unproblematic.

Our method for demonstrating the entailment of mechanistic science .
with commerce and conﬁndity production is to fdcus, first of all, on,
the development of aspects of early modern algebra and mechanies.” This
., involves demonstratﬂ%g that there is a difference between ancient and
modern mathematips. The anclent Greeks separated number and magnitude
and prohibited She comparison of quantipies of unlike kind. Roth |
principles, the concept of nuber ang,thé principle of homogeneity,
mike anything like modern mechanics and mathematics impossible.

Anciént discussioné of motion, suchlas Aristotle's Physics, for
example, never cSmpare'quantities of unlik? k}nd i; the same expresgion.
The time in one motion will be compared ta the tine in another;
similarly for force and distance. This was the case in dynamics and

kinematics until the late middle ages.

In another work however, the Nichomachean Fthies, Aristotle

already provides a hint at the context in which quantities of unlike
kind may be made cbmmensurabic. Althuugﬂ he ctates that it is strictly
mathematically incorrect to compare quantities of unlike kind, in the
case of exchang: of‘lxmmmmliaies money may be said to make them
comrensurate for practical purposes. The -sciontific texts of some of
the major contributors tc these aspects of mathematics aha mechanics
wili be discussed with a view to determining the possible extent to
'whichltheir concepts may be said to have commercial origins. ;Our

contributors are John Philoponos, Lecnardo Fibonacci; the Italian abac-
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ists, Thomas Bradwardine; Nicole Oresme, Luca Pacioli, Rafael Bombelli,
Nicolo Tartaglia, Galileo Galiiei, Francois Vieta, Rene Descartes, Simo;
Stevin;.Robert Recorde, John Dee, and the English founders of the Royal
Society with a fgcus on William Petty. Eight of the fifteen are seen
to have strong commercial interests, many having written about connercé
and bookkeeping as well. 1In the case of Pacioli, Oresme and Stevin the
connections are very strong. Eventually the algebraic formula becomes
a vay of interpreting nature: V=k s/t. 'That techhiqﬁe takén over from
the Arabgiinto Eurcopean commerce qhich was known as the Eule‘of Thfee
provides a starting poinif}br this modern developmeht.

First of all, the po§;tion of the .sociglogy of knowledge must
be formulated; In Chapter Two the viorks of Gruenwald, Durkheim, =
Weber, and Mannheim will be discussed éo help us formulate the per-
spective wé §ha11 use. Gruenwald asks about the position of a sociology
of knowledge in,the system of the sciencessbut cénsiders that'systenf-'*ﬁ\
as unassailable and also wnexaminable by the sociology of knogledge.
Durkheim wants to place society between mind and nature in the form-

-

ation of lnowledge but does so in a way which is ultimately reduction-

-

% :
ist. The basic properties of organisedimatter appear to determine,
4. 7 Y] Tl f +
for Durkheim, the nature of all three enthles.ln this process. Weber

is at least capable. of seeing modern scibnce as helped along by social

motives and developments, especially religious ones, but capitulates
in the end to the purposive-rational action and instrumental reason

about which he has ambivalent feelings. In Mannheim's relationism

he is willing to consider any form of thought as socially constituted ™

-

bl
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except science. Its quantitative aspect is precisely what makes it
inaccessible to the sociology of"knowledge for Mannheim.

We phen discuss the work oi: two more modern sociologists of
knowledge, Alfred Sohn-Rethel) and David Bloor. Both, although coming
part way toward our analysis, espouse a naturalistic conception of the
relationship between society and knowledge. Both are quite willing
to see the relatlonshlp of society to the content of science but do so
in a way which presupposes that the notions of the science we are v
investigating are adequate to describe the socmty—lmowledge relation.

‘ Chapter Three begins with a dlscussmn of Marx!' contrlbutlon to -
the soclology of knowledge. Because of his notion of historical
specificity, Marx provides a way of understanding inteilectual develop-
ment without postulating trenshistorical laws or relationships. He
also provides an account of why these historically specific relations
are not visible to participants. Relations between peOp.Z‘L:.- eppear as
relations between things. The properties of physical things appear to
do the acting on the market.

Next we develop Marx! analysis pf‘ the comodity abstraction and
the social pelations which lie behind it. Value, a social relation,
apparently becomes a property of physical things. His development of
the labour theory of value takes us to the point where we may speak
of a set of social relations which are capable, by analogy, of being
used to describe nature mechanistically. The last part of Chapter
Three is devoted to the evidence that the social relatien‘s"-qf which

Marx speaks actually existed. We draw here on the work of economic
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historians.

Chapter Four begins by discussing the various extant interpreta-
tions of the scientific revolution. Many different factons are cited
as having helped or hindered the progress of a scientific comunity,
but the only view which really attends the formation of fundamental
concepts is that view which states that they are received from recently
arrived e.ncient Greek texts. Because of this we then, drawing on the. |
work of Jacob Klein, develop the argument that there is a significant
rupture in meaning and intention between ancient and modern mathematics.
Greeljt mathematics was bntelogical in concern and early modern mathem—
atics was instrumental. Klein's argument is that early modern math-
ematicians who claimed to find "general magnitude" or symbolic algebra’
in those recently arrived or recently translated texts were reading
them through the filter of an ah'eady seml-constltuted modern symbolic
algebr-a. ‘A form of calculation was developed-in late medieval and
early modern Europe which allowed the development of the "variable".
The construction of symbolic, general magnitude 'made .it possible to
compare unlike quantities in an equation such that relatlons in nature ’\\J |
could be formulated generally in terms of variables rather than allow:lgg
s:unply a given solution to a given practical probiem. The variable '._,f’ /
was an impossibility in ancient mathematics since the fozm.llatlon of a
problem allowed only. one determinate solutlon, not a nunber of possible
values for a varlable. The)chter concludes with a brief overview of -

the history of mechanics to the early modern period.
In Chapter Five we analyse the writings of our fifteen exemplars

..-4_
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with a view to demonstrating the possible conceptual cormmection between -
comerce and science. Of course, the work of each and the possib_le
connection of each with commerce is not something uniform. The story
is a highly nuanced one. For many of our protagonists, however, the
cormection is rather clear. The reinterpretation and Violat.ion of
ancient concepts found in Buclid is carried out in many cases by
thinkers c'oncemed, at least at some point, with ccmnerciali ari‘thmetic
and bookkeeping. Through this, it is argued that the modern technique
of applying algebraic formulae involving the concept .of‘ general
magnitude is defived from techniques initially developed to ¢ cuiéte-_
the values of commodities in exchange and thus is predicatedjon the
social relations which lie behind c ity production a.r\lhd exchange.
Naturally, there is more than this to modern science. Many
"—"Hiéto?ians and philosophers have produced cogent and interesting
interpretations of the rise of diffe;'ent sciences. Some.more general
ones claim other factors such as religious .dis‘putes and thg reception
of Greek texts as contributing to ggdem science's- early development.
We have no general quibble with these authors. Our aim here is to
present a case for the possible influence of social factors on the
-conceptual development of eariy ‘modern science which have received
scant attention .untii now. We claim that most'; other interpretations
pay less attention to the content of science and in particular to the
r:vossible role of social relations in the formation or cm‘stitutim of

that content. o

In Chapter Six we conclude generally that social relations may
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be seen as influencing theiqconceptua.l develom;eﬁjé'of'-scieme-in"a" -
constitutive manner ard, ﬁlr'thenmre? of.helping to constitute these
concepts which we regard as mare Qr: less adeq;.ate or fruitful. We

claim this, however, in a way which refrains from the formilation of

any tranShistoricafl postulation of the.r;alaticzu_-iw\society-lﬂcnowledge.
Any connections to be found are specific, historically occurring oﬁes.

We regard éciel:xce as a n;man, social creation and see history as

pro&uced by human beings. We infer, thus, that many fruitfud in}:er-
pretatims of nature are possible. We line up on the side of freedom

for human soc;ial and inte_llectual deveJ:opn'e\nt. A e
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Chapter Two _Science and the Sociology of Knowledge

We have already mentioned that the sociology of knowiedgg has
been reluctant for the most part to con31der science as: soc1ally
constituted. The cla831cal Sociology of knowledge has, however,
considered the 30381b1e connections between social life and other forms
of thought. tb shall look here,to begin with,at the work of four
classical soclologists of knowledge, Ernsg‘Gr&enwald, Emile Durkheim,
Max Weber, and Karl Mannheim, to establish our position with respect
to the classicél literature. We shall consider them with referenqe/
to the perspective and method eﬁployed_and to their fbrmulatidn‘bf
lthe relationship betwéen society and knowledge. )

_ ~-Although they do not, for the most part, consider.science in

gabir analyses, thay do provide problem areas and fraﬁeworks which
haye later proven useful for those who have considered science
as subJect matter for the soc1ology of knowledge. We shall look nexJ/
‘at the work of Alfred Sohn—Rethel and )David Bloor. .Each conszders
science in relation to 5001ety but-Ultimately in ways of which we
. are critical. This leads us then to our consideration of Marx'
contribution in Chapter Three; |

-

The Classical Sociology of Knowledge - Perspective® and Method

Each of the-four thinkers discussed here has a set‘qf assumptions
about the nature of social-realf€§ and thus about the means of access
to this reality. Assumptions made about the object and o knowledge

-of it thus have a bearing on conceptions of the relation between 'the

19



character of social reality and its possible influence on other forms
of kno&iedgg.

For Ernst Gruenwald it is precisely the scientific character of
such a discipline which is at issuye. His inquiry focuses on the
prerequisites which the sociology of knowledge must have to be consider-
ed a science. His way of asking this question.is to ask what position
it might occupy-in the system of the sciences. .

With respect to knowledge, Gruenwald.is-concerned to avoid any
conflation of origin and validity. Thé social origin of a proposition
can tell us nothihg about its validity.® The system of the sciences
turns out to be unassailable for Gruerwald and his prime concern Is'

with the unprovable metaphysical assumptions necessary fof a socioiogy

_of knowledge. This is the assumption of gocial reality as an absolute

layer of reality, an ens realissimum, which mgnifésts itself in some
way In knowledge and cognition. ' _j,. .

* Emile Durkheim sees society as a ﬁorai entity)kept gether by
the moral aug'brity of sodiety itself. At the same time,. however, he
exhorts us to consider social facts as things; -society is much lige
physical rea}iéy. gé‘neéétes the significamge of subjectivity in history
and claimé that nnrali;acts represent phenomena TWhiose cond;fions must 4
be sought in the essential properties of organised matter".2 &a .
nutshell Durkheim's forhulation of social reality is the folﬂﬁwing:
conduct is roo;ed iﬁ thought, thought is rooted in social realdty,
social reality is rooted in "the nature of things".3

In this picture,society appears as an entity completely external



to indiv:},cluals making them do what they do. Objectified sentiments
which are the forces making individuals behave, the forces constituting

the moral authority of society, are reduced by Durkheim to the ‘propert-

ies of organised matter. >

The fundamental relations that exist between things - just that
which it is the function of the categories to express - cannot
be essentially dissimilar in the different realms. 4

(T)hat which is at the foundation of the, category of time is
the rhythm of social life; but if there is a rhythm in collective
life one may rest assured that there is another in the life

- of the individual, and more generally in the life of the un-
iverse. 5

Moral force and the authority of society are responsible. for 3

belief, but this force and this authority are further reduced to
quasi-physical entities. Thus, for Durkheim, the relation of logical

thought to social origin does not debase it, but rather relates it

"o a cause which implies it na.tl.lr-ally".6 There is, furthermore,

_an evolutionary hierarchy in Durkheim's scheme such that the collective

o

representations which develop follow nature more and more closely.

™

Whereas Durkheim is concerned with quasi-physical,.social facts
and moral authority, Max Weber is concerned with meaningful social
action and rationality. Meaningful action becomes understandable

for Weber in terms of the irrational influence of ultimate values on

the purposive-rational type of social action. If one does not choose

the most appropriate, efficient means of achieving a given end, this
‘ . .
7

-

result rﬁuslt/be interpreted as the interference of absolute values.

Meanéngs and motives “ire organised into complexes, these in turn .

into value spheres and these further are embodied in corporate groups.
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This is said to comprise a legitimate order when there is a high
probability that action so oriented will in fact take place.

His substantive concern is to account for the rise of purposive-. |,
rational action in the West. He has ambivalent feelings about this
development, but capitulates to it in the consideration that the world
has become disegchanted to the extent that everything is masterable by
calculation.8 Thus, for Weber, not only does fhis became a feature of
the modern world but constitutes his methodology as well.

Karl Mannheim is also concerned with rationality. Whereas for
Weber, value sﬁheres are in irreconcilable conflict, Mannheim explores
. the possibility of a rational, scieﬁtific peclitics., In this Mannheim
is concerned with how people in fact think, rather than with criteria
of validity which are ex%erhal to everyday life. "The principle thesis
of the sociology of knowledge is that there afe modes of thought which
cannot be adequately understood as long as their social origins are
obscured."9 R

Atpempts to debunk the views of opponents where there are many
conflicting groups can in itself lead to the view that most knowledge
is peréﬁectival; we thereby learn to see a perspective as such. In
any case, Mannheim sees social reality as co?sténtly changing. The
knowledge of any group is thus seen, not as-illusiog, but as gnowledge'
which is not absolﬁte. -Because of this, however, Mannheim also tends
to see social existence as "a reality which is the outcome of constant
10

reofganization of the mental prodéesses which make up our worlds".

—
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Sbciety and Knowledge | .
Gruenwald explores the problems which ensue from the assumption o

that knowledge is the "manifestation" of social existence, which in

turn is Seen as absoluﬁe reality. He is concermed that this assumption

~

is écientifically unprovable and is worried, lest one cqaflate origin
- .

validity. To resolve this pnoﬁlem, Gruenwald suggests dividing a
proposition up into proposition mafg;ial'and claim to validity. . In
this way the claim to validity may be left intact while the proposition
material may be related to the absolute layer of social existence.
Socilal being or existence:ban be seen as having "selective relevance"
for the utterance of a propbsitio;:while the claim to validity is left

11

independent. In this way "meta-empirical éntities", such as the

‘proleéariat, may be seen as responsible for the utterance of a proposit-
ion, but not for its validity.. |

In raising the‘problematic matter of the metaphysical assﬁmption
necessary for the sociology of knowledge, however, Gruenwald makes
problematic the status, not only of the sociology of knowledge, but
also of the éy;tem of the 'sciences. The metaphysics-necessary for
the operatidn'of other scienceg is als; scientifically umprovable,
Gruenwald thus éets for himself a dii;nnau The world considered as
a unified whoié presents the possibility of a system of sciences whose
research may be considered adequate to the character of its objécts.
When the necessary sort of unity is accepted for samething like the .
sociology of knowledge, however,. the pdésible‘résults fly in the face.

of a formal, transcendental unity réquired by some other sciences.
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As Kurt Wolff puts it,

~— Inspecting our results, we find that Gruenwald wants - in
the two-fold sense of this term - a cosmology, universal truth,
cognitive features common to all men, identical objects, points
of view that could be understood with reference to an order
of culture and history, and a science that can make testable _
claims about the origin of a given thought, about the relations
between thought and social class, and about the existentiality
of knowledge. His world is a world that exhibits thesh wants. 13

This is the problem of attempting to demonstrate transhistdrical
relations between society and knowledme.  Althourh at an extremely
general level somcthing like that may be possible we belkaytthatﬁthe
gssumptiqn of uniformity and repularity in the social‘world, necessary |
for such a position as Gruenwald's, is untenable.

Durkheim also attempts to formalise the society-knowledge relation-$
ship in his notion of collective répfesentations, his term for most
thought. Unlike Gruenwald, however, Durkheim sees no problem for
Qalidity in relating thought to social context. The catepories of
thought have a social or*igin.l!4 In Durkhzim's scheme social reality
occupies a position midway between mind and rature. It is able to
’exerujse an unproblematic influence precisely because it is organised
secording to the same principles_ds nature, I is thus neither
mysterious nor epistemclopmically danrerous for Durkheim that socially

.produced‘capegories be capable of explaining natural phenomena.

It s true that since collective sentiments can become conscious
of themselves only by fixing themselves upon external objects,
they have not been able to take form without adopting some ”
of their characteristies from other things: they have ‘thus
acquired a sort of physical nature; in this way they have come
to mix themselves with the life of the material world, and then
have considered themselves capable of explaining what passes
there. But when they are considered enly from this point of .
view and this role, only their most superficial aspect is seen.
In reality, the essential elements of which these collective



. sentiments whereby » over the course of history, sentiments become more J
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sentiments are made have been borrowed by the understanding.

It ordinarily seems that they should have a human character only
when they are conceived under human forms; but even the most
impersonal and the most anonymous are nothing else than object-
ified sentiments. 15

Durkheim also introduces an evolutionary hierarchy of objectified

like that which is their foundation and that which they depict,lssuch

that in primitive societies things are ta::;@s true because they are

collective, whereas in modern societies beliefs become collective

because they are true; the combinations of consciousnesses and their

products obey laws of their own.17
Durkheim thus assumes a unique status for his own tho.ught and

at the same tim implies extra-collective criteria for the \}alidit_:y

of modern collective repr:esentations. He has thus placed aﬁn.abstract

notion of social reality midway between mind and reality. Thi% results

in a psychologist_:i:c: epistemology as well. One commentator who terms

this epistemology the "constancy hypothesis", the idea of the corresp-

ondence between a given sensation and a given concept, comments on
N . 4

" Durkheim's sociclogy in this regard.

Whatever the cr-:Ltlc:Lsms that may be made of Durkheim's sociology
and its method, the sociological systems substituted for the
natural attltude s conception of man in relation to fellow man
yleld a primacy of sociology and sociological theory where,
elg., scientific belief turns out to be what religious belief
should be. But that scientific belief belies that very origin
it suppresses under the_specifying .assumption of the constancy

hypothesis. This reduction of what people 'know' as 'reality’
to the capacity to believe, transforms a concern with what
pe 'know' into a concern for what people 'know', in such

a way t what is 'real’ for members of society is replaced by
an underlying'collectivity' constructed by scientific thmk_'mg 18-

Thus, although Durkheim has gone a long way toward fonmlatmg
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the possible influence of society on adequate beliefs or lnowledge, the

"society" which he has iﬁ mind here is an extremely abstract construct-

ion and the knowledge which he really values is not seen as related very
closely to collective représentations.

Weber, on the other hand, is less abstract in his interpretation
of social reality and is not so an#ious as Durkheim to embrace a
Pbicture of the dove-tailing aspects of mind, society nd nature.

Because of the attention paid to meaning in his perégg:tive he developé
a notion of "adequacy on the level of meaning". ‘Concepts used in the
explanation of social action must be meaningful to those members whose
actions areibeing explained. His.actual researches are thus more
concrete than Durkheim's.

In his stﬁdies of religion Weber is concerned to understand
differences iﬁ forms of rationality in terms of differences in irration-
al motivation. In fact he understands scientific, purposive rationality
as having origins in irrational, religious motivations. His analysis
augurs well in some ways for our own analysis. Weber depicts an
affinity between Protestant religious concerns, modern capitalist
enterprise and modern western rationality. There is, nonetheless,

a tension between the causality which he ascribes to religious world-

™~ . . .
'\Xzshs and the instrumental reason and causal adequacy which he hopes to

make a part of his social science. He describes the above "affinities"

2 “in the following manner: y

Obviously, the mere existence of capitalism of some sort is
not sufficient by any means, to produce a uniform ethic, not
to speak of an ethical congregational religion. Indeed, it
does not automatically produce any uniform consequences. For
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' by |the following three elements: 1) rational industrial organisation,

bookkeeping.2
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the time being, no analysis will be made of the kind of causal
relationship subsisting between a rational religious ethic and

a peculiar type of commercial rationalism, where such a connection
exists at all. At this point, we desire only to establish the
existence of an affinity between economic rationalism and

certain types of rigoristic ethical religion, to be discussed
later. This affinity comes to light only occasionally out8ide
the Occident, which is the distinctive seat of economic rational-
ism. In the West, the phenomenon is very clear and its mardf-
estations are the more impressive as we approach the classic
bearers of economic rationalism. 19

What Weber is trying to account for here is the overcoming of
the "serious i_nne; resistence" to economic rationality provided by the
other-worldly asceticism of medieval Catholicism.EO Capitalism,

economic rationality, is, furthermore, characterised as comprised

2) the separation of business from the household and 3) ratidnal

1 After suggesting that sums of capital in themselves

are not sufficient to produce such rationalisation, he goes on to
desc?f{ge the process itself in sbcio—economic terms:

What happened was, on the contrary, often no more than this;
Some young man from one of the putting out families went out
into the country, carefully chose weavers for his employ,
greatly increased the rigor of his supervision of their work,
and thus turned them from peasants into laborers. 22 -

-

Weber's story here is well-known. Through the notions of "calling"

.and "predestination" Calvinism was able to overcome the resistence

of Catholic absclute values and effect a rigourous supervision of
everyday life. It is here, however, where Weber has some difficulty
with his notion of cause; he argues, on the one hand, the virtual
impossibility ofv formalising causal cornections between feligious and
eccnomic variables, but nonetheless claims as well to have developed

a causal interpretation of the rise of economic rationality "with the

\\'.
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hopé:of attaining even a tolerable dggree of approximation".
Borkenau eriticises Weber on this score claiming that Weber's method-
~ology is an isolating-causal one. ;Borkenau's position here is that it
is reélly impossible to abstract and separate out as variables aspects
of people's lives which form an inteérateé whole in any given period
in history. Reiigions make processes of adaptation to changing
conditions less difficult and are not‘so easily sepafated from those
other aspects to which they may be seen as an adaptation.zu

| Thus, although Weber's treatment of rationality in connection
with the rise of modern capitalism augurs well for our argument in
some ways, his position is one in wh;ch thé calculability of separable
forces in the social world is assumed. A condition which is the
explicandum of ‘his sociology of religion becomes a cannon, in some
respects, of his nethodolog&. The purposive ratiocnality whiqh he
explains by means of his historicai studies of religion becomes the
cornerstone of his own instrumental reason.

Mannheim, on the other hand, regards WEbef's instrumentalist

method as having only limited validity. For Mannheﬁn, the terms or
perspective used in a particular inquiry must go beyond the interest

25

motivating the investigation. He wants to make the "interpretation

26

of meaﬁing a vehicle of precision" so that the irrational elements _

. . : Y

of politics do not get out of hand, that they may be subjected to

the influence of "intellectual control and self—criticism".27 ‘ -
He wants thereby to be able to relate the psychological motivations

and collective thought forms which make up ‘ideclogies. The first aspect

of this relationism is basically a debunking function. Any particular

A Y

.
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view of reality is showrl to be perspectival and motivated by a particul-
ar interest. The collective thought forms, ﬁowevef, are not individual
matters and the nature of collective life is partly determinant of
thought forms for Mannheim. Out of political conflict,analysis of the
roots of a group's outlook becomes possible.28
Mannheim anticipates more rational decision-making out of the,
ability to view the origins of conflicting fofﬂs of thought. A
particular position is relatéd to its roots and motivations,hence,
particularised; all positions are seen as thus situhted, hence totalised;
the situations are seen as socio-historically related, henée Mannheim's
version of relationism. “In this context, however, Mannheim has
difficulty grounding his own perspective; he needs an ontology him-
self.%? Wjth respect to science, he suggests'thatkits attention to

quantity [rather than quality requires no ideological analysis.30 An

jes behind this proposition. If is decided that
aspects of the’ world may be adequately accounted‘for in this scienti-
fic attention to :ékntity. It is our argument, of course, that this
attention to quant/ity, although perfectly adequate in Mannheim's sense
of relationism, has motivations and origine which afe similar in kind
to the origins of other forms of thought. His relationism is a useful
concept but needs to be appiged to quantitative pursuits as well. ’
There are two modern sbciologists of knowledge in particular who .
have éttempted to relate science's éonceptual development to social
qrigins. Both present muc ;bolder analyses of the relation of science

F

* to social corigin than any of the above camentators but do so in a



30

way which is naturalistic. Alfred Sohn—Rethel uses certain of the
concepts which we shall develop further in the next chapter but event-
ually falls back .on an identification of human and natural history.
David Bloor begins with a very strident relativism, but erds up
arguing a rather positivistic naturalism very reminiscent of our disc-
ussion of* Durkheim above.

Alfred Sohn-Rethel

Sohri-Rethel produces a characterisation of the similarity betweendv
the commodity abstraction and mechanism which is quite close to
Borkenau"s, although Borkenau is nowhere cited. He states:

The =coromic concept of valpe resulting from (the conmodity

abstraction) is characteri by a complete absence of quality,

: a differentiation purely by quantity and by applicability .to

" every kind of commodity and service which can occur on the’
market,

This concept and this abstraction bear, he claims, a "striking
similarity with fundamental categories of quantifying natural science."
About the character and source of these abstrac'tims and‘ concepts he
writes, -

‘While the concepts of modern science are thought abstractions,
the economic concept of value is a real one. It exists nowhere
other than in the human mind but it does not sprlng from it.

_ * Rather it is purely social in character, arlsmg in the spatio- -«
- temporal sphere of human interrelations. It is not people who
originate these abstractions but their actions. 31
.l

Thus far we are in broad ag,reement with Sohn-Rethel. After
. suggestlng, however, that the abstractlons and concepts he is analys-
ifndé do not Spm.ng from the mind but from social relat:.ons he procedes
‘to give both mind shmc_eptions of nature an autonomy and natural -

N . By

foundation which contradict his notion of their social relativity.
. -~



In a nutshell his argument is as To}lows«” In exchange, thought
and actioh are separated. Action on the rn.arketlabstracts from the
natural quz.iities of the objects exchanged. In e}ﬁchange use is
banished from the activity but not f‘rom the mind':}’2 thus‘ the appearance -
of: an independent :Lntellect ‘1ef‘t on 1t’§ own to contemplate use i. e.,
the physical character of the world. 'I_'l;x%,abstz'&ctness of the act1v1ty
is not accessible ow:mg to the business at hand of exchange and the
desnrab:l.llty of the commodity dealt with. Thus' exchange activity,! for
Sohn—Rethel mitigates aga:mst an interpretation A\f nature based on
any d.'Lrect perceptlon or appreciation of nature through manual labour'.33

Abstract social relations produce an independent intellect which ‘

in Greek society based on slave-labour gives rise to philosophy and

L]

in European sTiety based .on wage-1a gives rise to modern sciehce.su
This independent intellect, the indepepdent find, receives its formal
elements from the cammodity abstraction and provides the foundations

for both Greek philosophy and modern science. In the case of modern* -

-

sclence its categories differ from Greek philoscphy masmuch as they
are requ:red to effect a measure of control over a 1abour—process peopl—

‘ed with essentlally equal belngs, bemgs with human qualities. The
:Ldeal abstract:Lon prov1des the form of thought but not the content 35 .
*

These contents are nothing but the*basic features of the
pl'xysmal act of commodity transfer between prlvate owners. It
is this physical event which is abstract (this is precisely
we have called it the 'real abstraction'). It is a compound
of the most fundamental elements of nature such as space, time,/
matter, movement , quantity 0 on. The concepts which resylt
frgm the identification of e elements are thus in their
opigin concepts of nature

This is précisely to beg thefi.lfjion. If we are to raise the

‘<

~

L

\ .
yr ~ N\



32

question as to the possible social origin of scienc and its concepts,

it will.not do to blithely claim that they arg_s:inqnly concepts of

nature in their origin. Although there may be some account here of

the origins of specialised abstract thought and division of iﬁtellectual
and manual labour generally, there is no hlstorlcal or soc1a1 account
.'of‘ the origin of the concepts of mechanlstlc science.

Sohn-Rethel, in his desire td claim scientiﬁb abstraction for
capitalist social relat:':ons creates the problem for himself of having
to separate out the natural fourdations of the content-of the concepts
in a relation W1th nature. 'Ihe n:athemtlcs is for him abstract; the .
concepts are themselves natural. His orthodox Marnsm prevents him
from relating the content of the conce'pts to historically specific
conditions. This too, we are arguing, is a p0351b111ty cons:.stent w1th
Marx' thought although there are. tens;Lons in Marx' writings on this
issue as well . . ’

Sohf)-Rethel marks mathernat.,ics. as the dividing line between
intelléctual and manual labour! but provides no account of the possible
root of changes in matbelmtlcal thoug;ht with the mse of modern science.
He cites the rise of colnage in ancient Greece. as marking the begln-
nings of theoretical mathematlcs‘and although 'we may be in broad v
agreement here Sohn-Rethel does little to analyse its content beyond
remarking that it amounts to a "general:tbatlon" ﬁ'om monetary comnen—
sunatlon.38 He remarks that the Renalssance craftsmen needed matheﬂat—\
ics (for controlling a new soc:l.al environment technologically) but< )

pI‘OVldES no account of*how the new concepts of this matherratlcs were

derived. 39
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Sohn-Rethel bases his argument here on a correlaiion, but does not
really provide an explanation of 'the comnections. "Capital and mathem-
atics correlate: | the one.wields ifs influence in the fields o.f‘ econony ,
the other f'ules the intellectual powers of social production.” 40
- His understanding of the rra;:-cha_nism of Hobbes and Descartes is that
tpeir notiocn of the world as é: self-operating mechanism is based on
the postulate of the "self-acting property of the labour pr'%sss."ul
Mathematics appears as the logic guiding "the human mind in 1ts

socialised for'm. w2’

What we have, thus,”with Sohn-Rethel, is the

proposition that, first ?11, only the formal properties of science

can be ciea.lt with, sinrce they are the product of*an abstract, private
intell#st, and that its content is natural. He cla.lms that an under-

standing of human cognitive faaulties demands a fonnal analysis of .

commodity exchange "in complete methodologlcal separat:.on from any - v
consideration: of the magnitude of va_‘Lue and the role of human labour ) ‘
associated with it."3 | A=
N For to do so would force Sohn-Rethel away from a re;ther crude

materialism which he wants to espouse very dearly. Here the form

of thought is considered social, ‘the content natural. Sohn-Rethel wahts

to explain in soecial and historical terms only the abstractne.ss of ‘

scientific thought. The f‘ollow:ing passage is a telling one:

Commodity exchange when attaining the level of a mnetary
economy, gives Jise to the historical formation of abstract
cogu.tlve concepts Jable to implement an understanding of abstract
primary nature from sources other than manual labour. It Seems
paradoxical,- but is nevertheless frue, that one has first to
recognise the non-empiyical character of t!fese concepts befére
one can understand the way in which their indirect natural :
origin through history achieves their validation. One might
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speak of science as a'self-encounter of nature blindly occurr-
ing in man's mind. 44 ) .

What is social here is simply the independence of the intellect.
‘Sohn—Rethél is concerned to deménstrate that concepts which are not
~directly empirical can bear a "necessary reference to nature at all."u5
He states that the capacity of our.igtellectual knowledge of nature
has exceeded that accessible to handicraft production; true, but this
, does not neceésarily mean that social abstractions constitute adequate
toois having indireé% reference to nature. He ident%fies social and <
natural history. |

Thus my derivation of the concepts'glggiggi of science is a

natural one, not relating, it is true to the external nature

but to the historical nature of man himself. 46 .

It is our argument here, of course, that Sohn-Rethel has develaped
only one side in his use of Marx! analysis of the commodi?y relation.
Marx was in fact most concerueq:to display the opposition of tﬁe
social ard natural in“his' discussion of‘the peculiarities of thg equi-
valent form of value and the concept of commodity fetishism. Naﬁural
and social properties, concrete and abstréct labour and the social and
private character of iaboup are made commensurate in théjconnndity

iexchange. This accounts for a lack of consciousness, on the part of
participanti to whom only the physical propertiés of commodities are

visible, of the social character of the relation between things. (ef.

Chapter III infra) - )

Sohn-Rethel cites this lack of comsciousness and makes it respons-

ible for the separation of the indeperdent intellect.'!  In this, the

’

argument may have same cogency. Mathematical-mechanistic science,
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howeve;, was not constituted by consciovusnessless consumers. It was
begun, in part, we are arguing, by resolute people who were very con-
scious of the calculéble aspects ef social relationd-which needed keep-
ing track of and who helped develop concepts and techniques for carry-
ing out this social accounting. It is extended by analogy tb nature
by those whose mathematical interests are academicaliy influenced by
commercial concerns and traditions. ‘
David Bloor :

Although Sohn-Rethel gives some expression tor:;;#;otion that
the commodity relation is in some sense 'responsible' for early modern
mechanistic conceptions of nature, he does so in a way which wants to
ensure the naturalistic groundiﬁg of“tge resultant concepts. David
Bloor gives expression'to a superficially. strident relativism claiming
that there are no limits to investigation by the sociology of knowledge
which lie in the character of scientific knowledge, rationality,

48

' validity, truth or objectivity. Sohn-Rethel claims:

From our viewpoint, however, these economic and sociological
changes are not the main focus of interest. They are not.the
ones that can explain the“logical and historical steps leading
to the formation of science. 49

He goes on to formulate an answer in terms of the technological
requirements of the new social forms. N

Bloor's relativism, however, is rooted in the formulation of
a "strong Programme" for the gbciology of knowledge which takes as
special and transcendent the very form of thought which it is our;

. purpose here to interpret in social and historical terms. The socio-

légist, Bloor Suggests, is concerned with kriowledge "purely as a



natural phenonenon".so

Generally, Bloor suggests that any thought, belief or knowledge
_may be related to social life as long as it is collective. He is
concerned here with the partly social causes which bring about certain
beliefs or states of knowledgé. In addition to this tenet he develops
three others which constitute the core of his strong programme, imparti-
- ality, symmetry and reflexivity. Each side of the-dichotomies, truth-
falsity, ratioﬁalityFirrationality, and success-failure would require
explanation. Each side would; erthermore, require the same so;t of
explanation, hence, the principle of symmetry. Sociology itself woulde
have to be épen to such explanation, hince, the tenet of reflexivity.51
For Bloor these are not new tenets but represent "an analgam of
Durkheim, Marnheim and Znaniecki".?? His claim that this represents
a relativistic position rests on his attack on notions of the aufonomy
or transcendence of special kinds of knowledge. These areas are
related to social causes for Bloor. The relation thatlgloor has in
. mind, however, is one iﬁ'which,.%_EEIlwkheim,'society.can'produce more

3
or less adequate concepbg because it, like the rest of the world, is

organised on rational, scientifically accessible prinéipies. His
notion of causality here is oné which seems to violate hié principle of
syﬁmetryr Although we are in general agreement with his concerns about
the transcendent and timeless character of certain kinds of knowledge,
Bloor refers these kinds to a "physicalistic". brand pf causality. -
It is aé if men éan transcend the directionless push ana pull
of physical causality and harness it, or subordinate -it, to

quite other principles and let these determine their thoughts.
If this is so then it is not the sociologist or the psychologist
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.controls anq practices".

o/
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but the logician who will provide the most important part of .
the explanation of belief. 53

This, for éloor, leads to a relegation of the sociology of
knowledge to a consideration of the causes only of errors and accidents,
and the attack on this position.is Qne whiclh we, of course, can embrace.
Theoretical elements give us the terms in which we see the world.Su
Social norms and;conventions, argues Blobr, define éhose expe%ienées
deemed admissable in the formation of rellable knowledge. Diffefent

uoc,letles or cultures w1ll prpvide different "tribunals" to adjudicate

]

the admissability of experience. <

If misperception were, to become the focus of a sociology of

knowledge, it would then fail to come to terms with the "reliability,

repeatabi}hty_and,dependability of scienée's eﬁpifical basis. They will

fail to show the role within science of experimental procedures,

1,55 The feliabi%ity of sense experience,

however, is more or less a given for Bloor, even’ though he also claims™

A

that "(t)here is a social component in all knowledge."56 The social

57

componeqnt, for Bioor, appears as authority or pdwer, the source of

"reinforcement schedules"?8 or the approval of "well-tried and success-

. ful routines and established techniques of enquiry"59 which allow for

a partlcular adequate organlsatlon of perceptions. 'He supgests here

that perception and thlnklng are two different faculties and that the

3
]

perceptive faculty influences the thinking laculty more,thah v;pe—

versa.GO The nature of society and world are pfesupposed in Bloor's

- metaphysics. "Materialism and the reliability of sense experience are

thus presupposed by the sociologist of knowledge and no retreat from

L

~_
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these assumptions is possible."61
Bloor takes scientific method for granted.62 In doing =0 he
selects one of a possible number of &!ﬁially interpretable ontolqgies
for his own ontology. Agaiﬁ this is asymmetrical in his own terms. _ /’“;&r‘
Whereas he claims initially that there is no limit to the subject >, //,3
matter of the sociology of knowledge, his empiricish and scientiSm
: ‘
contain an implicit limit. Although he claims in his tenet of reflex-
ivity that the sopiology of knowledge must also be_admissable subject ,
matter for itself, we run the risk of affirming the conngient by

. A
allowing only such an empirjgism or scientism. Just as Kuhn cannot tell

us whern. an anomoly is full-blown enocugh to allow a deviation from t%e
conduct of normal science, so Bloor canﬁot tell ug-when‘our mechanistic
society is iﬁ enough danger to allowa non-mechanistic interpretation
either of nature or our ideas of it.

fﬂlthough he is agalnst maklng knowledge spec1a1 or considering
some of it to be guided teleologlcally by principles not of this world,

' . .
and warns that making it so would lead to a lack.of control over ’ _ C

theorising about its nature, he himself ends up dOi;g a good bit of
"special pleading". ,If this were the case, he claims, accounts of
knowigdée would be at the mercy of social metaphors. Althfﬁgn¥§6ciél
factors may be invoked in the production of adequate knowl gﬁ:théy
may not be seen as metaphors at“root.u If these facto remainéﬁ
metaphors they would not, in Bloor's view, be causally adequate in the

production of useful knowledge. By fbllowingkhis form of "special

<
]

knowledge we may prevent the occurrence of an account of lmowledge _'?
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L.

. .
"doomed to finish its life in as great a state of bondage to (social

63

metaphors) as it began it". Of course, we also are anxious to

p?event spurious self-understandings.ﬁ\This is why our topic here

becomes the failure of a mechanistic understanding QG mé%ianism. It

islonly by Bloor's-special knowledge (naturalistic socidlogy) that

we may prevent such acts of bondage, claims Bloor. ) -

It seems that there are only certain collectivities whose power

and authority ér "reinforcement schedules" Bloor is willing to accept.

We can see ﬁﬁg.reéson for this in his use. of Durkheim as part of his

" amalgam. Just as religion is séq}ally based for Durkheim, so is science

for Bloor. As with Durkhein; hdyever, in Bloor's scheme this appears

as the result of a society orggnised more or less on rational,

mechanistic principleé_intervening between nature and the thought about

it. Nature anddipciety are organised according to.similar principles.
 For us, of éourse,‘the Margian notions of historical specificity"

and a materialism which notéébfhé mitual influence between relations in

society aﬁd'relations to nature, provide for accounts of id?919%i?fz

religions or scgzhces which are ﬁSre open-ended and historical. Bloor

is worried here about the possible destruction of all claims to khowl-

-
edge if sceptical attempts to use the sociology of knowledge to explain

—\ .

error remove the™'natural limit to the scope of causal explanation".qu
The principles guiding the causal account of ‘knowledge are themselves
" timeless for Bloor.

. In Bloor's accoupt thus far we have A position which in some

- : N
ways augurs well for our argument. He states that the d%

between knowledge and belief is society,65 the 1oéic‘bf a’

¢

PN
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a social residue and not vice—versaGs,énd refers to the social component
of all knowledge. On the other hand, however, we have an implicit
metaphysic which suggests that some soci%l components are better than
others, namely, those giving rise to naturalistic accounts of knowledge.

Bloor does, ho@ever, treat. as examples those forms of knowledge
taken to be most special, primarily mathematics. After discussiﬁg
the possible contributions of Mill énd Frege to an account of mathem-
atics which sees mathematics as both experience-bound (Mill) and
66,jectivé (Pfege); Bloor claims that the reality to which mathematics
refers is not sﬁecial but is rather physical objects and society.G7
He wants to produce a causal account for uniformity and consensus.

He then discusses ﬁrecisely_those developments in mathematics
which concern us in Chaptef Four, the "intention" or concept of number

and the split betwéen number and magnitude. His use of and agreement

. With-Jacob Klein parallel ours here. He mentions the difference in

cognitive style and the intention of number between ancient’ and modern

mathematics, the use of ligatdrES"in Diophantus to refer only to one

-

specific solution rather than to a possible value for a variable, and

' Stev1n s Jjustification of the status of 'cne' as a number as presuppos-'f

ing the homogenelty -and continuity of nunber.68 Bloor explalns these

dlfferences in terms of the fact that these brands of mathematics exist

'"both 1n thelr 3001al setting and agalnst a backdrop of natural
ng

psychologlcal propensities™. 69

He understands the ancient number concept as "a symbolic

exemplification of thgxqfaer'and hierarchy of Eeing".70 The modern
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concept as it appears in Stevin he understands as founded on tech-

nological requirements. For Bloor, "Numbers come to perform a riew

function by indicating the-pﬁbperties of moving, active processes -

-

of ghange";71 true, but numbers had to be formulated in such a way as
to allow for this applicability.” The ability of numbers to perfbfnl
this function,‘we argue, is developed gradually in commercial practice
from Fibonacei to Stevin. The use of a‘new concept of number in under-
standing nature is by analogy from commerce, not by tecﬁnological
applicability. |

The character of Bloor's empiricist tenets requires that he find an

engineering rather than a strictly social "vackdrop" for this new

character of number. .To.be fair to Bloor, he does contend that"all

knowledge is relative to the local situation of the thinkers who produce

. it".Tg He relates knowledge here to ideas, conjectures, problems,

assumption and criticism, purposes and aims, experiences, standards
. . T '
" and meanings. These are, he claims, naturalistic gétepminants of -

bel?ef. It is this naturalish with its empiricism and physicalist N
causaiity with which weA Ake issue. | |

We are in agreement wiﬁh/Bléor that one of theﬂcriteria for
beliefs to become knowledge is tﬁa@.they beéomeicollective. Neither
we nor Bloor can dream an interpretation of nature and expect its
status to become knowledge without its collective reinfbrceﬁentl We R_‘
cannot select any ngief,at‘will.ana give it an equal status aé potent -

. 2 ' .
lally knowledge with any other belief, even though their status may
‘ DR

also be socially relative. .
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Bloor's answer to this is naturalistic. We.canpot defy certain of
the regular respooses of nature to our actions. In this we are in

general agreement. This obviously limits greatly the number of

" beliefs which can become.candidEtes for the status of lmowledge. It
.is another mdtter entirely, however, to suggest in-advance that nature

"is a rational, all-encompassing nexus of causality which can be '

comprehended by one'view Although the number of possible beliefs is
& _ <
llmlted here the number is still very 1arge There are no real grounds

for supposmng“that any particular view has a monopoly on the correct

_ 1nterpretatlon of nature, whether it be "ours" or anyone else's.

~ :
. Bloar's ultimate justification for his view is that it represents

our culture and our form of knowledge 73 ‘We are back now to the

'authorlty and” power of a collect1v1ty, it is truly, however, "an

underlying collectivity constructed by scientific thinking". Just
which we we are allowed to'have membership in to do the sociology of
knowledge is determined in advance and ungrounded by Bloor.

All six of the thinkere‘discussed here have an unexamined belief
or faith in modern science. Even Weber, who has ambivalent feelings
about it in some respects, capitulates to this belief. In purkheﬂn's
use of the notion of collective represehfaoions, there is a positivistic, .
oechanistic-‘ world-view in opereoion.- Mannheim explicitly refuses to
consider science as socially or ideologicaily rooted. |

~

In the cases of Schn-Rethel ‘and Bloor, analysts who thematise

_science it'self in the sociology of knowledge, their scientism becomes

all the more curicus. A relativism which endeavours to discover the ,

\

¢
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extent to which science isha social construction, camnot stgé-short
at "scientistic" understandings of relativism. |

To use "materialist and empiricist" tenets to, understand the
question of science's possible social origins, is barely to raise the
question at all. -It seems to be part of an attempt to leave écience's
self-understanding intact at the séne time that sociai roots for ideaﬁ
are hinted at in a way which also fits that self>understandiﬁg in
most ways. _

We fail to see the n;ed for the sociology of knoﬁledgé fo apologise
to science in this fashion. The mechanistic world-view,. although it
has had a highly nuanced history, still constitutes something of a

Zeitgeist. A1l six of Oﬁr‘connﬁntators here pay some sort of hamage to

~ science. In Weber's terms, they view all things, including social

relations, as masterable by calculation. Social life is probably that
« '; . " i

-~ realn most. recaleritrant to Eglculation. The efforts of sociologists

>

to approach it in this manner have had only very low-level results. To

subject science as subject matter to a queﬁtioning of its possible
social origin or construction is‘thereby‘also toAraise the spectre of
the recaleitrance to calculati his relation itself. Our view is
thus more radically'relative than tbat of Bloor.

Sohn-Rethel has also useq Marx for this kind of purpose. There
ié another side of Marx, however, which we intend to use for our own
relativism. In his notions of historiecal specificity, the mutual
influence of relations in society-relations to nature, the laboyp

theory of value and commodity fetishism, Marx provides a way of under-

) !
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standing historically situated intellectual developments at the same
time as he provides an understarding of why tﬁose roots are rot visible
to contemporary participants. We draw here from that side of Marx'
woé% which emph§§iseé social relations. Not much modern conmenﬁary

is directgd af ﬁhat side of Marx' work, with the exception of the work
of‘Lawfénce Krader.7u. It is frém this side too that Borkenau draws
his notién éf abstraction. We turn now to our development of this part
of our fragework in Chapter Trree. o

.
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Chapter Three - Marx and the Sociology of Knowledge and Science

Like the other classical sociologists of knowledge, Marx did not
comment directly very often about science. Unlike the others, however,
he did . not begin with positivistic, empiricist or meéhanistic assumptions
about society itsélf. Basically Marx saw society as a more or less
integrated whole, the nature of which éhanges over timé. The most
furdamental aspect of society for Marx is the way in which a particqlar
people provide for their existence. This, ciaims Marx, gives shape
to everything else which they do and think.

This "givingishape to" is not a mechanically deterministic process.
There is some debate, even within the context of the sociology of sci-
ence;;as to whether or to what extent, Marx would support the notion of
the autonomy of independence of the knowledge-claims of science.l We
are making no attempt\go resolve this>issue. Qur discussion of Marx
here is limited to the éresent purpose of fbrmulating'those aspects of
Marx! thought which are capable of contributiﬁg to our perspective on
the social constitution of the context of early modern science. Mulkay
points out that academic sociology has, for the most part, not read
Marx in this way. He cites Merton's interpretation of Marx, whiéh is
alsc Merton's own view, as more typical -and as "granting science a status
quite distinct from that of ideology".2

It is in The German Ideology that Marx formulates some of the

concepts of which we make use. The:discussion in this work concerns’
primarily the social mediation of the human relationship with nature.

Marx criticises the universal formulation on the part of the young

47
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Hegelians of the relationship of the h being with the world.

Although there may,bg'a few obvious sine qua nons of this relation-

ship, what is impbréént for Marx is an undérstahding of the different
roots of dlfferent relatlonshlps to the world v |
In the context of religion, qMarx criticises the young,Hegellans
cfifiéism of concepts. The old Hegelians had viewed such concepts
(religious) as the true bonds of society whereas the joung Hegelians
saw them as the chains of men. _Mérx points ouf that both view the
religious concept as "a universal principie exigting in the world".3
The young Hegelians, says Marx, afg exhorting others to relinquiéh
their own consciousness in favour of a universal one. It is the young

Hegelians' own consciousness, however, which is in need of explanation.
A 2 ]

Marx' has a different conception of’ the relation between consciousness -

*

and reality; this is based on the notion of the social mediation of the
human relation with nature. |

The first premise of all human history is, of course, the

' existence of living human individuals. Thus the first fact
to be’established is the physical organization of.these
individuals and their consequent relation to the rest of .
nature.... The writing of history must always set out from
these natural bases and their modification through the course
of history through the action of men.}

The human being is tQus a part of nature and distinct from other species

of animals. As philosophers we could distinguish human beings froh\

other animals by any means we wish, consciousness, religion, etc. -But:
They themselves begin to d15t1ngu1sh ‘themselves from |
animals as soon as they begln to produce the means of

subSistence, a step which is conditioned by their physical
.organlzatlen By producing their means of subsistence men

are indirectly producing thelr actual material life.5 ‘ '

kY
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To make a very long story short, a division of labour, civil
soclety, classes and the state ensue. Marx periodises history accord-
ing to the "mode of production" found in each epoch, which , in turn,

is characterised by the particular social form of labour fqﬁnd in it.

Labour may be bqund, unfree in some particular fashion, or it may be

formally free, as in the case of wage-labour in a market society.

The way in which the life of a peorle i produced iz thus seen
to give shape to other aspects of their:ﬁgiévity- Hbenon bolnpw
aétively produce their means of existqnce? their-relations with each’
other, and their conceptiors, but always with regard tc a specific set of
material conditions which circumscribe that activity. It is the
practicél activity of people whiéh underlies all such production and
practical life-activity is always the;practicél éctivity of a partic-

ular group of people in a particular period in histery.
- The production of ideas, of conceptions, of consciousness,

is at first directly 1nterwoven with the material act1v1ty

ard the material intercourse of men, the language of' real
11fe Lonc01v1np, thinking, the mental intercourse of men,
appear 4. this stape as the direct efflux of their materjal
behaviowr. e same applies to.mental production as ex-
pressed in the languape of politics, law, morality, relipion,
metaphysics, ote. of 2 people. Men are the producers of

their conceptions, ideas, etc., - real, actlve men as they

are conditioned by a de1n¢tU development. of their produc-
tive forces and of the intercourse corresponding to these

up to itn farthest forms. Consciousness can never be 11y1hing
else but conscious existence, and the existence of men iu
their actual life process.f(

According to Marx, then, we cannot understand hjstoritally
occurring products or relations in terms of universal categories or
principles. The place of philosophy for Marx is a sumq%gg up of the

general results of such development.

c
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An important notion thus emerges which distinguishes Marx'
conception of social relations, the notion of historical specificity.

We must look at how people live in order to understand their relations

and products, including intellectual products.. In another work, Marx
uses the examples of the notion of authority and individualism and is
worth quoting at length: ' -

Each principle has had its own century in which to manifest
itself. The principle of authority, for example, had the .
eleventh century, Jjust as the principle of 1nd1v1duallsm
had the eighteenth century. In logical sequence, it was the
century that belonged to the principle, and not the principle
that belonged to the century. In other words it was the
principle that made the history, and not the history that
_made the principle. When, consequently, in order to save
prlnc1ples as much as to save history, we ask ourselves

ar principle was manifested in the eleventh
eighteenth century rather than in any other, we
are necgssarily forced to examine minutely what men were
like in\the eleventh century, what they were like in the
eighteenth, what were their respective needs, their
productlve forces, their mode of production, the raw
materials of thelr preduction - in short what were the re-
lations between man and man which resulted from all these
conditions of existence. To get to the bottom of all

these questions - what is this but to draw up the real,
profane history of men in every century and to present

these men as both the authors and the actors of their \
own drama?7 . ~

In the Grundrisse , furthermore, Ma;x criticises eighteenth
cenﬁury thinkers not so much for their individualism per se, although
this too is involved, but.primarily for asserting the un%yersélity of
that principle. He criticises the eighteenth century "Robinsénadesﬂ
both for positing the contracting individual as universal.and for usingn
as thét universal catégory what was in fact a condition'specific to
their, own society.8 Production and ppggﬁ;ty receive similar analyses

in the same context.’? = ‘ Y \



, Thus, not only are the abstractions from sensible objects 1n a
soc1ety of commedity production abstract seﬂ%: data; they are used
abstractly in another sense when they are seen .as ategorles capable of
-1nterpret1ng what passes in other periods of~hlstory. .

| - For Marx the most highly developed form in the develob&enthgf\these
abstract measures is money. This development is a ?}réct resultﬁff>the

reciprocal relations of exchange and the division of 1398' ‘This objec-

tification is that of a relation between persons, relatiéns of labour

ities. Altho\gn_-,

‘money proves not to be the byttom 11ne in -this development it is an

ard relations in the market;place as owners of co

Al

interesting place to begin our analysis because of its abstract char-

acter. This abstract\chébabter, furthermore, can be shown to have
—

been derived from '"congealed" social relations and can provide an
analogy for a similar analysis of science. Marx! choice df'analogies
in the followipg passage aug¥p5 well for our argument.

N

Money, however, as the individual of -general wealth, as

something emerg;ng from circulation and representlng a general
quality, as a mereiy social result, does not at all pre- T
suppose an individual relation to 1ts owner; possession o

it is not the development of any partlcular essentlal aspect

of his 1nd1v1dua11ty, ather possession of what lacks =~ . —

individuality, since this socigl relation exists at the
same, time asfa sensuowd, exterfal object which can be mechan-
ically seized, and lpst in the[same manner. Its Pelation to
the individual tfus dppears as a purely jaccidental ond;
while this relation tq a thing having cormection with its
individuality gives himat the same timd, by virtue of the .
thing's_chgracter, a general power over society, over the -
whole world of gratifications, labours, etc.. It is exactly
as 1f, for example, the chance discovery of a stone gave me
ery over all the sciences regardless of my individuality.
The possession of money places me in exactly the same relation-
ship toward wealth (social) as the philosopher's stone would
]toward the s iences.10

of

o~
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‘Marx then cites Shakespeare's definition of mney as the equation.of

AN
the ipcomﬁagjble. There is no greed, for example without money. This

seetéon of the Grundrisse harks back to the Papis Manuscripts where
Marx is concerned with the relation between estrangement and the money
system and;looks forward to Capital where the abstracﬁ character of
money gg#gffﬁ understood thfough an analgsis of commqdities, value,
surpius—value, and fetishism; - ' };\'

If Mannheim deems the quantitative immune from the "idols of the.

market place'", Marx understands the most quantified area of modern life,
5 ‘ ‘

the economi predicated on certain historically specific kinds of
soci :;;‘\\ioné. It is.guf contention, here, that quantitative science
is undersfandable as a social phenomenon in much the same way as Marx 7
attempts to understand the "power" of comodities and markets- in social .
terms by means of his labour theory of value.

We are draw1ng, agaln upon the work of Franz Borkenau, who 1n
turm, draws his ;nsp on fram Marx' c1tat10n in Capit f the fol-
lowing passage from Descartes, . o~ - | | T

(T)hey caused me to see that it is possible to obtain
knowledge which is very useful in life, and that, instead’ _
of that speculative philosophy which® 1s taught in the - ~ -
schools, we may find a practical philosophy by means.of which,

. know1ng the force and the action_ of fire, water, air, the stars,
heavens and all other bodies that env1ron us, as dlstlnctly
as we know the different. crafts of our artlsans we-can in

' the same way employ them in all those uses to whlch they

are adopted, and thus render ourselves the masters and
possessors of nature.l?2 '

‘ b Marx mentions here ??at Descartes is looking at the world with the eyes
.. T ¥ \ '
of the manufacture period and anticipates new processes of prqduction

as a result of new modes of thought. Borkenau's notion here is that
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a view of the conditions of manufacture gets projected onto all of
nature ané eventualiy human sociéty as well; manufacture provides an
analogy or preconception for the mechanistic view of nature. VThe irony
here is that a éocially derived analogy is used to intérpreﬁ‘nature,
whicﬁ view of natu:e is_then used ‘to interpret human society. A concepr
tion o? human soci .regﬁlar is derived from a mec 'call& conceived
S nature. | ‘ » |

In his analysis Borkenau refrfains almost entirely m attempting_
Eo derive rules for the I lationship, socigty—idea; and_ig§§eaé provides
a historically specific account of the role of manufacture and its‘wonld
view in the class struggles which bring about medern bourgeois Europe.

What we have herg_pfe a division of labour, and process of exchangx?
which are said in turn to prbduce a similar conceptioqn5§inature. We

must first analyse the social relations said to encomq?ss these abstrac-

tions.  For this we require'g'study'of the problem of ¥4lue, and in -

particular we require the labour theory of value

The theory of value has its beginning with Aristotle who condemed *

] . T

laced a limit on the
’

usury but saw exchange as useful as long as ne
° -
accumulation of goods. He -saw exchange as a relatiom™gf equivalencg

! ] -
Bﬁf\{fﬁ}ed to identify the common element which made dissimilar goods
commensurable. The modern exbression~of.£he theory of value begins in

the sixteenth bentUry with Machiavelli and Luther and labour here plays *

a signifiéant‘paré‘. Tabour is dealt with in terms of two components:\\f\\\\;,,/

-

» - a
the relations of labour in society, and the relation of labour to naturégiﬁ)

) »
4~‘These two components were not treated together by Marx' forerunners.
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Tney were treated together only, with the treatment of use-vélue/exchdnge
value and abstractllabour/concretellabour. ‘The labour theory of value "is
bound in the cépitalist historical period {o. the science of néture

and natural relations on the one hand, and to the sclence of society
and_social relations on the other; the'fwo sides were developed in their

separation pari passu."13

Machiavelli contributed to the relation to nature cotmponent in

arpguing that wealth comes from labour of the hands, not of the head.

in the History of Florence (1535) he states that goods come only -in-
L J Pl
directly from nature and are shaped®by human industry. He is treating
- .
here of the creation of useful things and theérefore of concrete labour.

. Thé value of labour- in production and exchange was grasped by
the human mind during the sixteenth and seventeenth centuries
in either of two ways:; Either it was labour in society in
general, or it was labour in relation to nature. At this time
labour was considered both concretely, in relation to the pro-

~ duction of useful things, and abstractly, in relation to
exchange of things produced. In order to effect such exchanges
a value had to be put upon the labour. The act of exchange
and its expression in abstract measure of value were not intro~
duced for the first time; but the theoretical.expression of
the exchange was now promulpated, at first slowly, and only
much later became widespread, in the later seventecenth and
elghteenth centuries, with the full development of the capi- °
talist mode of production in western Europe.l4 IR

But whereas Machiavelli grasped labour in relation to nature and
not labour in societ®, Luther did precisely the opposite. According to

Luther the merchant is paid according to the time and effort required

to acquire a specific item and such time and effort is to be expressed
in units of a day-labourer's labour, and the merchant's earnings in
terms of a day-labourer's wages. He did not, however, treat of any

' N\
relation of labour to nature. - He condeimed usury and saw goods as the
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gif;s of God whieb were only distributed by human labour. ~
| For Tﬁomas Hobbes, wealth depends.on labour and the industry.of
men. Born the son of a vicar he met Galileo aﬁd Qecided to epplyt:> N
mechanistic philosophical principles to Euman socliety. = The wants-of
men in commonwealth are satlsfled by commodities, commodities wthPLaJE
free, 1n'nature, or purchased for labour. Utility determifes excﬁange-
ability. The labour for-which eomnodities are purchased is aiso a

: ccnmodity,‘aﬂﬁ/is contracted for by means of the same kind of contract
es that involvéd in the' formation .of society., Prdductiep ahd exchange
are connecteg for Hobbes sipce he maintains tﬁat it‘is the surplus
product which is exchanged. Just as commodities have as their abstract

expressiongmoﬁEY,-so the worth of a man is his price, i.e. the price of

. “his

cke saw only the relation of labour to nature and represents

a wregresglon from Hobbes in this regard. In his Second Treatise on

Government Locke sets out to distinguish between .common and private
right end argues that labour is that which distinguishes'connnn from |
*priv ‘ property In this regard he distinguishes between the labour
of the body and the work of the hands (and thus between abstract and

concrete labour). By virtue of this labour we make ours what was for-

merly ccnmth : -
. 4
(T)he grass my horse has bit, the turfs my servant has cut,
- the ore I have digged in any place where I have a right to
them in common with. others, become my property without the
a531gnat10n or consent of anybody The labour that was mine,

removing them out of that common state they were in, hath flxed (?_./’

my property in them.1%
16

William Petty™ , although he used the term price instead of value, is
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the’original figure in the history of the labour theory of value proper,
particularly in. respect of tHe measure of value by labour time. Petty
wrote,

Let a hundred men work 10 years upon corn, and the same

number of men the same time, upon 311ver, I say that the

net proceed of the silver 1s the  price of the whole net

- proceed ofAthe corn, and like parts of the one, the price
of like party of the other.17 '
Impli¥€it in Petfy's equation is the notion of human equality, at

least where labour is-concermned. If labour-power can be seen as quan-

» 7

tifiable in relation to the poweqtgnd product of other labours 'then the
labourers must be seen as equal.

The 51m11ar1ty between individual labours,'which began to have
intellectual cegenCy at the end of the middle ages, is only a formel oﬁé
and,  for Marx, comes to mean simply that where value is ‘concerned one
man's labour is as good as another's. This fbrma1.¢x~abstract equality

is a function of the soc1al form- of labour in soc1ety and fo thls poi

Marx-takes his cue from a reading of Arlstotle -

In his commentary on the problem off value Ar totleﬁinund it odd

that various goods seeped to exchange 'tg_each other inh rather'definite

.proportlons. Having reduced the money’ form of connmdltles to the 51mpler.

relatlon of one éommodity to another, Arlstotlé‘used the example of

five beds = one house. What he found odd 1n this relatlon stemmed from
his inability to dec1de what is the common substance contalned 1n equal
proportlons in flve beds and one house. Of coursg s Marx' answer to this
ekxfman labour in the abstract.l The character of that congealed labour

arid its root in the social relations of Epe producers, however, is the

/>

C
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‘most important consideration in Marx' theory. of value and in ‘discussing

. -
Aristotle he goes on to explicate ‘this point by suggesting what it was

that prevented such a thlnker as Aristotle from arriving at 51m11ar

conc1u51ons to hlS own.

There was, however an 1mportant fact which prevented Aristotle
from seeing that, to attribute value to commodities, is merely.
a mode of expressing all labour as equal human 1abour and
cansequently as labour of equal quality. Greek 5001ety was
founded on slavery, and had, therefore, for its natural basis,
.x\\ < the 1nequa11ty of men and thelr labour-powers. The secret of
- the expression of value, name , that all kinds of labour are
\\5_ equal and equivalent, because d so far as they are human
labour in general, cannot be de iphered, until the notion of
human equallty has already acqulred the f1x1ty of a popular
prejudice.” This, however, is possible only in a soclety in
which the great mass of the produce of labour jakes the form
of commodities, in which, consequently, the dominant relation
- between man and man, is that of owners of commodities. The
brilliancy of Aristotle's genius is shown by this alone,
that he discovered, in the expression of the value of cmmmmi
ities a relation of equality. The peculiar conditions of
the society in whi®h he lived, alone prevented him from
dlscogerlng what, "in truth", was at the bottom of this equal-
1ty I ' . ’

L}

Thus Marx begins his analysis with the nature and form of the conﬁbdity
and its.relations:’ This is especially relevant here not only because
- this form is related to soc1al relations but also because the relation
, between nature_and society and 1ts relflcatlon are contained in it.
In thls way, the relation between relatlons of productlon ‘and thought ,
| partlculafly mechanistic bhought, are also brought forth. This is most
relevant for the sociology of knowledge because, in the first chapter
of Capital, Marx provides an accougfinot oaly of the workings and
Qkﬁfnstitution of the cm@ﬁ&&ity ferm but also simultaneously an account

«of why that constitution is not visible to us.

\‘ . \‘
'
.
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Marx ‘egi _his-'a.nalysis by telling us that the commodity is a

thing of nature, it is a material "thihg. By virtue of its natural
proper'ties it is able to satisfy various human wants. The creation of
such a product demands a material with certain properties and a specif- -
" ic -form of labouring activity performed upon that material. The fact,
however, that commodities can be exchanged in cértain proportions appears
to have nothing to do with their natural pt'operties.or the'specif‘ic
form of the labour producing them. S'ince‘these are quélitatively dif-
ferent things we are at this point left to discover what is common to
both commodities by virtue of which they may be’ e}tchanged in definite
proportions. | _

To determine this common thing contained in both, then, we abstract _
from the natural properties which make them useful and from thé specific
character of the labour which 'nékses them useful, from the qualities of
the material aﬂd from the quality of the labouF Just as the ccxmodlty

‘, appears to have a two-fold character, use—value and exchange-value so
is the labour produclng it of a two-f‘old nature J,:-A spec:.flc useml
concrete form of 1abour helps make the commdlty a use-value and homo-

. geneous abstr-act labour, “labour-—power expended without regard to the

mode of 1ts f:-xpenditur'e", makes it a value. But‘ Marx continues to add
that when'c_arr\nodities are looked at as values, nlanif‘estéd askexchange-

values, they are crystals of a social substance.

The labour ,abstract 1abour which forms the value and hence
exchange-value of corrrmdltles has :|.ts measure of quantity in the form of

time. -Since this labour is homogeneous, however, another important

-
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con comes to light, a consideration which helps to explicate” fq\“\\\

reductlon to simple, unskilled labour. "The different proportiébs-;n

59

»

th ial character of this substance.. The relation of the various

) . . . -
labours from which abstraction is made is such that it results in the

hY

constitution of a unit of homoge ;@eus’labi The product of any given

——

1nd1v1dii;;would thus be seel as containing the number of units normal-

1y contaijed ;ﬁﬁgﬁaf‘ﬁ?oduc . ‘This unit_is tha socially necessary
labour-time foithe production of a given class B¢ article. A certain
social division of IAbour is thus necessarﬁffor the existence of proddcté
as commodities since the produceré‘must stand in a certain relation tq_

For the products of labour to confront each other as comﬁodities
in an act of exchange,they must have been.produced by indiﬁiduals‘“pef*
forming, dif{sfent.cdncrete'labours and standing in a certain relation
to one another in order to produce such an abstraction from @dlf— N
ferences in the concrete forms of their labour. The'élfferences between ~
the useful forms of lgbour carried on by independent producers develops \k;n
into a- complex social aiviéion-of labour, [ ' .\é

The commodity, then, is a mixture of social and natural components.

r*‘atlons,

A" natural, law-liké explanation cannot be produced for socig
or ideas because, owing to human activity, the
fhanging one. [This comes out more clearly {n the not« tal-2

/

character of value and the abstractlon of homogeneous labour and

which different sorts of labour are reduced to unskilled laé;ur %L e

their standard are established by a social proceds that gd behind

-
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%—r\: the backs of the producers, and, séduently, app¥ar to be fixed by .
N ' custom.‘ﬁ‘Q In other words, the cons?itution of the value of commod-
~+—" Ities is not a natural relation. X""\ e . ,
, ; s W, ——
N If, ..., we bear in mind that the value of ¢ ties-has

. @ purely sog reality, and that they acquire this<reslity
they are expressions or embodiments of one.
identical soci¥l substance, viz., human labour, it follows
f course, that v can only manifest itself
relation of cemlodity to commodity.20 ;

virtue of itis relation to R

another commodity. e value of dity is something materially
™~ dri’fféent from the body of that cgzm?dit _and yet® appears to hgve obje

. - tive ek}@gg fact, it appsears to have this existence in all
/‘(

commoditieds s peculiar situaticki becomes even more curious when we

— . _
consider that in the act of exchange, the value of one commodity is
expressed in.the body of another.” For example, if x commodity A = Yy

commodity B, the value of A is exf)ressed as the body of B.

o meaps, “therefore, of Wmilapion expressed in dur
: on, the bodily f of ¢ ity B becomes the value-

form of commodity A, Ar the body of commodity B acts as a
mirror to the value §f commodity A. By putting itself in
\ relation with commodity B, as value in propria. persona, as
. - the matter of which human la¥our is mdde up, the commodity =
. A converts the value in use, B, into the substance in which .
to express its, A's, own valye. The value of A, thus expressed
in the use-value of B, has t&%en the form of relative value.2l

Commodity A in this case is seen as hairing value by virtue of the

fact Uhat B ié equated with it h;:i;thout B assuming a form different from

its bodily form. One cdnnodity e.xpps_s%;s value in the use-value of
anothel:' _ponmodity of a different .kinc_i. This other conmodity,ﬁhus has

impressed upon it the equivalént form of value. " The value of the
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equivalent in thiségqyation fihdg no quan%itétive expression. Even in
\Eh@ relative form the value may remair constant _while the relative
value varies owing to changes in the productivity of labour. In the
equivalent form, however, an even more curious fact results. "(U)se—
value becomes the form of manifestation, the phenomenal form of its
opposite, value.2? Thhs, owing to the social relation of the labourers
and the subsequent entry of their products intb a relation of exchange,
the social proper%y of one {S represented in the natural properties of
another. 1In this férm, then, even though theltwo comodities can stand
in a relation of equivalence because they contain the same quantities
of human labour, the equivalent in the relation does not receive a-
quantitafivé expression of thét social substance which is contained in
it. To use Marx' example of l;nen = coat the value of the llnen is
expressed in terms of the use—value‘of the coat, "but the coat, 1n'the'
expression of value of the linen, represenﬁéxé"ﬁaﬁ:hatural property of
both, something purely sociai, namely, their value."23
Marx' analysis%gf the enigmatical character of commodities is thus
directéd primarily at unveiling the mystified character ofxfhe social
relations which lie behind it. As long as there is a value relation
the facﬁ that a material commodity can express value gives value the
appearance of something natural. The relation between commodities thus
appears as a relation between things.
Slnce, however, the properties of a thing are not the result of
its relations to other things, but only manifest themselves -
in such relations, the coat seems to be endowed with its equiv-

-alent form,- its property of being directly exchangeable, just
* as much by Nature as it is endowed with the property of being
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heavy, or the capacity to keep us warm.2l
Just as the two-fold character of the commodity has its root insthe two-
fold character of the labour embodied in it, so the peculiar expression
of the value of one commodity in the use-value of amother has its root
in tge manifestation of abstract human labour in its opp&sité, concrete,
useful labour. -

Becéuselof the necessity of-this "opposition" in the form of exchange,
the labour of_priﬁate individual commodity proéupers is social in char-
acter, since it is only by virtue of the."ppposition" of their labours
that we have a reiation df value. ‘Epis'becomes clearer when we realize
the multiplicity of forgs of labour which are thus related in the world
of connnditiés. Just as we would not efghangg one comodity for another
of the same kind, -so We require a multiplicity of varioﬁs conerete labours,
socially reiated such that when their products st?nd.in a rela;i?n of
exchange the abstraction is made from the concrete form Qf‘the labour -
embodied in them,fwe have a_;elation of value. The.social determination =
of the magnitude of value determines the exchange proportions of connﬁd—
ities. | . . | B

" This leads to the notion of fetishism. Marx takes the lead here -
‘from an early.French anthropologist, Charles de Brosses, who used the
term to describe the fact that in animistic religiﬁns the products of
peoples' consciousness cdme to dominate them in the form_of thé spirits
inhabiting natiral objects. For Marx this notion refers to the products
-0f labour coming to control the producefs. Consciousness of the social
character of the relations between these products is difficult to achieve

because pedple are related through their products. When a table is

PEe
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consideneq;simultaneously as wood and as a commodity, "It not oni?\éhands'
with its feet on the grourd, but, in relation to all other commodities,
it standsfehaits head, ard evolves out of its wooden brain grotesque
ideas, far more wonderful than 'table-turning' ever was“.25 In the re-
duction of all labour to its common denominator in which the social char-
acter of the labour manifests itself, the relations between producers take
the appeerance of a social relation between thinggr When all that is
observable, owing'to the private status of labour, is the relation of‘
'objects "lhere it is a deflnlte social relatlon between men, that aseumes

in their eyes, the fantastic form of a relation between thlngs".26 The

b4

soc1a1 character of their labour appears as an objective property of the

obJect._ In exchange the objects acquire this social status as dlStlnCt

a

from their existence as use-values. The labour thus embodied, however,
acquires a peculiar social form not simply because geods happen™o get
exchanged w1th some frequency. This is of 1mportance for the relatlon

between commodlty ‘relations and the mechanf/tlc world-v1ew

This division of a product into a useful thing and a value
becomes practically important, only when exchange has there-
fore to be taken into account, beforehand, during production.
From this moment the labour of the 1nd1v1dua1 producer acquires
socially a two-fold character. On the one hand, it must, as a
definite useful kind of labour, satisfy a deflnlte soc1a1 want .
and thus hold its place as part and parcel of the collective
labour of all, as & branch of the social division of labour that
nas sprung up spontaneously. On the other hand, it can satisfy
_the manifold wants of the individual, producer hlmself ,tonly so
far as the mutual exchangeability of all kinds of useful
private labour is an established social fact, and therefore

the private useful labour of each producer ranks on an equallty
with that of all others.27

Thus not only do the reduced and¥abstracted units of labour and matter
. 2 \‘ ]
appear as properties of natural objects but since the establishment of

socially necessary labour-time is a process which' goes on behind the

-~
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back of the‘oroducer and appears to be the action of the objects, the.
producers also appear ruled by the products. So in the relation of.com—
modity to commodity what is really :ompared, but hidden, is the labour

of the private producer with the labour of society.

: But when does all this begln to happen? Just about every c0mmentator
places it\at about the- beglnnlng of the sixteenth century and Marx is no-
exception. "The modern hlstory of capltal dates from the creation in the
sixteenth century of a world—embracing commerce and a world embracing-

market."28- This period corresponds to the manufacture period described

® . :
by Borkenau. According to Marx in manufacture we have l) an extension‘

of the division of social labour, 2} a concentratlon of the implements
of labour and of workmen, and 3) the develognent of colonial - markets.

Capital's self-valorlzatlon could take place on thlS basis until the

middle of the nlneteenth cent when chlnes were made by machlnes

- and so the manual 1nstrument was reproduced on a cyclopean scale.29

Marx has thus proposed a set of Social relations which produce the
abstractions réquisite for our analogy between social‘abstraction, on the
one hand, and a concept;pn of nature as abstract and homogeneous on the

other. The social and hlstorlcal process 1nvolved here, written large,

.

is the transition from feudalism to capltallsm
[

By the beglnnlng of the 51xteenth century the process was gaining

-~

momentum Some of its most important elements were already contalned 1n
ﬁ-.\

' embryo in fourteenth century Flanders and Tuscany. Owing to the size of

the political terrltory involved, as well as other factors, these areas
did not sustain development in a spec1f1cally capitalist dlrecfiont It

is in Hollard and England in the late 51xteenth and early seventeenth

-
-

[
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century that the die is finally cast.
' ~ We are looking then, for deeelopments in commerce and, for this,
must draw on the work of economic historians. We are looking for the
development ef exchange and commodity production. This involves, above
N all, a new fOrm of daily life. Although it is beyond the sc0pe of this
| work to carry out a proper. 5001a1 history, we wish to point to ev1dence
of change ard modern forms in some pivotal social relations.
t .to see.the'dieision of labour expand, the,specializatioe
of tasks begin, more of wants and needs satisfied by exchange and hence
' ev1dence of polltlcal pressure toward the openlng of markets and, hence,
advances in the profits of the merchant clase.
Economic historians bring a set of modern categories to historical
. subject matter. We are doing that as well. Whereas mose economicAhisto—
rians view economic changes in terms of ywth or decline in output,
;productivityhpr Q.N.P.che are looking fi hahges in social relations

which may Mot necessars 4 1nvolve any‘Inmedlate change in product1v1ty

of the acdounts of the period by economic historians.

The Exig€ence of Jbstract Relations
' '. . In general, in the 200 yedrs from 1500 - 1700, local economies in

Renand ard weulersse summarize the period in England -

After the Wirs of the Roses there followed, -in the 51xteenth
century, a period of peace and internal development under the
de5po _sm of the Tudors. The country became Protestant and
of the Virgin Queen Elizabeth entered on a period
¥d and rapid growth. - In the seventeenth century,

at the same moment absolute monarchy and the renewed
offensive of Catholicism, England became the revolutionary

L Europe burst their bourds giving rise to many chnges in social relations.

1

N

.




center of Eurgpe. Charles I was beheaded (1649), a Republic
was proclaime&j ard under Cromwell's dictatorship new advances
were made. After a short-lived Restoration (1660),a second
revolution took place, which gave the crown, in 1658, to a
'Protestant’ constitutional monarch.30

Political pressure in the direction of commerce was most clearly manifest

v

in BEngland but -it was certainly not alone in this regard.

The ‘Merchants of Amsterdam and London, the administrators
of Louis XIV's France, Gustavus Adolphus' Sweden, and
9 Frederick William's Prussia, the military recruiters of the
- new standing armies all in their ways were working to open up
the bound), local economy.3l

All of these efforts represent the move from a Stadtswirtschaft to a

Volkswirtschaft where initially the city economy exerts its inluence

over a wider area to bécame'a 'national economy.'32 Naturally At tha
beginning of this period much resistancé_is encountered from cqnaervative
" theories ard forces. 3. D. Mackie mentions that 'various logicai deviqes'
/’ware used to reconcmle the new expan51on with the orthodox v1ew.33 In
MaLkle 's terms business became wholesale rather than 51mp1y -local and
retail. In Tudor England there was a confidence shared between Crown and,
Parliament. "(T)he Tudors developed the system in which Crown and commons

I'I3u

were in alliance. As Crown and Church, howevér, ceased to be in aili-
ance, and the process, which in one aspect Qas fulfilled with the disso-l
lution of the monasteriaa in 1536-and 1539 was completed, "elerical wealth
was attractlng the eyes of a lalty thlnklng more and more in terms of
trade and industry". 35 Commer01a1 expansion arose most in and was enhanced
by those_natlons ha;1ng a strong central state. Thus in the flfteenth

and sixteenth centuries mércantile objectivéa.were.foisted unon towns

and principalities Qreaking down proﬁectidnist barriers.36.

What is heremtermed commercial expansion or minor industrial

revolution, in short, the bursting of its local bourds by the economy;

- N
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does not necessarily mean vast changes in produetivity.

The unfoldlng of economic life, even in the absence of dramatic
new inventions or conquests 15 shaped by irreversible processes.
Modern economic theory relies heav11y on the concept of stable
equilibria toward which economic 1life tends to converge, even
though nudged_‘T%y by séme impulse. But, in fact, the varied
impulses that affect an economy more often move 1t however

. Slightly, to new positions from which it is 1mp0551b1e to
recapture precisely the former position. 37.

Various struggling groups wanted access to increased supplies of

v .
resour¥®s. This required not so much technical innovation as an

alteration in the structure of society. It involved fbremost the
1

‘liberation of 1abour, foodstuffs raw materlals and capital from the’

38 - f
bound, local economy.

The economy of seventeerith century- Europe was still, however,

39

a peasant economy. The cdmmercial—industrial expansion, experienced

%n the sixteenth century ran its course in the middle of the seventeenth

when economic crises demanded a political revolution to complete the

transition from feudalism to capitalism. ‘ Hobsbawm sees the hint of

bourgeois and industrial révolutiors in fourteenth century Tuscany and

Flanders, and Germany in the early sixteenth century, but from the

* middle of the seventeenth'century, partieularly in England and the

Low Countries, the die is cast. 0 In seventeenth century TUscan‘e

however, money went back into the land or into the purchase of

offices, palaces or works of art. The 1nst1tut10nal changes requ1red
41

7fbr competltlve 1ndustry were not carried out in Milan. o

- ’
. John Nef accounts for England's risg'%uring the last half of the

sixteenth century in terms of a more natlonally economic and central—

1sed authorlty in Ehgland than. on the continent.. In the reign of ‘

;’e’,,»—"'
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Henry VIII which ended in 1547, England was economically backward
compaged 'tb the continent, but in the perfod from 1575-1620 England
revérsed its po‘sition rélative to Fr'ancé.u?" For Nef, "Ti'le relations
‘between industrial and constitutional history provide orne instructive
chapter qoncemir-lg the rise of capitalist industry and of represen't-‘
ative %government in western Emrope."u3 The development of constitut-
ional monarchy went hand in hand, for NeAf, with the development of
industry\. The ',judicial A administrative machinery for enforcing
royal will became-eTfectively abolished in Englgnd... .

Whereas in England the holding' of shccessmlr_;;olitical power
depended on good relations with merchants and_geritry as weil as other
* forces in socie.ty, in France the crown had to deal with people who
were: office holders for life, nobles, churchmen and lawyers but not
with capitalists with investmeht in industry. Although the French crown
had been weakened by rellglous wars f‘rom 1?60\ )t was stronger' than |
-ever by. the 1650's. -
| In the case of both nations the crown was é_ttempting to expand its
p‘owers in the sixteenth century in a process extending from medieval -
constitutionalism to modern absolutism. At the beginning of the
sixteenth century the French crown was more powerful than Ehe English.uu .
In this case the Tudors were trying to be as strong as the Valois

a
but the difference was that in England the administrative set-up
inherited from the middle ages made it more difficult .not ‘s‘-o.take

into consideration the wishes of a greater number of sub,]ects

including those with commercial and industrial mterests. In Ehgland

. . T . ‘
) ’ ‘}3 |
‘\



one basically had to please the country and the city represented by
- landed property and weaithy merchants respectively. In France one
had to please the Church and the nobility. In Ehgland the gentry and
01ty merchants had 1nterests in the puttlngrout system in the country
- and in large-scale production in t@gﬂcountry and towns of salt, glass,
beer, soap, metals, sugar and alum. |
Thé‘sixteenth‘cenpury is typically characterised in economic
terms as a mercantile period. ~ Commercial expan51on was based on
_ exp101t1ng the price dlfferences between different areas for a given
item. This was coupled with and enhanced by colonial exﬁansion,
first east and ;hen weét. The Portuguese and Spanish reigned first,

" later to be replaced.by the Dutch and the Ehglisﬁ. In particular
-1t waé ﬁhe Spanish who brought large amounts of gold and silver back
to Europe which practlce peaked in the years 1608-1610 and steadily

declined from 1622. e This complicated the prlce-revolutlon and
helped lead to the ctrisis mentioned above. ‘

It is not the case, ho;ever, that this 'mercantile explosion
is a matter simply of increased mafket expansion and plunder. The
organisation of labour weﬁt through great changes d;ring this period,
changes affecting the populations of Europé; Africa, the “Americas, "and
to a much lesser éxtent, Asia. Goods had to be produced in Europe °
to -(even if the exchange were unequal) for goods such as
slaves or silver and in the Americas the goods produced were products

of slave labour,'sugar and tobacco. According to at least one comment

ator on the gold and sijver phenomenon, the period from 1450-1530 was

49
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marked by many changes not produced by silver and gold. k\h\\‘#—p
~

The demographic and ec$;Sﬁ§§;§§2§val of Burcpe predated the
influx of gold. The great omic changes of the sixteenth
century were not caused by the annual arrival of 1,000 or 1,500
kilos of gold on the western tip of Europe, they were the result
of a long evolution in demography, agriculture, technology and
industry, of the exploration of the European silver mines, -

of communications, of commercial and financial techniques, and
of the organization of mational economies by their rulers. 46

So we have a situation with more people engaged in wage-labour
than ever before providing the textiles traded on expanding markets.
Although many of these people also work agriculturally, a small revol-
ution in agriculture is required to feed a growing population of

'industrial' workers. Coupled with this was the increase in inflation

- . , b T
beginning around the middle of the sixteenth century which made

labouring for a wage even more necessary. Here are a few examples: 4{,

At the erd of the fifteenth century a hundredweight of wheat cost <
sixty hours labpur, while after the price-revolution of the sixteenth
century the same wheat cost 200‘hoﬁps_laboﬁf,“? The wages per hour.

did not rise at all while this was happening. After 1550 food prices .

48

rose whilefages remained constant. For the'fbllowing years the

number of weeks of work required to purchase a year's supply of bread.

‘is as follows: 1495 -10, 1533 - 14-15, 1564 - 20, 1593 --40, 1653 -43,"

49 | o ~
1684 - 48, 1726 - 52. o

The age when all must needs wehk was begirning, and when the
poor. were, indeed,driven to,éork by law. Those who had no
capital must give up all hope of becoming masters and resign
themselves to becoming forever the servants of the more fortunate.
Moreover, they began to suffer from legal .disabilities. In-

many cases then mechanics, as they were scornfully called, were. L
excluded from'municipal offices. The proletariat of the future ‘ %ﬁ*/
was in sight. 50 . : ‘

-

-
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A certain relation of labour gradually becomes a necessity for the sake
of survival, partly because of its enshrinement iq/Taw. The requisite
" -agricultural revolution took place in Holland. Conditions were ripe, o
there for peasaﬁts to commercialize agriculture whereas this could not
take place in Italy because the urban markets actually declined.
In the Low Countries, which since the 1580's had been divided
into the Dutch Republic and the Southern or Spanish Netherlands, - 4
many of these trade flows found their focal point: here the
most profound and far-reaching specialization process operated

to reorganize the agrarian structure and raise up the most
. thoroughly comercialized agriculture of Europe. 51

“\“s Following this development in Holland, the English Crown, during
=

the Civil War, lost its ability to resist the imposition of capitalist -
relations’ on the 1and.52 So beginning in Holland we have an agriculture
. AN

which is.capable of supplying the needs of a relatively 'industrial!

work force and a commercial sector rading industrial gpods on a world-

wide market. What agricultural needs copld not be met locally were met

by %mpqrting grain from Poland where the nobles saﬁ an opportunity of

extracting a surplus.arisigg from a forced reggrn of ‘'the labourers to

serfdom.53f The main hindrance to the Dutch was the small size>f?{?;;;;?1

country. With the price of éiain kept high, many were forced to labour

%onger than they otherwiée might have and contemporaries were cerpﬁinly

not uﬁéwéré of this. 54 When a clothier is keeplng the grain price hlgh

hLEB ensure a steady supply of labour, we can also rest assured that he is
aware of 1abour s profit=producing qualities. These processes réach ful- R
fillment following the crisis of the seventeenth*péntpry,‘but“"Long before

"~ the seventeenth century the form of industrial orgaﬁI;;tion characteris- d\

“tic of medieval ﬁunicipalities had been forced from its dominant position."55
\
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William Petty uses the Dutch as a model. Based on such processes
and indigenous.advantages Fngland caught and surpassed France and the

Low Countries. In general the private economy boomed because of a sym-

P

.biotic relationghip between the state, military power and the private

economy in this age of absolutism 56

oy .

DeVries has summarized the changes in production oceurring during
the period and-is”worth quoting at length in this connection. - o f

- Another major field of production was in the organization--in
contrast to technology--of production. The principle of division
of labour did not have to await the rise -of the factory system .. e
to be made operative. In our period many regions felt the
impact of agricultural specialization or witnessed the elabo-
ration of a putting-out system in rural industry. These
organizational changes can be seen as the result of two inter-
acting pressures. Relative price changes and demographic
movements created opportunities which were seized upon by
merchants, industrial producers, landlords, and portions of

- the peasantry wherever the legal and institutional environment
gave sufficient.rein to their profit motives. Under these
combined pressures an elaboraté stratification of commercial
farmers, cotters, wage-dependent labourers, plus a variety of
artisans and service-sector workers came to populate the
countryside. 57

We have, now, a situation where Italy and Spain haﬁe;declined, France

has become stagnant and‘not seized o;portunities and tﬁe Low Countries

and Engfand have gone a long way toward developing thé kind of abstract . —
social relations we have been talking about. The remaining discussion

will be divided into two main parts, commercial and financial changes,

ard the organization of labour and labour time.
Changes in Commerce, Finance, Credit and the Extension of the Money Economy

According to Carlo Cipolla it makes sense to use the term 'commercial

revolution' to describe England and Holland in the period 1550 - 1700,°0
e - , .
and many specialized services develoﬁgd to meet changing business-needs.59

Adam Smith claims that the most imPortant reasons for the changing world
. : '
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economy are the explorations‘and discéeeries of daGama and Columbus. {,’“
He also believed that it was the application of the ccnpass.which was,
in turn, responsivle for the success of their voyages.GO Here, in a nut-'
shell,~1s the problem of this thesis. Does the comercial revolution
mentioned ve and its attendant réorganization of the relations of
labour in society and to nature result -in the mechanisation of tfe world

picture? Or, as Adam Smith would ;Eve it, is it the other way around,

. with technical devices slowly acquiring the ability to reproduce themselves

and increase productivity? In short, which is the vehicle for the 'con-
quest' of nature, and its mechanistic interpretati?y, the mind of man or
social ‘labeur? €Cipolla’s introduction cited above augurs well for our

argument here. In a work devoted to economic history, Cipolla character-

/A\J"\;lzes the perlod he is dealing with in intellectual terms, as thaq,of the

0

battle bebween the an01ents and moderns with thelr mechanised world v1ew 61

He characterlzes the period further by noting the connectlon between

these areas in citing William Petty's letter to his friend Robert Southwell,

"My virtue and vanity lies in prating of numbers, weight and measure."62

Petty sees, here, the begimning of that very discipline which wants

quantitative disciﬁlines. This development, we are ayguing, is, not simply

a turn of mind. In the midst, however, of our difffculty in finding works

and seen as potentially signigg;g;g?éue omically and socially even when

they do not dipectly result in.#asﬁ chang@s.in output or g}ofit,‘we find

the élmosg'ﬁéckrdopr admission that oup period marks one of the first in
. . V . 1 . . ‘
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history where events may be looked at in this fashion because they were
thus looked at by contemporaries.

The major difficulty [concerning records] is that S0 much that
went to sustain the .life of the people was imperfectly separated
from the home, and,much, perhaps most, production was still
part of a non-market organisation. Economists, of course, are
familiar with the position: at the begiming of most nations'.

~ movement towards a 'modern' economic structure comes a time
when there is a semi-illusory leap ahead as a higher proportion
of the country's production starts for the first time to flow
in channels in which it can be counted. 63

This writer, Sybil Jack, in the course of her critique of the 'early
industrial revolution' thesis, even though she is motivated to search

primarily for evidence'showing as little economic advance as possible,

still adr;lits, ard she is unique in this- regard énnngst’ recent writers in ‘

economic hiétory, that other kinds of changes in work and economic life
may be singled out as highly , sig;rﬁficaht.

Significant change may have been structural, that is, concerned
with a growing integration of industry, rather than with large-

scale growth in itself. What was occurring concerned the changes ~

which are necegSary before revolution can came rather than revol-
ution itselfs 64

> Sighificant change and advance begins, nonetheless, in the c;oxrinercial

area. ﬁchange between commnities has an effect within the c ity.

The advent formal equality between persons withhpespect.to labour
- . T : o
which referred to begins with a market and a n\arkeht re‘%idnshi bet-

weendsfatd

'and therein Nabd

3 "the whole World as to Trade, is bdtne Nati
' 65

or People,

As this trade develops sg does

e

are as Persons."

the money economy and wage-labour.

The spread of the money economy meant\that) a growing proportion
of the Buropean labour force, particu in the deve]eping
trades, was recruited as wage labour." 66 ,

) . ',
In the sixteenth century the.exparrsion of these markets was striking.

(
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The profitability to some merchants was even more striking. For example,

in the Levant trade, £50,000 - £60,000 of cloth per year would be exported,
but the Imports in one shipment represented a money value of £70,000. |
This increased until 1630 when complaints about a balance of trade problem

were voiced. 67

Even though production advances were made to supply the
cloth and metals used in this trade, the changes in the relative power

of nations during this period stemmed from commerce and finance.®8

Robert Brenner notes the changes in the form of commercial expansion which
involve different forms of production. The transition from the Turkey

and Venice campanies to the Levant company represents growth in a strictly
mercantile \sense. A small group of merchants hoped to restrict the trade
in a 1arge area to themselves. Twelve merchants in the Turkey company

had the entJ.ne mld-East market. Of the twelve patentees in 1581, six

were I.ondon aldermen by-the 1580's,and three were M.P.'s. 'IWO of them,
Thomas chard Mart:m were medlators between crown and city. 69 T
When the Turkey Co. merged in 1568 with the_ Venice Co. to form the Levant
Co. the Qttempt was made to restrict the trade of the whole Mediter'ranean
to forty-ene merchants. When the Levant Co. was' chartered”in 1592, £ifty-
two merchants were alldvqed to conduct business in the area. In other
ways such as expensive apprentlceshlps access to merchant .status was

. -
restr:l.cted as well. .

The Americas trade, however, was differently organized by different
people. ’Prade was developed outs:.de the companles by voluntary partner—

ships. These were ‘colonial operatlons. "In marked contrast to the es-

. bllshed London trades, colonial operations requlred investment in com-

modity product&on not merely in cormndlty excl'lange'.;"'0 This production L 1

‘ N\
a —_ ,‘\ - .
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was carried out at first on plantétions producing tobat‘:g)_,aml» sugar.
The men organizing these operatlons were not from the overseas mercha.nt
operations but were, r'ather from a lower soca.o—economc str'atum, the

smaller gentry or prosperous yeomanr'l.r.71 : /

In theywords of one seventeenth centu.r'y writer,
All other callmgs receiye their v1gour life, strength and
increase from the merchant...to whose extr'avagant and hazar'dous

as well as prudent and cautious, undertaking ‘this nation chJ}efly
owes all its wealth and glory. 72

This new view of social life was fgund to be inspiring to the poor and -
middljing and cause for concern to the wealthy. According to Bernard
Palissy the ploug?'man' wants his son to be a burg;r;ér and the vbrlunan ‘wants
to eat meat hke the rich whereas in Germany in the early sixteenth centu:'y
"the clodhopper aspires to equality with the noble, citizens wished ‘to
1ook like gentry, the gentry aped prmceS' 3 This universﬁﬁ’\vglle\fel-
llng and equalizing trend continued as the state played a role in stand-
ardizing weights and measures and removing internal trade restgrictions.n

» For the new men who benefitted ﬁ*om'these developments the main
con;em; wese money flow and capital turnover) Or'dfer was now to be ‘l;cept

-

for the sake of commercial viability and differdntial tariffs and laws
. . .

The merchant still inspired and symbolized the new f'oml"s of enterprise

were set up between nations. Ali:hough specialized services were developing,

m modern Jinstitutions. Here again, howevér,
&>

r economistsetrying to be historians.

they were rather a far

‘we see the curious bias of

Joined to the fact of ilgerfect commnication and slow
‘transportation was the existence of discontinuous and limited
markets. And it is these\two elements in the economic
framework which explain the utstandlng characteristics of :
‘camercial and financial enterprise: the absence of functional
specialization and the need to decentralize the making of -
. entrepreneurial decisions. 7>

4
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Thus, only the relative“inefficiency of early modern cammerce and -

industry is attended What 1s really at stake however, ,}s the extent
J
of changes in its structure and social organization. .-

Hermann von der Wee, however, maﬁes a much better attempt to describe
for us the nature and organization of enterprise in this period. ‘ T
Von der Wee. reports that the.urban expansion of the late middle ages
brought fhe meney economy to a pervasive status. This-is our most impor- °

.tant cue to the existence of abstract social relations. 'Not only was the
! Te—

money economy i but it had penetrated the cohntryside; rural produc- ——
tion, agricultural and industrial, was more commercialized, but "Urban

industry stlmulated internal and external demand through spec1allzat10n."76

-

Through the advance of money and markets economlc act1v1ty was being
;ntegrated into a system e\\gelatlons.

The market, designed to br supply and demand together more
efficlently, catalysed the new impulses of the sixteenth, ey
seventeenth and eighteenth centuries. Urban amd rural. market;\

weekly markets and fairs, multiplied in Burope or intensified

their activity, a551st1ng,the penetration of the local economy

by money ard credit in many forms. 77

Money use was extended primarily in the,form of silver coins, gold coins - fy
being seen primarily as merchandise—féé;e than as mohey_of account ,» and -
"

this was e possible by a vast ihcreasegin the mining of precious metals

from the midd)e of the sixteenth century. "In prinéiple", however, "token

money with limited 1egel validity did not yet exist in the sixteenth and

n78 This is partly responsible for money's apparent y
mystical natule and the search for value in the physical prOpertie% o

[ X *“\\\\4'
precious met The ﬁunctlon of money, however, was in practice performed
¥

‘:Z/E}}ver coins of elther domestlc'or fbrelgn origin, whlch had been

severiteenth éenturies.

rculated so much they were‘known as black money.7gb Owing to the lack

, R
y -
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{ .
of legal control and standirdization and_internaticnal agreement money
could be debased by means of a decrease in the silver content of a given'
coin, with the older, higher content coins remaining the same in terms

of money of account. This situation is what gave rise to Gresham's Law:

bad money drives out good. The older coins in this case would be dr;iven

back to the mint and melted down aff;:ei‘ speculation by merchants, money-
. changers, and the authorities themselves. If two count-:ries already had
finity of account between them, Thie country could flood another
er content coins thus making the other country's currency
of decreased usefulness in terms of account and ciriving it out of circu-
lation. Even with these problems standardization. was still ta.klng place
Qith the taler becoming increasingly the standard multiple for current
money of'account in the middle 6:‘ the s.ixtee.nth century.so

. The development of local credit also helped to integrate the El?ropean
econany during this pericid.‘ This we take as evideNce of the consciousness

of the value being produced. in the production process. D

Consumer credit underwent great expansion in the local economy ° .
during the period urder discussion. Merchants from the town ' j

or country regularly bought up agricultural produce from the S

farmers before it had been harvested, against partial or complete
cash payment; the rural population was paid cash for linen or
cloth that was to be woven later during the winter months.

Where the putting-out system occurred in the towns, similar
practices were common.’ Thus farmers and workers receive%?redit "
. . guaranteed by their ,t‘uture harvest or future labour ocutpu®t}

‘ sanetimes merchants supplied the materials and mplemants

( - themselves. 81 .

(e

-

- 'I'he most common form of credlt however', was the extension of payment -

whlch was bound up w:.th the develo ent of‘ retail business. To keep track
of this credit an elementary form, of kkeeping called: the tally or

current account, was kept by the shopkesper, brewer, inr o¥ craffsman.

| - B . !
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of the transfer of an IOU or scripta cbligatoria.“:

- ".797

These accounts woe}d be kept open and "set-offs" worked out between two

or more parties. A payment might also be made to a third party by means
' 82 .

3

Loans at interest were also becoming ‘more common and governments
were setting the legal limits on them. In 1541 Charles V'made loans at
interest (maximum 12%) legal for commercial purposes. In England such

loans were also permitted as long as interest remained below the legal

maximum. Triumphs on the part of the Counter-Reformation made such

practices difficult in some countries. In general, in the sixteenth

centd}y, local economic crises could be successfully bridged by means of )
the growth of reéail trade and with it the custom of the- tally or current.
account. With the price revolution ana Thi?ty Years War lecal depressions
becamé more severe ard could not be éolved by those }neans.s3 Later the
sale of éhnuitiés became the usual form of credit at the local level.

Craftsmen or small busiﬁé;;;;A would buy annuities on land, iay founda-

_tidns for houses on the land ard sell annuities on the houses. The

urbanization of Antwerp in the-sixteenth century was accomplished in this
manner.'Bu The significance of labour ard producti?p/in this scheme in-
creased, _ e .

Normally s erm credit in local farming, industry or trade
was obtai hrough extension of payment by the suppliers of
raw mabeliagls or by advafice payment by the purchasers. In the
putting-O4t. system the farm labourer himself was not infrequently
the "involuntary suppliér of short~term capital" when his employ-
-er applied the long-pay principle. Sometimes the employer paid
his workers in IOU's, vouchers on shops or other tokens which
+ the worker could use for his purchasesp in such a situation
~-not only the workers but also the loca(\gradespedple became the
employerds bankers. 85 _

We now turn to a specific examination<?f the character of production and

labour. . ”

'

. _ _ - .4
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Productlon Labour and Labour Time . / \
As mentioned above the pr:mary stimulj to new\forms of productlon A <
were provided by the expansion of rrarkets genera hlf‘t from a g

city to a national economy. Within thls new §phe,re manuf cturers were

protected by prohibitions on the import of goods wh.lch were later replaced

gy, a duty. In seventeenth century Franee Colbgrt united the nc;rthern and-

central parts of the country by abollsh:mg 1nterna1 Earlff‘s and using

un1f‘1ed import restrlctlons. Supplies of raw mate?ials for hame industry

were also insured by plading restrictions ‘on their export from the six- ,

- teenth to the' ei'-glteenth centuries. This applied to skins, iron ore,

copper, wood, potash flax,,and talc . ‘ \*
Nece351t1es were prov1ded for in the rhedleval city by ensuring that

*  everything necessary ‘was produced there. ’gus was ‘often accamplished by

| 1mport1ng the master rather than the goods. The terrltgrlal states of the

-~

cotton, carpets, tools, lace, glass, mirrors, porcelain, tobacco,

clocks, paper, tapestries bng soap.s6 New industries would be granted tax

E sevente?'\h century did the same for the trades involved ih the 'production:
of silk,

concessions and ney advances. The™wele to the territorial stat&began
in the flf‘teenth century in Ehgland the Italian territories, in the fol-
lowing centurles in the Netherlands and France and still later in Prussia
ard Austrla. France was f‘ully un:Lf:Led economically only at the tlme of \
the revolutlon and the state*generally had a tough battle with- c1t1es -
gilds . and small country princes who defended their former rights.
In the continuing stru@le' between merchants and gilds, c:ities, \
at first, could bring in unavailable goods from another city. The cloth )

trade was the fnrst to make mrther inrocads in this dlrectmn. _ “

o e o



! . ) ———

\\ _ | 81

P ’ 1 : . .
In Strassburg in 1477 twenty-two kinds of'ﬁg;in cloth were named.87

- - B “ ) .
Different cloths found thelr way there from Flanders, Brabant, IFrance,

England and Italy.

With different sorts of gpSas being produced in different places the

’ : .
geographic division begins early in the sixteenth century. At first prod-

. . . <

ucts would be allowed into'a city only from very far away but gradually
. S 5.

éqsé/gity or region attracted different industries resulting in develop-

mental differences in the extension of d}fffrent trades. This beginning

specialization in production tended to imptove the quality of many sorts

\ -+
r
of goods and thereby met the rising stanQagds of taste.of the Renaissance.

-~ -

In order then to meet the requirements imposedkpy foreign competition a
given trade, ivitially practised everywhere, would find itself restricted

to a given area where the best workmen and materials were available.

_Many specialised industries, for example, English cloth, Lyon silk and

L

_ Solingen metal, were thereby pfoducing for much larg@rvmarkets than the:

local one.88 Those industries which were specifically looking for an

g

expanded'marketing area took on different forms of operation such as man-

ufacture, a céhtralized undertaking in which'gbods wére prodused in’the
workshop of the entreprencur and-undep'his divectiénr Much mdﬁe common,‘
howeﬁer, was another form of trade production-cottage industry or the
putting-out syétem. _Although nbdieval handicraft was stil]l thc'basis of -
this system it differed frém handicraft iﬁ_the.mode and, size ;f its
organization. This manner of.producing:goods marks the transition to a
wholiy'différent form of society. ; .

Different writgrs charécterize.this period of history differently.

We are concerned here imarily with changes in scientific thought from
- — T - *

R A VN

rd



A

»

o _' o, 82

-_

1500 to-1700. For' our purpdses, the period roughly corresponds to the

perlod from the end of G:Lor'dano Brunc to Isaac Newton from the beginning

. of the proliferation of¥mechanism to its formalization and establishment.

- o .
Donald Corw{a},ag an economicfhistprian, ca:'o@s;%)_tne period\fran 1485 =
1714, according to political criteria. Chr'istopher{ﬁill,90 whose concemns’

are primarily intellectuaf, uses political criteria as well to demarcate

" the second half of this period from 1603 -1714. The epénomic historian

Domenico Sella,91 however, characterizes the period in economic. terms

but the dates still correspond closely enough; he terms it the period |
’ L

: f‘rom Colwnbus to the Bank of England, from the time of a man fram the

countr'y whlch is 1ndustr1a11y super-lor- at the beglmmg of our perlod to

the beginning of a financial 1nst1tut10n in the" country Wthh 1s predanmant
N wy

at the end. of the period. o

Even though irxiuétrial- technique then may ﬁdt have been h:Lghly _
developed, the labour process was fﬁpidly changing and more and mbre needs
were fulfilled trkgough a market. Mosh writers comnent; on the satisfaction
prlmarlly of basm needs through :Lndustr'y 'Ihe most notable expansmn in
thlS early perlod was in the textlle :Lndustry, so much s0 that .contemporary

statesmen and political writers equated the success and spread of that

- industry w1th general prosperity. Constructlon and metals also were boonu.ng

"for the everyday necessities of life. ..iron is as essential as brer:ud."92 '

Another historian, who focuses primarily on the lower classes in his study

of the period, entitled his book The Iron Century.’> Changes in industry

began to happen around 1500 and even wher-e the basic %ctur"e of ﬁmduc-'

t.'LOI‘l was not cha.nglng its geog:'aph:l.c d:.stmbutlon cer-talnly was. M

Where productlon itself was changved 1t was usually changed from .

r
1 4
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handicraft to the putting-out or {:h-e‘ Verlagééystem. Even Max Weber

attests to the profound significance of this change,95 although he terms
its effects "rationalization" rather than abstraction or the socializakion
of labour. The expansion in markets domestic ard f“oreig;n brought about

this change in the production process. .The basis was still handwork but

With two inq:ort.ant distinctions. First, the handwork gradually became

the prime occupatidn of th_e handworker, as opposed to agriculture (even
in agriculture the 14abouref' began to be paid cash wages with the prolif-
eré.tion of the money economy ard becan'le dependent upon marketsf Sécond :
1t broug,ht about a gradual spec:.allzatlon With the control \?nd supewl‘smn
of the whole process by the entrepr-eneur'.

These processes ‘

meant a notabie dichotonﬁz' of% act1v1ty of the harxiworker

which originally encompassed production and marketing, into

two indeperdent occupations gradually separated from one another. 9>°
Some workers would make the move from sell:Lng their own products to A
selllng the products of others. Those -who had money and school:mg g;r-a:‘d-
ually or-ie'nted themselves _toward markéting the products Sf the trades
and .becamée putters-out 1*-5 cottaée mdus:cry system. Those without
money am<schoolin;; were Qaduall,y reducéd 1;6 producers of goods and gave -

;up selling their own wares to produce solely for the putter-out. Here we -

see the beginning;s of the modern relations of labour.

The subordination of production to capital, and the appearance,
of this class relationship between capltal:r.st/a.rﬂ producer is,
therefore, to be regarded as the crucial watershed between the
old mode of production and the new, even if the technical chinges
that we associate with the 1ndustr1al revolution were needed
both to complete the transition and to afford scope for the.

full maturing of the capitalist mode of production and of the
great increase in the productive power of the human labour
associated with it. 97 -

¢ b ]
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This process of handwork becoming employed chiefly in oottage

: industry was completed in the seventeenth c‘:en'_s\ury when the handworkers -

generally worked to the specdifications of the Jbusiness pecple. The pro-
cess arises from the end of the nﬁddle ages where a prwot:ess-would .be
broken down into a few parts, each part being carried out at a dif‘f‘erentA
place with the goods going through each workshop in.succession. Those
who ended up as marketers were usually those involved in the final stage .
of production. The situation changed t‘rom one m which the handworker.
produced for the consumer to one in which he produced for the putter-out.
The system dates from luxury textile production of the fogrteenth

98

century. In  these export producing cities a class of putters-out devel-

oped. Its further exténsion depended on the development of markets.. It

was not so much a new productive technology in the modern sense which led
. .

to changes in production as it was a way of organizing the market on a
large scale. " ‘

In the ensuing battle with the gilds the notion of human equahty

was given its initial boost. +The gilds' main restrlctlons on its members

in this regard were the le on selling the finished goods ard the

" firing of workers. Only glldmasfers were allowed to sell ard the nmnbers

of apprentices and er!rleyrrnen were Tixed so that no ocne other than these

.’

could be hired. A g;l.ldorder 1r1 Paris in 15?5 proclalmed tha.t only those
glldmembers who were poor ard w1th no means to open the:u:- Qun workshop
were allowed to work .in the shops of other m‘asters. Generally, hand—
workers came to be employed by former colleagues who had msen to puttlng-
out status. ThJ.s in fact happened in most cloth-producing ﬁ.tles when

production exceeded the requirements of the 14cal market.

e



Many masters pad difficulty marketing their own products and ended
up having to deal with the putters-out. Small masters and home workers
fourd it to their advantege to sell their wares to business people so

they did not have.-to spend time going from door to door. The number™ of -
putters-out continued to grow. Still in connection with the battles é

J
between merchants and gllds once trade in a variety of products was

7opened to guildmasters and also’to those who no longer belonged to gilds,
it was a small step from there to the .hiring of untrained people for

putting-out in the cottage indu§try.99 Production and selling became
- )

completely separate fuqitions. . %

The putters-out bought up all the raw materials, went to the
countryside to avoid conflict with the gilds required references from
workers and thus made the workers dependent on, them formed new cartels

and hlred women ard children. ‘ - ' . . J

Remember that‘eiigZhls is taking place durlng the age of mercantlllsm

In this fashion the s traded abroad were produced and thelr 1mportance .

did not go unnoticed. .A contemporary French merchant was quoted~as saying
that linen fabrics are the true gold and silver mines of the realm.loo'
Jean Rodin notéced as well that most of Spain's trading goods came'from'
Fradce. And this took place in a situation :ﬁbre an ocoupational change
from plough to loom did not require moving’to a town.

Nor did it rEQulre many technlcal 1mprovenents since "humad_ﬂg§gl£s

4101

were sti¥¥ the great pdlme mover of industry. The expan51on of trade

| during this pericd was far more strlﬁfng than technolog:cal 1mprovement

\
JIn the puti;ngrout system we have a comblnatlon of 1mproved markets (de-

e

mand) plus the application of hame techniques (supply) Once the system

A -] .
began in England it experlenoed a rapld development 51nce it provided the
. " ‘ : :
L] -
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85,000 to-120,000. J.D.Mackie describes ‘the prosperity desnjed from’

link between production and the market.
So it is usually merchant-entrepreneurs who are to be found
exploiting the labour of a rural workforce by putting out wool
for spinningdr yarn for weaving, or iron for making up into
small metal wares. Their role was essentially to organize
" and f‘inance. 102 . " : ' _

The system made use of 51mp1e skllls usable in the household, used
a financdal structure whose main function was the provision of working

cr'edlt to eover the completlon of a process to the point of sale of

.

the product, and made for' the development of an elaborate system of

103

debit and credlt. It made use of éltuatlon of underemployed labour',‘
be more labour intensive.™ -

S50 that even new industries tended
This restulted in a three~fold increase in cloth export from 1450-1550; .

and in rough figures, a fifteen-fold increase in textile exports f‘rom

y, 104

1485- 171 - This stt:em was parblcularly sulted to textlle-product-

ion. o .

3 r

(’I‘)hé whale . sequence of manufacture could be Spllt up into
separate processes, thus achieving that greater degree of
division of lehqur which facilitated the 1ower'1ng of costs and
raising Qf‘ product1v1ty 105 , _ '

Here we _haye a craft » benetraged by commercial enterprise which
éuited labour within a fainily str'ucture During the r'elgn of Henr-y

VIII the number of* undyed cloths sent to ,Flander's mcreased ﬁ:'om

it and the various means errplo'yed . :
A business so mdespread and so pr'osperous soon burst for'th _
from the simple organisation of the gild and the narrow limit

. of ghe town. The 'clothier'. became a producer on-a 1arge Scale
who, employed meén engaged upoh all the processes of manufacture.

' Factorles were not unknowr. The most famous was that established
in the reign of Henry VIII by John Winchombe whose achievements,

» 1]

w
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even if they did not reach the magnificence of the ballads,

were real. 'Jack of Newbury' was not alone in his enterprise,
William Stumpe was a considerable figure too, who not only bought
the abbey of Malmesbury from the king, but rented Osney Abbey
near Oxford in 1546 and installed, in each of the conventual
huildings, a large number of looms. Tucker of Barford, who
employed 500 workers, sought in 1538, to establish himself in
the abbey of Abingdon and all over the country from Kendall in
the north to the Cotswolds, Somerset and Wiltshire, and East
Anglia, wealthy clothiers began to flourish. From the evidence
it is plain that their looms were in their houses, but often
too, perhaps usually, workmen still lived in their own homes
each doing his proper work upon the material as it was delivered
to him with apparatus supplied by the capitalist. 106

In the centralised form of manufacture the labour process was under
the control of the entfepreneur to a greater degree and the production
and marketing aspects united even further. Most operations were still
done by hand. In terms of language usage, in the seventeenth century
"manufacture" either referred to all kinds of production or to textiles,
while "factory" referred to means of production using fire and hammer,

i.e., metals.107

Centralised manufacture arose in the sixteenth
century and became ubiquitous in the seventeenth. _

John Nef argues that this development was great encugh to conétit—
ute what he‘tenmed an indusﬁriél revolution.in the period from 1540-
1640. Sparked by the rise of the British coal industry, Nef began to
investigate.dther areas of industrial expansion. He'claﬁms% ﬂurthermore,’
that.in the Furope of the Renaissance no single form of indastrial

organisation waspredorninant.l08

It was a time when the average tiller
lof‘the 50il needed to buy only cloth and leather and when theré were
two - three million workers in Europe..bTﬁe papal alum works aﬁ Tolfa
employed a large number of people and the Venetian arsenal employed from

1,000 - 2,000 workers.=07 , ‘



88
f-
The largest establishments were nearly all owned or vigorously
controlled by some public authority -- the pope, a klng,
prince, a bishop, a duke or a town council. An increasing
proportion of those mines and qua51—factor1es which employed

from a dozen to fifty workers ware coming under the direct
supervision of such authorities. 110

Nef claims that in addition to the tremendous expansion of the
domestic or putting-out system there was also a rapid growth in works
using water or horse power because in both there is "a concentration ... -

]

on inventive objectives primarily aimed at the reduction of labour costs
111

in the interest of quantitative production", unprecedented in
previqgﬁ history. _ |

, Around 1600 there were about 10,000 merchants, 100,000 shopkeepers,
tradesmen and artisans in England; in all about 500,000 or just under
20% of the population made their living from trade or manufactures.ll2
Although to Sybil Jack this nﬁmber is small, for our purposes it is
sufficiently large to be significant. She, along with D.C.Coleman,
argues against Nef's thesis of the earlier industrial revolution. The
debate here revolves around technology and output whereasiwe are more
concerned with changes in production relations. As far as the new
centralised labour process is concerned it is necessary simply to
establish that it was noﬁ'an utter rarity. There are reports Qf a

L

Glasgow wéolen miller in 1700 employing 1400 employees and one at

113

.- Saptes in France employing 800, silk manufacturers with 700, a

saltmaker with 1,000 and sail cloth makers with up to 6oo employees.ilu_
In industries needing large machines or where the product itself was
lérge (such as a ship) manufacture would be used. This was the case in

mining, smelting, metal finishirg, alum, fulling, brewing, paper,
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soap and glass.

All these relations of exchange lying behind the industrial
developments gave rise to particular relations of labour and to an acute
examination of those relations, at least inasfar as cost and profit
were concerned. In many cases these manufactories used a new form of
unfree labour in the form of those confined in mental institutions,
Jails, workhouses and poorhouses. ‘Different sorts of wanderers and
the infirm provided a reserve army of the unegmloyed. Burggers began

to give money to factories for employing those who would normally have
115

¢

received the money in the form of alms.

If the conditions were better outside the workﬁouses, the attitude
towards iabour was about the same. Christopher Hill quotes Bernard
Mandeville,

In a free nation where slaves are not allowed of, the surest
wealth consists in a multitude of laborious poor. ... To make
the society happy and the people easy under the meanest circum-
stances, 1t is necessary that great numbers of them should be
kept ignorant as well as poor. ... We. have hardly poor enough to
do what is necessary to make us subsist. ... Men who are to
remain and end their days in a laborious, tiresome and ‘painful
station of life, the sooner they are put upon it, the more
patiently they'll submit to it for ever after. 118

Coleman mentions that seventeenth century writers were in general
agreement about the 'laborious poor' on three points. 1) There were

many of them and should be more, 2) they should be kept properly employ-

119

ed, 3) the poor should remain poor. He cites the contemporary

Peter Chamberlen to the effect that the poor could be "the richest trea-

20

sure of a nation if ordérly and well employed".1 Charles Davenant

spoke to the notion that the people are "the first matter of poweq_énd

: -/ '
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wealth", and similar views were put forward by Child, Petty, Pollexfen

121

and the author of Brittania Languens. Wage setting was the setting

of maximum not minimum wages, and John Cary, Daniel Defoe, and Dudley
North were unique in their arguments for higher wages. The.coammon
view lasted for a long t@me, according to Coleman. A collection of
value-potential was to be kept above starvation. Everyone was indeed

forced to work and, as Andrew Yarranton said in the 1670's of children

who did not work, "He who has most is poorest“.l22

To Bacon, labourers ard cottagers were 'but housed beggars';

to a writer of the 16U0's it seemed reasonable to suppose that
'the fourth part of the inhabitants of most of the parishes of
England are miserable poor people, and (harvest time excepted)
without any subsistance. The comprehensive and well-known -
investigations of Gregory King in the 1680's and 1690's tell
an even grimmer tale. He classed 23 per cent of the national
population as 'labouring people and out-servants' and a further
24 per cent as 'cottagers and paupers', estimating that both
groups had annual family expenditures greater than income. 123

This places one quarter to one half of the population below the poverty
line and includes most labourers. Coleman's whole analysis, however,
concerttrated on 'long-term forces' and one writer takes him to task for

the fact that there is little difference between Coleman's and the

Y 4

seventeenth century preacher's attitude toward labour except in Coleman'é

search for exogenous inf‘luences:.m!4

Not only was labour seen as the source of wealth, but it was

beginning to be calculated in units of time. The Statute .of Artificers-

125

in 1563 was an attempt to regulate hours. In Bieiberg (Corinthia)

there was a work schedule calling for a 583 hour week divided into 6}

26

shifts.1 E.P.Thompson reports that in early urban England there was

a division between court time and merchants' time, which Jacques

-—
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LeGoff opposes to the time of the medieval church.127

Time is reduced
to money from the employer's point of view and the distinction between
worker's time and employer's time is ushered in and as soon as hands are

employed, labour is t:ixnedl.lz8

Sextons were paid to ring bells, horms
were sounded and knockers-up made their rounds to wake-up'labourers
ard send them to rest. With increased specialisation of tasks time
became even more important because operations had to be synchronised.

It is by no means clear how far the availability of precise

clock time extended at the time of the industrial revolution.

From the fourteenth century onwards church clocks and public

clocks were erected in the cities and large market towns.

The majority of English parishes must have possessed Church

- clocks by the” erd of the sixteenth century. 129

Whereas beforehand life had been allowed to ebb and flow from
periods of intense labour to periods of rest, it now became more discip-
lined and controlled. Time was now important for the worker as well
since "it was in the sixteenth century that domestic clocks and watches

130 At the erd of the seventeenth

became much less of a rarity".
century Sir Ambrose Crowley, in his iron works, controlled his workers'
hours, watched over their children's education and checked on their
of f-duty behaviour.13¥ |

wé now have a Europe which is establishing colonies, expanding its
internal mérkets, changing from a hereditary to an occupational society
in which peoplé are forced to work for a wage im arder.tc ldve. Indust~
ry was developing and industrial capital, although not predominant,
waé there and operative.Ronald Meek refers to the analyses of Nicholas.

Barbon in this comnecticon.

Barbon's artificers, as he himself makes quite clear, are assumed
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to 'cast up Profit and Loss' with reference sollely to time.

It is only the merchants who 'cast up Profit and Loss' with

reference to interest. 132

Commerce and industry thus generally expanded in E).lropet%nd
expecially in Holland and England, from 1500 - 1700. Wage;mbow was
on its way to becoming the dominant form of earning a living; exchange

¢ \f:as,'{;t'ﬁecorning the dominant way of acquiring necessities; the money
economy was thus also growing. These are the relations analysed by

, Marx in Capital I, where he describes the abstractiqné resulting from
L them. Calculation of many aspects of everyday life could then take

place to reckon up one's life chances if one were in a position to

-degl on the market with more than one's own laboﬁ}-power as a comod-
ity.

% It nas been widely accepted that the early fourndations of modern
science were laid in this pefiod as well. It is more than coincidental,
we argue, that these relations and this form of science developed
together. These relations have been largely unattended by interpreters
of the scientific revolution. These relations were abstract and

e by analogy helged produce a similarly abstract view of nature. The
entailment, furthermore, of the social abstraction with science, took
place through the calculation and record-keeping practices of this
early capitalism. (We shall deal specifically with this, case By case,
in Chapter Five) For the moment we shall turn to a brief examination °
of the work of interpreters of the scientific revolution so that we

may then find the place of our own perspective in that general

picture.
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" Chapter Four - From Economic to Intellectual Abstraction
Interpretations of The Rise of Science ’

Many interesting and cogent interpretations of the scientific
revolution have Seen produced. The rise of modern science is a w\ighly nhu-
anced story with many factors contributing to its rapid growth‘in early
modern Europe. Generally, however, its interpreters may be divi ee into
two main groups, Marxists and liberals. Benjaﬁin Farrington was one of .
the first Marxists.to interpret the rise of science and his writings, as
well as those'of a few others, sparked a gpod deal of liberal response.
The Marxists argue that science arose. from technique once theology receded
from prominence, whereas the liberals generally argue a classical Greek
source for the concepts of science and democratic institutions for its

' establishment.

The Marxists to be examined here comprise George D. Thomson,

Benjamin Farrlngton J. D. Bernal and~8tephen Mason. The 11berals include
Ludwig Edelstein, Alexandre Koyre, John Herman Randall, Marie Boas,
A. Rupert Hall, A. C. Crombie, Herbert Butterfield and Hugh Kearney.

The Marxist Interpretation: Technique

George D. Thomson employs an argument which superficially resembles
our own but, as signalled in his longlaSSOCiation with Alfred Sohn~Rethel,
the simiiarity proves to be quite superficial. His use of Marx' notion
of fetishism and abstraction does not proceed as radically as it mught
but in the course of his discussion touches upon many suggestive possi-
bilipies. Thomson sees scientific ideas as having social origins but
chooses to see-correct scientific ideas as having an origin in technique,
and alienated, abstract thought as fetishized, as the beginning of a
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feudal suppression of correct, mechanical ideas. The Babylonian,
Hebrew and Greek cosmologies represent the projection of .the structure -
of society onto nature but in Greece and Judea theogony already bears

1 With the Milesians, be-

less relation to the creation than in Babylon.
ginning with Thales who is said to have had interests in astronomy,
geometry and engineering as well as commercial and philosophical interests,
the structure of the world changed from genetic to self-regulatir.lgl2

The three basic principles, furthermore, of the common origin of all
things, perpetual motion, and the conflict of opposites are all derived
from primitive thought. ' _ _ -

For Thomson, pre-Socratic truth was suppreEEéd under feudalism, and
even before that by Plato's and Aristotle's abstraction, finally to be
recovered after a long struggle against feudalism.

Benjamin Fﬁrrington is not concerned with fetishism or abstraction
so much as with the positive contribution of early technique to scientif-
ic thought. In order to claim roots in the pre-Socratics, Aristotle
distorts their meaning, claims Farrington. Their origin was much more
in the realm of technique than Aristotie will allow and,

In Egypt and Babylon the control over nature exercised in

- the techniques threw little light™on the processes of

nature as a whole. Practice did not pass beyond the domain -

of practice. The domain of nature was already occupied

by mythology. Mythology and technology constituted two

entirely different fields of knowledge. With the Milesians

technology drove mythology off the field. The central

illumination of the Milesians was the notion that the whole .

universe works in the same way as the little bits of it

that are under man's control. 3
In the figures of Parmenides, Socrates and Plato, however, these early
advances began to be opposed.

Plato was born in the.year Anaxagoras is supposed to have

>
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died. In the interval that separated the two men the -
.attitude of Athens to Ionian science had became more clearly
defined and the antagonism had deepened. It was not only
that Socrates had begun his powerful movement of revolt
agalnst Ionian materialism; the technique of goverrment’
“through religion was also better understood as well as the '
threat to this technlque 1nherent in the spread of Ioman ‘ d
rationalism. 4

. . .

For J. D. Bermal, "It was the condition of ‘t}"ae rise of capitalism
that made that of experimental science possible and mec:essar'y."5 His
prognosis is that scie'ncé'_s pmduct‘ivity ends up malo.ng capitalism .unnec— :

essary. o : \/

For Bernal, .the edifice inherited from the Greeks was overthrown.
Although the Renaiséénce paf'tly bridged t'he- gap"between theory and p'raxis.,-
the rérxieriné of a new scierice from the old was accamplished by a new
set of revolution:éries, the bourgeoisie. During the Renaissance and
.Reformation there was a movement towarci the buying and sélling of cammod-
ities and labour and away from heredltary status, which movement 1ed at

a later date to a heightened conflict between ancients and moderns.6

A hew respect was now won for artists ah.é artisans since they were now
“"bssential to the making as.weil as the ;;perldi;ig of money. ' Great develop-
ments were préd\uced in the areas of perspective and enginee:riné.

Although he, is c;orrept in paying attention to the development of
capitalism hg‘ pays too much attention to it as technology rather than as
a set of relationsL.Hés éonceptioﬁ?ébf'iscience, ‘subsequently, isralso ,
very naive. - Speaking of Copemicﬁs' and Vesalius he states, "They were
: the first pictures of how the heavenly spheres or the human body’wpuld
a.ppear to those who had eyes clear enough to see for themselves and not
through the spectacles of‘ anclent authority. n In a smla?vem he sees

the issue around Gallleo as one of science versus reln.glous dogma, views
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the Middle Ages as barbarods and sees in the development of science a
continuous ridding of the evils of idealism.B\

Mason's position is basically that an amalgam of intellectual and
craft traditions during which time Protestant modernity and universalism
were battling Cathoiicism, Thomism-ahéﬁAristotelianism. Craftsmen such
~as William Gilbert had as heirs in an earlier craft tradition Pierre

9

Ma}icourt, Agricola and Robert Norman.” This does not, however, constitute

mechanism and Mason mentions the sixteenth century tradition in mechanies

-

which cuiminates in Galileo.“

lle took geometry away from its subject matter of lengths,

areas and volumes and applied it to other measurable properties,
namely time, motion and amount of matter, in order to discover
the comnection between them and te deduce the consequences

of those comnections. 10

Descartes, the son of a counsellor in the Bretagne parlement with
Vieta, generalised the mathematical method and built up a mechanical pic-
ture of the operations of nature. He describes Descartes as the mechanist

par excellénce.ll . | A

Scientists and Protestant reformers come together to attack cosmological

-

. : /7 . : .
and theological elements of the old world-view and occasionally these func-

tions wer§~combihed in the same person ,.c.g., John Wilkins. In general
the interests of technique and crafts, Protestantism, rationalism and ex-
perimental science coincide.For Mason. .

In general the Marxist view is thét a true knowledge of nature comes
'ﬁhrough production technique wh?Eh canlgnly really take off ance.theology

and metaphysics are driven off the stage.

The Liberal View . s

Although both A. C. Crombie and Herbert Butterfi€ld come close to
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confessing to be at a loss to explain why science took off.so dramatically
in the early modern period, Wiener and Noland have no doubt about what |
it is ﬁhat dévelops. ~They claim that it is defined By its rejection of
absoluté premises,’ self-evident axioms, essences, substances and first

" principles. "It prefers to seek constant relations among events whose
functional covariation can be expressed mathematically without absolute
metaphysical assumptions.."lf2 ‘

Many conméntators mention theiconditioné that allow science fo
develop: Edelstein;s Renaissance institutions which helped to egﬁaplish-
science, Crombie'; late medieval artisanry and technology, Randall's
marriage of a this-worldly comnércial culture to Aristoteliaﬁism,
Butterfield's complicated set of social conditions allowing science to
rise with the middle class.

Just'aﬁout-all commentators see.the content of scientific concepts
as constituted, to varying degrees, by the recovery of ancient texts.
The atomists, Plato, Aristotle, Fuclid, Pappus, Diophantus and Archimedes
are seen,. either separately or in somé'cambination, as prime contributors
of the basiclconcepts of early modern science. Even the Marxists have a
hard-time dealing with Archimedes in their fashion. His own work is
primarily contemplative, not technique oriented. In fact, mathematics
causes problemg fﬁr'both views and that is why we make it our focus in
the present work. | _ .

Ludwig Epelstein éttécks Farrington on the grounds that analoéies

13

from craft or technique would not constitute any science.
-

Aristotelians,

Platoniﬁtsuand Stoics were the real contributors for Edelstein_but science

needed Renaissance institutions to eétablish itselﬂ.lu
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Marie Boas claims that modern mechanism, like that of Robert' Boyle

can have little connection with Greek atomism. The notion of corpuscu~

15

larity can and was imported from Greek atamism™- and the mathematical

part from Platonic and Pythagorean sobrces.l6

N ] .

The development of a "dynamic mechanical philosophy" was, however,
a "triumph of seventeenth century science".17_ She describes the essential
difference between atomism and mechanism as follows:.

A true mechanical philosophy, however, required the introduction
of another concept, the concept that the motion of the particles
might affect the ptoperties of the matter they composed. Ancient
atomism had conceived of the atoms as in continuous motion,

like motes in a sunbeam; but variation ‘in this motion no more
changed the nature of matter than variation in the mation of the
motes would change the properties of the dust. 18

Crombie, on the other hand, sees the transition from a metaphysical
to a mathematical-physical interpretation of nature as focgsing on a
recovery of Aéistotle's logic along with Greek and Arabic mathematics. >
These elements were then wedded to commercial and industrial concérns
for measurement. Its external influences then are from the aprtisan and
commercial ﬁraﬁitions;20 . .

John Randall also sees the development of modern science hinging on
Aristotle. For Randall, the marriage of a this-worldly commercial culture
to the self-criticism of the Aristotelians is largely responsible for

21 From 1400 on the medieval Aristotelian tra-

the SCientific'revolution.
dition was continued at Paﬁua and many Renaissance natural philosophers
'studied there. He emphasizes the influence of the Paris Ockhaﬁites'as
against Leonardo da Vinci because most of da Vineci's writings were nof

available until the nlneteenth century 22 -

Alexandre Koyrég on the other hand preférs Plato to Arlstotle,

1
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claiming that Galileo's mathematical approach reflects a Platonic

23

philosophical perspective. Although his attack on empiricist accounts,

based on the notion that much of early modern science amounted to anti-
camon-sense developments, is cogent, his attack on Borkenau and others
is unfounded. He attacks Borkenau on the grounds that the middle ages

already had a power technology aﬁd a quest for wealth and power'reprgsented

by alchemy.zu This is not Borkenau's position. The possible influence

s /
of relations of production receives no critique from Koyre. Koyre's whole

position is basically that where mathematics is primary the philosophical

position is at least implicitly Platonic.25

Herbert Butterfield coined the term 'sclentific revolution' in 1948.
He does, perhaps, overestimate the significance of the event.26 He em-
phasizes the position echoed by many others that the definingrcharaqter—

istic of modern scieqce is the mathematical treatment of motion.27 Trans-

dations of Euclid and Archimedes provided the means for Galileo to carry

28

out this task. He also mentions, however, the influence was of trade ,

and religion, the development of a new world of finance, the rise of

commerce and the middle class and a‘process of secularisation.29
Although A. Rupert Hall believes science to have developed out of

human reason with some input from medieval science and Greek philosophy
30

- and mathematics, a system of ideas developed by fb@de of their reason-

-ability and predictive Validit:_\,r.'31 ' T

Hugh Kearney, on the other hand, sees modern science as developing

about eqﬁally from organic, magical and mechanical traditions. In the

organic tradition regularity is explained with aspect to final causes.32

" In the magical tradition nature is viewed generally as art, specifically

' .
- L]
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as beauty, contrivance, surprise or mystery.33 In the mechanical
tradition, mathematics is emphasised with the dominant analogy that
of a machine or of God as an engineer. ﬁ

Kearney describes social and intellectual changes primarily in
response to Marxism. He mentions the attractiveness of machine and
productive analogies to Marxists. This, however, is not what Borkenau
is arguing. Kearney mentions noone in particular—infﬁoicing this '
criticism.

Thus neither vieﬁrreally pays attention to the possible influence
of the nature of social re}ations as analogy. The mention by many
gonmenta£ors of financial, commercial, industrial and craft traditions
touch on our thesis and we have drawn on their inspiration here. Few
of these commentators are true internalists. At the saméttime we wish
to draw attention to‘the fact, in opposition to the views of Kearnej and
Koyre in particular, that there is another kind of machine providing
analogies for nature than the kind qsed in power technology. This
machine is the social relations of the early modern period and the
_ "technique", if there is a‘relation to technique here, is the organ-

" isational and record-keeping practices commensurate with those social
relations.

" All are attempting to describe and explain an early modern event -
~ the scientific revolution as a shorthand term. <Many provide cogent
" accounts of those early modern praégices and institutions which help
to establish science. Most give various examples of Greek texts as

providing the conceBts which eventually rece}ued institutional affil-
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iation if the early modern period. Since we are arguing that the
concepts of modern science have a modern social origin, we shall argue
that there is a marked difference befween the ancient and medern coﬁpepts
themselves and that the social relations and their concomitant

practices can help to explain this difference. The works of Euclid,

Archimedes, Diophantus and Pappus were relied upon, to be sure, but

they were transformed by the early modern thinkers. This transformation

of meéning was performed by participants in the above-mentioned social
conditions of abstract labour. We are not arguing here that the
translations were bad but-sﬁnply that they wefe reading through the
spectacles of another period.

- The presént chapter will end w&th a brief discussion of those areas
of mechanics upon which we shall focus and why we shall focus on them.
First, however, it will be necessary to develop the notion of the
difference between ancient and modern concepts using the work
of Jacob Klein. The reference of 'variables' in modern formulas fo
elements of nature, argues Kleiﬁ, is made possible by a rather marked
t‘shift in the meaning and intention of mathematical concepts.

4

The Ontological Shift to Modern Mathematies ~- Jacob Kiein

Klein takes a clue for his analysis of this conceptual shift from

the difficulties encountered by other modern analysts in rendering

¥
ancient mathematical texts. - Although for more modern mathematical

purposes the algebraic treatment of the problems posed in the works’

-

L ¥ I
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of the ancients presgnts no real problem in itself, those who have
carried out such a treatment have frequently encountered Qhat they réfer
to as cultural or ethnic peculiarities or disappointments. Klein's
understanding of this dlfflculty is that the modern interpreters from
Vieta to the present are readlng certain ancient texts through modern
. spectacles constituted by more modern mathematics and so fail at
_-certlin points to comprehend the meaning and intention of those ancient
authéfs.

It is important for bur'purpqses, as weli, to eséablish the.
conceptual differences b;;ween ancient and modern mathematics in
order to ,establish the point that, altpough the reading by €he early
moderns of ancient texts was importaﬁg, the science of those early
'-moderns was not simply a matter Qf'f;-discovery. Klein sets himself
“the-limited task of recovering té some degree the sourcés, today almos£
hidden from view, of our modern symbolic m.:_xt:hems-nzlcs."3'4

This development hinges in some respects on the use of the work
of the Alexandrian arithmetician, Diophantus. Vieta, argues Klein,
éctually modified the work of Diophantus in a significant way in the
1a$t guarter of the sixteenth cenﬁury, although his text was known as
early as the fifteenth. >”

Generaliy, for Kiein, the concepts of Greek science are abstractions
from everyday experience and "the meaning of this abstraction, ... ,

w36 Modern science,

" is the pressing ontological problem of antiquity.
for Klein, is distinguished by its polemical attitude to ancient science

and by its rejection of concern with "immediate insight" and preference

Y
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for a concern with the "mutual relatedness of concepts."37

Klein's argument concerns the absence in the Greeks .and présence
in the moderns of a notion of general magnitude. Ancient mathematics
contains a tension between object and method. The ancients were concer-
ned with the ontological meaning of mathematical concepts. In modern

mathematics method determines the being of the objecfs.38 In the work

of Euclid or Diophanéus determinate numbers of units are always, intended -

in their solutions. Two things are here 1aéking which are central to °
modern symbolic procedure: The intention of determinate solutions’means
that T

It does not identify the object represented with the means of its
representation, and it does not replace the real determinateness

of an object with the possibility of making it determinate, such

as weuld be expressed by a sign which, instead of illustrating

a determinate object, would signify possible determinacy. 39

Hence, Buclid wrote different books of his Elements concerning
number and magnitude. Owing to the incommensurability of certain .
geometric magnitudes in terms of discrefe measures (numbers}, different

theories of proportion are found to gftain for numbers, on the one

hand, and magnitudes, on the other/ There is, thus, no such concept

as "meneral magnitude” which coyld allow thé numerical commensurability

of irrational magnitudes and heﬁcé, his division of books on proportion

into these two kinds’ ears to some modern commentators as a curiosity.
For Klein, the traﬁg%pion’to the modern concépt of "general magnit-

ude" represents a transformation in the understanding of the kinds and

material of number. The concept of kinds of number "undergoes a

hniversalising extension while preserving its tie to the realm of

S mer e e mi—— e




108
T R . .

numbers, while the result of this process is that

The 'material' of this universal and fundamental science is

no longer furnished by 'pure' units whose mode of being may

be subject to dispute, -since they can be conceived either as

independent beings, or as obtained by . "abstraction' (wpec Eodf )3

the 'material' is now rather constituted by - 'numbers' ose

being no longer constitutes any problem since, as the products

of symbol-generatlng abstraction, they can be immediately

grasped in the notation. 41

Part of the reason for this development, Klein argues, rests #ith
the difficulty encoungered by Plato and various neo-Platonists in
developing a satisfactory ontological understanding because, Klein
states, of Plato's fUndamental distinefhon between practical and
theoretical sciences. In addition to this distinction they developed
the following others: numbers in themselves -- numbers in relation to
others, klnd == material, arithmetic -- 1og1$t1c

The basic problem here.concerns the belng-or materlal of pure
units and their relation to objects of sense; the problem is one of ~
the relation between the 'numbers' with which things are counted and
the things which are counted. One appears to presuppose the other.

'One' 4 a pure unit becomes indivisible because it becomes the
unit according to which any collection of similarly constituted things
can be counted, whereas Lhe objects of sense themselves can, of course,
be partitioned. Fractiohs, thus, caused a great deal of difficulty
for the ontology of 'arithmss' which these thinkers were attempting to
clarify. Whereas Plato wanted to establish a separate realm for number,
Olympiadorus and the Gorgias scholiast wanted to regard the material
of number in terms of "sensible units, since only these are amenable to
42

the partitioning which exactitude of calculation requires." This



conception is no longer consonant with Plato's.
~As is well-known, Aristotle departs from Plato's attempt to keep
4
form and matter separate ard thus pose the problem of 'participation’.

: Aristotle attempts to retgin,the character of such objects as 'arithmos'
as noetic (objects of tho&éht) while maintaining their connection with
objects of sense. Noetic objects suitable for contemplation by scienpe,
epistéme, are dependant on, but separable from, objects of sense by
abstraction. Mathematical objects have their being by abstraction and
the objects from'Which they are detached become mere items or bodieé.“
N&ﬁbers, for Aristotle, are derived from sense objécts,“3-from'éodnfigg -
multitudes. Number is precisely ﬂultitude, more than one, measured by
a unit.

The being of number is simply that number of units. The discdvery .
df incommensurability thus forced a thorough geometrisatién of &reek

mathematics.

(T)he. erucial difficulty of theoretical logistic as the theory

~ of those mutual relations of numbers that provide the basis of
all calculation lay in the concept of the monad, insofar as

it is understood as an indeperdent and, as such, simply indivis-
ible object. Aristotle's criticism obviates this difficulty
by showing that this Tindivisibility' does not accrue to the
monas as a self-subsisting hen, but by virtue of the measuring -
character of any such dhif, be it of an aisthetic or noetic .
nature. Only when the Aristotelian critique has taken effect
can a whole series of 'applied' sciences, such as were cultivated
in the Alexandrian school, be justified as 'sciences'. 44

Diophantus calculates with fractional parts of the unit of measure
ard his work has an 'algebraic' .appearance because he uses ligatures
to denote the number which is sought in a particular problem. There

are Platonic and Aristotelian components in Diophantus' theoretical
B :

-
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logistic since he can, at the same-time calculate with fractional parts
. ~

of the Qnit ana consider the material of humbérs to be pure meonads.

_There is still as yet, however, no .'general magnitude' in Diophant- .
us. He is concerned with "the possible relations that numbers, ... ’
can bear to cne anotber" and not with "types of equations and
methods 1 solution -- which is what modern interpreters usually look-

& -
The 'unknown' in each problem is a number "which 1s about to’be

46

-
for" 15

determined in its multitude".

The question now for Klein becomes

F
What transformation did a concept like that of arithmos have to
undergo 1n order that a 'symbolic' calculating technlque might
grow out of the Diophantine tradition. U7 '

This transformation developed through a collection of contributors
including Fibonacei, Tartaglia and Bombelli, among a few others, throuéh
to Stevin, Vieta agd Descartes, all of whom will be treated in some
detail below. In the latter three we have the symbolic realisation of .
general mégnitudé.48 | |
In his tréatment of Diophantus' Arithmetic, Sir Tﬁﬁmas Heath uses
modern symbols in rendering his ocquations as indeed do most othmrs.“g
[wen Heath, however, mentions Diophantus' definition of the unknown as
Tf/l'l} Qog /uardléﬂv o:ola-'-r'Co\/ -- an undefined number of units --
and the middle term here is in fact 'ﬁ@nad'. His sipn, Heath mentions,
was verbally called cg i/m.gua'r « - "the number par excellence of

n 50

the problem in quéstlon Here *Heath does not miss the determinate

nature of Diophantus' inguiry.
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In terms of Diophantus' method, he cites Hankel to the effect

that after careful study of all of the extant six books of his Arithmetic

over fifty type problems may be discerned with no real inherent classif-
ication in Diophantus' order of presentation except that the eaflier
ones help in the solution of the later onés. Although Heath disagrees
with Hankel he cites him at;leﬁgth ard is worth repeating here.

Almost more different in kind than the problems age their
solutions, and we are completely unable to give an even *
tolerably exhaustlve review of the different turns which his
procedure takes. Of more general comprehen51ve methods

there is in our author no trace discoverable; every question
requires a quite special method, which often will not serve

even for the most<‘losely allied problems. Tt is on that

account difficult for a modern mathematician even after studying
100 Dlophantlne solutions to solve the 101st problem; and if

we have made ‘the attempt, and after some vain endeavours read
Diophantus' own solution we shall be astonished to see how
suddenly he leaves the broad highroad, dashes into a side path
and with a quick turn reaches the goal, often enough a goal

with reaching which we should not be content; we expected to
have to climb a toilsome path, but to be rewarded at the end
by an extensive view; instead of which our guide leads by harrow,
‘strange, but smooth ways to a small eminence; he has finished! 51

Heath also quotes the Charmides scholiast to the effect that the
ancient methods of calculatlon were usually 1ntended to serve "utility

n 92

for contracts Thus it is this curious mlxture in Dlophantus of
atterding two modes of being, a Peripatetic and a Platonlc conceptlon
together with a view to the porlstlc (practlcal) aspect of calculatlon
which 'allows him to open up the way for a "genulne 51gn-1anguage".53

Tropfke here also presents one of the few plain language renderings

of a Diophantine sample equation as, "Also 10 Zahlen (und) 30 Einheiten

sind gleich'll‘Zahlen-(und) 15 Einheiten" (therefore 10 numbers and BQ

units are eqﬁél to 11 numbers and fifteen units).Su He mentions also

"

e ——— e e .
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in'this context that the-abbreviations, ligatures or signs used are,
by ingenious scripts, even grammatically declined in sentence structures

thus supporting the notion ertber that Diophantus' arithmetic was not

[}

symbolic.
The practical aspects of calculation often derived from cqnnercef
Plato had distinguished between fhe arithmetic of the market place and
that of lovers of wisdom. The Arabs as well, f?om whom Leonardo of
Pisa (Fibonacei) brought 'algebfé' to Euroge in the early thirteénth
century, had a well-developed commerce around the Mediterranean when

that of the Greek Ionians had fallen off, This seems to have had

-

an effect—an the symbolisationbinvolved since according to Tropfke,

Unfortunately after Diophantus leading minds were missing:
who progressed in his path. Th abs, to whom fell other-
wise such a high role in mathema®ics, remained, themselves
after they had come to know Diophantus' work -- about 970
A.D. Abu" lwafu (940-998 Baghdad) authored a commentary on it -
almost thoroughly with its rhetorical form. Only an anonymous
iclwriting in Latin-tganslation is Mnown which uses letter-

i (C=census=x";r=radix=x; d=dragma=coins, constants).
The simuTtaneous application of a point with negative Pumbers
and the writing of fractions suggests Indian influence. 55

“The decline of such deéelopments in maiﬁematics until the latér

" middle ages ;s coincident with the decline and subsequent rise of
commerce in Europe. gAlthough—commodity production was presenﬁ in
antiquity it was not dominant and fell off only to dévelop through the |
growth of medieval tswns ard begin to take off in northern Italy in the
fouéteeﬁth century. The Arabs were decisive for the arithmetical thought

of Europeans from Fibonaceci through Jordanis de Nemore up to .
56 | ’

Reglomantanus.
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Mathematics and Mechanics -7, The Homogenisation of Nature

The application of formulae to the interpretation of nature and

tré-use, of variables in these formulae are recent developments. Ancient
science regarded nature qualitatively. Although ancient astronomy

and music, for exarfiple, were mathematicél, there was no use of
varia.bles.

Before tr;l's éould take place, both mathematics and mechanics had
tol ﬁnderg;o same -conceptual changes. As hinted at earlier, these changes
have to do with the’ gonmensurébility of unlike quantities and the ‘
split between number‘";zar‘mﬁ rhaginitudé. For Aristotle, only like quanfities
could be compared in a proportion ax;d-numbers were discrete whereas
magnitudes were continuous. We shall begin our brief overview of the
history of 'mechanics with Aristotle in order to identify those
developménts wherein the principle of homo'geneiﬁy and the distinction

between number ahd magnitude came to"be violat% in- an attempt to
. il .

» account mechanically for natural processes. We Shall thus be looking

f‘or"instances where unlikF q,uatntities, such as time and distance, are.
compared in the same expressi_o; and where continua are arithmetised.
Toward the end of our story thinkers such as#fartaglia, Galileo and
Stevin were engaging i.n these practices with same frequency.

The history of mechanics goes back, at least in te@ of its

" available documentation, to Aristotle's (384-322 B.C.) physics. To

_begin with, however, the overview of this development has been aptly -
summarised by Rend Dugas. |

¢




As Mr. Joseph Peres has remarked, to speak of the miracle of
Greece or of the night of the middle ages-Jn the evolution
of mechanics is not- possible. Correctly spedking, Archimedes N
was able to conquer statics and knew how to tonstruct a
rational gcience in whieh the precise deductions of mathematical .
analysis played a part. But Hellenic dynamlcs is now seen to. .
be quite erroneous. It was, however, in touch w1tp everyday
observation. But, being unable to recognize thé function of
passive resistances and lacking a precise kinematics of accel+
erated motion, it could not serve as a foundation for c1a551cal
mechanics. 57

» For Aristotle, motion refers to many sorts of natural changes; -

changés invquality were considered motion as well as changes in place, ,

\
"local motion". 58

local motions ane divided into species according to
. RN
their path59 and the chief problem here is to decide precisely in terms

of what;cri:;aign or dimension different states are to be judged.60 We

o

encounter hefe the same problem as with value where Marx cites Aristotle.

How do we compare unlike species or how do we djwide species?

But we have no general term like 'unlijd')or 'unequal' to ‘-'r
express the relation between 'different'/primary beings in :
generations and destructions and no pair of terms correspondlng

to 'more' and 'less' in the case of qualities differing »
‘- intensively or extensively or to 'greater’ 'smaller' in 4

he case of different quantities. 61.

Hede, in the case of physical bodies, we have the same problem

as in the chse of comdities. Aristolle has again adeqdately g

posed the problem without ﬁeing able to solve it. What we need for \\

" modegn sc1 nce is the existence of objects merely bs bodles so that

space, time, distance -etc., may become variables in equations, just

as the reduction of the commensurability of exchangeables to value
=

"encapsulates the fact that they are exchanged in certain proportionss:

on the market. In both cases Aristotle recognises a relation of

equality without knowing what it is that/%ight be contained in equal

Y

< o -

. _?/
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quantities.
: _ L :
Aristotle does become quantitative, however, with respect to the -

relation between force, distance and time. He states that it must

take a certain amount of time for a certain force to move an object
. ) L

a certain distance. His 'formula' here is basically that the distance
moved varies directly as the forde applied and the time taken varies
inversély as t@g force. He adds the important proviso that the time
taken does not increase indefinitely as the force decreases because
when the force becomes small enough, no motion at all will result.

As for the rest of antiquity, not much attention was paid to the
problem of motion let alone steps taken toward the compﬁrison of
dissimilar quantities. Archimédes of Syrécusé (287-212 B.C.),often

referred to as the world's greatest mathematician, concentrated his

- mechanical effofts on statics anqlPappus of Alexandria (fourth century

A.D.) incorrectly formulated the problem of the inclined plane,

although his mathematics did have an influence on Renaissance thinkers.

’

The use in antiquity of Eudoxus' method of exhaustion has been

-citedlby some as anticipating approximation techniques or even calculus.

It was, however, a method of .proof and not of calculation.

Accordingly, we always find, in proofs of the method of
exhaustion, a demonstratlon that an impossibility is involved
by any other assumptlon than that which the proposition
holds. 62

There always results a double reductlo ad absurdum in evezx instance

of' the use of the method of exhaustion. These characteristics of the
method are also found in Archimedes' use of it says HE;EE?\\

Archimedes used this method extensively in his own theorems but was

a

s



Ay

116
F

much more theoretically than practically cohéer‘ned.63 In his ftechanics,

. b}
the problems deal almost exclusively with equilibria and centers of

gravity and the proportions obtaining between the areas or volumes of
- different figureé. The mechanical comparison of physical objects was
used only to suggest theorems.
Mechanics for Archimedes became theoretically independent from

cesmology. The mathematical thought of the Renaissance and scientific

revolution hinges largely on the regeption of Archimedes.@

For Pappus. mechanics 1s both science and ért and in this respect he
" is more modern tha;m Aristotle or Archimedes. . He is most important for
his discussion of the mat.hematical procedures of analysis and synthesis’
and this part of his work was important for early modern mathematics’
{cf. .Chapter Five infra).

His mechanics is also a matter ofi equilibrium. His formulation of

the problem of the inclined plane results in an absurdity; an infinite
s -
force would be required to pull a weight straight up. He is~said to be

the conpiler of IOO years of‘ Greek zu:l'u.le'\rement;.6r5

The develepment uporxw::ih we focus here is best descrlbed by

Marshall Clagett. The Gre he claims, always compared llke quan}:ttless
|} .

and so could not develop mefric definitions ®of the qua.lﬁies they

ndescrlbgd. _ > ‘
That is to say they compared the distances traversed in ﬁ
uniform movements when the times are assumed to be the s
or the times when the distances are the same, or the ratios
of the distances on the one hand and the t:n.mes onn the othen.
Hence we find no metric définition like V=k(s/t). The
comparisons «of Autolycus and other Greek authors were thus
true proportions in the Euclidean sense as being between like
quantities. It v-mst surprising, then, that none of the .
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. Greek authors arrived at ¥ idea of velocity itself as a number

or a magnitude representing a ratio of unlike quantities,

namely distance and time. On the other hand, Gerard [of

Brussels] in his treatise of the thirteenth century, while not

yet defining velocity as a ratio of unlike quantities, seems to

assume that speed or motion can be assigned some magnitude

not simply identical with the quantity of time or the distance

alone,” although it is measured by either one with the other

considered constant. 66 :

This is cHaracteristic of Aristotle's physics which receives its
first real criticism at the hands of John Philoponos who criticised
the antiperistasis theory. He criticised the notion that the mover had
to be in constant conjunction with the moved. The throwing of a
projectile caused a problem for this theory since the projectile kept
moving after it left the hand. Aristotle's answer to this was that the
medium (air) rushed around behind the projectile to fill the void space
and that this movement pushed the projectile further. This hinges as
well on Aristotle's distinction between natural and violent motion.
Basically throwing is a violent motion because it represents motion
away from the natural place of an object. Philoponos counters Aristotle
with the notion of the transferability of force, an early version of
impetus (cf. Chapter Five).

1

The notion of impetus receives more complete expression in the

middle ages. Ockham had defined motion as a relation rather than an

entity,.henqe, no continuous cause was required. Piérre Olivi, Duns
Scotus, Franciscus de Marchia and Nicholas Bonetus entertained notions
of impetus. | |

Thg Oxford Mertonians and Paris Oékhamites.yere the first real

exponents of the development we are describing. Velocity, a ratio,
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became a quantity in itself. Clagett outlines the significance of the
work done by Bradwardine, Swineshead, Heytesbury and Dumble%on.

From the discussions of these four men of Merton emerged .
some very important contributions to the growth of mechanics:

1} a clear-cut distinctior between dynamies and klnematlcs
expressed-as a dlstlnctlon between the causes of movement

and the spatio-temporal effects of movement. 2) A new approach
to speed or velocity, where the idea of an instantaneous
velocity came under consideration, perhaps for the first time,
and with it a more precise idea of "functionality". 3) The
definition of a uniformly accelerated movement as one in

which equal increments of velocity are acquired in any equal
periods of time. 4) The statement and proof of the fundamental
kinematic theorem which equates with respect to space traversed
in a given time a uniformly accelerated movement and a uniform
movement where the velocity is equal to the velocity at thew
middle instant of the time of acceleration. It was this last
theorem in a somewhat different form that Galileo states and.
which lies at the bottom of his description of the free fall
of bodies 67

Although the main hurdle of comparing dissimilar quantities is at
least partly overcome, the treatment of motion was not exper-
imentally amensble and 80 no constants were found. With

Bradwardine's Tractatus de proportionibus in 1328, velocity became a

‘mathematical quantity in itself. The new definition is there but

we still have no variables.

Thé situation is much thé,same for the Paris Qckhamites, Jean
BL:rida.r’u, Nicole Oresme, Albert of Saxony and Marsilius of Inghen. The
most important figure for our purpos;s is Nicole Oresme. H; is usually.
considered the inventor of the treatment of motion according tq the
framework of the intension and remission of forms. -Although there is
some resemblaﬁce here t§ analytic geometry there is in Oresme's work
no algebraic expression and thus.no translation into curves and' vice

versa. For motion, extension was time and intension velocity. A-
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rectangle thus represented é‘uniform quality and a right triangle
represented a uniformly difform quality. (Unifbrmly difform means
increasing or decreasing at a uniform rate.) Oresme proved the mean
speed theorem by proving that the rectangle areé (the mean speed) was
equal to the area of a right triang%e (the velocity during the whole
increment).68 * |
It does not appear to be until the sixteenth century that actuél
measurements were made, numerical treatment given the problems énd
algebraic formulation really took off. In the work of Tartaglia,
Galileo, Descartes and Stevin, in particular, we discern the growing
hamogeneity of nature such that uplike quantities are compared; general
magnitude became a property of nature. -The important development here
is the abstraction and homogenisation of nature. Developments’opcur
in mathematies which, when applied to phenomeéna sﬁch as the velocity of
a motion or the weiéht required to balance a beam at a given point,
allow for and in‘facé require, é;; comparison of unlike quantities in
a single expression, the arithmetisation of continua and, in fact,;the
caleulation of numerical values for mechanical or. geometric problems
which the ancient mechanicians and mathematicians rarely, if ever, did.
Neither Archimedes nor Euclid was interested in the area of a
partigglar circle; neither Archimedes nor, Pappus had definitions of
veloeity nor compared quantities:of unlike kind, )
The ability to carry out these more modern mechanicél practices is,
we are arguing, predicated on mathematical developments for which

commerce is 1arge1y responsible. We shall thus look at same of the
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ﬁajor contributors to these mechanical and mathematical developments to
judge the extent to which they may be indebted to their own or others'
commercial activity ‘or commentary. We shall look at the contributions
to matﬁemétics or mechanics of each of our contributors and attempt
to assess the extent to which the contribution of each, in terms of
modern mechanical and mathematical developments, may be accounted'gbr
by involvement with commerce and its parallel practices. We begin with

an examination of the changes toward the requisite mathematics.

J
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Chapter Five - The Science of Business and the Business of Scierce

Mathematics in History - Contentious Issues

It has beeﬁ'appareqp for some time that there are potential
difficulties in the standard interpretations of Greek mathematics and the
notion of its contiruity wifh modern-day praétice. In a slightly differ-
ent context Christopher Hill cmnnents,."It is always easy to construct
chains of causes once you know what you have to explain"% The history
of maggematics is particularly recalcit;ant to this criticism.

The situation is particularly scandalous in the history
of ancient and medieval mathematics. It is in truth
deplorable and sad when a student of ancient or medieval
culture and ideas must familiarize himself first with the
notions and operations of modern mathematics in order to
grasp the meaning and intent of modern commentators dealing ' .
with ancient and medieval mathematical texts. With very\few
and ‘notable exceptions, Whig history is history, in the |
domain of the history of mathematies; indeed it is still)
largely speaking, the standard, acceptable, respectable,
"normal” kind of history, continuing to appear in prof-
essional journals and scholarly moncgraphs. 2

R N ; ,
This statement from Sabetai Unguru in 1975 has its truth born out in

the fact that it is only the third strong statement about even the symbol-
ic anachronisms, in ghe writing of the hiétory of mathematics, let alone

‘the prioblems concerning the intentions which the ancients actually had.
The other tw;, cited by-Unguru are Jacob klein in 1934 and Arpad Szabo

in 1969.3 " In the replies by B.-L. van der Waerden, the primary target,
and Hans Freudenthal, the traditiqnai ﬁggizfaﬁ*is—simply restated with

no attempt to demonstrate that modern symbols'may express the inténtidn
of tﬂe ancients. The argument presented is a modern mathematical one

and not a historical one at all.u

As a careful scholar, nevertheless, van der Waerden mentions that

..
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the actual tool of Greek mathematics was the language of proportlons.

Unguru notes van der Waerden's characterlzatlon of thls language as

cumb and we quote here the passage in full from van der Waerden:

uations of the first and second degree can be
expressed clearly in the language of geometric algebra
and, if necessary, also those the third degree.
But to get beyond this point, gne has to have recourse
. to the bothersomne tool of proportions.

Hippocrates, for instance, reduced the cubic equation
! ](3 =V .
r M f.‘].
to the proportion
awx =xiy=yb

and Archimedes wrote the cubic
o x2(a-x) = bc2 L S
in the form

- (a=x): b = c2 : x2

In this manner we can get to equatlons of the fourth
degree; examples can be fournd in Apollonius (e.g. in
Book V). But one can not get any further; besides, one
has to be a mathematician of genlus thoroughly versed
in transforming proportions with the aid of geometric
figures, to obtain results by this extremely cumbersome
method. Any one can use our algebraic notation, but-
only a gifted mathematician can deal with the Greek
theory of proportaons and with geametric algebra 5

It is our opinion, of course, for reasons outllned in Chapter v,
that this is not algebra at all. Most importantly, there is no real at-~
tempt to understand the ancient texts in any context other than that bf
modern mathemetics. For Unguru, this is a function of modern mathematics' Lz/
self-understanding; it would palliate its own knowledge-claims to see its
own development as having a history. | o

Such an approach ... stems from the unstated assumption

that mathematics is a scientia universalis, an algebra-

of thought containing universal ways of inference, ever--

lasting structures, and timeless, ideal patterns of
investigation which can be identified throughout the
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history of civilized man ard which are completely independent ‘ '
of the form in which they happen to appear at a particular ;
Juncture in time. In other words, such an interpretation ' ‘
takes it for granted that form ard content do not constitute
an integrated whole in mathematics, that, as a matter of fact,
content is independent of form, and that one can, therefore,
transcribe with impunity ancient mathematical texts by means i
of modern symbolic algebraic notation in order to gain an ' !
"insight" info their otherwise "cumbersome" content. & '

Our story, however, begins not with everlasting structures but with
the origin and career of the very concept wﬁich proves to be the basis . é
of our own interpretation, analogia, proportion, same ratio. Social
relations provide the basis for these analogies. The problem is to des-
cribe how this happened in particular historically specific situations
and provide what documéntation is available. -
Our story is one of hoﬁ the formal, academic tradition in mathematics

is changed from the double reductio ad absurdum of Euclid and Archimedes

to the "analytic" techniques of the modern period beéinning with Stevin
andAieta. This happens by means of development of those forces initial-
1y giving, rise to proportion in mafhematics, commerce. The para—Enclideah
tradition develops into a way of using proportioﬁality.to represent profit,
price, partnerships, etc. The Babylonians, Myceneans, Egyptians,
Phoenicians, Byzantines and Arabs (not to mention Indians and Chinese).

all used proportional mathematics for business and financial calculation.

When in Greece the separation of memtal and manual labour receives cons- !
cious expression in the works of philosophy we have the "battle between °
ancients and moderns" ﬁakiné piace already in anéiengbpimes.

The history of the decline ofvtrade apd of civilization from Greece,
westward presents a story of the bdrrowing and redgvelopment of mathemat-~

ics. When the separation of mental and marmal labour intensifies in late
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medieval and Renaissance Europe the inputs into mathematics are the

rediscovered ancient academlc‘téxts and the contemporary Rechenbﬂcher

of merchants who had borrowed some and developed other techniques of
calculating profit and loss. The reading of Diophantus, Pappus, EUClid
and Al-Khwarizmi is coupled to a pfactical t;adition stretching from
Babylon, to Leonardo of Pisa to the Abaci manuseripts to Tartaglia
Cardano and Bombelli. Social relations brovide part of the input into
the development of a science which sees undike quantities as commensura-
bie. | 4

Unguru claims thét the above debate stems from lan unstated assumption”.
We would like, however to situate this assumption in social context
Sohn—Rethel has in.fact attempted éo do this but, in our view, unsucces-
fully. It is our position here that a practical calculation tradition
developed theoretically in Europe, primarily Ngrthern Italy'at'ﬁirst,
after its adoption from the Arabs frdm‘1200 to 1600 during which time
it joined with the ﬁedieval theoretical traditions and culminated in a

distinctively modern and western mathematics.
{

Even in its ancient development, mathematics received impetus from

)

connercigl ard financial ealculation. Thgkla Horowitz examines the origins

of Greek proportion theory in the financial and administrative practice

of {Mycenaean culture.?

Kurt Vogel_addreséeé the Babylonian inteqest in

t#e calculation of prices and labour time.8 In the Mycenaean example,

proportion was used to keep a constant value in taxes. paid in kind even

though different goods might be used.to achieve the value of taxes owed.>
According to Aristoxenus, however, Pythagoras took arithmetic out

10

" of ‘the’ realm of the marketplace. The Pythagoreans developed mgthematics
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into a theoretical science ﬁ:-gn} ‘the  examination of problems in cosmology
and music. 'I'ne utiverse and its order were, for the Pythagor“eans, urder-
standable in ter'ms— of number., Their own investigations, however, led to
one discovery which'proved anathema to this perspective, the irrational,
the incorrrnensureble. The ratio of certain magnitudes cannot, sometimes,
be expressed by numbers, for exanple the ratio of the diagonal of‘ a
square to its side. No unit, no matter how small, may be selected

which is capable of measuring both side and diagonal without ‘a remainder. *
The concepts 7p¢91(nwnber) arﬁ/lfdtdls (nag;r@tuele) went : séparate ways

thereafter. Budoxos' theory of proportions as compiled in Euclid{s

Elements maintains this separation. The brilliance of Eudoxos eensists in

the fact that he was able to define a ratio obtainiﬁg between non numeric-

e

T

al quantities. . e
- The resulting definitions concerning the proportionality of
magnitudes are given by Fuclid in the definitions to Book V of the elements.

3. A ratio is a sort of relation in respect of size between two
magnitudes of‘ the same kind. = -

y, Mag'litudes are said to have a‘ratio to one another which _ :
are capable when multipled, of exceechng one another. T ey

5. Magutudes are said to be in the same ratio, the first B
to the second ard the third ‘to the fourth, when, if any equi-~ =0
multiples whatever of the second and fourth the former.
equinultiples alike exceed, are alike equal to, or alike
. Tall short of, the latter equnmltlples respectlvely taken
~ in corI'eSpondlng order.

These repr-esent criteria of homogeneity. With respect to the
definitions of number and its propb'rtionality, however, no such criterion
. - f ‘

. is required. - _ . ’

1. A umt is that by virtue of whlch each" of the things
that exist 1s called one. .

I

W S




4

o 128

2.Anumber is a multitude composed of units ....

20. Numbers are proportional when the first is the samé multiple,
or the same part, or the same parts, of‘ the second that the third
is of the fourth. 11

Here we see that since numbe% is a multitude composed of units,
-— L

the unit itself cannot: be a number since u; is not a multitude. This
g

~unity is the eldos of ‘any.-aumgemng Slnaf{"t is the basis of humber-

ing or countlng it cannot be fractionalised; K?ﬁcc—z the difference m
4
the following definitions from Buclid: ) -/

1. A magnitude is a part of a magnitude, the less of the greater,
when it meadures the greater. \ 2

2. The g;r'eater is a multiple of the less when it is measured by
the less. 12

-,

Even though these definitioms—refer obv1ously to conmensurab‘le

magmtudes the correspondlng defmltlons r similar relatlor]s

between numbers ate very different.

. r

3. A number is part of a number, the less of the greater, when
it measures the greater;

4, but parts when -it does not measure it.

"y

5. The greater number is a multiple-of the less when it is
measured by the less. 13 -

Again we have mr'thef- evidence of the homogeneity, hence, to
anticipate Aristotle, infinite divisibility of magnitude and the

ciiscretenéss and indivisibility of the unit of calculationl The
114 >

-

"part - parts" distinction shows this clearly. For Jones, this shows

the irreducibility of the arithmetic of Euclid to the geometry. ey
are each ifreducible constituents of ¢d orary mathematical and /'

philosophical traditions.

-



129

-~

In summary we have argued that Buclid organized the
Elements on two principles; one philosophical and the
other mathematical, The philosophical principle was the
split between number and magnitude as found in '
Aristotle's analysm of the category of Quantity. The
distinction is based on ontology and finds it's roots in
problems presented by the existence of incommensurables. 15

The existence of incommensurables created problems for propdrtion

theory. There could be no "part or parts" referred to. The old pro-

portion theory is transformed on its way into Buelid's Elements by way

of Theaetetus Eudoxus ard Arlstotle and by this route the two sets
of distinctions are 1nt;oduced The philosophical dlstlnctlon is
between number and magnitude where numbers are discrete and magnltudes
continuous. The mathematical dlStlnCtlon is that between commensurabil-
1ty and 1ncomnwnsurab111ty, where for cannensurables there exists a .
common measure and for 1nconnensurables there does not. Both these
distinctions have a.;cnnbn root in the notion of "ﬁnity“.¥6 Unity i
is that possessed by the individuals of a certain eidos which alicws
them to'be numbered whereas no such unit is present in magnitudes.
Unity ié that property possessed by the comion measure of connénsurables.
bnity is a property of magnitude.in another sense. In his Physics
(VI, 1), Aristotle “characterlses contlnua as those totalltles in which
the ends, of juxtaposed parts fall together into one." 17 For Waschkiess
Arlstotle s notion of contlnu1ty and infinite d1v151b11%ty has three
roots two phllosophlcal and cne mathematlcal and the mathematlcal root

lies in the work of Budoxus. About” Defiriftion V, 4 of the Elements,

Waschkiess says:

This detenmination of the concept contains a criteria of homuggheity, )

which divides the multitude of extended magnitudes up into
. " : T -

~. —

>
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Aristotle, Proportionality and Commerce

) < . | / :

certain classes, whose members can be compared with one another
according to the theory of proportion. 18 (:‘

In his Nichomachean Ethics, however, Aristotle softens his criteria

of proportionality in his discussion of justice. ‘Justice as a virtue

" has no precise contrary; it is' characterised as relative virtue\\

Again, all other unjust acts are ascribed invariably to

some particular kind of wickedness, e.g., adultery to
self-indulgence, the desertion of a comrade in battle to
cowardice, phy51cal violence to anger, but if a man makes gain,
his actlon is ascribed to no form of "wickedness but 1ngustlce.
Evidently, therefore, g?gge’ls apart from injustice in the wide
sense another, "partic ar'", injustice which shares the name and
nature of the first fbecause its definition falls within the same.
gerus; for the significance of both consists in a relation to
ofid's neighbour, but the one is concerned with honourg,or money
or safety - or that which includes all these, if we had a single
name for it - and its motive is the pleasure that arises from
galn while the other is concerned with all the obJects with -
which the gpod man is ‘concerned. 19

Aristotle then wants to grasp the genus and differentia of the

former form of justice. He also distinguishes at this point distribu-

130

\‘tive from commutative justice; distributive being that kind which effects

a relative equality, relative to a predetermined share; commutative

that kind which restores an intermediate condition in transactions.

stQtle is concerned here primarily with voluntary transactions,

-’///;__,—a\\\i:amples of qhich he‘gives as "sale, purchase, loan for consumption,
- pledging, loan for use, depositing, 1etting."20 Distributive justice

L is

that proportionality respecting the nature of different persons

4

14 N e .
according to the constituti:;;/‘The just in this case is intermediate,

\

Y



“equal and relative. It involves two people and two things, their

respective shafes. "The just, therefore, involveé at least four terms;

for the persons for whom it is in fact just are two, and the thing in

which it is manifested, the objects distributed are two."?* as

the

things are related, so are the people. Things are here distributed

according to merit and Aristotle here mentions that democrats, oligarch-

ists and aristocrats will have different conceptions of merit, freedom,

wealth and excellence respectively. Without having specific units in

mindy Aristotle is nonetheless able to formulate generally, his notion

ity.

. of distributive Jjustice and its foundation in mathematical proportional-~

~

" The just, then, is a species of the proportiocnate (proportion

Aristotle's notions of continuity, divisibility and henogeneity

being not & property only of the kind of rumber which consists
of .abstract units but of rumber in general). For proportion is
equality of ratios and 1nvolves four terms at least (that
discrete proportion involves terms is plain but so does
continuous proportion, for 1t es one term as two.and mentions
it twice; e.g. 'as the line A is to the line B, so is the lihe B

-to the line C'; the line. B, ~then, has been. mentloned twice, so

that if the line B be assumed tw1de the proportional tenns will

be four); and the just, toe, 1nvolves at least four terms, and

the ratio between,one pair is the same as that between the other ]

pair; for there is Q similar distinction between the persons and -

between the things.” As the term A, then, is to B, so will C be

Lo D and, therefore, alternando, as Ails to C, B w111 be to D.

Thurefore also the whole 1s the same ratio to the whole; and this

coupling the distribution effects, and, if the terms are so

combined, effgcts Justly The congunctlon then, of the term A

with C and of B with D is what is just in distribution, and the

species of the just is intermediate, and the unjust is what violates

the proportlon, for the proportlonate is intermediate, and the -

just is proportlonal. (Mathemat1c1ans call this kind of proportlon
geometrical; for it is in geometrical proportlon that it follows e
that the whole is to the whole as either part is to the corresponding part.)
This proportion is not continuous; for we cannot get a single term
standing for a person or a thing. 22



make difficult any sort of calculation when it comes to nature or
physics. The stringent criteria laid down for continuity which makes
it impossible to coﬁpare time and distance as 'variables', for example,
lead Aristotle to an awareness o; the difficulties of a quantitative
physics, if, indeed, it makes any sense to use this term at all. He
uses proportionality similarly in hiS‘Physics.23 The inner terms of
the four term proposition of proportionality are interchanged in the
case of justice as in the case of local motion.

Before continuing our discussion of the problems of continuity,
proportionality, prbfit and acceleration, we shall return to the second
type of proportionality mentloned\by Aristotle. It is comutative, and,
mathematlcally speaking, is arlthmetlc. It effects equality in

transactions between man and man. A judge attempts to equalise an

132

inequality by imposing a penalty on a wrongdoer in a transaction. The

wrongdoer will then have subtracted from his goods that amount by
which they exceeded the intermediate. Each is said to have his own
when he has what is equal, and Aristotle uses a diagram of linear
magnitudes to display this prihciple.au The judge here rectifies loss
and gain. ‘ » o |

These names, both loss 'and gain, have come from voluntary
exchange; for to have more than one's own is

called gaining, and to have less than cne's orlglnal share

is called 1031ng, e.g., “in buying and selling, and in all -

other matters, in which. the law has left people free to make their
own terms; but when they get neither more nor less but just what
belongs to themselves, they say that they have their own and that
they neither lose nor gain,

" Therefore the Just is intermediate between a sort of gain and a
sort of loss, viz., those which are involuntary; it consists
in having an equal amount before and after the transactions 25
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This'fonp of reciprocity is not in effect, for Aristotle, when
the personal relation involved is between people of different Status.
Distributive justice is, however, precisely that which holds men together -
reciprocity in accordance with a proportion and not on the basis of
precisely equal return.26 This is the basis on which,‘for Aristotle,
the city holds together. Labour is seen here as social but not as equal
in determining value; in fact, the labour per se does not appear as a .
concept in Aristotle's Ethies, but the significant term in therequation
is the status of the producer relative to other producers. The notion
of proportionality and.the trend toward the production of a common quality

are touched upon here by Aristotle and this most important péssage from \{

the Nichomachean Ethics must be quoted at length.
. ‘

Now proportionate return is secured by cross-conjunction.
Let A be a builder, B a shoemaker,-C a house, D a shoe.
The builder, then, must get from the shoemaker the latter's
work, and must himself give him in return his own. If, then,
first there is proportionate equality of goods, and then
reciprocal action takes place, the result we mention will be
effected. If not, the bargain is not equal, and does not hold,
for there is nothing to prevent the work of the one from being
better than the work of the other; they must therefore be

-equated. (And this is true of the other acts also; for they

" would have been destroyed if what the patient suffered had not
been just what thé agent did, and of the same amount and kind.)
For it is not two doctors that associate for exchange, but a .
doctor and a farmer, or irY general people who are different

-and unequal; but. these must be equated. This is why all things
that are exchanged must be somehow comparable., It is for this
end that money has been introduced, and it becomes in a sense
an intermediate; for it measures all things and therefore the
excess and the defect - how many shoes are equal to a house or

" to a given amount of food. 27

The ratio of the products must "correspond" to the ratio between the
producers. Shoes are to houses, for example, as builder is to shoemaker.
The uniﬁ allowing for the necessary "equalization" 6f'goods_is need, for

it is need which makes for exchange in the first place, which establishes
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the relation. Money, for Aristotle, has by convention become a

b
representative of this need. Its conventionality is reflected in its

- name (nomesma) because it is a product not of nature but of law (nomos)

and may be humanly altered. Aristotle adds the proviso here that the
terms must be broﬁght into proportion only before the exchange has been
transacted, when each still has his own goods. Money, furthermore, acts

as surety for future needs in exchange. He gbes on to discuss the suffi-

| A
ciency for purposes at hand of commensurability by money.

Money, then, acting as a measure, makes goods commensurate
and equates them; for neither would there have been association
if there were not exchangé, nor exchange if there were not equality,
nor equality if there were not commensurability.. Now in truth it
1s impossible that things differing so much should become com-
mensurate, but with reference to demand they may become so
sufficiently. There must, then, be a unit, and that fixed by
agreement (for which reason it is called money); for it is this
that es all things commensurate, since all things are measured
by morley. Let A be a house, B ten minae, C a bed. A is half of
B, if the house 1s worth five minae or equal to them; the bed,
C, is a tenth of B; it is plain, then, how many beds are equal

~to a house, viz., five. That exchange took place thus before there
was money is plain; for it makes no difference whether it is
five begs that exchange for a house, or the money -value of five
beds. 2 . .

It is clear that equalityuhere'is defined with reference to
proport}onality,‘not the other way around, for he states thgt men may be
either proportionately or arithmetically equal. We have,*by virtue of
money's existence as that unit allowing qommensurability, a method of
takiné stock in transactions. Aristotle is speaking here of‘"positive

law" which for him can be defective because it is impossible to make

\

' ~
Here we find in Aristotle a hint of the social abstraction described

in chapters one and three. The analogous situation presented by

Aristotle in the Physics and Nichomachean Ethics are treated differently.
3 - .

o
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In the Physics no canpafison of dissiﬁilar‘quantities is admitted. "

In the g;giggghowever, money is admitted as representative of those ab-
stract pﬁoperties o} exchanged objecte, in terms of which t?ey may ex-
change -in a given proportion. - In order Ihd'the-proportioﬁs Fo hold the
goods measured and compared in a fransaction must have a connnn property
abstracted from the goods as sensually intuitable obJects whlch property,

is then measured in money. o

Aristotle comments however that mathematidally speaking this

proportienality between dissimilar quantities is incorrect and thus makeﬂ _

no attempt in his physics to use similar techniques. The world of nature
is still e place of duality, gerus and difference. The story we are’ ,)
trying t; tell, however is one_in which those precise conditions whlch
Aristotle 1llustrates in the Ethlcs become far more proliferate and thus
are able to constitute an analogy fbr;a similarly -abstract interpretation
of nature. As the mathematical broportion techniques which Aristotle
defcribes develop, a theoretiba& mathematics develops from it which is
capable of application to nature. In later periods the questions raised
by Aristotie in his Physics are dealt with by precisely those kinds of
techniques which he illustrates in his Ethics. If tén candies cost‘ :

twenty-one cents, how much do thirteen cost? If I travel th1r£EEh miles

in forty—nlne mlnutes how fer would T travel in one hour?

have been meaningless to-him. Both cases require the ¢ isop of .
qﬁantities of unlike kird.

John Philoponos

One of Aristotle's first eritics was John Philoponos. Michael Wolff

- -




: Fhilbponos represented urban artisans. They, unlike the slaves in the
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ﬁ"/

has presented us with an anument‘ concertiing the social.,' economic and

istotle's antiperistasis

theological céntext of Philoponos' criti
theory. Wolff's argument alsoc concerns the.noti n of value. Wolff claims ’
that Pﬁiloponos has a notion of the tragsferability “of force and cause,

a precursor of the concept‘of impetus. L,y \

~~ The soclo-economic analogy is based first of all on the fact that

countryside, became the owhers of their products. Units of their "force"
vere imparted to their producps which were then sold on the market.
Theologically, he‘gﬁd his followers were monophysites; God gave his |
nature.to'man through Christ. The diophysﬁteé argued that Christ had
two natures; godly and human.s é monophysites used the notion of cau-
sality transfer to suggest that the human and godly characteristics are:
in all men. T

The overcoming of Aristotelian physies could not be done empirically
until the notioﬂ{gf causality transfer could be presupposed. "Nature 1is
a work of God, é9u(ocl/) drc/d At is therefore, in a manner of speaking
something .artificial of a higher order, of which human art is something

= .

like a cop.y."'29 In the r'ealrp of physical science this world view, for
Wolff, leéds in Philoponos to the first mechanistic interpretation of
heavenly moﬁgon. ‘ | ;

“Just as God gave man his power, so the human producer imparts force,

value to his product.” Just as the producer imparts a force which becomes

. a property of the product, so the thrower imparts a force which becomes

a property or quality\?f the projectile. An alternative to the anti- - -

—— et

peristasis theory is thus conétructed from social and theological context. .
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Transfer of force entails transfer of value.

The idea of the transfer of force which lies at the basis -
of Philoponos' theory of physical motion must be set in
connection not only with a specific idea of the production

of force but rather likewise with a specific idea of ‘'economic'
exchange. - It is transferred forces which are understood as

the genetic content of "production™, of "completion", through
motion and the a;Fering of things. Sigdlarly it 1s transferred
forces which are viewed as the actual content of the exchange

of things, as the object of the externalization of value. 30

The Eariy Eﬁropean Arithmetic and Record Keeping Traditions.

"In the earlier middle ages arithmetic is represented in Burope

primarily in the figures of Bede, Alcuin, and Gerbert, whose central

. prdject in this regard was the calculation of the date of Easter and

other holidays. Although numeracy was generally not a prerequisite for
a career in Church or state bureaucracies, the use of cammerce made
familiarity with arithmetic imperative if one were to seek one's fortune

in this direction.

Alexander Murray suggests that the possibility of such careers is the

.result of the growth of a money economy spurred on by greater and greater

. trade of surplus between communities. Money makes this exchange mare

fluid. The desire for this fluidity and, hence, for ﬁoney, requires . -
. ' . '. .~
special skills, labour, mining and minting, for which , in turm active

~ royal authority and organization were réquired.

The factors I have identified interacted. Money-lubricated
exchanges, reducing their cost as against other means of
distributing property. A reduction in the cost of exchange
increased its volume. That increase in volume not only, as
we saw just now, made the market more fluid, reducing the
creditor's preference for payment in kind; it also raised the
demand for money - for people in a market of growihg fluidity
tend to.find themselves short of cash. A higher demand for money,

. in turn lowered the unit-cost of mining and minting, making

. money cheaper, and thereby available to facilitate even more
exchanges, formerly unprofitable without it'; and so on. 31

- .
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_was mined and German and Engllsh c01nége replaced the orlental by the
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+This is a statemegt of the basic condition hinted at by Arisftotle
above; This comearison of unlike quantities begins again in central-
late medieval Burope and the neceséary arithmetic .was as mwsteriqus for
‘the average BEuropean as were the properties of silver or gpldf%ﬁgch
seemed to give it.value as ﬁoney. This mornetary economy begah Lo boom
with the advent of long distance trade. In the earlyland central middle
ages it was the case that the richer you were, the less money you. had.
Money was an instrument of traders only. The breék—up of the Carolingian
empire left a trade legacy but royal authority was lacking. Coinage in
the ninth century was left to local auphorities. ‘

~ Mearwhile in Eastern Islam the world's most active curreﬁcy was being

A

created. ' The seventh century Islamic conquests left Byzantium and Persia

. joined so that "The new empire thus linked the most: ancient centres of

civilization - north-west India, Mesopotamia and Egypt - into a vast

subcontlnent of technologlcal and commercial 1nterchange"3 Explosive

economlc change began fo oceur in eleventh century Europe. Native silver

)

year lOOO it was JOlned with, that trade in the Italian 01tles S0 that

by 1600 money was establishied in the. centers of Europe. N

Although we follow ray's argument in outline, here he seems to
fall prey to the same téchnical‘mechanism which we take as his purpose
to counteract. After outlining the social conditions giving rise to

money economies, he goes on to suggest that money creates these social

conditions.33 No doubt, the institutionalization of this result of
_ p _ .

social relatigns had an effect back on those relations, but it was-not

without struggle. One result of these new conditions, in any case, was
. . . L . : .
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that -new habits of calculation were deveiopéd. One could plan and /
2 .
undérstand one's fate by arlthmetlcally taklng stock of wealth, wealth } h

how measurable in money. !

Arlthmet;c proper has its history embedded in the history of commerce

.and record-keeping. With Otto III, a pupil of Gerbert, mathematics takes

hold of Burope. The basic proceés initially was the replacement of the

dust-table and abacus methods-with the new method of place-value numerals

whigh allowed the keeping of a record of ‘the calculations. The new nu-
merals themselves however, did not -spark-this trend.

In the European phase of its hlstory, if one certainty
stands out, it is its refutation of the idea that : .
inventions by themselves start revolutions. The new. :
- numerals.were ‘available, complete with instructiens,

- to any educated persons who wanted them by 1200, It N //
was only c. 1400 that they began an effective conquest

f all literate culture. This delay is our opportunity.
The pattern of the rumerals' adoption will reflect,
not any foreign technological bombardment , but natlve
asplratlons and pressures. 3l

The Latins were SgSplClouS of .arithmetic ard also of anything non-
Latin. 'The_quiish Exchequer did not use Arabic numerals until the Six— _
teenth century, and many of the Italién cities did not use them in
official accounts until the fifteenth. The Italian word. "abaco" became

the term for written arithmetic, indicating its origins bﬁﬂéidé.ﬁhe ,

mainstream of off1c1a1dan or academia (c¢f. the dlscu551on of the "abacus

- manuscripts" below). "In the legal treatise known as 'Glanv111', com-

piled in 1187, the capacity to count money and measure cloth is said to

be the test of.legal majority for a-burghef’s.son."35
: ~

The "skill of rumbers", furthermore, receives both inspiration and

content frqn social conditions. As concerns modern mathematics and its
. L

continuity with the ancient, there are prbblems for internalist -

e

e S b e

Y SE F PP

el o i s e e i




R
2

140°
interpretation. Salomon Eochner, also in the internalist tradition,
has ambivalent feelings about this period in the history of mathematics
because of the absence of a contiruous, identifiable academic tradition.

As far as is known to me the only rationalizatiop ever
attempted is, a socio-economic one. It may be strange,
and even painful, to contemplate that our. present-day
mathematics,! which is beginning to control even the
minutest distances between elementary particles and the -
intergalactic vastness of the universe, owes its
origination to counting house needs of "money changers" ™
of Lombardy and the Levant. But, regrettably, I do not

know by what arguments to disagree, when economic
determinists, from the right, from the center, and from
the left, all in strong unison agree. 36

Leonardo Fibonacci, with his Liber abaci in 1202, marks the ear}iest
of mocdern Européan mathematics., His father was a repfesentétive of the
Republic. of Pisa and from 1192 was dirécting the tfadingfco}ony of Bugia
in what islnow Algerié. Leonardo was supposed to become a,ﬁéfchant
and learn the art of caleulation. With his father, Leonardo travelled
to Egﬁpt, Syria, Greece, Sicily and Pro&ence and studied and disputed

withsnative scholars. In the course of this study he decided that cal-

‘culation with Indian numerals was beste About 1200 he returned to Pisa

and composed his written works, which were a mixture of practical solu-
tions to problems as well as theoretipal @rithmetic and geometry. Of
special interest is that wi ard to the second and tenth books of
Euclid's Elements he.gives ﬁotojiy proofs in [uclid's manner, but also
tréétment in numerical form. According to Kurt Vogel, he went beyond
his predecessors in indeﬁerminate analysis and nuﬁber theory.

He sﬁen; the latter parf of his life as a friend of Frederick II and

the last bit of information we have about his 1ife is from the Pisa

archives mentioning an honorarium to be_naid him of twenty denarii.

O\ -

Al



141

He evidently had advised the city and its officlals without -

Ellgrflment on matters of accounts, a service the 01ty expected

’ to contimie. This decree of the city, which was inscribed

on a marble tablet in the Pisa city archives.in the nineteenth

century, is the last 1nf‘om1at10n ve have on Leonardo's life. 37

Also in the court of Frederick II was Michael Scotus who had made his
way from Balwearie, Scotland (1190) through Paris, and Toledo (1217).
The second edition of the Liber baci in 1228 was dedicated to Michael
Scotus. .’i‘he book is divided into fifteen-sections. The first five sec-

tions are on the numerals and the practice of calculating with them.

" The next two are on fractions. The next four are on business problems

2l

- pricing, exchange, partnerships,. "and the mixture of cqgins respectlvely 28

The tweli‘th is on manifold exercises, the tl'urteenth on- the rule of

G
Elchatayn, the fourteenth on roots and the 1ast or; geometry, algebra and
almucabala. 38 He was the first to make breaking a fra.ctlon into parts a

task in itself.w He wrote a sepa.r-ate treatise on comercial arlthmetlc

in'Italian, ‘the Di minor guisa, which appears to be lost.

The Italian abacist tradition spans ther per-iod from Fitonacci to
Luca Pacioli who published the first prlnted book on mathematlcs in 1’-!914
Warr'en Van Egmond has studied the ma.nuscmpts belongmg to thls tradltlon
and suggests that everyday reckonlng of this type not only improved and

grew during.the commercial r'evolutlon of' the late mlddle ages but also

"had a substantial effect on mathematlcs of a higher academlc order. :

These mamscrlpts are: a more ever'yday form of Flbonaccl 5 L1be

‘The tradition represented by both F:Lbonaem and the abac:l.sts had so<:1a1

roots and supports outs:.de the unlver51t1es. The manuscr1pts are ma.de
up almost entlrely of - practlcal comnerc:.al problems. For Van Egnond
the period.from 1200 to 1600 in Burcpe forms a dJ.st:ant period in the

-
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history of mathematics. o - s
_ During this time the West was Mﬂ@mws

it had taken from Greece and Islam into its own conscious-
ness, absorbing their meaning afd adapting them to its own
purposes. We might.call this the nascent period of Western

) mathematics, for it was a time when g-native Western mathematics
was being born from a mixture of k and Arabic elements
under the shapmg mfluence of the @gst?’s own needs. 39

A sedentary merchant whose power was growing posed new pr‘oblenﬁ for
mathematics, which development proved to have formative mfluence on
western algebra.uo In thls-context, K ‘ogel echoes Alexander Murray's
assertion about the qo—nurtu.ring of money, industry; -and arithmetic. He

>

cites Agricola's De re metallica to the effect that the use of coins is.

)
41 exchange of
\
goods provided the arithmetic of the period. imned'ite y preceding Agricola,

much more pleasant than simple exchange of goods.

the period of Van Egmond‘s concern yith its typical problem. It is here
that praportion e+ language of gain; in the words of Luca Pacioli,

"Exchange 1s nothing other. than giving one good for another with the in-

b2

tention of getting more." “ The setting of a cash price and a higher goods

price for their wapes by each of two merchants made the arithmetic in-
. volved quite CWEE:ted.
In the simplest situation, A offers & selling price (cash) bl’ and a L

' good value Sl, while B offers b2

valid and none is betrayed when" bl Sl = b2 82 Countless eicamplg;s of

- - this exist in the reckoning books of the fourteenth to sixteenth centuries.

and S, Pespectively. The exchange is _ a

From the‘A'lgor'isrms ratiobonensis we have the example of wax exchanged

£l

e against ginger . Where the correspording values are, for example,

b, = 8 fl.,-Sl =9 fl, and b, = 19 fl., S, = 21-3/8 f1. But where all

By 2 2
values are given the exchange is not cor'r'ect.)43 Vogel finds also that \
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a problem in an anonymous Luca maruscript and in the works of

Fridericus and Adam Riess is solved with the same numerical vﬁéges.

of their erd of the bargaln in cash and part in goods.

the

. who
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The problems get more camplicated when cne or both parties want part

following "ungrounded" formula is applied:

(b»"—ﬁ}@*—%);%_i 5 .

Vogel;clalms'that‘

The luca manuscript offers the following example in which merchant A

exchanges cloth against the wool of B wants one-fifth in cash:
by = U5 pfennig for 1 Channa (4 ells) of cloth;

S;-= 50 pfennig and b = 35 gulden for 1

hundredweight of wool; S is sought. The formula states:

45-50 : 50-50 = 35 : 8 Slthus is uo-ﬁlorshs

When referring te B, F‘ becomes:

e s st 5 )

-1

where B offers A not 1/n 1n cash but 1/n-1, ngel multlplles both

sides by n-1/n yielding: _

(

Vogel uses an example from Tartaglia to show the application of F.:

n-1 b, + Sa\: 5, = Db : 3 (% -)
oy 2 h A I ns3

and states that“this is found in the work of Francesco Pellas in 14

3"
An example from Tartaglia should show how an individual

exchange transaction of this kind is carried out. A has
2640 pounds of wool at 40 and 4§ Ducats a hurdred weight

_respettively., He wants to exchinge the wool against cloth
whicthQ§g§§é§ groschen (1/24 Dhcat) per ell. A wants half

in cash be s. First the exchange price is calculated
according to Fy, namely, (20-24):(48-24) = 20:8,, therefore
Sq = 30 groschen. Now 2640 pounds of wool cost 1267-1/5
ducats in exchdnge, from which A wants 633-35 ducats in cash;
for the other 633-2/5 ducats he gets 506-22/25 ells ot cloth
(at 30 groschen/ell, S;). The trial (Probe) shows that A :
received from B 633-3/5 ducats cash and 506-22/25 ells of cloth
at the cash value, of 442-2/5 ducats,.thus altogether 1056
ducats. For this'B géts 2640

~~

/"‘\_J

%.

N
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pourds of wool, at 40 ducats per hundred weight, thus
likewise 1056 ducats.

If all four values ave given then the transaction can

only be in order, if one demanded from his partner a
part in cash. 44

The abacist tradition is very important for us here because it
represents new directions in mathematics. Although traditions are never
made of whole cloth, the cloth trade in fourteenth century TUscany gave
new impetus to mathematical thought. Van Egmond describes a typical .
manuscript.

There is an extant syllabus from a Pisan master, Christofano di Gherardo //)
diDino, which lists seven topics in order of descending difficulty; 1._ .
multiblication, 2. one digit division, 3. two digit division, U. three
digit division, 5. fractions, 6. rule of three. Concerning the latter:

This" rule was the basic method of problem solving in

abacus arithmetic. Its study thus set the foundation for

g solving most of the problems the student would likely
' encounter in his life. It is based on the principle that
the product of the means equals the product of the ex-
tremes in a simple proportion of the form a/b = ¢/d,
so that given three terms it is possible to find the
fourth from the relation a = be/d. The use of the rule
of three is best seen in“Simple pricing problems like
if eight yards of cloth are worth eleven florins; how
" much are 97 yards worth. 45
Hren These manuscripts were written by professionals who, although spending
most of their time teaching or solving complex business or construction
problems, found some time to get ﬁbgéther in small tutorial sessions to ~
try new problems and new methods. Théir histories and contracts, claims
Van Egmond, display a "flow of ideas and challenges between teachers and

amateurs,.s., that provided the intellectual challenge and stimulus to
g

-

further progreés.“ Although some of the manuscripts ﬁhid considerable

attention to special theoretical subjects like algebra, number theory,
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tariffs pr_ast?ology, they are distinguishable by thé&f coliectioﬁ of
problems. In ninety-one separate works”for Florénée.élone averaging

200 - 300 problems each there were thus, 20,00Q3f 25,000 problems with
very féw duplicates. Therepgéé contribution to both busineff\iffﬂf?phe- .
métics. -

With respect to mathematics, the most abstract'ard theoretical result
. ' 1

of the abacus manuscripts are the sections on algebra. Arising from the

pricing and double barter problems are more abstract ones such as "find
me a rumber..." problems. Different rules or regule were developed for.
each type of problem. FbrAexémple: - : : =

When a censo ard a cosa are equal to a number, we must divide
by the censo and then divide the cosa in half and this half
.multiplied by itself, added to the number, and the square
root of this sum less half of the cosa so much is the cosa
_worth. 47 . -
~ 5]
This reminds us of Nesselmann's description of Diophantus' work as

syncopated algebra; Although the authoré of the abacus'manuscripts did
not have access to Diophantus, they partook of activities and traditions
similar to those which perhaps constituted Diophantus' develoénent. The
épecialized algebra portions of the manuscripts use the term cosa for the
unknown number and in thls reSpect only are the problems dealt with dif-
ferent from the cumner01ally practical problens Accordlng to Van Egmord,
the ¥bacus manuscripts represent the only algebra tradition 1n Europe of
the relevant period. Almost all treatmenps of it take place 1n_the work
of'tQ?/QZacists. o
The tripartite histqrical‘divisibn of periods of Algebra of Nesselmann,

rh;torical, syncopated énd symbolic, may also,.claims Van Egmond, be seen

in the 200-year career of the abacus tradition itself.
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The development of arithmetical problem-solving can

reasconably be divided into the same three steps with

the abaci obviously belonging to the first, though towards

the end of the fifteenth century, there is some use of

abbreviations and a primitive symbolism that is the mark

of the syncopated step. 48

There are two other practical traditions to be considered here, cossist
algebra and bookkeeping. The term cosa, mentioned above for unknown, oc-
. curs in both and seems to mean something like "thing".
The name which stands out in the linking of the bookkeeping and alge-

braic traditions is that of Luca Paciolil whose Summa de Arithmetica

Geometria Proportioni et Proportionalita was a culmination of the abacist

tradition in algebra and the first pubiiéﬁeéﬂquatise on bookkeeping.

. ‘\\
The bookkeeping portions have been published separately as De Computis

et Sqripturis.- The Summa has been given more attention by accouﬁting
historians than historians of mathematics probably because of his status
as father of their ;cience. gﬁnfmnateus, Cardano and Stevin are others
to have e@mbined-thé activities and”traditions to name only a few of the
most prominent. Although Pacioli's Summa is the first printed book on
both algpbra-and béokkeeping, he is not the inventor of either. Some
claim th:_a,t‘ double-entry bookkeeping is as much as 300 years older than
Pacioli.h9 De Roov;r plaefs its development realistically as taking
place on a trial-and error basis in several nbrthérn Italian cities bet-~
ween 1250 and 1400.°° The earliest extant account books are similar
records of partnerships. Between 1155-1164, Giovanni Scriba, a Genoese
notary, kept the contract records of an account between Ingo da Volta
and Ansaldo Baiallardo for purposes of dividing after each contracted
journey the appropriate ﬁroportion of profits féllowing deductions of

expenses and allowing for unsold gpods.sl This busineﬁgabf partnership

C
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proves to be a necessary ingredient in the development of double-entry.
Littleton mentions as pre-conditions and essential elements writing,
arithmetic, private property, money, credit, commerce and capital while

De Roover boils it down to the three big factors of partnership, credit
52-

and agency. This is an accountant's eye view of the relations of
commodity production. Littleton explicitly lays out the socio-

3 .
‘economic requisites for the emergence of this form of record keeping
in opposition to the notion of its emergence as simple technical develop-
ment in the narrower sense. So although duality of form emerges as a
characteristic of double-entry bookkeeping, and because of the réquisite
social contexts, this outward form is not sufficient cause to regard it
as criteria for the existence] of double-entry.

It is evident, also, thgt a considerable degree of duality

of record probably existed long before double entry bookkeeping

was completely formulated. In fact, instead of belng the

sine qua non of bookkeeping, this duallty of form is quite

probably a mere reflection or result of a deeper, more b331c
characteristic. 53 - .o

For Littleton, bopkkeeping records facts about property'and property
rights and for this caleculation requires the widespread use of money
as common denominator. In addition, credit is necess or the deferr—
ing of balancgs. The trend toward double éntry invéiizzﬂzhe trend
toward balances and away from remainders. "Perhaps equilibrium of-

. results may be the keynote of double entry rather than duallty of
form." 'r
.The calculation of positive and négative properties involved

presupposes the existence of such rights in law. The ultimate purpose

involved is, within this social context, to engple a’proprietor to assess
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the relative merit of different specific risks. Although accounting

historians would not use this language, double entry depends on the

. [
existence of certain relations of labour.

When commercial proprietorship drew to itself and adapted to

its own requirements the account—keeping methods of banking
agents and trading factors, modern double entry bookkeeping N
emerged. 'Factor's bookkeeping' had become 'proprietor's
" bockyeeping'. 54 : e .

This“occurs when the sedentary merchant mentioned by, V.

becomes the norm and especially when he employs others
receives credit. This was indeed groﬁ_ing in northern It
fourteenth centu}'y. By the-thirteenth century money £hangers were
_becoming merchants of'exchaﬁgﬁ By 1338 there were eight bank.ing; me’s |
in Florence and by 1400 there Were 120.%> The firm became an entity
in itself whose property- can be measured by calculating the 1ega11y;
established. gains and losses in goods measured by money. By 1400
accounting pr'acti'ces'wer_e alr*ea_dy a t;>01 of mar_lagement and control
with tile rudirents of cost-accounting having been .developed. One
account Iwml;lgff\rom 1296 -r1305 displays double entry practice in
paragbaph form, that of the firm of Rivieri Fini and brothers, bankers |
to Philip the Fair of France (1285 - 1314). Another, Farolf‘i) Co., -
Flore:ntine merchants in Iangu%_‘ andal?rovence, shows o;;eratiné 'result;s‘
with cro's‘s'.refer;;ll'l;:ed debits:.and érgdgits and prepaid rént as a Ly
deferred expense, bu'ﬁ there was as_yet no,cghesive sys'tem.gs‘ -

The next é]fﬁest t}ﬁ';{to modern double entry results from tbe
books of th;e del Bene Co. 1n Flor-enée from 1318 - 22, This company

: ; . Coes . “. T~
J.mpor% undyed woolen gloth from Flanders and finished it in Florence .

et
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and kept one set of books for 1nduitr1al activities. The productlon,

o ——
'

o

earnings and advances of dyers and finishers“were kept track of.

The r3550n why the del Bene company kept such elaborate records

may be‘due in part to the fact that it was engaged in marmfactur-
_.Ang, which always calls for more detail and stricter control.

The great amount of duplication may also have been a clumsy way

of prov1d1ng internal chegks, a result which Zould have been.

d achieved more efficiently by a simpler and more rational system

b eeper. His was stlll a period of experlmenpat;on. 57
In this period the term ragione.referred to a statgmght of account .

of!accountlng. However, we should not blame the del Bene
of a firm or one of its branches.  Other derivatives of the term’
refer to bookkeeping and its practices or practitioners. Similar
terms are also Used to descrlbe mathematlcal practltloners of the
E_SF\algebralc variety; also from the same period Paolo Gerardl s
b

abac ébb with the first recorded attempt at an algebraic solution of

a cublc equation, the Libro di raptopi, was written in 1328.58_ The
first systematic use of double entry comes from the Datini firﬂlin
about 1340. The records go from 1335 - 1410 and display, the transition
from Single to double eptry. Double entry is used exclu51 after

1383 and after 1390 was used in all branches.\’ Yamey dec:.des that (|

double entry was-about two centuries old when Paciocli wrote his treatise.
.'He rejects the notlon that it resulted from the appllcatlon of 501ence

ard 501ent1flc measurement to the world of trade., Although he is

worrled about the dlrectlon of 1nfluence he does not doubt the connect-

ions. Nor does double entry respond to a technical business need 59

It, along with European algebra and mechanics, we are arggihg, is part

of the intellectuallreflex, ahd.this itself is not meant in any

B}:mechanical" or "derived" sense, of rapidly changing social relations,
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effecting both everyday IXE? on the street and in the offices ard

4

palaces of clergy, nobility and royalty

Thus a new niathematics deveioped in a Burdpe whose sofial found-

ations were beginning to changs very rapldiy The c

keeping track of

i ods for
these relatiorls weré becoming more abstract in keeping
with the relations™

epween the objects of exchahge We are now at the

labour were becoming more wide-spread and the calculatign

to nature

point where we may begin to see the application bf this new mathematics
. Although at

st the connections are difficult to trace
and documefit, with some of the later figures the task is muel easier.

»

We shall now look. at sane of those thinkers who were concerned with

problems of mechanics, velocity, equilibrium and so forth, whose work
violates certain Aristotelian and Buclidean notions ev

though
certain of those figures would claim to be Aristotelian themselves
shall begin with /Thamas Bradwardine and Nicole Oresme

N

Thomas ‘Bradwardine (d. 1349) ‘

&

P

Bradwardlne was one of the flrst to compare unlike phy31ca1 quantltles
1u1phe same expre531on.

| 9
In hlS phySlCS Bradwardine is essentlally an
Arlgébtgllan but_the source of his mathematics is not really known

o

He was an Augustinian as well who'preached'to the English forces after

[

to await a decision about the orthodoxy of his views but fled to the

. Q]

) ' ’
their victory over the French at Crecy in the'Hundred Years War, lectused\\\\h"/
to the matriculi at Merton D"légg, was called to the Curia in Avignon

»* -
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///(// prdtection of Louis of Bavaria in Pisa . became Archbishop of

Canterbury for a few days unti% be died of the plague.60

Bradwardine differs from Aristotle in some important respects in

comparing quantities of unlike‘EInd-and—in’Sgéing the continuity of
A L] )

motion on the properties of the continuum. He cites only one source
for his new mathematids.

AccordiTg to Ahmad ibn Jusuf (in his letter On Proportion and

proportionality} they differ in another and most important way

in that, in the case of continuous proportionality, all the terms

must be of the same kind, whereas in discontinuous, or disjunct,
/ proportionality, some of the tenns may be of different kinds.

For example, as the length of one musical string is to that of

another, so ig the pitch of one to the piteh of another - ard

ad one moving power is to another,so is the speed of the one

motion to the speed of the oth¥r. 61

oo

There are two problems here. Physical properties, whigh are

r

continuous, are made numerical, discrete; second, forces are related

< ,' to velocities dnd thus'tennérof different genus are related. ARem
ibn Jusuf's answer to the second question (Bradwardine does not bother,
wi?h the'first at all), is that‘although'continuﬁus proportionality

- must be betwéen terms ,of the same genus: terms of different Fenus may
be related in disdonginuous proportion lity; Rationals are proportional

immediately by number, irrationals immediately by proportion ard .

mediately by number. Older writers like Jusuf were attended. with

enthbgiasm for the growing application of proportions. We may suggest

at this pdint the possible association of this kind of proporticnality

I's

with'connercial.practice since in the same Arab culture the rule of
three and rules of single and double false position appeal to a similar
base in propoftionaiity, in the commercial realm between quantities of

-~

-
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unlike kind. "Ametgs (Atmad ibn Jusuf) extols the utilify of pPOpSrtion-

ality for finance, statics, optics and music."62
After introducing the notioﬁ that proporticnality, strigtly speak-

ing, ébtains only between quantities of the samqjkind,\Bradwardine

goes on to speak of dgnominétion by rumber, a term missing in t@g"

Euclidean discussiqh of pfobortions. He devélgps his notion of-qdal%}— o

ative veloéitﬁ aé,a response to an objection raised aééinst his dynamics.

" » The objectioTK;aised is that if equal veiociéies are to result from

equal proportions of forces (Bradwardine's geometrié law), then the

1

space traversed by a larger body should be equai_ﬁo that. traversed by a
smaller body, which of course cannot be the case if velocities are
equal. In the words of Lamar Crosby,

This dilemma’ thus raises the problem of relating force to distance,

. =~ “dynamic to kinematic functions, and brings out the ambiguity
inherent in Aristotle's remark that the "weight" of a body is
a factor in its velocity in free fall. Bradwardine offers in
solution of the above dilemma, a distinction between "qualitative"

. and "quantitative" proportionality as applied to motion.

_ Qualitatively, the moving force bears the same proportion to any
arnd all fractions of the impeding medium, and the qualitative
.proportion determines qualltatnve ve1001ty Quantitatively,
howevpr the proportion is between the times of the ‘two motions. 63

1&@ broportlonallty arrived at.here is ba51ca11y that to deouble’
the velocity Qe double not the motive force simply but double the
proportion of motive force to r'esistance.6u Bradwardine ana his immedi;
ate followers never did any experimental work.(that is<mown about) so .

S
he problem of unlts and the development of constants never really drove

home the question of commensurability in all its ramifications. Nothlng

in the whole of the Tractatus de proportionibus is measured or given' <2

"any numerical q?lue. Oﬁly proportions are identified as halved,

- - R r
A

)
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doubled or tripled etc. Thé definition’ of one qﬁahtiity in ter1;1s of two
others was used by :Bfa,dﬁardi..ne_'s followers in.a whole range of théolog—
ical,’philosophicéal and other problems.ss. l?\ ratio is now a quantity in
itself, contrary to the notion of the Greeks. Although for many mediev-
als.the universe was ordered by number, weight and measure, there is a

-large Jum from the notion that the COSMoS displays' numerical

: proper'tiefs to he use of rumbers to measure continuous magnitudes in

»

proportlon. Bradwardine's rules of proportion seem for the most part

in line w1th Boethius and EFuclid and. the subseqdent: compos:n.tlon tradition
except for his c'?m;)arlson of .unllkﬂuantltles, for which he uses. Ahmad
ibn Jusuf as authority, and for his notion of contirnuity. His rule
continues to be used whenev;_-r growth is a function of size.66

_The only sources cited by Bradwardine are Boethius and Ahmad ibn ' /

. Jusuf. -John Murdo¢hhas carried out an analysis of these medieval

proportion traditions but ié Vunable to establish thc{ir scurces. . Brad-
wardine's notion of denommatlon was at the center of new uses of
proportlons. It had begen well known that a ratipnal roportzl,on could
be denominated by a.mumber. Bra.dwardlne " s 1ate]$denom1nated
to dlstlngu:l.sh it f‘.r'om ‘thé followmg )

The second or'fler compmses those proportlons which are called
"irrational"”.” These are not immediately buf only tely
denominated by a given rumber, for J:hey are immediadely denom-
inated by a given proportion, which is, in turn, immediately
denominated by a rumber. Of this Sort is the square root of the
proportion of two to one, which is the .proporticn of the dlagonal
of a square to its side, and the square root of the proportion of
nine to eight, which corsstitutes a musical half-tone. 67

V/ We have, then, quantities which are incommensurable in two senses;

they are irrational ard are quantities of unlike kind. For Stillman

(T
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‘Drake, however, Bradwardine is still a lc;ng way from modern algebraic

treatments of dynamics and kinematics. i

v

There is, nonetheless, a move toward the unification of number and
magnitude in the notion of denomlnatlon and this move has as its only
cited source the wor-k of one who r‘ecomnends the use of pr'opor'tlonal:l.ty

for flnance.68 Mu.r-doch c1tes John Wallis?' conment ...the whole

fifth book of Euclid's Elements is arltl'metlc’ If the medlevals were *

hlstorlcally no stlmulus for Wallis' detemu.ned position, still the:r

‘\speculatlons pointgd in his dlrecti?n "69 - Murdoch mentions the flve

basm medieval renderings of the Elements as those of Boethlus a.l—

‘Nairizi, Gerard of Cremona, Adelard of Bath and Parls Manuscript BN.

. L] ’
10257. The latter two mention continuous proportionality, a concept

forelgn to Euclid and likely of Arablc origin although no sour'ce has
been fourd.

>~
»

Br'adwardme at least hlnts at the numer:.cal treatment of magutudes
ard engages in the comparison of quantltles of unlike kind. The only

avallable- analogy would seem to be commercial calculation, in which the

- Arabs were also involved, as Aristotle describes it in the Ethics. We

have, thus, in Bradwardlne a hint of the abstractlon of nature along the
lmes we have mdlcated

Nicole &wes:p}e (d. 1382)

-

In terms of the co%ion b'et\»é‘; the expanding camercial relations_ o

and\{e new mathematics of motion Oresme's predecessors were Pierre
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Jean OLivi and Francisks de Marchia. Both OLivi and de Marchia were

Franciscans and ch condemned the use of money within the order

but also prov:Lded an early defense of bourgeois wealth and flnanclal

practices as long as these praotlces were not engaged in by the Church.
¥ QOlivi was a hero to the people and antl-ChrJ.st to the Church. In 1304

. all of Olivi! s works wer'e ordered destroyed. Tn econamic: terms zoiivi's

writings concern the concept of money rather than usury specifically.

In the thirteenth century in a work entitled "De. contractibus usurariis",

Olivi condeived of‘ money as capital. Capit‘al (quandam seminalem rationem
lucr'o51) was Opposed to s:.mple nbney (simplex pecunia). Olivi uses the
Latin "capitale", and apparently got- it from economic life. Ethically
Olivi considers the prof‘:'gt from the. loan of money to he legitimate
when the same profit 'coﬁld haye been made from the money in a legitimate
business. Charg:mg mterest was non -usurious when the rates of :Lnterest
were set accordlng to the prof‘:l.t rates in mercantlle busmeSses. Value )
was added through labour or- 1ndustr'y whether a good. or money was A
mvolved Money becomes, ‘for Oli’{}a, a transporter of 1ndustry The
Franciscans and Paris Ockhamtes retalned Olivi's economics and notlon
of‘rnotlon S

" 'Michael Wolff argues that there is a eclose parallel. between Olivi's

70 The Justl-flcatlon of

notions of both motion and capltal as forms.

AI pI'Oflt on capltal prov1des the motlvat:.on for a ,Justlflcatlon obf‘ the
1mpetus conoept Money is analogous to any other tool not just an
N mstrument of exchange The activities of handworker, merchant and

banker are, all of the same kJnd
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'frcm about the mid-thirteenth century the national coinage in France

'waS'biﬁéfhlllc ard ¥he ratio of gold to silver was nominally establlshed
~ . in the 1nterest of the state coffers. If was soon realised, however,
that thls damaged trade, causing problems llke 1nflat10n Pierre du

Bois argued against devaluing-fioney in h ? "De recuperatlone terrae

sanctae". e?ﬁr‘cenulnceﬂ Charles V against the monetarist policies of
his ptggecessor Both Burld%n and Oresme wrote tracts on.'economics".
The upshot of, their M3n51derat10ns is that, as opposed to/Aristotle,
money was not considered simply conventional; its valhe_could not be

wished,ﬂﬁéfg$mqney had a real value.

- In his De Moneta Oresme argues basically the position that money

has a real rather than simply a nominal value. It belongs to the commn-

-
0

ity and not the prince and its value is determined by the labour

expended iﬂiproducing it, although this determination receives no

quantitative expression.in Oresme. Wolff's. argument concerning freedom
\\f force and ownership is expressed clearly in a passagé‘from the De Monetak

‘Tor if a manr gives bread or bodily labour in exchange for money,
the money he receives is as much his as the bread or bodily
labour which he (unless he were a slave) was free to dispose.
For it was not to princes alone that God pave freedom to possess
property, but to our first parents and to as - i
as it is in Gen931s 71 .

N

Value, it appears, occurs in Oresme as something like a natural property
= o of gpld and silver, owing partly to their scarcity. Whereas Aristatle

. had argued that money is strictly conventlonal and cou}é‘m t'r'uth
. . X

-~
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of 'ssimilar kind, Ehus malci'ng\xrjatlon of the inner terms of a

thus enabling them to be v;);gg:}i{t 1east_;3‘iin one sense as
les of_like }c_frxi. Buridan questioned cross-conjunction both_jfn

72

idan and Oresme were concemed

rmst have to be bearers of
v

that the value of gold shou_ld

ion owirf’g to its natural

was countering a“practice e d in by many princes of his

day: that of ‘coinage which upon clrculatlon

would drive out the older, purer _on thus enabling the prince, bearer

of the Qlder, driven-out coins, to enrlch himself. This produced

ififlation as well as other ﬁnancml problegs. In arguing that the

coinage belonged e commmlty, to the|subjects and not to the ™

prince, Oresme was drguing thereby not o that proportionality was -

in truth possible mathematically between quantities of unlike kind, but

| - ~
also, since money had a real valug, the proportions correspond to some

real determinable property of the ob;jecé/s considered. The unifs into

which this value is divided are nominal, pence, shilling, mark, and if

~ for any reason’ the units are changed the proportions of dlfferent: coins

to each &,ber w111 change since the prince ca.nnot legislate the value
relatlon of t? metals concerned but only the name of the units. Oresme
pomts to the origin of the +term moneta afq emphasises thereby its diff-

-,

y" C \ f | L\ZP

" provide a basis for co in rtionally the quantities of objects
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erence from "nummisma". He quotes Ugucéione of Pisa's "Derivationes

magnae" to the efifee{ that "ﬂgggég is_so‘sailed from moneo (to warn)

\%écause it warns us against fraud in metal or yeight." COresme agrees

with Aristotle, OJid and others in arguing that it is unnatural for

money to increase itself "by changing itself into itself, as qhénging

one form of it for another". He also argues, however, that mbney may

realise profit éby laying ‘it out in the‘purchase'of natural wealth".7u
L]

Hector Estrup, in his discussion of fourteenth century economic thought,
\ . '

calls Oresme'S'theoqy in this regard the theorie marchandise as opposed

to the more predominant theorie signe.75

To return to kinematics and mathematics, the medievﬁ} part of ﬁur
story begips essentially with Bradwardine and, althoughlﬁe can only -
speculate aﬁout his invol&ement'%n economics or finance, it is here that
we must begin our argument about tbé pélatibq;petween the three realms.’
William Wallace makes the following observation: °

Bradwardine would undoubtedly have identified himself as an
Aristotelian, for the problem to which he set himself was to save
the rules given byy Aristotle for comparing motions and deciding
on their commenéuiébility. Yet in defining motion he and other
fellows at Merton College implicitly abandoned Aristotle's
analysis in gﬁyeur of that furnished by William of Ockham. A
close study of their writings shows that, rather than conceive
motion as the actus entis in potentia inquantam huiusmodi,

as Aristotle had done, the NMertonians regarded Wotion essentially
as a ratio.

To this Wallace adds the following footnote:

How this transition came about is not easy to explain, involving
as It did a rejection of such basic principles as the Ruclidean
condition for any ratio, viz., that it must be between entities
of a single kind. 76

With Oresme this question takes on new and suggestive dimensions.

[
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We do not know that Oresme formulated economic or mathematical

notions in direct responce to business practice but J;hnsoPlEgports
that he was "'bursar' of the College of Navarre from 1348 to 4

October 1356, when he became Master". 7 His De Moneta was written in
1355, most of his scientific writings between 1360 and 1370 and finally

he produced translations of Aristotle's Ethics arnd Politics.YSA His

——

connection of concerns with economics, proportionality and commensur-

-

ability comes out clearly in his translation and gloss of the Ethics.

' His translation of the passage reads:-

And a diametrically organised combination causes a proportlonal
remuneration, as would happen if one arranged four things in

a square dlagram which would have four corners or angles named
a,b,g,d; and put the carpenter in angle a , the shoemaker in b, -
the house built by the carpenter in g and the shoe made by the
shoemaker in d. Now then the proper procedure would be for the
carpenter to hire the .services of the shoemaker and to remunerate
him by offering his services in return. And then if what the . ,
carpenter did were proportionally equal to what he received

from the other, things would be as we said.

To this he adds the following notes:

Diameter is a line whith crosses a square diagram from one

corner to the other; as shown below. - That is to say: Jjust .
Cavpedter Sho emakel
b
& h

_ 4
hovse . shoé

camutation . in kind, not according to the equality of things but
".according to the proportlon of théir value; 1or a house nas more

valuq'than a shoe and a pound of twimbic more value than a

pourd of candles. 79

That his familiarity with business was generally recognised is evidenced
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by the fact that he was sent by the Dauphin in 1360 to secure a loan .
from the municipality of Rouen.BO L
In his, kinematics and mathematics, Oresme is concerned with whether
‘ratiog can be part or parts of each other and appears as well to produce‘
violations of Euclid's and Aristotle's concerns about the admissibility
of ratios between quantities of unlike kind. In admitting such ratios
Oresme is preparing t?e ground , ?y\éfgating a mére~abstract, homogeneous
mathematical object, for the coalescence of rumbér and magnitude and -

hence also for reducing the problems created by incommensurability.

His propositions in the De proportionibus proportiorum all point to
. which ratios are commensurable with one another, which ratios are

aliquoé parﬁs of other ratios.

\

With respect to dynamics, Oresme vas able to argue that mosf\ratiogt |
of velocities are likely to be irtrational. ‘This inexactitude did
not bother him. He Qperéted by trgating ratios as numbers, ﬁhus
supporting further our notion of his contribution of more abstract and
homogenecus mathematical objeéts. ¥ '

I offer an example formulated in numbers, be ause if ratio B.

is parts of A then each {i.e. A and B] can be ated as_a number,
by the .fifth [proposition] of the tenth [Book of)Buclid].

Let B be 3/5 of A, then by the preceding propesition, it is
necessary that C be 2/5 of A. By subtracting C from B, 1/5
remains which ¥s part "of A because it is 1/5 of A. 81

Edward Grant sees Jthe problem here of the number - magnltude dlstlnctlon.

We see that Oresme, in coplng with the various problems arising
from his treatment of ratios of ratios, frequently applied to

the same case propositions from the arlthnetlc books of ‘Euelid
and the more general books embracing both number and magnitude.
It seems that Oresme, perhaps unlmowingly, was 1gnor1ng the
traditional distinetions between rumber and magnitude in general ,
and bridging the gap that artificially separated them. Such

o
v
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moves were eSsential before mathematics could advance td the e -
development of analytic geometry. 82 _ %

Most of the De pI'OpOI"thI‘IlbLlS 1s devoted o showmg which types of \

ratios are commensurable and which are not In the process, however
Oresme succeeds in obtaining, in our view conditioned by his economic
actlivities and writings, an abstract enough mathematical object to be
—\\ihﬁe to reconcile mmber and magnitudé. Number is used to calculate

with continuous magnitudes.

Rafael Bombelli Sd‘. 1573)

The work of Ra.f‘ael Bombelli dlsplays quite gr'aph;l.cally the kind of
use.and reading of Dlophantus which occurred in the szxteenth century.
' SJ:th Bombelli modern mathenatlcs c of . The older literary and

ecdotal style d:.sappeared with h:un and mor'e symbollsm arnd f‘omallsm

was ushered :m. Olschki argues that the use. of Dlophantus and Archimedes

by Bombelli and Tartag;lm" put mathematics into a more formal la.nguage
by which the ea.r'ly modern Europeans were only then able to appr'ec:l.ate
Greek \g_rathematlcs.‘ 83 i
We are arguing, of codrse,-that the new culture did illow an
appreciation of DiopI;antes but that it was a new nénder'ing. It was
precisely a commercial culture which allowed this new, more abstraci:
" rendering., The career of Bombelli's Algebra displays this nicely.
Jayawardene places Bombelli at the end of a t:radition beglnmng
with Leonardo Fibonacci and running through Luca Pacioli. Bombelli

~ T
came in contact with the work of Diophantus and this contact ‘had a

s
A T 4 et 1 b

'
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“tremendous effect on the formalisation of western mathematics. The

" published version of his Alggbranéontains no commercial examples.

Y

In fact, in the introduction to Book III he said that he had
deviated from the prajtice of the majority of contemporary

authors of arithmetics who stated their problems in the "guise

of human actions": (buying, sc¢lling, barter, exchange, interest,"
defalcation, coinage, alloys,weights, partnership, profit-and loss,
games and other numerous-transactions and operations relating to
ily living). 84 )

imed to teach the hipher arithmetic in the manner of

the ancients. An unpublished version of the Algebra, however, reveals l

. that Bombelli too had originally conceived it in practical terms. In

1923 a manuscript version was found in a.library in Bologna. According
to Ja&awardene it precedes Bombelli's :eading~of Diophantus. Bombélli
did not have formal mathematical training. His father was a Qool merch-
ant and his mother the daughter of a tailor. His profesigbnal activity
.was primafily that of a’n engineer and he 4m'oyed-'che patron'age of a
rich-napleman to gngagg in‘the writinghizifés Algebra.

In the AMlanusct ok I dealt wit

ementary concgpts like powers

Book IT with ‘oers and notations for thé
» .
Pook YT ddalt with practical examples .

aictual operations.

TN i lictipn to ook IIT of the-manuscript is quite different
'wCh that\qf the printéd.work: there is no reference whatever

‘ to the conteporary authors of arithmetics who stated their

problems in the "guise of human actions:" The absence from the
manuseript of the 443 problems borrowed from-Riophantus found in
the printed version suggest that Bombelli had not seen the
Vatican Cod%x when he first wrote the Algebra. 8% -~

- . . . e
Book IIT of the original manuscript, however, contains-156 practical
problems. e problems in the manuscript version follow the problem

classiﬁisffifg/gf Kurt VOgei, which includes exchange, ﬁartnership,
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™86
*interest arid labour time. "

Antonio Maria Pazzi, a mathematics teacher at the University of
Rome, showed Bombelli a codex of the Arithmetica of Diophantus, which®

exerted a wide influence. In place of cosa and ¢enso Bombelli used the’

Diophantiné tanto and potenza, and‘excludéd the practical probléms
replacingfgﬂem with 143 taken from'Diophantu$;]]11the introduction to
the revised Book ITT Bombelli dissociates himself from the tradition he
followed in writing the initial v_ersion.s7 He also introduces a new

symbolism. A

i - .
He represented the powers of the unknown quantity by a s
circle inside which the exponent was placed:(l)for the
(& for x?, and 5 \}) for 5x. In the printed work the semi-
circle was redu to an arc. 88°
. This is the best sort of circumstantial evidence for our argument
that it was a particular social and economic context which allowed a
modern, symbolic Teadidg of Diophantus. The creation of an abstract
mathematical object to be of use in physical calculation was developed
in commercial calculation in the context of & burgeoning cbqq?rcial
culture and enabled what Klein has termed the irmovation in modern .
algebra. We have a man with no formal mathematical training, whose

father was a merchant and who essentially conceived of his aigebra in

most respects before reading Diophantds."without'erther revision he
was able to insert into Book III the “mofe‘ébstrac@"'problems‘of | )
*. Diophantus in placehoftconmercial préblems. We can thus safely coneclude
that the?féading of Diophantus did not really constitute Bombelli's

aigébréj
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Niccolo Tartaglia {d. 1557)

Tartaglia fixed some general e#pressions of calculation % formulas.
He was consulted on problems of a;i;hmetié by engiheers, artillerers,
merchants, architects and ptheré.and taught mathematics to business peo- \\\i\\
ple in Verona. While his wfitings "oreserved the tone of the Venetian
workshop, store and -*gg;al"’Bg emphasizing the éonnection of daily life

with technical and mathematl tasks, ke read Archimedes and translated

- . \ .
-Buclid with a-commentary so "that every mediocre head would be capable

of conceiving it with ease without pre-lnowledge or the help of other

w30 He was a teacher of Benedetti who, in turn, influenced
" ’

Galileo.

. f

Tartaglia'is one of the most prominent mathematicians of the sixteenth

e

century and is an extension of the practical abacist tradition. His

opponents, however, attempted.to draw him into peripatetic. debate. He

introduced geometric problems into arithmeticot

92

and influented scholarly

mathematical methods. The style of his‘work, for.Olschicil, is that of

the burghers and not of the court.

Olschki argues as well that "the'néw skills, methods and experiences . /

made possible an immediate uhderstanding of the Diophantive book."93

Tartaglia also read'Diophantug and began to use same of the new mathemat-
ics in mechanics. Whereas the ancients had been concerned primgﬁﬁ}y with
statics, Tartaglia was more involved with ballistics. He coﬁcluded, for L

example, that a 45° elevation gives the longest cannon shot. -

In the first sections of his Nova Scientia Tartaglia does not engage
in much algebra, constructing Archimedian proportionalities between
3 Tt o :
(W
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magnltudes of like kind. Times are compared with times, dlstances w1th

distances and angles with angles. With proposition IX of th?/ggcond
book, however, we begin to see some algebraic cdlculation but a very
a. . -~ -
c;;;E}Y/;Efempt is made not to calculate with magnitudes of unlike kind.
He does, however mix areas and lines in order to deduceathe length of a
M5°'shot compared to a "point-blank" shot.
On the thirty-ninth question, twelfth proposition Of the Quesiti
there is no doubt that quantities of unlike kind are compared in the same
-expression. The form of cajlrlation here is algebraic. He begins with
a question having a history in Jordarus and the medieval Archimedean
- tradition. . ’
If there is a solid rod,‘beam, or staff,. as in the two .
preceding [propositions], which is similar and equal in
thickness, breadth, substance, ard heaviness in every
part and of which the heaviness as well as the length
. is known, and if it be divided into two unequal parts
which are also. known, it is possible fo find a weight
‘which, when suspendgd at the end of its shorter part,

will make the said solid réd, beam, or staff stay
horizontal. 94 .

.

In this work, which is written as g_dlalogué‘,fartaglla has his

1nter10cuter the'Duke of Mendoza" the Spanish ambassador tc Venice,

" request a proof in the form of a "materlal" example.’ we cite the example'

in full from Tartaglia.

Tartaglia: For example, let there be the solid rod (beam
or staff) AB as proposed, that is egual and similar in
" breadth, thlckness substance, and heaviness.on every side
or in every part; and let us assume the heaviness of the said
~solid rod to be known, tlkat is, let the length be two paces
or ten feet; and let us also assume that the rod is divided
into two unequal parts at the point- C and that the [lengths -~
of ] said parts are known, it being dssumed that the shorter '
part AC 1s two feet and the longer CB is eight feet. Now
I say that it is possible to find how many pourds that
body must be which, suspended at the point A (end of the .

)
- ' e ‘
[N P
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shorter part), will make the saidtrod or beam stand parallel
to the horizon. For (by the things demonstrated in the

two previous propositions} it is manifest that the ratio

off the heaviness of that body to the heaviness of that dif-
ference which exists between the longer part CB and the
shorter AC (which difference becomes DB) will be as the
length of the whole rod or beam AB {which is ten feet)} to

the double of the shorter part AC (which is two feet), and
this double comes to be four feet. Ilet ug call this AD.

Then the heaviness of that Body [at A] will be to the heaviness
of the partial rod DB as the whole length of AB (which is

ten feet) is %o the length of AD, which is four feet. Whereby,
arguing, conversely, let us say that the ratio of AD -(which
is four feet) to the whole AB (which is ten, feet) will be as
the heaviness of the partial rod DB which (at the rate of

40 pounds to all AB) is 24 pounds. Now the weight of the
body we seek is that which hung at the point A, should
maintain the rod or.beam parallel to the horizon. Whence

in order to find this, we shall proceed by the rule ordi-
narily called the rule of ‘three, founded on Euclid VII.20;
multiplying ten by 24 gives 240, and then we shall divide

by four, obtaining 60. I say that that weight which I called
the body F will be 60 pourds; and this is the proposition. 95

‘Proposition thirteen does much the same thing. The problem here, of
cou;se, is the citation of Buclid as authority. Although Tartaglia cites
VII.20, we are assuming here that this is the same proposition rendered
in modern editions of Buclid as VII.19.9§ Euclid had reasons for writ-
“ng separate books on proportion for magnitudes and numbers. In VII.19
Euclid is referring to pire-numbers only, not to numbers as.measures of
physical or geometric magnitudes. _The rule of three, furthermore, is
an Arabic rulé with primafily commercial applicatiops. Feef and pounds

may now occur in the Same expfession jﬁstlgs cloth and ducats may be

" - measures of each other in a commercial sense. The abstract concept-ofl
nuber derived from commercial calculatién was used by Tartaglia to
produce a view of nature és homogeneous. He believed, fUrthefmore,

. that he was simply apblying Euclid, because Buclid for him was reéonstif

4

tuted through Tartaglia's own sixteenth century eyes.
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Galileo Galilei (1564 - 1642)

Galileo is typically the figure most closely associated with the advent
of a mathematical science of nature. It is also rather comgonly held,
thanks to the work of Stillman Drake, his foremost modern commentator,
that his only real predecessors are Euclid and Archimedes. . We argue, how-
ever, that there is reé.son to believe that his allegiance to Buelid ‘and
Archimedes is incomplete angi'tha_t the influences on him came from the
same tradition in which Tartaglia had participated.

It is true that Galileo Ziteﬁpts to remain within the Egcli:iean-

Archimedean tradition but he does violate their principles in one respect.

‘Drake argues that he does not violate Buclid's or Archimedes' ‘principles.

Galileo brings a different sort of concern from that of Archimedes to his

.attempt to mathematise natural phenomena. Galileo was more interested

*

in motion and change whereas Archimedes was intérested in statics; (
Arch:hnedeé was more concerned ;a:ith genefal, mathematical truth and
Galilec with a \Qiff;erent sort of knowledge of the physical and alterable.
Where reality and certainty cannot overlap completely, Galileo prefers
reality ahd Archimedes prefers cerjtainty. '

In Galilgo's case there is a more practical, less contemplative

inspiratioh. The social form of labour makes itself felt egrly on in

his Two New Sciences. _He is viewing processes and accomplishments

carried out by those with less cont

Salviati. Frequent experience of] your famous . arsenal, my
Venetian friends, seems to me %0 n a large field to
speculative minds for philosophizing,and particularly -
in that area which is called mechanics, inasmuch as every

sort of instrument and machine is continually put in

operation there. And among its great number of artisans

there must be some who, through observations handed down

by their predecessors as well as those which they

J | ' | .

o

- ~

lative concern than Galileo himself. .

.

—
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attentively and continually make for themselves, are truly
expert and whose reasoning is of the finest.

0. You are quite right. And since I am by nature
curious, I frequent the place for my own divergich and to. 2
watch the activity of those whom we call "key men" [Prot:L]
by reason of a certain preeminence that they have over the
rest of the workmen. Talking with them has helped me many
times in the investigation of the reason for effects that are
"\ not only remarkable, but also abstruse, and almost unthinkable.
" Indeed, I have sometimes been thrown into confusion ard have
despaired of urderstanding how some things can happen that
are shown to be true by my own eyes, things remote from any
«conception of mine. Nevertheless, what we were told a little
while ago by that venerable workman is something commonly
said and believed, déspite which I hold it to be completely
idle, as are many other.things that come from the lips of
persons of little learning, put forth, I believe, just to
~ show they can say something concerning that which they -
don't understand. 97 ,
_ -

Here we have a partial union of ancients and moderns, socially amd .
intellectually. Galileo was both well-versed in Aristotle and was, at f/_\

the same time, concerned to explain nature in a way connected with pro-

\

ductive activity. Galileo's interest/jé the labour-process is evidenced

a few pages later where he discusses the resistance of human bones to

A
98 These corditions are precisely the conditions under
‘-._/

which human lnowledge grows for Gallleo. Olsc\zﬁu argues that this dem-

dlfferent forces -

mstlrates Galileo's embeddedness in a contex_t of goal-directed ]abour.gg
Peripateticé and artisans thus\'join fo@in the pérson of such a sci-
entific virtuoso as Galileo. ' | | ‘ ' 7
-qumg partly to this new and growing conte:-ct Gallleo is able to

egﬂlcate some older distinctions. The dlstlnctlon between natural and
violent motidn_is removed . when the analogy to human labour is applled
to account for a good deal of what passes in many realms of na_tture. . .
The "levelling" quality of the new context also horrbg’;:iz_es, the objects \

to which mathemat.{cs is applied so that proportion theory applies now
f



-

A

Y Sz S

to qualitatively similar bodies. As. early as 1584-90 Galileo
adumbrates these developments in-his early notebooks,

since comparisons are properly made between things of the
same species and not between things of different kind, it
also results that we can properly compare.such qualities
among themselves in activity and resistance only by comparing
the activity of one with the activity of the other, and
similarly the resistance of ‘one with that of the other,
for this alone is comparison in the proper sense. In.an

g "'y improper way, however, we can compare activity with resist- . 1
ance syen thiough they are of .a different kind, and this

S " in twd'ways: first, absolutely; second, not absolutely but
e _ in its kind, by seeing which of them is closer to the . N

’ highest and most perfect of its kind. For example, the

’ s heavens can be compared with a fly even though they aré of a

| { T difTerent kind, in two ways: first, abbolutely, by. inquiring
which of these is more perfect, and in this way it is certain
that the fly, being an animal, is more perfect absolutely than
the dnanimate heavens; second, not absolutely, and in this

\ way the heavens are more perfect than the fly, because in the

' gerus of simple body, the heavens are closer to the highest
degree of perfection since they are -the most perfect simple
body; on the other hand the fly, in‘the genus .of animal, is
farthest away from the highest perfection of ahimal. So in
either way we can also improperly campare resistance with the
activity of a quality; and each of these two ways can further
be divided into two additional ways. 100

s i
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Although there are here Aristotelian vestiges which are not present

b a

Q’x Two New Seiences, we"can see that even early on Galileo was goncerned

AY

with the technical and philosophic means of hamgeniﬁing and mathematizing
" nature. After displaying its appiication to uniting heaven and earth in
a defense of Copernicué, Galileo's method reaches its pealz in Two New
Sciences. This aga:l.n is our problem of the c@ison of mmituﬁes ofi?‘?.
unlike kind. Although Galileo is very careful £o stick to Archimedean
N and Ehzciidean priﬁciples, he does "pe‘_r'form' some operations which are close

. .
" to those.of Tartaglia, although there is no mention of the rule of three

/._Nr its Eource: in Buclid, ' ' _ 1
Stillman Drake, although he,of course, takes the opposite position o l
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to ours, has already done much of our work for us. On the third dany’\

B

the discourse, Proposition IV, Theorem IV, Galileo is concerned to demon-
strate that the ratio of spaces traversed by uniformly moving bodies in
unequal times is a ratio coﬁpounded from the ratio of the times and the

ratio of the speeds.

) . o
Iggggnar;eables are carried in equable motion but at unequal .
spéeds, the spaces run through by them in unequal times havg\-l
the ratio compounded from_ the ratio of speeds and from the Fatio
of times. 101 ' :

e

Galileo sets up the solution as follows:

Let two moveables E and F, be moved in equable motion, and -

let the ratio of the speed of moveable E be to the speed

of moveable F as A is to B, while the ratio of the time in
" which E is moved, to the time in which F is moved, is as C

is to D; I say that the space run throughwbdy E atl' speed A

in time € has, to the space run through by F at speed B in

time D, the ®atio compourded from the ratio of speed A to

A [speed]}
[moveable] E- . .
.« C ———————= {time] . g s
B - (speed]
[moveable] F '
' D me—mee———— [time]
G - [space]
I - [space derived from s

PR [space]

Iet G be the space run through by E at spéed A i
and let G be to I as speed-A is to speed B, and’'fet I be
to L as time C is to time D. It folloys that J/is the
space through which F is moved in the s
in which E is moved- through G, ince sp
speeds A ard B, Since I is to aee C is to‘time D,
ard T is the ‘space that is traversed by moveable F in
time C, then L,will be the spege traversed by F in time
D with speed B. Hence the ratd G to L is’ compounded
from the ratios.of G to I and of I L, that is, from
the ratio of speed A -to speed B.and of time C to time R
Therefore the proposition hglds. 102——

—. s L \ - | —



M(}reek for "compound ratio" is J\OJOS mrwl&o)' (1ogos synenmenos)

“as "multiplied By"-
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and Drake is alerted to th For Drake, "The Archinedean concept of

ed 1n Galileo's illustration. The notion of
speed already does this; if there were any experiments involved the actu-
al numerical calculations would require it. 1In any case Drake is keenly
aware ofs the potential difficulty in arguing that there is a pure or un-
mediated use of Archimedes here. In an earlier passage dealing with the
resistance to fracture of prisms and cylirders of differing lenéths and

diameters Qalileo also employs compound ratios. Drake adds the following

note: ' S A é—

This is probably the first expression of a strictly physical
property in terms of two irdependent variables. Archimedes
had used the compounding .of ratios in a similar way, but only
for mathematical relationships. 104

Drake directs us in this édnnection td Heath's discussion of

Archimec%?a' terms in/his translation oft Archimedes' works. The term uged

literally "rati ﬁ.tled together". Heath translates the Greek k-u , M"and",

105 prehimedes' term for multiply is giverrby Heath as
- - )
l)’o.lln‘!f/h*tdj (pollaplasiazo); it seems reasonable sée e&pe t Ar;_ch:’_medes

t -
to use this term if he meant "multiplied by". In-mw case, Archimedes
;o

did not apply compound ratios to physics.

. . \
Drake remains dteadfast in his assertion that Galileo~gi
applies .the Archimedean and Buclidean mathéma\tiﬁal traditions. We can

~
now write formulas for physical relationships Wereas Galileo could only

’
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here the considerations we outlined in the Seginning of this chapter
and he is certainly correct in maintaining that Galileo was anxious to™
follow the Budoxean definitions for the proportions of magnitudes.

To begin-with, however, ‘there séémsAto be some équivogapionbon Drake's
part. He states that in compourding the ratios v/, and tl/t2 into

vlt1/v2t2 , Galileo is careful not to perform an algebraic operation on -

- them such as would result in the terms v /t and v./t What is "v" if

271
not the comparison of dissimilar quantities? Drake mentions that

Galileo "was able to express certain functional relationships without
assuming or implying that any particular distance was the product of a -

107

particular speed and a particular time". Although Galileo might have

had other reasons for aﬁbiding explicitly algebraic calculation, he was,

‘nonetheless, interested in expressing "funqtional.relationships". For

Drake, Galil ided algebraic calculation because for him it would
have implied "b hysics". - o -

Although we cannot tie Galileo directly with commercial endeavour,

Ludovico Geymdnat has Galileo's father as both a musician and a merchant.

His teachexrs~had also been pupils of Tartaglia.lo8 "(I)t wag_by reason

of economic problems that Vlncen21o was constrained to take up trade

addltlon to music, 109

! From the consideration of the alteration ™of elemenbs toan®interest
. L &

in and inspiration from practlcal problems to the mathefatigdtion of

L)
nature, a new phllosophy emerges, a philosophy whlch -if not strictly

mechanlcal 1tself helps to usher in the mechanical phllosophy.

Philosophy is written in the grand book, the universe, which
stands continually open to our gaze. But the book cannot

be understood unless one first learns to comprehend the
language and’read the letters in which it is composed.

n

\ [
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It is written in the language of mathematlcs and its ¢ ers.
are trlangles circles, and other geametric flg;ures without
which it is humaniy Jmpossa.ble to understand a single word
of it; without these one wa\nders around in a 1 dark labyrinth. 110

This leads, :.n the end, to a phllosophy ‘which is pretty clearly mechanic-
al. In discussing an accoun’c of' our senses, Galileo states ref‘er'rmg to
the tasfj on the tongue: ) M

here the tiny particles are received, and mlxn.ng with and

penetrating its moisture, they give rise to tastes, which are

sweet or ungavory accordmg to the various shapes, numbers ard

speeds of the particles. And those minute partlcles whlch /
rise up may enter by our nostrils and strike upon same small
protuberances which are the instruments of smelling; here

likewise their touch and passage 4s received to our like and -
dislike according as they have this or that shape, are fast

or slow, and are rumerous or few. 111 .

Francois Vieta (d. 1603) |
| The ;.n"ocegs of homogenization of the world was also carried out in .
mathematics and Francois Vieta is, for Jacob Kleih, one of thg;%ys in
the development of‘_abst;act mathematical ;)bjects and hence of symbolic
ajlgelgr“a. Although he had no known comnections with commerce, he w
associated with the law, that realm gb\(emin;; and ref‘lecting the social‘.
relations of the day. His father, Etienne, was an attorney and rioltary
. and “Francois Leceived .his bachelor's degr'ee. iR 1560 f‘rom the University
of Poitiers. In.1564 he enter*ed.the ser'vicelc‘k’catﬁer‘ine of Parthenay
and became her tutor and Nfe-long friend. Catheriné was an ardent —_
}Hug.xenot and mérried René of Roha;l,_a mber of a“prominent Breton
- Iz;nﬁiy, her first husband ha \been j

Bartholomew. One of their éuifldren, Henri, became a famous leader of

11ed;at the Massacre of St.

t:heHuga.xenots.n2 After a bri@f-three year stay in Paris he became

counselor to the parliament (}B_rittarw-at Rermes for six years and for

: ~ * ..
' Mhe next four years maitre de requetes at Paris and royal privy counselor.



to make our argument about abstractig

i

For the next five years leitiCC{l}/ enemies had him banished from the court
but he was called back by Henry IIT when he moved the parliament to Paris.
He was intermittent".ly in Henry IV's service being finally dismissed by

him in 1602, the year before his<dbatmild

This is most significant for rebra because there is a contentious

issue about whether Vieta got his term "specious ari'tﬁme_tic" from

\
Diophantus or from lepal usage. If from gal usage, zhelps greatly

d homogeneity b ing based on

social analysis because it is preciy ely the calculation by species rather

* than numbers whict/harks the distihetive turn to modern mathematics in

» . /
terms of the ontological status of mathematical objects and may help to

connect with "actual" history Klein's concerns about commensurate develop-

. ments in'"intentional™ history. We argue here, with Klein, that although

Vieta claims to be a _r-enova%, he is every bit as much an innovator.

Although he claims to be renovdging an aficient art,-Vieta himself
. .

also has a sense of his innovative talents, especially in terms of )

‘developing a new language. This comes out in the dedication of his

Isogoge to Catherine of Parthénay.

O pringess most to be revered, thz! things which are new are wont
in the b ing to be set forthfudely and formlessly and must °
then“t€ polished and perfected in succeeding centuries. Behold,
the art wRich I present is new, but in truth so old, so spoiled

v

and defile§ by the barbarians, that I considered,it necessary, b
in order t@ introduce an entirely new form into it, to think out

and publisk a new vocabulary, having gotten rid of all its
pseudo-techniical terms (pseudo-categorimatis) lest it should -

retain it§Tilth and continue to stink'in the,old way, but since ~

- till now have been little accustomed to them, it will be \(
hardly avoidable that many will be offended and frightened away
at the very threshold. And yet urderneath the Algebra or
Almucababa which they lauded and calded "the great art", all
Mathematicigps’recognized that incomparable gold lay hidden,
though theyfused to find very little.” There were those who vowed
Iyatcmbs made sacrifices to'the Muses and Apollo if anyone

;/// ' L I . d v
1
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would solve some one prof¥lem or other of the order of such problems
as we solve freely by the score, since our art is the surest
finder of all things mathematical. 114

We are now thus dealing with an art; the intent is now instrumental

calculation rather than concern with the statds of the objects. Even

though this is an art, Vieta cautions us that neither rhetoric nor the

"pleadings of lawyers" are of any usef for the gold to be found is in

nd15

a

"(Flor I am not one to fight against nature. To this ene
Vieta divides his analytic 4rt into three parts, zetetic, poristic and

a third called rﬁét'c-of e egetie. The zetetic finds an equation or
proportion between the magnitude sought and those given, the poristic
investigates-the truth of a theorem from the equation or proportion thus
set up and in the exegetic the magnitude sought is produced from the
equation or proportion. These three constltute the “science of right

finding in rnathematics-.“l16 ‘The zetetic art,

L

4

ermore, is applied ¢

indifferently to nurbers and magnitudes although Vieta 'si;t;{l

- concerned to obej“ﬁﬂaglaw of homogeneity, a principle no longer adhered

to immediately afterwards in Harriot and Descartes.

In the zetetic art, however, the form of proceeding is peculiar
to the art itself, inasmuch as the zetetic art does not employ

its logic on numbers - which was the tediousness of the ancient
analysts - but uses its logic through a loglstlc which in-a new
way has to do with spe01e§ This logistic is much more success-
ful and powerful than the numerical one for comparing magnltgges
with one another in equations, once the law of homogeneity has
been established; and hence there has been set yp for that purpose
a series or ladder, hallowed by custom, of magnltudes ascending

or descending by thelr own nature from genus tg genus; by which
ladder the degrees and genera ofmagnitudes Z(equatlons may be

designated and distinguished.117"
“After this follows a short collect*é;tof

1Y

n notions and proposit-

ions from Buclid. Thereafter comes a section outlining the run gs ;

. NS

q

N T~y

-
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(powers) of magnitudes in order that the law of homogeneity may‘be
observed. The problem he deals with here is basically that of determin-
ing what must be déne with a magnitude of 6ne rung to‘make i% commens-
urable.with a mapnitude of another. 'This is relevént primarily for
gaaitiqn and subtraction, wbich operations may only take pla;e between
magnitudes of the same order. Magnitudes may be multiplied or
divided but the resulting product is of a different genus from the'
initial magnitudes and when added to anothér magnitude must be of the
same genus.. .

‘ .

Vieta next describes the laws of zetetiecs. If it is a length, plane
or solid which is Sought, the unknown will be represented by a side,
square ‘or._cube respectively. In accordance withlthé-conditidhs
dictated by thé problem, the given magnitudggaand thé unknown will
be compared "by adding, suéﬁ;getiﬁg, multiplying, and dividing, the

constaﬁt law of homogeneity being 'everywhere bbserqed."l}a Ultimately, ]
something will be found which is equal to the magq;i'éude sought. An
equation may be formed as long as- the powers on both sides are the'
same (sameé genus). Thyunknowns are represented by vopels ard the givens
by consonants. In gther words if A is a cubé it might be equated with
.a square multipiiégﬁggaqléngth C. In Vieta?s terms this would be A
cuﬁe in C.119 Iﬁiﬁpdern notagfﬁh this would be x*=axt.

Three proposigg;;; then foliow which are familiar to us as typical:
manipulations of eqpétions. Vieta asserts that equations éfe not
changed by antithesis, hyﬁobibasm or paraﬁalisn(;hich are changing

- /
sides of terms by a change of sign, dividing both sides by, the unknown

o
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and dividing both sides by a given quantity re ctively.

o~

He next discusses poristic which fo

possgible finding o
]

a new theorem by retracing in reverse orde e steps of\the initial

f

analysis. Then, in his discussion of the rhetic art, eta makes clear

his disregard of the number - magnitude distinction through his use of

i_theanew term "species", and is worth quoting at‘length here.

When the equatlon of the magnitude which is being_.sought has
been set in order, the rhetic or exegetic ... art, which is to be
consiflered the remalnlng part of the analytical art and as one
which pertains principally to the application of the art (since
the two-others are concerned more with general patterns than with
precepts, as-bne must by right concede to the logicians), performs
~ its function both in regard to numbers if the problem concerns
a magnitude that is to be expressed by numbers, and in re to
lengths, surfaces, and solids if it is necessary to show the
magnitude itself. And, in the latter cgse, the analyst appears
as a geometer by actually carrying out the work in imitation of
the like analytical solution; ir®the former case, he appears as
a logistician by resolving whatever powsirs have . been presented
numerlcally, whether simple powers or conjoined. Whether it be
in arithmetic or geometry, he produces some specimens of his own
[analytic] art according to the conditions of the equatlon that
has €§Qn found or. of the proposition that has been found in an
orderly way from it. 120 . .

The “reckonihg by species" thus sets up equations yielding much

'i

7

more fbrmal and-%?Feral_solutions thggjehose yieldigg concrete ind;y- '

,idual answers to concrete, individual questions. We are well én the

' way to Wallis' general theory of ratlos and to Klein's Lnterpretatlon

that this depends on a symbollc relnterpretatlon of the concept of

arithmos. Thus Vieta says: .,

+ Therefore analysis, whether with a view to arithmetic .or to
geometry, dlscloses the mystery, knowrt hitherto by no one, of
the d1v151on of. angles and -it teaches how:

When the ratlo of the angles is g;ven to find the ratlo of
the sides., '
== 2o




¥

to itself" the ultimate mwm LEAVE NO PROBLEM UNSOLVED."

-_/" Ll
To make an angle to be in the same ratld to an angle that a
~ number 15 to a number. 121 -——

Vieta makes the final claim for his art that it "appropriates
' 22

It is our argument here that this abstracting, homogenising and univeré-
alising tendency takes place in a sociél context in late sixteeq%?
century Franqe where COmmOQitisation aa? the pfbliferation of markets
wert. taking place -alorg with thé struggles attendant to that develop-
Jnent and the position of a jurist attemptinéﬁ%o make sense of it all.

It can be arguéd that at least three of Vieta's terms are of legal

[ ] L
——

origin. The most important of these tenns is "species™. John Wallis,

in his A Treatise of Algebra (1685) argues thats Vieta's use of this

term derives frcm’g common legal usage whereby the names for types of

~ cases wouid be represented by person's names to indjcate any person in

such circumstances and even on occasion simply by letters.

Now with respect hereunto, Vieta (accustomed to the language of

the Civil Law) did give, I suppose, the name of Species to the
letters A, B, C etc. made use of by him to represent Indefinitedyges
any Number or Quantity, so circumstanced as the eguation required.
And -accordingly, the accomodation of Arithmetical Operations to
_Numbers or ether Quantities thus designated by Symbols ar §ge01es,
“was called Arithmetica Speciosa or Specious Ayithmetic, the word
Species signifying what we otherwise call Notes, Marks, Symﬂols

or Characters made use of for the compendious expre551ng or
de51gnat10n of Numbers or other Quantltles 123

Thus the langgage of coptracts, condltlons and stipulat;ons'finds
its way as a:universalising'tehdency thrduéh a jurist into eariy modern

mathematics. What was uqyieldy; tedious or lacking in generality in the

ancients, is for Vleta by‘means of these Jud1c1a1 terms turmed 1nto

I

sQ@ethlng far more ‘universal and formal. In renderlng Euclld's and

Diophanéag‘ te for condltlons of possibility of a problem and its

’ . — - 1

N A
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solution Vieta also uses judicial terms where Buclid "stipulates"

conditions foy”a proportjon, by "symbolism". "Vieta here understands

124

a 'contractual étipulation' which corr‘e'éponds to the jud_101a1 co%cept
of {:he Greek symbolor'.” " Where Diophantus calls th ondition of

possibility a prosdiorismos\Vieta uses the judicial ,ter'm cautio
125

. {(security). Whereas Xylander translates Diophantué' ejde as "species",
J.-Winfree Smith concludes that | _
It may be, of course, that the word "spec1es" used by Vieta
is meant to contain somethlng of the meaning of the Diophantine
eide and also something of the judicial meaning. 126
Vieta's reinterpr'etati?n of Diophantus in this light thus shows
the leying of foundations for operations which immedidtely af‘tema:ﬁ
in Harriot and Descartes no longer needed to be outlined. For* Kiein
‘the symbolie techniqueQ at that pqint become "6péque"; for Vieta, the

hidden has became something obvious. *

P

Diophantus in those books which co&er'n arlt:rmetlc employed
zetetics most subtly of all. presented it as if established
by means of numbers and not also by species (which, nevertheless, °
-he used), in order that his subtlety and skill might be the more
admired; inasmuch a L)grt:hose things that seem more“subtly and more
hidden to him who uUes the reckoning by numbers (logistice
numerosa) are quite common and immediately obvious to him who
uses the reckoning by species (logistice speciosa). 127

-

René Desc.artes (1596 - 1650~)

As regards science, the thought of Rene Descartes is a formulation
of the world wh:ch allows cor'poreallty to be understood as ext:ensmn and

thus as calculable 1n accordance with his mthesis umversalls This

universal mathematics has its ground not only in a concern with nature,

’ r
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per se, but in a desire to systematically formuldte human social life.
He wants to interpret contingency optimistically and to Phis end
constructs -a rationalistic system, able to comprehend nature and thus
also to provide a gpound for human conduct in a world. where outer evént
is beyond human cpntrbl. According to Borkenau this leads to a concept-

ion of motion, for example, where commodity relations and the eoncomitant

conception of impetus play a role. The boﬁpom line here proves to be

. the goed of God and equivalence in exchange.
Descartes discovers a law of the constancy of motion and grounds
it in the good of God. The special completeness of this law of
. constancy, which he claimed as self-evident without ing
it, lies in truth in the exchange of equivalents in the transfer
of motion from one one body to another. Bourgeois exchange -
: equlvalence thus proves to be the basic category of nature. 128

‘ .

>

The development of a national economw gga‘prov;31on for a provisory
morality of cbeying the laws of the fatherland go p{ﬂ in hand. Neither ]
of thest developed in Descartes' France; he spent the second half of his

life in Holland to avoid the sort of persecution to which Bruno and

B

Galileo were subject. Colbert and the bourgeoisie suffered a telling

blow with the Edict of Nantgg. In noh-Anglo—Saxon countries capitalism
became the éfeserve of a smali section of ﬁhe’nation.. The struggies
og?r these issues took a religious form. ForfBorkenau, the work of
/::; Descartés represents the first attempt to build a unified world=view

from the categories determining the life of the individual within ’
129 o

capitalism. - He took up anew the problem of grouﬁﬁing-a new morality '

. - 2 )
on a new matural science. The new universal science was to be enlight- °
ening and normative. ' , o E ’

Commerce and gentry come together in Descartes' family! There
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are commercial bourgeoisie, parliamentarians and intellectuals in his

130

ancestry. His father was a membh\of the Bretagne parliament at

Rennes with Vieta. The unity of nature and morality, whiclf is to be

grounded in this new universal science, orients itsel_f‘ to the require-
ments of practice both in‘moral theory and in science. The control of
nature, both inner and outer, is at a premium. The ‘pm'pose; of his
Principia is the control of nature and of the moral life. Throughout
his works he attempts to reconstruct the world in terms about which we

may be absolutely certain. He wants to aﬁply proportions to everyth:l.ng

‘but stops short “of constructlng blueprints for a new society. °Unlike

More, Bacon and Comte i_)e never constructed a utopia. In fact he did
not really suggest a'new morality but rather wanted to 'provide groum‘is '_
for one which was fast caning into existencé. His was at.m‘:sb a contemp~
lative perspect:we attgmptlng to mter'pret fate opt:unlstlcally A new
phlloscphw was needed for contr-ollmg natural fate.

The production of insight into the cause ‘of fate, furthemnre, ‘
is to be brought about by achieving the 1dent1ty of an !'I" reduced to
pure thought Wlth an'outer world redgced to Iiure reasai. We have:']mow-.
ledge, to begin with, only 'Of\c;u/rsel\{es. Those ideas wlmn are clearly .
and dlstlnctly percsﬂred and requlre no mductlon f‘or their verlflcatlon
are the bu11dlng blocks and ‘startlng points in Descartes method. The
imagination then connects this naked 1nte11ec1; with reality by way of
"seal impressions". Mind and bady are connected by the imagination to
allow knowledge of féality. ' Impressions are connected in sequencés and
mathematics is that. which moulds, the mtelllgence enabl:mg it to per-

- -

~
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& : -
. . . \\ ’ K
ceive connected sequerices. The point here i1s that out of these motivat-

ions came a universal science whose gener'al object is identified with
the subfstance of the world; corporeality is defined as extension. For

this purpose Descartes developed a synboliem of figui‘es which he laté;

mstmcted to lines.
) . . For Descartes this conceptlon of a figure- symbollsm cornects
: two different trains of thought: (1) the conception of algebra
as a 'general' theory of progortions whose object, only symbol-
) ically comprehensible, acquires its Specific-characteristics.
: from the numerical realm, and (2) the identification of this
'symbolic' mathematical obJect\wn:h thg object of the 'true
physms.' 131 8

-

"
l’. )

Although Descartes' mathematics are not practical in the'direct‘
sense of enabling us to build' a better bridge or mouse trap, they most
certainly are motivated by everyday concern. 'Ihey. .d‘g__rso, ﬁJ.r'thermor'e.,-

" in a‘'way which reveals the levelling, homogem.smg tendencles occurrlng
in*a society well on its way to being pr'edonunantly a corrmodlty produc—
1ng, market .soc1ety.‘ 3\1 one of his earlier ‘works Descar'tes compares -
and equates activities whlch most, for other practical reasons having
to do with the division of labour and specialisat:i:pn of tas.lés, would

. not consider conmensurable. Although various oper:ations must be

* divided up amongst dlfferent ﬁmctlonames various processes ard obJects
may be viewed theor-etlcally by the same science.

Whenever men notice some smularlty between two thlngs they

are wont to asgribe to each, even in those respects in which

the two differ, what they have found to be true of the other.

Trhus sthey erroneoushy‘ compare the sciences, which entirely con;i:é,./
in the cognitive exercise of the mind, with the arts, which de

upon an exercise and dispositionpf the body. .They see that not

all the arts can be.acquired by the same man, but that he who'
restricts himself to one, most readily becomes the best executant,
for it ig not so eas r the same hand to adapt itself both

to agrictfltural operations and to harp-playing{ er to the

e T .
. -
. - o . .
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per-fonnance of several such tasks as to one alone. But this /J
is certainly wrong.  For since the sciénces taken all together
are identical with human wisdom, which always remains one and
the same, however applied to different subjects, and suffers no
a i more dlffer-ent:.atlon proceedlng from them than the llght of the
B = . sun experlences from the varlety of the things which it illumines,
there is no need at all for minds to be confined within limits,
for neither does the knowing of one truth have an effect like
that of the acquisition of one art and prevent us from firding
( out another, it rather aids us to do so. 132 N

Here 1n one passage ‘we have reg‘erence to the division of labour and
S .
- specmln.satlon of tasks and the creatlon of homogeneous, abstract
objects, ail fommlated in a way th.ch flrmly d:Lst:Lngulshes between

mtellectual and marmal labour, fIhls is no 1onger the science of‘ genus

and dlfference but one whlch deals wifh a pretty homogeneous unlverse
comprehengible by one human msdom, by human beings now in. possessmn of

> :  formal equality since "Good sense or Reason, is by nature equal inall - -

men. w133 “That which dlstlngulshes us from brutes is found complete 1n

_ «H _ each lndlv:Ldual 134

135

but depends on being gulded by means of reason

25 'elone-' 'I'hat hlS notlon of sc:lence has origins by analogy in a

| partlcular set of -SOCJ.al relations and that his intention is that it
- :have practlcal appllcatlon back into that context is evident from the '
| ".defense of his rethod in the biscourses 13 )
It is the partlcular set of soclal relatlons in wh:.ch we find
craf‘ta and labours so orgamsed which makes possible such a world—
‘v:l.ew in the first place. This enables ﬁmthemxore, the. constmctn.on '
of & method which beduces the "I" to thought and the world to body. , - . |
" Body becomes g:r-aspable mathematlcally by the constn{'t‘lon .of an abstract
" hcmogeneouﬁ mathematlcal object, general magnitude. An mtellect operat-
ing by Descartes' method is capa.ble of separatlng out these abstract
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objects, objecEF whose very existence is predicated on the proliferation
in society of the commodity abstraction and the concomitant accounts of
social relations and of the legal thought and activity designed to
govern them. Objects acquire specific properties from the numerical
realm but are seen as "representing" conéretely existing things. There
are two highly significant developments here: lj the constitution of
general magnitude, 2) the reference of this general magnitude to
objepts of the real world and therefore its significance for phy§ics. .

The final goal in this endeavour, however, is a science of human,
social relations, a moral science. |

Thus philosophy as a whole is like a tree whose roots are

-metaphysics, whose trunk is physics, and whose branches, which

issue from this trunk, are all the other sciences. These’

reduce themselves to three principal ones, viz. medicine, mechanics

and morals - I mean the highest and most perfect moral science

which, presupposing a complete knowledge of the other sciences,

is the last degree of wisdom. 137
This last degree of v;:isdom, wé are arguing, has its roots not only in
metaphysics but in forms of human, social relations which are already
in existence and fast coming to dominance - exchange relations. Its
roots are in social analogies and influences. An- analogy having its
roots in social relations is used to reinterpret nature mechanistically.
This intefpretatio_n of nature is then groposed as a basis for under-
standing and guiding social relations. Since the morality proposed by
Descartes is only a provisory one and inyo.lves no real changes .in coriduct,
the goal of his philosophy turns out, as Borkenau has argued, to be the

" optimistic interpretation of'féte , of outer event. From Aquinas to Cusa

" to Descartes, we view the change from an uderstanding of nature in

+
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human terms, to an understanding of humans in nétural terms. The
latter understarding ié, however, also an understanding which has the
_ social realm as its root. |

The cornerstone of this attempt on the part of Descartes is his
development of general magnitude and it is here that the soclal realm
makes itself felt 5ost directly. In the Discourse Descartes mentions
" his pleasure in findiné mathematics to bé a suitable foﬁndation for all
kmowledge because of the certainty and self-evidence of its proofs.l38
Interes;ingly enough, in the Diécourse, in order to justify his move
away from logic and letters and toward mathematics, Descartes spends
a few pages describing what amounts to a curious relationship between
intellectual aﬂd manual labour.. He describes having found the study of
letters to be empty and useless and leaves it iﬁ favour of travelling
in order to discover how people reason in "matters that speciaily

concern"them.l39

Although hé was much more taken with this in some
reSpects,‘he found the diversity in manhers disconcerting and so
resolved to study himself in isdlation.

ﬁe wants to argue here on behélf of a greater unity and consistency
in human experiencé and judgement than existed’at the time and justif-
ies this on the grourds that a cathedral conceived by one man.wili
be more beautiful than one wﬁich has a multitude of architects. This
conclusion bears the mark of a world whose distinctions have been
considérably levelled and in which universally applicable laws are
desired. Descartes would like to remove the spontaneoﬁs and thus
haphazard character of such historical developments.

Descartes now lives in a world where questions of more or less occur
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"only in the sphere of the accidents and [de] not affeét the forms or
notions of the individuals in the same Species."luo It is thus, however,
a homogenised and abstract world, a world where questions of more or
less provide Descartes with a method of grounding philosophical truth.

He Aow lives in a world where mathematics can provide the basis for
loftier edifices than mechanical arts. He thus chooses to work with
logic, énalysis of the ancients and algebra of the moderns in a way
which simplifies them and puts them on firmer foundations, just as a

141 To

state is better ruled when having a few, strictly observed laws.
this end all objects are reduced to lines in order to view the propor-
tions obtéining between them. This involves "borrow(ing) all that is
best in Geometricgl Analysis and Algebra and correct(ing) the errors

182 mis method, furthermore, is to assure

of the one by the other".
us of correct réasoning in all things. This certainty, in turn, makes
us- masters and possessors of nature.

Those things in nature about which we can be certain are, in
.efféct, primary qualities because they may be clearly and distinetly
perceived, are magnitude or extension in Hength, breadth or depth, figure,

movement, substance, duration and rmmber'.llI3

To all of this, Descartes
first establishes his existence as thinking substance . Although we
have no specific quarrel with this, his grounding of each quality as
clearly and distinetly perceived is nowhere in his work very clear or
distinct. The whole edifice in the erd is groﬁnded on the completeness
of God. Other ideaé may be contained in him eminently and"@iligent

attention' points the way to God's existence. The knowledge of God's

*
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existence, furthermore, allows the acquisition of knowledge of corporeal
things inasmuch as they are the objects of pure mathemat;i«cs.]'m4 Since
the clarity and distinction of the perception of these qﬁalities is
never really grounded, however, (in fact Descartes evokes thém in the
first instance and only then proceeds to wonder how they may be seen

as clearly'and distinctly perceived), we take their origin to lie in

some source other than the' completeness of God or naked intellect.

Ll

’The reduction of the world to such a substrate is, rather,.the re-
sult of social processes, division of labour and exchange. Borkenau
cites Adam to the effect that Descartes' famil& displayed an exanple of
the growing together of mercantile and intellectual classes into the
parliamentary bourgeoisie, that he was a member of the gentry whose
capital for the purchase of offices came from the maternai.grandmother,

/
/' and his family thus were members of the strongest of the bourgeois

’ strata. His family thus also, however, viewed his studies as meaningless,
failing to realise that his thought constituted a justification of
their interests.1u5 '
The path toward such studies represented also a reaction against
medieval values in the form of a rejection of Jesult education. The
mediéval world view did not suffice in a world without harmoniously
* divided estates and with this went also its view of nature. The
Molinism encountered by bescartes amongst the Jesuits was grourded in
“the theory of estates.1u6 The unity of nature and morality had to be
established anew. Physics, metaphysics, geometry and morality are all

interdependent in Descartes' system. A natural-moral life (under the
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new conditions) is only possible with a certain measure of control of

nat:ure."m7

This is the meaning of universal science for Descartes. As
alluded to earlier, however, there is no revolutionary' intent on Descar-
tes' part regarding a new social-moral order. The key here is adaptation
to an alien world. "Therein consists precisely the reification of
social pr'ocesses."1u8 The attitude here is a contemplative one.

Laws of nature, furthermore, are seen by Descartes as regular and
universal owing to the constancy, perfection and unchangability of God.
A wofld thus conceived is not simply thereby capable of fitting with a
happy, harmonious human life. The use of this concéption lies in its
intellectual penetrability, which Descartes proecures for us by statlng
and attempting to ground its quantifiability and the constancy of
motion. The world simply must have an abstractable substrate and the
ground for this is the constancy of motion. There are echoes here of
Wolff's treatment of the notion of impetus in Oresme, Olivi and du Bois.

Borkenau claims that there is here an equivocation on Descartes!
part. ?wo\different elements are artificiaily forced together in the
concept of the ébnstancy of motion which Descartes himself takes to be
quite simple. There ié a formal equality built upon the hotion of cons-
tancy which is unrelated to the context of norms.

In this unchangeability of eternal norms in nature there

. is reflected the basic general acceptability of the modern maxim

of law which suffers no individual exception in opposition to-

the law of the middle ages which is based throughout on indi-

vidual privileges. 149
Borkenau, citing a letter to Mersenne, states that Descartes is aware

of the analogy betweerl the two realms but does not realise that he is

interpreting nature according to social analogy. The calculability of
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the process of law ‘became a requirement. The calculability of law,
exchange equivalence, the breakdown of labour to its simplést move-
ments became basic categories of nature ard are manifest in Descartes’
notion of natural regularity. The general applicability of law urder
capitalism as opposed to feudalism, appears to be a crucial inspiration
in Descartes' work.lso .

Borkenau, however, finds it difficult to see how the application of
- proportion could solve these difficulties for Descartes and embarks on
a philosophical discussion of the meaning of the "enthusiasm" which
Descartes felt for this application. In our view thisﬂexcgrsus_énd
diversion on Borkenau's part was tdtally unnecessary.

In the theory of proportions, more accurately, 1n geometry and
algebra, Descartes finds an expression of clearly and distinctly per-
ceived rules and objects which correspond to a world thus homogenised.
Although the substrate thus apprehended is not what is directly perceiv;
ed by the senses, it is that which is most real. The rules of mathemat-
ics and the method of radical doub£, and clear and distinct perception,
thus collapse into one for Descartes. "Arithmetic and Geometry aloﬁe
are free from any taint. of falsity or uncertainty."lSl

We also see this method as new, for according to him the ancients
grudged the secret to posterity.

At the present day also, thg;e flourishes a certain kind of

Arithmetic, called Algebra, which designs to effect, when

dealing with numbers, what the ancients-achieved in the matter of

figures. 152
The ancient world only had traces of this science in Pappus and Dioph-

antus but they suppressed it by a "low cunning, deplorable indeed."153

o
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Descartes hoped to simplify and universalise this methed and to include

in it astronomy, music, optics, mechanics and several other sciences.
Already in the Rules ... Descartes conceived mechanistically of the

relation of primary quality to sense impression and measured primary

quality in terms of general magnitude.

It is exceedingly helpful to conceive all these matters thus,
for nothing falls more feadily under sense than figure, which
can be touched and seen. Moreover, that nothing false issues
from this supposition more than from any other, is proved by
the fact that the concept of figure is so common and simple
Thus whatever
you suppose colour to be, you cannot deny that it is extended
and in consequence possessed of figure. Is there then any
disadvantage, if, while taking care not to admit any new
entity uselessly, or rashly to imagine that it exists, and
not denying indeed the beliefs of others concerning colour,
but merely abstracting from every other feature except that
it possesses the nature of figure, we conceive the diversity
existing between white, blue and red, etc., as being like
the difference between the following similar figures? The
same argument applies to all cases; for it is certain that

that it 1s inmvolved in every object of sense.

i

the infinitude of fipurcs suffices to express all the differences

in sensible things. 154

L

We are to compare things in terms of the common element in them; we

are to construct ratios and transform them into equations. Once the

terms are compared so that a uniformity can be said to exist between

what is sought and what is known,

Next we must mark that nothing can be reduced to this uniformity,

[S S AR



save that which admits of a greater and a less, and that all such
matter is included under the term magnitude. Consequently

when, in comformity with the previous rule, we have freed the
tenns of the problem from any reference to a particular subJect
we shall discover that all we have left to deal with consists

of magnitude in general. 155

This is grounded metaphysically in the law of constancy of motion as.

stated in the Principia.156

In this way'we may apply number to continuous magnitudes. Any-

157

thing measurable is countable. Mathematics deals solely with

dimension but "It falls rather to Physics to inquire whether they are

founded on anything feal."lss

sion ard extension with the extended body itselr.t?? While Descartes
states this, Klein points out that this problem of body-mind mediation
is the insoluble probleém of the Cartesian doctrine.l®® The treatment
given "Arithmos" by Vieta is now carried out by Descartes on geo-
metric objects and related. inherently to the physical world.

The mathematical objects are abstracted. They become an indep-
endent being, even if only in thought. They are in scholastic langu-
‘age second intentions.

When now - and this is of crucial importance - the ens rationis

as a"second intention" is grasped with the aid of the imagination

dn such a way that the intellect can, in turn, take it up as an
object in the mode of a "first intention", we are dealing with
symbol, either with an "algebraic" letter-sign or with a "geo-

metric figure as understood by Descartes. This is the sense in
which we spoke earlier of "symbol-generating abstraction". 161

Descartes states in Rule XIV that what is true of general magnitude is

also true of each particular instance. The imagination itself becomes

a real body, possessing extension and figure.162

A socially abstracted world where exchange, markets, universally

191

But figure is-here identified with exten-
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applicable laws, extended division of labour and specialisation of

tasks are coming to the fore is thus reflected in a conception of

nature in which things reduced to primary qualities and the mathematic-
ally conceived relations between them may be said to account for all

that is sensualls} intuitable, for all that isjtouched, tasted, srrxelled,'
heard or seen may be accounted for in ‘this manner,163 all phenomena

ére exblicable by rnathernatics,16!4 and the variety or forms of matter

- depends on motion.165

Simon Stevin (1548 - 1620)

Stevin was a polymath who wrote treatises on numerous topics,
amongst them bookkeeping, finance, mechanics, mathematics, and
astronomy. Some of these works were written as textbooks for
f’rince Maurice of Nassau to whom he was tutor and who made Stevin
quartermaster - general, a position which he held until his death

in 1620. The author of the biographical sketch of Stevin in the

Dictionary of Scientific Biography, M. G. J. Minnaert, asserts that,
-his work is part of a revival of science in the sixteenth century

owing to émnxemial ard industrial prosperity in the cities of the
166

Netherlands and northerm Italy.

Rather little, unfortunately, is known of his early development.

Struik has him simply "trained as a bookkeeper" ;167 Dijksterhuis

mentions his position in the financial administration of the city

of Bfuges'and concludes from a casual remark in one of Stevin's

* works that he had earlier been a bookkeeper and cashier in 1?ur11:v.v.-er';;>.168
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DeWaal, however, suggests as well that he was himself involved in
' 169 '
commerce.

At any rate, Stevin's early experience involved many years in

various kinds of commerce and finance. His first published worlk,

in 1582, was Tables of Interest. This work gave rise to problems

having to do with calculations psing fractions and in De Thiende "
(Dime) Stevin introduces his innovations for calculation with

decimal fractions. Problems uncovered here alerted Stevin to~

theeretical problems haviﬁg to do with the concept of number which

he analysed in his L'Arithmetique. Here he challenged the ancient

number concept on the grounds of the divisibility of the unit of
calculation, the ontological separation of number and magnitude
and the diseontinuous character of number.

Stevin wrote his Tables of Interest for use by those with

"only a little experience in the rule of proportions (which some
call the rule of three)." He hoped by this means they would "be

able to solve offhand any question of interest that may commonly
170

occur in practice." In the initial definitions in this work

we get a clue as to Stevin's later theoretical concern with cer-
tainty and commensurability. After defining principal, interest
and time he continues:

Principal, interest and time are three inseparable things,
i.e. Principal does not exist unless in respect to a
certain interest, and interest does not T?}St unless in
respect of a certain Principal and time.

172

The rate of interest is here seen as a ratio. To avoid cumber-

some fractions in the construction of the tables Stevin takes their
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root to be 10,000,000.273 To address this problem Stevin then wrote
De Thiende. Inuhis ;meface he mentions those for whom the book is
intended.

To astronomérs, Land-meters, Measurers of Tapestry,-

Gaugers, Stereometers in general, Money-Masters

_ to all Merchants, SIMON STEVIN wishes health. 17

‘Also in the preface, he finds it necessary to apologize that in
this short work there is no "conversion of proportion.h The matter
of The Dime 1s in fact preparatory to a reconsideration of such
problems. He goes on to suggest that "the matter of this Dime is

number."l75' In his Tables of Interest the sample problems involved

common fractions. His purpose in The Dime was 'to invent a method

w176

of calculation without fracqions or "broken numbers. Although

Stevin's notation is inferior to Napier's, it is not in the area
= of notation Egg.gg.whefe_Stevin made his real contribution but
‘rather in the:area 6f a concgEEggl/éhift. His notion of decimal
fractions is based on the decimal character of the number system.
"It was Steviﬁ who understood the central role of the number con-
cept and_the necessity of treating 1 as a number-before a true
theoretical grourding could be given for f‘r'actions.“177
In Stevin's time and immediately afterward, analysis became
standard procedure in mathematics in the work of Vieta, Descafﬁes
and Fermat. 'Thisianalysis required a broadéned number concept.
In order to proceed with' .
'the assuhption of what-is sought as though it were granted'
(as Theort of Alexandria described as the key step in analysis)

and then drawing conclusions that lead to an already accepted
truth (Klein, 154-5), one first needs to recognize a generic

FURE PR Y
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relationship among all possible solutions gg,eégfain kinds
of mathematical problems in order to make the initial assump-
tion. In other words, one must ignore the fact that some
solutions may be numbers and others magnitudes, some positive
and others negative, rational and irrational, etc. In the
post Renaissance period, this approach to problem solving
occeurred and we are of the opinion that Stex%g's new number
gerneept contributed to its wide-spread use.

Hence- Stevin's awareness of and need to account for the con-
tinuity of number and the status of unity as number. To calculate
. _

with fractional parts of the unit, we need to establish that unity

is number, and indeed, in his L'Arithmetique Stevin writes in

/ N
block letters "Que L'Unite Est Non‘tbr'e."l';"9
To justify this he provides the following argument:

The part is the same matter that is its whole,

Unity is a part of the multitude of units :
Therefore unity is the same matter as the multi- Y
tude of units;

But the matter of the multitude of unitslgs number,
Therefore the matber of unity is number.

To dény this, claims Stevin, would be fo deny that.a piece of bread

is bread.. Jones points out that,‘philosophically, the analogies

of Ste%in break down. To this end Janes concludes his work with

a discussion of the work of a néar contemporary critique of Stevin

from a philosophical point of view by Jacques-Alexandre Le Tbnneu;:q{E;\
Thus Sﬁevin has constructed a new number concept which works |

"in practice, provides a methodology for mathematics,'but the justi-

fication for which is frought with philosophical difficulties.

Stevin goes on, in addition.to his bread analogy, to contend

that number' is in magnitude as wetnes§ is in water. He also

writes in block letters that number is not discontinuous182

4¥r1there are no absurd, irrational, incommensurable or surd numbers.183
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In the work of Stevin, then, a commercially inspired coricern’
- with the number concept allows the develoﬁxnent of a mathematical
methodology which makes irrelevant the ontc_)logical separatic;.r-‘x of
number and nag;nitude without being able to really ‘justif‘y th-is
philosophically. We -have as well, in his mechanics, the appearance
of quantities of unlike kind in the same calculation. 184 His
though‘E begins and ends with everyday life. He writes in The Dime:

We should like to give examples in all the comnon rules

of Arithmetic occurring often in man's actions, such.as

- the rule of society, of interest, of exchange, etc.

showing how they can all be expedited by integer numbers,

2% that because 34 i clear from the Lreeseniny 4g21e 1

Although Stevin’ s early bookkeeping 'wo;-ks are fairly inaccess-
ible and are in I'Zutch, several commentators ﬁave repreduced parts
of his sample accounts and provided explanations of his pfécedures
as well as indicating his original contributions. The procedures,” .
we are arguing, alr'éady employ notions of general magnitude and a
bré;adened number concept which are carried over:into theoretic'aa.l\
nathemaf:ics. St_evin, as Jones argues, is very conscious of the-
‘need to broaden the mmbér concept for, theoretical mathematics. -
Commentators suggest that Stevin's irmovatior;s in accounts are
quite modern, having been followed in their essentials for nearly
300 years. Littleton suggests that the differences between Stevin
and his bredeces;sors were more marked than those between him and
his successors for that pefiod. After giving a2 sample ledger

account , Littleton states,

" Here for thé first f:ime the account takes on a modern

PR ST
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arrangement - to have less the appearance of narriggve
paragraphs and more of the effect of tabulations.

Geljsbeek provides a most interesting discussion of the possible
entailment of bookkeeping and aigebrs in Stevin's bookkeeping
writings. After referring to an explanation by Stev%n‘to the
Prince of a particglar bookkeeping procedure and of its prefer-
ability in govermment accounts Geijsbeeg adds:

The prince then asks if bookkeeping ever had been worthy
of such consideration that books were published on it.
Stevin replled that numerous writers had taken up the
subject, and that while doubtless the double—entry system

-~ was originated in olden times, yet in Italy where it-is
said to have been executed first, it is considered an art
of which no other is so honourable and worthy.

The prince (apparently floored by Stevin's 1u01ﬁ/argnments)
thereupon agrees to take up the study with the view of
installing double-entry bookkeeping in governmental depart-
ments as soon as Stegln and he were through with their
studies of algebra

Geijsbeek continues to suggest that in the theoretical ghapter

©of his bookkeeping workStevin eliminates the prsprietors‘ account
by use of an algebraic formila.l0 That Stevin's bookkeeping, in
turn, reflects social and legal developments is also clear. "His
fundamental principls for bookkeeping refers to the beéinning_

and end of 'property'. w189

The property of the commodity ends .
when the property of the ;sceivable begins. This involves the
notion of a rather strict formal.equali%y between the pafticipants
in a transaction. It is this, as well, we are arguing, which
allows the development of‘a more abstract'concept'of number, :In

the fourteenth century, however, this would have been much less

possible. In a fourteenth century South Gerﬂan'accoﬁht book,

N
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written in paragraph form, "customers are classified according to
social rank and grouped in different sections: mnoblemen (the first
thirty folios), clergy (the next six), and burghers (the remaining

twelve)."190

-

The History of Trades and the Establishment of the Royal Society

Sﬁevin's influencerexteﬁded beyond Holland. His De Thiende
was translated by Robert Norton, himself the author of several
mathematical works. Norton did much to popularise decimal frac-
‘tions in his appendix to the 1615 edition of Robert Recorde's

191

Arithmetick. . There are several references as well to Stevin's

influence on bookkeeping thr;ugh Richard Dafforne who referred to
Stevin as "my good friend."192

English mathematicél practitioners were generally receptive
to Stevin's ideas, A contemporary of Norton's, Herry Lyte, wrote

The Art of Tenths or Decimal Arithmetic which is an

introduction to decimal computation which contains a
summary of Stevin's treatment of fractions, followed
by a series of exercises illustrating the value of the
decimal principle for calculations in various spheres
of commercial mathematics."193

Tis whole development is predicated on the development of
commerce. Until the rise of comerce "scientific treatises
Ve . . .
addressed to advanced students contemplated the likelihood of thelir

IIlQLl

not being able to do simple division. The English translator

of Sacrobosco's De Arte.Numerandi in the fifteenth century already

reveals some confusion as well regarding the form and matter of

-
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number.
Sothely .2. manere of nombres ben notifiede; Formalle,
as nombre is-Vnitee§ gadred to-gedres; Materialle, as
nombre 1s a colleccioun of vnitees.
Steele adds a footnote to this passage 1nd1cat1ng that Sacrobosco s
manuscript has the terms formal and material reversed.195 Steele
ends his edition of early arithmetics with examples of pricing and
wages problems from the 1543 editon of Robert Recorde's Arithmetic.
| In the 1542 edition Recorde cléims that for Aristotle no one
ignorant of arithmetic cén do any science and.that for Plato
geometry cepnot stand without arithmetic. In the eplstle dedicatory
to Rycharde Whalley he stdtes that his work is
for all privat welaes of Lordes and all possessioners,
all merchauntes and all other occupyers, and generally,
for all estates of men besydes, auditeurs, treasorers,
receivers, stewardes, baylyffes and: such léke whose
offices w1thout Arlthmetlck is nothynge.l _
He defines "sence and Wytte" in terms of a knowledgp of arithmetic.
The work is written in the rm of a dialogue with Master and Scholar
as interlocutors. When the scholar proclaims his diligence and
willingness to believe all, Recorde has the master declare that
"That is to much and meete for no man, to be believed in all things,
with out shewing of reason.“197 He continues to te;ch positionai
notation’with Arabic humerals but includes also a section on cal-
culation in pounds, shillings and ﬁence since they are decimalised
like the number system.
~ In a way he comes close, notationally, to decimal fractions by

illustrating division by ten. He suggests, for example, to divide

. 3648 by 10 one stould note the result thus: 36418. He declines



to get into this, however, declaring that 8 is the remainder which
cannot be divided except by breaking it into fractions "wherewyth

1 wyl not medle yet."l98

In a section entitled Reduction, Recorde
deals with money, the value of English coins, French coins, Flande
coins, weights, liquid measure, dry measure, time.

In-a section on proportion, Recorde refers to the rule of three
as the Goléen Rule, "whose use is by the numbres knowen to fynde

out an other unknowen."199

Most of his examples here involve
questions of pricing and expenses; for example, if three months
board cost 16 shillings, how much d® eight months cost? He employs

the following scheme and notation for solving the problem:

3 16

* 8

I muste multiply the lowermost on the left side, by that

on the right syde, and the sum that amoBBBeth, I must
-divide by the highest on the left syde.

He mentions that the first and third quantities must be of the
same denomination and likewise for the second and fourth. That
these quantities which are multiplied together are not of the same’
demonination, however, does not seem to bother him at all. His
work continues with questions of expenses,’ partnership shares andJ

a section for merchants on the use of counters for calculating.

His First'PrinEiples.of Geometry (1551) uses the analogy of a

ship to demonstrate the usefulness of geometry. It is useful, he

claims for everyone from the merchant who owns the ship to the

201

makers of instruments and of the ship itself. Here he adds that

”
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Aristotle needed "proportion geametricall" to teach or execute

moral philosophy.202 In The Castle of Knowledge (1556) he advocates

the use of the Golden Rule for calculating unequal hours. Since
night and day were each divided into twelve hours, the varying
lengths of night and day during the year demanded the calculation
of the relative 1éngths of the hours.203

In The Whetstone of Witte (1557), after dedicating the work

. to the governor and councilors éf the Muscovy Cog@any, he mentions
that his first work was "set forth for the Merchaundes trade.ﬁzou
He becomes more theoretical in this last work which contains an
interesting'juxtaposition of orthodox and modern notions. He
introduces here the art of the Cossists, but insists still that
unity is'indivisible.eo5 He mentions the part/parts distinction,
- that between absolugg and contract numbers gcontract numbers ex-
ﬁressing the value of some definite quantity of something) and
between whole and broken numbers. A proper fraction, he says,
is less than unity but is not a number. One itself is also not ‘gf
a number'.206 j

He defines ﬁhmbers as commensurable when they have a common

s

multiple, but in his discussion of "diametrialle" numbers, numbers

whose square root approaches a whole numﬁer wi;h "unspeakable
nérenesse" may be considered diametralle. Squares with sides of
2,5, 12, 29, Yb, 169, and 408, eg. may be considered as having
"rational" diagenals. In general, though, one cannot have a

207.

broken. number as a root. In a later section on cossig numbers



he mentions that all the preceeding referred to numbers absolute.
He next proposes to deal with 1) numbers contract or denoq?natel
2) numbers denominate vulgarly or cossically, 3) radical,
irrational or surde.?®® cossic signs, furthermore, can refer

to both rational and irrational numbers.209
.

The signs he uses are:j9 , absolute number,ZQf , root of
any numberig?—-square humber,rxf?, cubic number. This notation
can be exterded infinitely to include sursolids, squares of

square cubes etc. The cossic sign, furthermore can stand for

10

any number, For the use of these signs he advocates the

following formulation of Algebers rule:

The somme of the rule of equation:

When any question is propounded, apperteinyng to this rule,
you shall imagin a name for the nomber, that is to bee
soughte, as you remember, that you learned in the rule of
false position. And with that nomber shall you procede,
accordyng to the question, until you find a Cossike nomber,
equall to that nomber, that the question expresseth, which
you shall reduce eer more to the leaste nombers. And

then divide the nomber of the.lesser denomination, by

the nomber of the greateste donomination, and the quotient
doeth aunswere to the question. Except the greater deno- .
mination, doe bear ‘the signe of-some rooted nomber. For
then must you extract the rootglff that quotiente, accordjng
to that signe of denomination. ’

In answer to the scholar's question, Master suggests that this

is superior to the rule of false position because here one takes

_a true number "before he knoweth resolutely, what he hath named. "°

P

12

He does not like the notion of "false" position anyway and suggests

calling it "the rule of darke position, or of straunge position:

but not of false position"; "we do commonly name that darke position

.1.:%5?."213 Recorde then introduces the modern equals sigﬁ

202
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His problems now become more abstract and he still uses a Golden
Rule sort of calculation. He sets forth the following question:

A Bricklaier had a pile of Brike, which he sold by the
yarde. The lengthe of is was 7/2 to the bredthe, that

is Triplasesquialtera. And the heighte was five tymes

so moche as the lengthe. This pile the owner sold for
.980. crounes. By such rate that he had for every yarde

so many Crounes, as the pile had yardes in bredthe. Now

is the questlon what was the lengthe, bredthe, and heighte
of this p11e°215

The master poses this question to the scholar and the latter answers
that he will let the bredth be 176.' The length would then

be 35:%? and the height 17} :%EL. The number of yards then beccmes

245 fff' Since each yard cost ].:%iof crowns, then the question "
becomes "If .1. yarde coste .1. :@E_of Crounes, what shall 245 f_él—

: '

coste. nelb Applying the "Golden Rule" the equatlon is

25 "‘e 25 ?,?/

Since 930 crowns equal this fipure, i.e., the total number of yards,
2%% 3920 J . Thus 2 is the breadth, the length

T and the height 3% yards (a rather unlif®ely pile of bricks in
sixteenth century England). ‘There are echoes here of the "Find :
me a number" probleﬁs which Vvan Egmond found amongst the abacists.
Although-ﬁecordé was a physician, he, like the abacists, was

first in a positién to advise merchants mathematically and developed
this profession to the point where he treated mathematics

theoretically. For the remainder of his examples he dispenses with EE 1.



and uses . These cossic numbers, for Recorde, are

not quite so abstract as the unknowns of modern algebra. He also

expressly fofbids the use of cossic signs to represent absolute

rmmbers.gl?
Recorde's immediate succeséor is John Dee who edited and

augmented Recorde's Grounde of Artes. - The enlargement in 1561

included Dee's "The Second Part of Arithmetike Touching Fractions,

briefly set forthe," and Peter French takes this work on Recorde
as preparation for Dee's preface to Billingsley's English transla-

tion of Fuelid. 218

In 1582 he prepared ancther eqition of the‘
 same work with John Mellis, a Southwark schoolmaster and author
of a work on bookkeeping. This edition contains verses by Dee
explaining his interpretation of the relationshrip between arith-
metic and geometry. - i |
Although he studied at Cambridge from 1502 he spent most of
his time in London and at his home in Mortlake. In London there
was an "amorphorus third university" organized by Henry Percy, the
ninth Earl of Northumberland, at Syon House. There Dee was asso-
ciated with Thomas Harriot, Walter Warner, Nathaniel Torporley-as
well as with Christopher Marlowe, John Domne and Walter Ralegh
The latter did favours at court for Dee. On the continent he
knew Gemma Frisius, known t'o historians of bookkeeping, Pedro -
NuMez, Gerard Mercator Oronce F:Lng .

He became an‘adviser to the Muscovy Campany, formed to further

the interests of the Duke of Northumberland and the London _wool

mrchants,219 and envisioned the formgtion of an “'Incomparable

204
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BRYTIGSH IMPIRE“.220 For French,

Dee was most desirous of improving England's economic
situation. As early as 1570 he outlined (British Museum,
Cotton Charter XIITI, act. 39) a plan to "MAKE THIS KINGDOME
FLOURISHING, TRIUMPHANT, FAMOUS AND BLESSED'. Among other
things he suggests that it would be wise 'to make England
both abroad and at hame to be Lord and ruler of the Exchange!,
a task that Sir Thomas Gresham accompllshed ard that produced
great benefits for England. The plan is quite thorough and
covers most of the areas ogefngland's economy, such as tin
production and doth trade.

ﬁee's most important work for our purposes is his preface to
Billingsley's translation of Euclid (1570). He opens with a
Platonic conception of the objects of;nathematics. There are
Supérnatural, natural "and mathematical realms.  The objects of

‘mathematics are in between; they "are thinges immateriall: and

nonetheless, by materiall thinges hable somewhat to be signified."222 "
We are trained, he claims, to see in corporeal objects a likeness
N 223

to number "and to use Arte in them to our pleasure and proffit."
In one place he étates that . "Of Number, an Unit, and of Magni-
tude, a Poynte, doo seeme to be much like Originall causes: But
the diversitie neverthelesse, is great."azu Numbers are made of
indivisible units; magnitudes are infinitely divisible. Numbers
consist of-units but lines do not consist of points. He suggests
also changing the name of geometry to megethelogia to indicate
a more theoretical science. ‘ |
Elsewhere he suggests tha£ practice has producéd new sciences
of number in the areas of fractions and proport%onality. "The

definition of units, for example, may alter in practice and

number may be applied to magnitude. These.developments Dee
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attributes to the work of the "reckermasters". In all of this
he appears to keep theory ard practice pretty well separate as
far as his definitions are concerned but

Consider: the infinite desire of knowledge, and incredible
power of mans Search and Capacitye: how they, ioyntly
have waded farder (by mixtyng of speculation and practise)
and have found out, and.atteyned to the very chief perfec-
tion (almost) of Numbers Practicall use. Which thing, is
well to be perceived in that great Arithmeticall Arte of
Aequation: cammonly called the rule of Coss or Algebra.
The Latines termed it, Regulamrei et census, that 1s the
Rule of the thyng and its value.Z225 '

Those benefitting most from such develdpments, claims Dee, are
merchants, primarily owing to their use of the "golden rule."
'ihey need it, he states, for partnerships with or without time,
relaj:ions between merchantg and ﬁheir* factors, the rule of bartering

both in wares alone and in combination with money and the exchange

of cu.r-rency.226 The rest of this Preface discusses the use of

these sciences in other artes and practices from misic and statics
to navigation, a science to which he made important: contributions

himself, and Archemastrie, his name for what was to become experi-

227 In Dee's words

mentation.
This Arte, teacheth to bryng to actuall experience sensible,
all worthy conclusions by all the Artes Mathematicall pro-
posed, and by true Naturall Philosophie concluded: and both
addeth to them a farder scope, in terms of the Artes, .
.and also by hys propre Method, and in pecular termes procedeth,
with helpe of the foresayd Artes, to the performance of com-
Plete Experiences, which of 9 particular Art, are hable
(Formally) to be challenged.?e8

Dee was adviser to the Muscovy Company for thirty years and
Billingsley himself was a successful London rnerchant.229 We have
.already mentioned another London merchant, Sir Thomas Gresham (1518~

EITPR S . T T i
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79), who "built the Royal Exchange and left the revernue from shops

there jointly to the City of London and the.Mercefs' Campany to
230 '
1t

endow a new college. In fact, many merchants endowed grammar

schools, as well, in the sixteenth century.
According to Francis Johnson, historian of Gresham College

As a coterie of scientific workers maintaining active
co-operation among themselves, providing instruction for
others, and keeping in close touch with sciensific activity
abroad the group centering about John Dee must be ranked as
the earllest ancestor of the Royal Society to contribute
significantly to its patrimony.<Z31l

Another mathematical practitiomer who deserves attention at this

e g~

point is the figure of Thomas Harriot. Dee mentions him in

his diary.232 Harriot received a pension from the Earl of Northum-
berland and other times was befriended by Sir Walter Ralegh. He

was one of the Earl's "Three Magi" in the tower of the "Wizard

Earl."233 Although Harriot: published nothing during his lifetime,
his friend Walter Warner, published part of his papers on algebra

ten years after his death in 1631 as Ars Analiticae Praxis. It is

significant that the development of this art is supported by no;

bility who are participating in new economic forms. RobertKargon
mentioﬁs that the Percys entered a more capitalist form of land-

ownership, extracting rents in money from their estates.23u
Harriot was also involged in the Earis's financial affairs in

this regafd.235 In fact, it has been suggested that Harriot.acted
as Sir Walter Raleigh'saccountant. There is meq;ion in Harriot's

will that these papers shduld be destroyed 236

After Harriot finished his studies at Oxford he moved to

1

e
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london. It was there that he eventuaiiy entered the service

of Raleighbut it is possible that, in the mean time, he opened

a school for the training ard advising of merchants and artisans.

Shirley mentions this as a distinct possibility npting as well
‘that such bookkeepers as‘Hugh Oldcéstle anleohn Mellis had done

the same.237

Harriot's friend, Walter Warner, to whom the publi-
cation of his,algebra was entrusted, "did much work on money and-
exchange, no doubt at the instigation of Sir Thomas Aylesbury who

was Master of the-Mint."238

Jacquot suggests as well that
wgrne?'s philosophy was one wﬁich deals ﬁechanisﬁically with a
homogenised world, much after the fashion of Galileo and Descartes. <3S
The development of sciencd in seventeenth century Englard,
howeveé, is moéf marked By its association with trades. Francis
Bacon, William Petty, John Evelyn and Robert Boyle all developed
schemes for a h}story.of trades. Bacon alluded to a history of
trades but Petty was.actually éharged with the duty of writing
one, a task which he never completed.
The ideé, Bowever, can be seen most clearly in the work of Petty
in "The Advice of W.P. to Mr. Samuel Hartlib for the Advancement
of some particular Parts of Learning{h This work is publicity for
Hartlib's proposed Office of Public' Address, a communication
office for those working én écientific %Pd economic projects, and

concerns itself with th% "History of Art and Nature" and their

relationShip. Essentially the relation boils down to the conception

L
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of God as the "Master-Builder", 20

The thrust of the argument is for educational reform in the
form of literary workhouses where essentially equal but unfortunate
people might be put to better use, since "mamlr ... are now holding
the Plough, which might have been made to steer the stza.t:e."ejJl

The opposite is also true since he recommends "That all Children,

though of the highest Rank, be taught some genteel Marnufacture in - j
their minority." But old distinctions still hold as well since ;

"They will certainly bring to pass most excellent Works being, '

as Gentlemen;. ambitious to excell ordinary worlmen."'zu2

His most earnest quest here, however, is for the establishment.
of a Gymasium Mechanicum which would afford the following:

From this Institution we may dearly hope, when the . :
Excellent in all Arts are not only Neighbours, but

intimate Friends and Brethren, united in a cammon

Desire and Zeal to promote them, that all trades

will miraculously prosper, and new inventions would

be more frequent, than new Fashions or Cloaths and

Household-stuff. Here would be the best and most: :

. effectual Opportunities and Means, for writing a History i
of Trades, in Perfection and Exactness; and what Ex- . '
periments and stuff would all those Shops arnd Operatlons
afford to active and philosophical Heads, out of which,

. to extractithat interpretation of Nature, whereof ther-e

~. 1s so little, -and that so bad as. yet extant in the

world. 243

¥

r
-

Three books are important for this task: 1) a compilation of all
the useful n‘nfonnatioﬁ from extant works, 2) John Pell's three '
mathérnatical works and 3) descriptions ‘of practice as bbserwed ‘
in the Gymasium ‘Mechanicum. Petty's description of this'- last |
is worth quoting at length: | _ ‘

All the practical Ways of gettirg a subsistencé, and whereby

.
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Men raise their Fortunes, may be at large declared. And among
these, we wish that the History of Arts or Manufactures might
first be undertaken as the most pleasant and most profitable
of all thé xest, wherein should be described the whole Process
of Marnual Opetrations and Applications of one natural thing
(which we call the Elements of Artificials) to another, with
the necessary instruments and Machines, whereby every Place of
Work is elaborated ama made to be'what it is. 244

This is to establish the progpect of experiments "all being equally

245 It is easy to see

_luciferous, although not equally lucriferous".
thét this is the same man responsiblenfor beginning the labour theory
of value, particularly in its quantitative aspect. {(cf. Ch. IIT supra)
The hisﬁéfy of trades;’fbr Petty, would then make it possible as well
"to demonstrate Axiams in philosophy, the Value and nignity ;ﬁereof
cannﬁt be valued or cémputed".zusn

This history, claims Petty, is also a history of nature, but of
nature'vexed and disturbed". The next project shéuld be a history of
nature free. It is this latter notion which in fact took over from the
idea of the'history of trades with the development of experimental

-

laboratories but it is a development building on notigns derived from .
the history of trades. * ‘

An associate of Petty in the Hartlib circle, Roﬁért.Boyle, the
chemist,:displays the transition from history of trades to laboratories.

. ‘ 4
In a work entitled That the Goods of Mankind, may be much increased by

Naturalists Insight into Trades, Boyle says that he has

often wished, that some ingenious friends to experimental
philosophy would take the pains to enquire into the mysteries,
and other practices of trades, ard give us an account, some of
one trade, and sane of another, ... towards the motivation of
the professions they write of. 247

In the same piece Béyle compared and contrasted the tradesmen




in their shops and the virtuosi in their laboratories.

What we have in England by the 1640's is a situation much more

favourable to the advancement of science once the

211

de{el pment of its /
basic concepts had taken place. Once the development of western math-

ematics had reached a certain point and its application to mechanics

ﬂnd other sciences had been suggested, it r'emained!to see modern science

embodied as an institution. It -had to be sen as the most appropriate

way to view the world. This task was accomplished by the same nken

associated through commercial and scientific interests. They were

also usually Puritans, Baconians and Par¥amentarians.

-

Charles Webster presents a convineing case for the argument that}

the advancement of science is carried out under the aegis of a Puritan

world—viéw— 248

He mentions fifteen men, John Wilkins,’William Petty,

. John PFell, Samuel Hartlib angd.John Dury among them, who all got good

posts, all scientifically oriented and got positions of advantage during

the Puritan revolution. A £200 per annum stipend was usual.

. These were men who formed the nucleus of the group which foi

249

the

Royal Society, which received its first charter in July, 1662. The

were, furthermore, involved in other, less formal, gr'oups in the 1640's

and 1650's, such as Gresham college, the "Hartlib Circle", the Oxford

Experimental Philosophy Club and the London based "1645 group". Their

focus was on experiment and mathematics.

-

250
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Chapter Six -- Conclusion _ (

The development of mathematical and mechanicr_al concepts which ‘helpéd
form the basis of the new mechanistic science was thus in part corrmér'ci-
ally inspired and constituted. While there are many factors which' help
to -account [for the advance of secience (religious, political, technologi-
c.al) there is really only one other argument whicl_a attempts an account
of the concepts of early modern science. This is the argument that )
certain Greek texts, either alone or in some combination with 1éte _
medieval and early modern artisanry and technology, constifuted these
concepts. In the case of mathematics, the concepts are seen as formed
almost entirely by the reading of Buclid, Archimedes, Pappus. ;:\nd Diophan-
tus; hence, our emphasis on the work of Kl.e'in, Unguru and Jones and our
attempt to find the extent to which com.nercial social relations are
-responsible for the new meaning of mathematical concepts- which these
authors describe.. We argue that conmeﬁ:ial practice had an effect on_
definitions of number, magnitude, homogeneity and cmmeﬁsurability.

The origin of early modern scientific concepts does not lie in tech-
nology in the narrower sense. It does lie in part in the recovery of
Greek texts and the already active Arabo-Latin tradition. The substance
of these traditions, however, was read through the spectacles of a _
 different mentality, a mentality constituted by a different set of sgcial
relations. Nature. came to be viewed as mere "stuff", matter in n.pé}pn,
when the dominant form of relation in society between person and .
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persoﬁ was rapidly becoming thel relation between owners of commditiés
(often only oné's capacity to labour) which were commensurate in terms
of their wvalue. Q,lalltatlvely different natural objects were made
comensurate in terms of "stuf‘f‘“, quahtatlvely d& fferent commodities
were made con’i‘nensurate in terms of value. ”

We Bave examined the cases of a rumber of the major contributors to
the concepts of the mathematical - rrfechanistic world-view.. 'Ihese-
concepts were developed, at least in part, by thinkers also involved in
exchange relations and the techniques lde'veloped to deal with them. In
general, there is a growing abstraction and honngenisatibn in scientific
concepts in times and places where commercial relations begin to také
hold. While for Bradwardine, Galileo, Vieta and Descartes no convincing
case can be made for the origin of_their--concepts in comercial activity
and thought, for Philoyonos, Fibonacci, Oresme, ‘Pacioli, Tartaglia, Stevin,
Recorde, Dee and, Petty at least a strongly .suggeétive cgse can be ‘made. ‘

For Fibonacci, Oresme, Pac'ioli,'-,Ste"vin and P-ett:;r there is a w}ery strong
| cas;a for-the connection wetween commerce and science. |
" e have taken our lead from the work of Franz Borkensu who, unfortun-
ately, i;s rai*e_ly ci1;ed in the history or SOCiology of science liter- .
ature; Koynglcmlpletely misunderstands him and I.eiss.zmakes favourable

but only passing mention W,\ \wough we believe there-are

difficulties and anachronisms in Borkenau's/book, his version of the

sociology of knowledge and science is o whlqﬁ we support for the
f‘oliowing; reasons: ".1) it ié historiCally specific, refraining from the
attempt to 'state transhistorical relations, 2) although taking the lead
from Marx his argument does not, ;ml'ike most Marxist arguments in the

e .
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history of science, depend on the 'notion of a purely em'piricali and
rational human mind confronting nature directl& once the fetters of |
theology have been overthrown. ‘Relation's of production receive emphasis
in Borkenau's account over means of production.

We have had to rely on Borkenau, Klein and Marx, as well as certain
of the historians of science mentiorned in Chapter Four, for our account
- of mechanistic science which is not in itself mechanistic. Modern
capitalist chiety developed in such'z; way that, according to Max
Weber, tﬁe _‘wc;‘;rld was disenchanted and all things became masterable by
calculation. This calculability demanded abstféfction.am homogenisation
of the wor;ld. In science this involved the mathematisation of nature.
In economic life a sphere of calculation was opened up where one could,
within limits, calculate one's success based on a knowledge of risks and
other similar factors; This calculation carmot, however, succeed in
producing an understanding of society as a whole nor of its hist;orica;L
movement. 'fhe understanding of the de\}elopment of mechanistic science
camnot itself be carried out on mc-::chamstlc principlés.- The sociology
of knowledge and science w/oad\dﬁwell to pick up on the 1ead'of‘ Marx,
Borkenau and Klein. |

.i.‘
Vv
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