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REIN VIITALEMM

INTRODUCTION: ESTONIAN SCIENCE STUDIES

lor the first time, a collection of studies by Estonian authors in the field of
philosophy of science, including the history and policy of science in Listonia,
is available in English.

In 1940 Estonia was incorporated into the Soviet Union, and after World
War H Russian became the dominant language of science and philosophy in
Estonia. Soviet-style Marxism was made compulsory in philosophy. Direct
links with Western philosophy were blocked. However, even in those abnormal
conditions, as we will see, philosophy, particularly philosophy of science,
continued developing.

Since Estonia regained independence in 1991, the situation has gradually
returned to normal. Knowledge of Western publications and direct links with
scholars from other countries have become a matter of course. One of the
reasons why works by Estonian philosophers have appeared relatively seldom
in international publications is the necessity to creaie original philosophical
literature in Estonian and to translate foreign authors. The present collection
attempis to be an essential step in acquainting the international reader with
the Estonian contribution to the philosophy and history of science. The book
comprises mainly of new works, although it also includes articles that contain
parts or reviewed ideas from eartier publications in Estonian and Russian.
The authors — philosophers and scientists — represent every gencration from
emeritus professors to young researchers who have already reccived their
education according to internattonal standards and have acquired contemporary
methods of analytic reasoning and techniques of investigation,

The collection consists of four parts. Part 1 “Studies in the History
Policy of Science in Estonia” enables the reader to Jearn something of general
interest concerning the history of science in this country and about Lstonn's
current science policy. The history of science and philosophy v Estoni
dates back to 1632 when a untversity was established 0 Tartu, then Doepat
{called, after its founder, the Swedish King Gustavus [ Adolphus, Academia
Gustaviana during the first period of its history). In s essence, tor three
centuries this history coincides with the history of Tartu Umiverssty. ftietlects
the demands of these commoenwealths 10 which Lstoma happened to belong
(1632-1710 a Swedish university, 1802--1918 a Russian vmversityy.  The
relations with Germany had their roots i the 13" century when the German
crusaders conquered and Christianised Estonia. Within the Russum Empare,
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HERMAN BOLRRHAAVIL COMMUNIS FUROPAL
PRALCEDNTOR:
Internal vs. Exiernal in the History of Science

1. INTRODUCTION

Hermann Boerhaave {1668—173K), according to the ofien-quoted cxpression
ol s pupil Albrecht von Haller, Communis Europae Praeceptor, the leacher
of all Europe, has not received the attention frem the historians of science that
he should descrve. In the early 18™ century, he attracted students from almost
all over the world. To mention only a few, among his students were Linné from
Uppsala, Hailer from Géttingen, Cullen, Monro, and Sinclair from Edinburgh
and he had contacts with Russian and Chinesc scholars, etc.’” What was ihe
basis of his fame? One cannot connecl any scientific discovery to his name. At
the same time, we know that his pattern of scieatific work, his method spread
all over Europe. A number of historians of science find that it was Boerhaave
who made the Newtonian turn, i.e., the Scientific Revolution, in chemisiry, as
well as in biofogy and medicine. If so, why is Boerhaave then almost unknown
at the end of the 20" century?

In this essay I shall restrict myself to Boerhaave’s chemistry, although his
scientific pursuits also concerned biology and medicine. The main issue of
my study, however, is not the history of chemistry, rather it concerns some
meta-level hisloriographical questions.

Traditionally, there are two allernative positions seen in respect ol the Sci-
entific Revolution, one called internalism and the other externalism. FFor a long
time, the internalist model scrved as an “officially” accepted historiographical
position, whereas externalism was taken to be a position of Marxist, leftist and
other radically mimded marginal historians. Nowadays, the general attitude hay
changed. Internalism has become a view of the past that almost no-one in the
history of science field accepts any more, whereas externalism has advanced
and become a widely approved position, although it might seem odd to talk
about generality or universality of externalism, because externalism in itseld
rejects any “big pictures”.”

According to internalist rational reconstructions, the Scientilic Revolution
must be seen as a logical consequence of the earlier, pre-scientidic imagina
tons of alchemy, tatrochemistry, ctc., even if the revolution itsell’ consists in
the break with old tradition, it is the break within the content  in the mternal
ist approach only the content matters. The problem with internahsm s that ot
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assumes that seienees tollow amysienous mtersal ratonahty of development.
Thus, chemistry was seen {o become a seienee only when “rational™ and *pro
gressive” Newtonian metaphysics was acceepted by its practitioners. H is quite
obvious how arbitrary and presentist this idea 15 — it imposcs contemporary
standards of rationality as universal upon history. As result of this kind of his-
toriography, only the achievements, discoverics and inventions which support
the supposed line of progress remain visible in the story of scicnce. Newton

and mechanicism, of course, are seen as a stage of the universalist history of

science. In this connection, it even may be surprising that Boerhaave has ac-
quired such a marginal position. The reason for that consists in the causes why
Bocrhaave introduced mechanicism into chemtistry. In his natural scicnces,
mechanism served just as an instrument for practical purposes. Secn in the
light of the dichotomy internal vs. external, the causes of acceptance of a the-
orctical beliel must be seen as external. Even within internalism it is obvious
that some external factors cannot be neglected. However, it is not just a matter
of including the external issues, The internalist appreach cannot be improved
just by addtng the external influences, although many internalist philosophers,
historians and sociologists of science have proposed such an idea.? The exter-
nal issues will still remain sccondary, additional and unimportant in the wholc
rational reconstruction,

For this reason, one could suggest to choose another theorctical point of
departure, a onc which enables us to consider the external circumstances seri-
ously, and that could be called externalism. Ncvertheless, such a conclusion
in itself is not satisfactory either. The problem with externalism, construcied
as a counterpart of internalism, is that it preserves the whig history scheme, or
intemalism as such. Radical externalism would involve explanation of scien-
tific knowledge (n terms of social, economic, political, ideological, etc. causes.
‘T'hat means a social, economic, or political, cte. reduction.? Since the external-
151 model will thus view just the social, ideological or political, i.e., contextual
aspect of scientific knowledge, it may seem necessary 1o save also the internal
history in parallel relating to the real content of science. Robert Young, a pro-
ponent of a form of externalism, which he calls contextualism or relativism,
admits that

It is therefore very difficult indeed to refrain lrom treating the materials in terms of the

maodel of ‘internal” and ‘external’ factors, science and socicty. (Young, 1973: 3763
Therefore, the label externalism turns out to cause a scrious confusion. Those
who regard themselves as externalists are certainly interested in the contents
of scientific knowledge as well as ils context.  Externalists point out the
sigmilicance ol the connection between content and context. Thus they do
not just deal with the external aspect of scicnee, as one could assunme on the
pround of the dichotomy: internalism vy, externahism, they deal with science
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i its context. Externalism s opposed to any “bhig pictures™ of the progressive
“edpe of objectivity™.” According to a consistent externadist view, there is no
Scientific Revolution as such. Inthe history of sciences, we only find particular
scholars, researchers, teachers involved in their particular practical activities,
solving problems, constructing new devices, doing expeniments.  Scientific
Revolutions as well as the progressive and degenerative research programines,
rational models of research traditions, ctc. belong to the “big piclures™ of
internalist history.

The difficulties, however, just begin here, because the distinction between
the internal and external factors is practically a very complicated onc, the
conlent and the context of scientific knowledge appear to be inter-related. For
instance, there has been a lot of discussion around the possible classification of
scientists’ metaphysical, religious and aesthetic views, whether these should
be seen as internal or as external ones (McMullin, 1987: 58 -64)7 A number of
historians consider idcological and metaphysical views as internal whercas the
others refer to these as external to scientific knowledge. Since 1 preter to leave
this huge historical discussion asidc in my short essay, [ suggest to replace
the traditional and still problematic dichotomy of internal vs. external with
another, that of intrinsic and extrinsic, originally proposed by John Christie
and Jan Golinski (1982). The new dichotomy is constructed with intention
of historical analysis and explanation. For such an explanation, one should
choose between the two alternative approaches: cither to consider both internal
and external issucs closely related to a particular discipline at a particular
time and in a particular location, e.g., chemistry in Leyden in the 1720s,
that is intrinsic approach; or to consider the scientific deas i the fight of
some non-scientific, i.e., general metaphysical, epistemological, wdeological,
etc. framework —- that 1s extrinsic approach.

When following the intrinsic approach after Golinsk: and Christic, the rea-
sons, that causcd Boerhaave to accepl Newtonianism, can be casily explained
by the practical needs of scientific activity: knowledge necds to he organ
ised for teaching and communication. 1or Boerhaave, mechanicism served
as a conceptual ool in knowledge transfer. Similarly the big changes in the
sciences in general, related to mechanicism, the new worldview, change of
scientific language, can be cxplained by practical purposes of communication
and teaching sciences, rather than by metaphysical necessity.

In the internalist tradition, Bocrhaave has been seen as i Newtonian scholar
who was close o revolutionary tumabont in chemistry. It is still important (o
emphasise that he was not only a great Newlonian scholar who prepared groumd
for Tavoisier's work im chemistry,  He was o practising susgeon, chemist,
hinlogist and physiologist, who was occupied with several practical questions,
how (o treat his patients, how (o classity discases, how to prepare drugs, how
(o understand a human body and processes thereiss, how 1o clansify hetbs
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which tie needed tor preparing drugs, and finally, how to pass all this practical
knowledge that he possessed to the next gencration of scholars,

In the {following section, [ will analyse the histonographical questions at
somewhat greater length, in the third section, Boerhaave's chemical activitics
will be considered in the light of the hisoriographical conclusions. In the fourth
concluding section, I will return to the questions posed at the outsct.

2. SOME HISTORIOGRAPHICAL CONSIDERATIONS:
Internalist — extcrnalist distinction vs. intrinsic — extrinsic

According to a widespread opinion amoeng historians of science, the content
of 17-18" century science was mainly determined by religious, economic and
social factors. (Nilsson, 1984: 107} Accerding to another opinion, develop-
ment of science is supposed to be explained on the basis of the science itself,
on that of observations and experiments more than theories and hypotheses,
without reference 1o the historical context. (Nilsson, 1984: 110} The first is
the so-called externalist and the second the internalist position. Since the
distinction is a problematical one, as we could sec in the introduction — it
ollen is namely the internalist position that assumes religious or metaphysical
factors to determine the content, etc., — I hereby invoke another dichotomy,
as suggested by I. R. R. Christie and I, V. Gelinski, namely that of intrinsic
and extrinsic. They describe their intrinsic approach as follows:

‘The analytical focus we urge is concerned with the question of the nature of chemnistry

as an historical practice. This focus is interested in the whole range of social and

cultural conditions governing both practical chemistry and chemical discourse, but 1t

is the human activities ol practising and talking about chemistry which are central,

and around which broader themes are articulated. We would like 1o describe this

perspective as an fintrinsic’ one. Against it we would set a class of approaches which

could be deseribed as ‘extrinste’. Such approaches shilt (he focus of analysis away

from chemical practice 1o nop-chemical fields ol discourse. Assuming the natare of

chemistry as fundamentally unproblematic, (he extrinsic approach tends to construct

chemistry in terms which give great emphasis (o the influence thereon ol activitics

such as speculative naturai philosophy, matter-theory, epistemology, methodology and

theology {Chrstic and Golinski, 1982: 235-236).
Without rejecting the influence of metaphysics, theology, etc. on chemistry,
they, in contrast to the extrinsic approach, do not presuppose unidircctional
determination of chemistry by external attitudes. An intrinsic approach insists
upon the problematic nature of the relationship between such factors and the
practice of chemistry.

According to Christie and Golinski, internalism includes those Lactors thig

have been designated above as extrinsic (o chemistry, whereas it denies the so
cial, economie, colturad charactenistics in the descrption of scientific process,
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tocusing only on the “pure products of intellect.”™ The intrinsic approach, by
contrast, demands sensitivity towards the precise location of intelectual pro
duction, for the location might have certaan effect on the disciphine, thus, ¢ g,
theology and epistemelogy are suitable for explanation of chemical activities in
certain circumstances, relevance of these explanations is historically vanable.
Int their article, Christic and Golinski demonstrate how intrinsic historiography
might be made to work on the example of the 17- 18" ceatury chemistry as o
practical and a didactic discipline.

In a later writing, Golinski (1993) points out that the misleading dichotomy
brings one (o a theory of postponed revolution m chemistry and its conse-
quences such as in Herbert Butterfield’s account” According to Butterfield,
chemistry as a scicnce sulfered remarkably because of postponed revolution,
i.c., there were no achievements in the 17" century chemistry, and scientific
conceptual framework was lacking beforc Lavoisier’s contribution to ¢hem-
istry in the late 18" century. For Golinski, the view of historians, who attach
rationality to 17" century chemistry only to the extent it has taken over mech-
anistic philosophy and language, is equally fallacious. In theic opinion, the
criterion of maturity of science was its mechanicism, and the first scientific
chemists accordingly were Nicholas Lemery (1645-1715) and Robert Boyle
(1627-1691), whose works contain mechanistic clements. Golinski finds that:

Such a historiography simplifies the relations between the chemistry and natural phi-
losophy of the scventcenth century by assigning to chemical practice a position ol
subservience and passivity with respect to theorctical developments in contemporary
metaphysics. (Golinski, 1993 368)

Some studies on [ 7" century chemistry say that the mechanistic philosophy
was accepted by chemists only because of psychological and epistemological
considerations, the language mechanics offered was a privileged one, clear and
easily applicable in chemistry and in other fields of natural science as well.
llowcver, such an attitude lacks historical specificity, as Golinski argues, the
transition could happen in any place at any time.

According to Golinski both the French historian Hélene Metzger and But-
terfield take the criterion of a mature science to be the existence of a logical
structure of concepts, founded upon a metaphysical theory of matter. Such
a structure is assumed 10 be a mental entity, psychologicaily connected with
immediate expericnce.  Also, such a structure would be separable from ats
historical and matcrial manifestations, words, texts, practices. Conzequently,
the mechanical language of chemistry was regarded stmply as representing the
mctaphysical structure.

Golinski sees two connected assumptions to exist in this historwgeaphy, first,
that chemstry 1s taken o be essentially dependent on o philosophy of tmatiey,
and second, that the Linguage i which chemistry represents phenomenin v
seen to be unproblematic. Chemical wexts just retleat the philosophical theory
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that rest on the background and correspond with reality. 1n Metzger's opinion,
the mechanistic attitude enables us to abandon the allegorical and metaphorical
style of earlier chemical discourse. An interesting question ariscs, how actually
did the alchemical obscure languages function? To what extent and how did
alchemists understand each other? And why did chemists suddenly come to
accept the mechanic concepts instead of the old alchemical language? Did
they just decide to start to talk more clearly?

According Maurice Crosland (1963), a historian of chemistry, it is plausible
that the need for reorganisation of the language appearcd within the alchemical
symbolic tradition itself. Crosland refers to Lemery who had been rather
critical about his contemporary chemists’ language, thus in his days alrcady
(in the end of 17" century) the ohscurc language of alchemy was out of datc.

Lemery’s own mechanistic rationalisations of the texts had a direct practical
purposc: his pharmaceutical prescriptions needed to be widely understandable.
So, we are justified to ask together with Christic and Golinski {1982: 245):
did the mechanistic rationalisations serve, in some scnse, as legitimisation for
his chemistry, or were they a result of the scarch for clear and unambiguous
descriptions of chemical processes?

Tn Golinski’s recent study we find a reference to another example of intrin-
sic approach m the history of chemistry. This is Owen Hannaway’s work on
the history ol early modern chemistry. [Hannaway proposed to investigate the
origins of chemistry at the beginning of the seventcenth century as a didactic
discipline. In his opinion, the formation of chemistry, as a textual tradition,
predated the widespread acceptance of mechanical philosophy.® The main task
was to distinguish between the activities called chemistry and those of alchemy.
IMannaway characterises chemistry and alchemy in terms of different attitudes
to modes of argument and communication, and [or the very possibility of
Icamned discourse. Chemistry is a didactically oriented discipline, committed
to the values of open and clcar communication, whercas alchemy is an object
of conspiracy. Hannaway equates the birth of chemistry as a didactic art with
the appearance ol Andreas Libavius® Alchemia (1597) and sees it as formed in
opposition to the Paracelsian-Hermetic school, exemplified in Oswald Crolls
Basilica Chymica (1609). Croll's (alchemical) epistemology was individualis-
tic: all the knowledge is as a result of interaction between a man as microcosm,

the centre and subject of creation, and macrocosm. The interaction or exter-
nalisation of knowledge is possible only via a sympathetic attraction between
these two: micro- and macrocosm. Knowledge was conferred by divine grace,
rather than by rcason, it could not be read, cither from nature or from books.
Ior Libavius, chemistry was supposed to he open, co-operative, and henee ¢
mulative. Tis famous Alehemia was an attempt to embody chemical doctrine
m a torm that made 1t as communicable as possible.
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Golinski sees Hannaway s approach as opposing that of Mcetzger and Cros
lund, according to whom, we may say (that the language ol chemistry changed
because chemists decided 1o start talking more clearly, using mechanistic
philosophy and corresponding terms for the purpose. Chemists even e ml_d lu.wv
made such a decision, but the reason of that certainly lTay in conmmunicative
needs. Knowledge can only be acquired from other people, e.g., trom the
texts wrilten by other people, if one can read them, and at special institutions,
arranged for the purposc of the spread of knowledge. The institutions of
learning and teaching, for example universitics, can exist only as long as there
1s a demand for academic knowledge.

According to Golinski, the social basis {or the new model of chemical com-
munication had to be constructed historically. The [7-18" century chemistry
might be characterised by an expanding market for printed chemical texts,
whereas besides that there also was a kind of restricted communication be-
tween chemists: chemical and other technological secrets were exchanged
hetween one another, to the advantage of both participants. The new kind
of communication offered opportunitics for power, and new careers, which
concemned institutions, e.g., universities. Crosland (1963: 370) notes that there
were close connections between chemical theory and the industries producing
porcelain, dyes and gunpowder.

The ‘oxygen-phlogiston revolution’ at the end of the [8" century, often
considered as the revolution establishing scientific paradigm in chemistry, a
revolution in the internalist scnse, appears 1o be problematic when seen from
a different historiographical perspective. Christie and Golinski (1982: 259)
find that there was nothing that Lavoisier said about oxygen and phlogiston
that Edinburgh chemists had not said earlicr. [avoisier was not “the final
chapter of the influcnce of Newtonjan matter-theory’ regarding eighteenth
century chemistry (Christie and Golinski, 1982: 258). Different chemical
communitics were occupied with different theoretical and empirical issues,
thus, ‘the revolution” was variable. For Hannaway, e.g., Lavoisier's revolution
consists in the decision to ecmbody the new chemistry (new nomencliture) in
an elementary textbook which was a realisation of the power of the word for
chemistry (Christie and Golinski, 1982: 260-61). Consequently, Boerhaave or
his students from Kdinburgh, could be regarded as revolutionary in chemistry
as well, especially in the light of Lindeboom’s statement that Boerhaave was
considered as the first scientific chemist by his contemporary scientista,

IOBOERHAAVE AS A CIIEMIST

According to Lindeboom, Boerbaave wis an iatrophysicist who was intetested
m chemistry. However, it was Boerhaave who had broaght chemical pesctice
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into the university. Thus, he himself had introduced a certain criterion for the
distinction between science and art: since then, sciences belonged to nstitu-
tions like universitics, arts such as alchemy, iatrochemistry, and botany were
developed outside of the academic institutions, in drug stores, etc. Boerhaave,
himself, uses both the term “Science,” and the term “Art” about (cven univer-
sity) chemistry. Some historians interpret the cmphasis on “Art” as a rhetorical
intention to convince his audience of the need to develop chemistry as a “Sci-
ence,” the others, such as Lindeboom, point out that in Boerhaave’s time, the
terms “Art” and “Scicnce” were synonymous. Otherwise, Boerhaave would
have preferred “Science” because what he meant, was science, Christic and
Golinski refer to the unauthorised publication of Boerhaave’s lectures, from
the year 1727, where Boerhaave had comparcd chemistry with the art of sculpt-
ing. Both ariists intend particular cffects in the material world, both require
material tools, and a principle of effective knowledge. Effcctive knowledge
for Bocrhaave meant communicable knowledge. (Christic and Golinski, 1982:
248)°. For both artists the concept of ‘instrument’ is a central one: all the
Arnstotelian elements were defined as instruments, having a similar function in
relation to the concept of art. Tnstrument is nceded 1o atiain the intended aim of
the artist, so “fire” or any other “instrumcnt” all equally served didactic aims.

Not enly chemistry, but also the other scicnces, such as geometry, botany,
ele. were laken {o be arts. Tt can be understood as a popular metaphorical ¢x-
planation of the sciences by a demonstration of their the practical connections.
The turn from purely scholastic writing to experimental science capable of
solving practical problems was, perhaps, the main revolutionary change in the
academic tradition. Theory became related to practice. It is not then surprising
that in the period of transition the 1erms “Sciences” and “Arts” were confused.
Even the greatest scicntists dealt with the alchemical experiments: Newton,
Boyle, as well as Bocrhaave who boiled mercury during a period of almost
sixtecn ycars until a carcless student broke the vesscl. Being himself critical
about alchemy and 1atrochemistry, he admitted that important facts could be
found by alchemists’ observations,

According 1o Boerhaave, the movement in chemistry from art (techne) to
scicnce was possible because chemistry was capable of correcting her mis-
takes — (o abandon the magical and mystical basis of alchemy, the dream
of gold-making, exaggeration with the idea of cffervescence and the wrong
interpretation ol fire as an immaterial substance. Therefore he assured in his
inaugural speech Discourse on Chemistry Purging Itself of Its Own Errors, in
1718, that

while acknowledging (hal Science is strewn with the chemists errors, [ shall try o
prove thal these same errors have been most successlully wiped ont, solely by the
cHorts of ticse same chemists. (Boerhaave's Orations, 1983 190"

The principal mistake, from his point of view, was uncritical application of
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chemical ideas to medicine, and consuderation of physiological processes as
similar o those of chemistey. [n the speech he enticised van Tehmont, Parace)
sus and his teacher Sylvius for these kinds of errors.

In his textbook Elementa Chemiae, Bocrhaave defines chemistry as

an Art that teaches us how 10 perform certain physical operations, by which bodies

that are discernible by (he senses, or that may be rendered so, and that are capable ot

being contained in vessels, may be thence produced, and the causes of those eflects

understood by the elfects themsclves, to the manilold improvement ol various Arls,

{Lindchoom, 1968: 328)
Boerhaave’s chemistry was a branch of Newton’s physics. lts various phe-
nomena could generally be explained simply in terms ol motion. When water
dissolved salts, this was simply by the interior motion of its particles. These
particles were in fact atoms --- the solid, massy, hard, impenctrable, movable
particles of Newton. Boerhaave speculated on the different sizes of atoms,
which would serve to explain certain chemical reactions. He believed that
mathematics could be usefully applied to chemistry, his approach was more
quantitative than usual at that time, ¢.g. it was not every chemist who when
referring 1o the solubility of a salt would mention temperature.  (CrosTand,
[963: 393..397)

Boerhaave’s most characteristic quality was exactness, he had formulated
seven rules for doing experiments, and he followed these rules strictly. His
wrilings are systematic, clear and accurate. His main (exthook in chenistry
Etementa Chemiae covers systematically all the chemical knowledge in Furope
al that time, and was used in many universities is a (cxtbook for many years."

Boerhaave introduced the microscope into chemical rescarch.

Because of his practical interests and with purpose of the treatment of
his patients, Bocrhaave examined carefully the nature of milk, egps, cream
and other organic products. Only, his physical method and critical attitude
towards fatrochemists’ studies on effervescence did not allow him 1o realise
the importance of biochemistry within its whole scalc.

Dala [rom cxperiments, which he had completed, spread widely mmnong
other scientists, and were approved.

Thus, he did cverything to develop chemistry as a science, as he had
promised to do in his Discourse on Chemistry Purging itself of ity Own Errors,
1718. First of all, he had taught the new generation to understand the impor-
tance of chemistry. With great pathos he turned 1o his students i the end of
the Discourse on .. (Boerhaave's Orations, 1983 212 21.3) and exprossed
his gratitude to them whose demand had forced Tim to resume teaching and
working on chemistry year atler year
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S0 CONCLUSTONS

At the beginning of the essay, 1 asked why was Boerhaave so famous all over
the Barope in the 18" century? And why is he almost forgotien by the end of
20™ century?

Boerhaave was famous becavse of his practical utopia: didactically orien-
tated research in the sciences with practical aims of medicine. Fle was even
somewhat eclectic, joining together different theories and traditions, but join-
ing only to the extent the theories cnabled communication and co-operation
to solve some practical problem. Aant Elzinga and Andrew Jamison (1984)
(ind that his fame was bascd on the school he created and which continued his
tradition that might be called practical utopia, pedagogical utopia, orientted to
systematsation and organisation of scientific training at the university. e had
a catalytic influence on the creation of, e.g., the Edinburgh school of medicine
and chemistry, and therefore also impact on British 18" century medicine and
chemistry gencrally.

He did not make any scientific discovery. His only invention was a green-
housc heater (Cunningham, 1986: 41). But as Elzinga and Jamison indicate,
in early 18" century science:

Tt is the social meaning, gencralist ambitions, and external service orientation that
dominate. (Elzinga and Jamison, 1984; 162}

Boerhaave’s practical utopia suited well the social environment of the carly
eighteenth century. Leyden in the Republic ol Netherlands was a real citadel of
tolerance because the University of Teyden was open to all students, irrespec-
tive of nationality or creed. This was differcnt from the Oxford and Cambridge
Umiversitics, which admitted only members of the Anglican Church, whereas
many other universities in Europe were under Catholic control.  State and
university avthorities gave support to his chemical and medical studies. There
werc plenty of donations to his laboratory. It is because

the emphasis lay more on social utility and meaning than on scicntific growth in any
narrow sense. (Elzinga and Jamison, 1984; 161).

Crosland (1963: 370) indicates that Boerhaave’s texthbook and even notes
from his lectures easily found readers. There was a market for the systematised
representation of chemical knowledge. it was certainly related to the increasing
need ftor applicable knowledge, nccessary, for cxample, for the manufacture of
porcelain, gunpowder, dyes, etc. Chemistry had become a popular science by
the sccond half of the 18™ century, and chemistry had been firmly established as
one of the physical sciences — namely with the accent on the physical scicnees.
llere the answer to the sccond question becomes transparent.  Bocerhaave
apphed Newtonian mechanics and its extension, the theory of affinity w a new
atcaobrescarch - chemistry, whercas chemistry itself remained secondary or
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an assistant science i companson o physics. fOwas science to the extent st
contiined physics. On the other hand, chemistry served medicine. Chemistry
described few phenomena unobtainable to the other seicnces. Chemistry turmed
10 be a4 science in comparison 10 alchemy or iatrochemistry because it beoame
independent from the main mistake of the latter, magic and mystic explanations
criticised in Boerhaave’s tamous Oration, Discourse on Chemistry ... This
can be regarded as a credit to Boerhaave, Also, his influence on Scottish
and French schools 1s remarkable. But he did not complete the change in the
paradigm, that was left for Lavoisier, who linked French pneumo-chemistry
together with Newtonian tradition. It must be mentioned that Lavoisier could
be scen as one of the pupils — as a reader of the textbook - - of Hermann
Boerhaave, Communis Europae Praeceptor.

Unfortunately, the history of science textbooks often overlook great teachers
and applicants of scientific findings whose influence on the discoveries and
discoverers cannot be over-estimated. Perhaps the great teachers of the past
will receive more attention when the intrinsic model of history of science
gathers strength and comes to replace the internalist “big pictures”™ of greal
discoverics which still tend to be favoured, if not in rescarch cnvironment, still
in popular publications and lextbooks.

University of Tartu

NOTES

1 Seeforinstance (Brock, 1992: 37, 77, 108, 133}, (Butterhicld, 1949/1980: 205}, According (o
G. A. Lindeboom ( 1968), about one third ol his students came Tror English-speaking countrics,
where, at that time, no good medical cducation could be obtained, large nuwinber of students
cume from German-speaking countries, so, relatively o the other national groups only mmmnorsty
were Dutch. See his Hernman Boerhaave: The Man and his Work (19683, . 363,
2 Sec a recent work of Jun Golinski (1998) where he describes the main histoniographscal
changes in (he fast few decades.
¥ See for example Lakatos {1971), Lavdan (1977 and 1981}, Mertan (197 4),
4 Such an attemnypt has been made hy some sociologists of scientitic knowledge i the #8005, Soe
cspecially H. M. Collins (1981}, The social constructivism preterred pure socinl explanation 1o
tational.
T Kee Gillispic (1960), The Edge of Objectivite. An FEssay on the History of Scientifu ldeas
“ The appoininient as i university lecturer involved right to deliver private bectures (Linde
hoorm, 196K

See HL Burtericld (1949719803, Ch. X1, The Postponed Scienihe Revalution in Chemisry,”
pp 191 209,
o Reterred via Golinski (1993 372,
T Didactic practice as anaim was emphasised only in e st wiasthotsed iaue of Bosthasye 's
New Method of Chemtiaery 1727 knowen throngh o troshaon of Teter Slaw, basod on todes
b Boerbsave™s lectores The didictie aspedct s devreased o the M ementa Chomige 1118
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pablished by Booerhaave himsell.

- Discourse ot Chenistry Purging Beelf of [ Own Vierors, in foerhaave's (lretions {1983,
The University ol Turty was among the others, there are several copies ol Boerhuave's
1exibook in French and Latin available in the Bibliotheca Universitatis tartuensis from the 18"
and 19" centurics.
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IEO NAPINEN

THE PROBLEM OF THE RELATIONSHIP BETWLEEN
HUMAN AND PIUYSICAL REALITIES IN ILYA
PRIGOGINE’S PARADIGM OF SELF-ORGANISATION

1. INTRODUCTION

The relationship mentioned in the title began to pose @ problem i connection
with the emergence of exact sciences In moedern times. Until most recent times,
the ideal of exact sciences has been “pure,” that is 1o say, subject-free, objectiv-
ily, 1.e. the description of the world in the form of objects, not human activities,
Everything connected with humans and their everyday life - free will, chance,
irreversibility, complexaty, quality, inexactitude, unpredictability, etc.  have
been considered lactors which disturb scientitic objectivicy. Thus, somehow
we have had to deal with two worlds (realities) standing apart from cach other.
In literature, this problem hus been called the problem of two cultures: one
of them is scieatific or technological and the other — the remaining cultural
tradition. The former, unlike the Tatter, does not recognise any indetlernunacy
in reality. It finds that the physical world can be caplured only by means
of purely mathematical thinking. In western phifosophy, this problent dates
back to Descartes. Descartes’ treiument of the world remained niechanica!
and mathematical. He doubted nearly everything except knowledge acquired
through mathematics. He excluded indeterminacy from scienuhic rationahity.
‘The opposition existing between the two cultures, (scientilic-technelogical
and social-humanitarian), has also been stressed by Kant, Heidegper, Koyrd,
and others.

Such treatment of the world, which excludes humans, has also been pre
served in the theories of exact scicnce of the 20™ century.  For example,
Einstein’s general theory of relativity can be regarded as s form ol Descantes’
cxlent {spatiality) ¢laborated in detail.

Still, in recent years the gap between the two worlds (the physical umiverse
and human everyday hite and experience ) and correspondimgly the two types
of sciences (mathematical padural science, and honinstes and soctal sciences)
has begun to disappear, Signs ol this can be noticed m the theoretiend studiex
of Uya Prigogine and his colleagues onself orgamsation of the physwcul wogld
(Prigogme, 1980 Prigogine and Stengers, TO77 1983 1900 The mai aim of
the presentartele s to observe how Sod ot estent, Pogogime has ounaged,
an the theoretical fevel, o amite the "o ehiies™ Gind cotrespondimgly the

Ll



