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Low Country Opticks
The optical pursuits of Lambert ten Kate and
Daniel Fahrenheit in early Dutch ‘Newtonianism’
FOKKO JAN DIJKSTERHUIS
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With the publication of the second edition of the Principia (1713), a
wave of Newtonophilia washed over the Low Countries. Within a decade Dutch Newtonianism had been codified in the works of ’s Gravesande, Van Musschenbroek and Boerhaave. Newton’s Opticks was
also part of this codification. After the revised English edition of 1717,
the first French translation was published in Amsterdam in 1720.
Opticks had a different position and was read in a different way than
Principia. This article discusses the early reception of Newton’s optics
in the Low Countries, focusing on the cases of Lambert ten Kate
(1674–1731) and Daniel Fahrenheit (1686–1736). The polymath Ten Kate
was a key figure in the pious circle that first brought Newton to the
Dutch scene and a prominent writer on physico-theological themes.
The Gdansk instrument maker Fahrenheit was welcomed in this circle
of Newtonians and pioneered in the public teaching of experimental
philosophy.
Ten Kate and Fahrenheit were particularly interested in optics and
given the context one would expect that Newton’s optics played a decisive role in their pursuits. However, their reading of the Opticks turns
out to have been rather liberal. They picked out the things that were
relevant to their interests, they often did not get the gist of Newton’s
accounts, and they largely ignored the central claims of the Opticks.
From the viewpoint of the Opticks this would indicate some deficiency in their understanding of Newton, but from the perspective of its
readers it needs not. The main question then is not how well men like
Ten Kate and Fahrenheit read and understood the Opticks, but how
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they approached it from the context of their intellectual and cultural
interests.
The label ‘Newtonian’ is customarily used for the experimental philosophy that developed in the Low Countries around 1720 in the circle
of ’s Gravesande, Van Musschenbroek and Boerhaave. Histographically such a label is fraught with difficulties. By following the rather
catholic way in which Ten Kate and Fahrenheit read and used Newton,
I will try and reassess the idea of ‘Newtonianism’ and of ‘isms’ in the
history of science in general. A body of ideas like that of Newton can
be read on various levels and from various perspectives, depending on
the particular interests and agendas of the reader. Even in the case of
one and the same person — viz. Ten Kate — the way Newton was taken
up could vary from role model in natural philosophy to a sounding
board in phenomenal inquiry. Drawing on the lessons from the cases of Ten Kate and Fahrenheit, at the end of this article I will discuss
some problems inherent to the idea of ‘Newtonianism’.
An experiment from the Opticks

Lambert ten Kate came from a wealthy family of Amsterdam merchants in the Baltic trade. Originally he participated in his family’s
trading company but around 1705 he left business and devoted his
time to his intellectual interests. These were vast. He was a prominent connoisseur and collector in the arts and sciences and wrote
on a wide range of topics: aesthetics, linguistics, philosophy, theology.1 Decisive for his epistemic and aesthetic outlook was his particular
cultural background. He belonged to the liberal Mennonite congregation in Amsterdam, to which many of the early Dutch Newtonians also
had close links.2
On 29 October 1716 Ten Kate carried out an optical experiment following an experiment described in Newton’s Opticks. He was accompanied by his nephew, Jan Willink. The report of the experiment was
published forty years later in the Transactions of the Holland Society
of Sciences, by Johannes Nettis (1707–1777) who had been a student
at the Mennonite seminary in Amsterdam.3 The title of the article
ran: ‘Experiment of the Separation of Colours, Found by a Prism in
the Order of the Musical Tones, Following an Experiment in Newton’s
Opticks: At the Time Observed and Now Reported from the Inheritance of Lambert ten Kate Harmenszoon’.4
The article began with a reference to the third proposition of book
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1, part 2 of Opticks.5 In this proposition, substantiated by two experiments, Newton divided the spectrum on the basis of the division of
tones in the octave, arriving at seven symmetrically ordered colours.6
Newton had already introduced the harmonic division of the spectrum in his optical lectures in 1670 and in a paper read to the Royal
Society in 1675.7 In the Opticks he had used it to account for the vexing
problem of ascertaining the regularity of the dispersion of colours for
which he had not been able to find an alternative solution.8 Ten Kate
explained that the specific division of the octave Newton used was
less than optimal — making twelve out of sixteen consonants false. He
proposed an alternative division that had only six false consonants.
Although Ten Kate ordinarily used the diatonic scale, in this case he
used the ancient Dorian mode that Newton had used.9 According to
him the eye could not see the difference between his and Newton’s
division. Given the greater perfection of his alternative division of the
octave, Ten Kate held it for the most real as ‘the more the Works of
Nature are known, the more perfect they are found’.10
This was not all, however: Ten Kate had found a new and better way
of investigating the colours of the spectrum. A prism produced only
one ‘rainbow of colours’ and thus only one octave. In contrast, Ten
Kate’s new method could produce up to five separate spectrums at
once, displaying the colours in a clear and orderly manner. The method only required a bowl of rich suds and a wine glass: dip the glass in
the bowl, hold it on its side and study the thin film of soap. Coloured
spectrums appear from the top, starting to come down gradually, and
disappearing at the bottom. These can be studied conveniently. Ten
Kate continued by asking how this phenomenon may be understood.
After all, prismatic colours only appear upon refraction but ‘here now
however [the colour making of the rainbow] is displayed by this film
reflecting, so wonderful, clear, and in its supreme degree, rainbow
after rainbow, octave after octave: of which the solution is utmost
peculiar’.11
Ten Kate knew the solution: when the glass is held on its side, the
particles of the film begin to come down because of their weight; thus
the upper part of the film becomes thinner and the lower part thicker,
‘from which a most noble prism-shaped film is born’.12 Because of the
glueyness of the suds this takes some time. Therefore, the colours only
gradually appear. The colours are produced by consecutive refraction,
reflection and refraction of the rays of light at the front and the back
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Fig. 1: Ten Kate’s experiment on the separation of colours.

of the film. Ten Kate concluded by confirming that the colours are
observed according to the harmonic order that he had introduced.
Ten Kate’s account of the appearance of colours is interesting in
the light of Newton’s Opticks. According to him, the film of soap really
produced ‘rainbows of colours’: the colours are produced in the same
way as in drops of rain. In addition, he emphasized the shape of the
film, arguing that it gradually acquired a prismatic cross-section. In
this way he made clear that the spectrums in the soap film are truly
prismatic colours. Newton, however, explained that the production of
colours in thin films is different from that in prisms (or rain drops). In
thin films some action of the rays affects the passage of rays of particular colours. This interference depends upon the length of the path
of a ray through the film with respect to the position of the observer.
In book 2 of the Opticks he had elaborately discussed the properties
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The Opticks in the Netherlands

Because Ten Kate gave a page number in his reference to the Opticks,
it is clear that he referred to the 1706 Latin edition.14 Whether he read
Optice soon after its publication remains to be seen. In the summer of
1707 he began an extensive study of colour mixing together with his
close acquaintance, the The Hague painter Hendrik van Limborch
(1681–1759). Also involved in the research project was the painter and
engraver Jacob Christoph Le Blon (1667–1741), who was working on
what was to become the first method of colour printing.15 The project
lasted until 1713 and contained some inventive and original experimentation and conceptualization of colours and their properties.16
Notably, no direct reference to Newton’s optics was made in the course
of the inquiry, not even to his doctrine of the heterogeneity of white
light. The closest reference is in a letter of 3 February 1710, when Ten
Kate mentioned ‘mathematical experiments of the prism’ to explain
that blue is the weakest colour. Although the wording and the drift of
the argument may suggest a reference to Newton, prism experiments
as such were not exclusive to the Opticks and its author. Likewise, dur-
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of the colours of thin films and showed the periodicity of the colours.
Besides a quantitative phenomenological account, he also put forward a causal account in which the interaction between the ray and
the surface of the medium produces ‘fits of easy reflection and refraction’ that enable or prohibit the passage of the ray at the other surface.
Newton’s theory of fits is notoriously obscure and was largely ignored
by readers of the Opticks, so it is not a surprise that Ten Kate did not
discuss it.13 However, he took little notice of Newton’s account of thin
films altogether and apparently ignored the fundamental difference
with prismatic colours.
The report of Ten Kate’s experiment raises all kinds of questions.
What inspired him to perform it? Why at this moment? Why did he
want to correct Newton? How did he think his experiment added
to Newton’s doctrines? In order to make sense of the way Ten Kate
responded to the Opticks we have to broaden our view a bit and see
how Newton’s optics was taken up in the circles around Ten Kate.
This will also create an opportunity to discuss the reception of the
Opticks more generally. In the history of early Dutch Newtonianism,
the Opticks tends to have a secondary position in comparison to the
Principia.
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ing the project no mention was made of Newton’s account of colour
mixing in the two propositions of Opticks following the harmonic division of the spectrum (to which Ten Kate responded with his ‘proefondervinding’).17 After Newton had proven how white light and shades
of grey can be compounded of colours, he explained how the colours
of paints are produced — by selective reflection — and how mixtures
of paint produce compounded colours. Then he proposed a circle
diagram to determine the position of a compound colour in the spectrum, based on the relative proportions of primary colours.18 Despite
Ten Kate’s evident interest in optical themes directly related to the
Opticks around 1710, he kept virtually silent on Newton at this time.
Ten Kate must have been, however, well aware of the existence and
the content of the Opticks upon publication. His close acquaintance
and early promotor of Newton, Jean Le Clerc (1657–1736) had favourably reviewed the Opticks in 1706. Le Clerc was professor at the Amsterdam Remonstrant College and published a learned journal discussing
the latest developments in the Republic of Letters. The journal went
through three series between the 1690s and the 1720s, Bibliothèque universelle et historique, Bibliothèque choisie and Bibliothèque ancienne et
moderne. In the ninth issue of Bibliothèque choisie, Le Clerc presented
the Opticks with a translation of large parts that ran over sixty pages.19
He lauded Newton’s experiments and discoveries, giving a faithful representation of the prism experiments and the doctrines of different
refrangibility and the heterogeneity of white light. Equally interesting,
however, is what Le Clerc left out. He skipped the mathematical and
technical parts, referring his readers to the original. Newton’s account
of colours in thin films that comprised parts 1 and 2 of book 2 of the
Opticks got only one paragraph in the review.
Le Clerc quickly moved on to the account of the colours of bodies
that made up the rest of book 2. Propositions three to six, that contained Newton’s harmonic division of the spectrum and his colour circle, he only mentioned without explaining the content. The whole idea
of the colour circle thus did not become clear.20 This predilection for
Newton’s doctrine of colours of bodies and disregard of his account
of colours in thin films can also be seen with later Dutch Newtonians. ’s Gravesande would do exactly the same in his Physices elementa
(1720) and even integrated the doctrine of different refrangibility in
the theory of colours of bodies.21 In his review, Le Clerc discussed the
queries at the end of the Opticks at some length and concluded with
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Harmony in the senses

When in 1716 Ten Kate finally went into the subject matter of the
Opticks seriously, he did not do so to preach the gospel of its master.
On the contrary, his report was nothing more than a correction to
Newton: first of the division of the spectrum, then of the experimental production of spectral colours. Ten Kate was not inexperienced in
these matters. Far from that: in the preceding decades he had made
profound study of both harmonics and colours. A manuscript from
1699 contains a study of the nature and production of sounds, in particular in human speech. Parts of this would be included in Ten Kate’s
Aenleiding tot de kennisse van het verhevene deel der Nederduitsche
sprake, the groundbreaking study of linguistics he published in 1723. In
this he also developed an account of musical harmony, thus providing
the basis of his confident rebuttal of Newton. Then, in the late 1700s, he
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an exposition of what he regarded as Newton’s exemplary method.
Already at this point in 1706 the contours of the philosophical program of Dutch Newtonianism became visible.22 Le Clerc stressed Newton’s empirical bent and (thus) the purity of his philosophy as against
Descartes’, even at the level of the queries that Newton himself had
presented as tentative speculations on the nature of things.
It is not clear when Ten Kate first went into the Opticks and neither
can Le Blon’s statement be substantiated that Ten Kate learned English with the purpose of reading the Opticks.23 It might well be the case
that Ten Kate only turned to the Opticks/Optice around 1716, ten years
after its publication. In other words: on the wave of Newtonophilia
that washed over the Dutch Republic from 1715. Part of the swelling
Newtonianism was a publication of Ten Kate himself: De Schepper en
zyn bestier (The Creator and His Rule, 1716). This physico-theological
tract was a rendition of the Philosophical Principles of Religion (1715) by
George Cheyne (1671–1743), an exposition of Newtonian natural philosophy. Ten Kate’s edition was based on a summary by Le Clerc, to
which he added extensive footnotes on mathematical issues, drawing
on Principia and other mathematical works.24 Although Cheyne had
drawn substantially on the Opticks, Ten Kate’s edition paid little attention to optics. He discussed the nature of light only with regard to the
speed of light — and only by giving a reasoned value.25 As regards colours he mentioned different refrangibility, listing seven original colours and suggesting the particle nature of light.26
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undertook the inquiry into colour mixing that was mentioned above.
Ten Kate tried to develop a mathematical theory for the intensities
of colours and developed a good deal of knowledge of the nature and
proportionality of colours. So, he was no novice when critically assessing Newton’s division of the spectrum. In this regard it is not surprising that he did not even mention the central claim of the Opticks about
the heterogeneity of white light. It was not interesting for Ten Kate
and besides, the idea that colours were not a modification of white
light (and shadows) was not that new for artists and connoisseurs.27 It
was mainly interesting in the context of natural philosophy. In Coloritto, Le Blon in 1725 explicitly referred to Newton when he emphasized
the difference with their accounts of colours: whereas he discussed
material colours as they were used by painters, the Opticks concerned
the ‘impalpable’ colours that mix into white.28
As it turns out, proposition 3 in book 1, part 2, of Opticks seized upon
the very core of Ten Kate’s interests. From a modern point of view
these interests were quite disparate: linguistics, art theory, physicotheology, to name a few. As a result, the assessment of Ten Kate’s contribution has been rather fragmented in historiography with historians of linguistics, art, science, philosophy each cutting out the relevant
parts of his story. Only one or two have asked whether some kind of
inner coherence in Ten Kate’s work can be found.29 Ten Kate was
searching for harmony, in terms of regularity, beauty and piety. This
was not, however, the classical Pythagorean harmony and its Renaissance renewal. First of all, Ten Kate combined the study of the classics
with empirical and mathematical investigations of spoken languages,
statues and drawings, and light and colours. Secondly, harmony for
Ten Kate was not so much in the world — in Nature — as in the senses, in our perception of the world. This conviction was rooted in his
aesthetical ideas that stressed the way in which art evoked religious
experience.30 This phenomenological conception of knowledge and
emotive aesthetics was rooted in Ten Kate’s liberal Mennonite milieu
in which devotion was sought in the ordinary.31
Ten Kate’s search for harmony and his particular epistemic outlook
found expression in a broad spectrum of inquiries, starting in 1699
with a study of phonetics.32 In the colour-mixing project with Hendrik
van Limborch, it gave rise to a series of investigations of light and colours that is quite remarkable in the history of optics. They determined
the relative clarity of colours by comparing gradations of colours with
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painted patterns of coloured and white/black lines, that from a distance are perceived as uniform colours. The number of lines then gave
a measure of the power of a colour. This experimental set up was quite
original and draws attention to a perceptual approach in optics that
is largely ignored by historians of early modern optics.33 Against this
background of a particular research agenda and specific experiences
in optics, Ten Kate responded to the Opticks in 1716. That is, he picked
out a specific claim of Newton that he juxtaposed to his own convictions and experiences. A similar purposive reading of the Opticks is
found in the work of the second protagonist of this story.
Fahrenheit
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Not long after his experiment on the separation of colours, Ten
Kate introduced a newcomer to the circle of Amsterdam amateurs:
Daniel Gabriel Fahrenheit. Fahrenheit has acquired fame as a maker of instruments, thermometers in particular, and as a lecturer on
experimental philosophy. In a letter to Le Clerc, Ten Kate wrote: ‘there
is here in Amsterdam a man named Fahrenheit who makes all kinds
of barometers, thermometers, with far greater precision, for the use
of physicists’.34 Le Clerc published the letter in the issue of his Bibliothèque of that year, thus advertising the qualities of Fahrenheit and his
instruments to a broader audience. The letter described in detail the
instruments and the methods Fahrenheit used to assure their accuracy and reliability.
The emphasis of Ten Kate’s letter was on an exotic phenomenon sometimes observed in the containers of vacuum pumps and
barometers: a luminescence also called barometric light. In the early eighteenth century this phenomenon had become well known and
was studied by savants all over Europe.35 Barometric light was first
observed by Jean Picard (1620–1682) in 1675: when mercury in a glass
tube is shaken a band of light appears on the glass at the meniscus
of the mercury.36 The phenomenon requires very clean glass and very
pure mercury and was difficult to reproduce until Johann Bernoulli
(1667–1748) in Groningen invented an instrument to control it, Ten
Kate explained.37 Fahrenheit also made instruments called ‘ethereal
phosphors’ and had improved the design. Ten Kate’s account served
on the one hand to demonstrate the high quality of Fahrenheit’s
instruments. On the other hand, Ten Kate appealed to the learnedness and interests of Le Clerc, pointing out that the editor of the Bib-
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liothèque was familiar with the phenomenon and its history. Ten Kate
concluded his letter by pointing out other instances of phosphorescence and the importance to find an explanation of the phenomenon.
The emphasis on barometric glow did not only appeal to Le Clerc but
also reflected the particular interests of Fahrenheit in chemical issues
in natural inquiry.
Fahrenheit had recently arrived in Amsterdam, probably during
the second half of 1717, but he was familiar with the city. Having been
raised and orphaned in Gdansk, he had been brought to Amsterdam
in 1702 to become an apprentice in the Van Beuningen house of merchants in the Baltic trade. As Ten Kate had also been a partner in a
merchant house that traded with Gdansk and other Baltic towns, it
is possible that he and Fahrenheit had made their acquaintance in
those days. In 1707 Fahrenheit left business to pursue his interest in
natural philosophy and embarked on a ten-year journey through the
Scandinavian, Baltic and German lands. During this journey he visited
Ole Rømer (1644–1710) in Copenhagen — who had developed a mercury thermometer — Gottfried Leibniz (1646–1716) in Hanover and
Christian Wolff (1679–1754) in Halle. In 1717 he returned to Amsterdam, probably because the prospects for patronage in Germany had
vanished. He established himself as an instrument maker and soon
started to give lectures to paying attendants, which he would continue
until his death.38 These lectures are quite instructive as regards the
way Newton’s Opticks was presented to the circle of early Newtonians.
Fahrenheit’s lectures are quite well documented in a prospectus
from 1721 and a collection of lecture notes.39 The lectures consisted
of two series on Wednesdays, one of fifteen meetings on hydrostatics from 3:00 to 5:00 in the afternoon, and one of sixteen meetings on
optics from 5:30 to 7:30 in the evening. They were announced with the
following words: ‘The method to demonstrate natural sciences that
are attached to mathematics by means of “experimenta” or tests is
undeniably the best’.40 Fahrenheit said he used ‘the best French and
Latin writers’ and for hydrostatics he particularly named Boyle’s Paradoxa and ’s Gravesande’s Physices. He did not mention Newton at this
point. The series of lectures on optics started with a general exposition
of the nature and properties of light and its rays, quickly moving on
to refraction and lenses. Dioptrics and the design of refractors comprised nine lectures, followed by five lectures on catoptrics. It is clear
that Fahrenheit’s principal interest in optics concerned instruments.
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The lecture notes start with four unnumbered folios headed ‘Introduction’ that appear to have been inserted separately, considering the
size of the leaves and the style of writing. This introduction described
some experiments with coloured fluids, including observations
through a prism, and the ‘ethereal phosphors’.41 The actual lectures on
hydrostatics and optics are on numbered pages and the latter starts
with an exposition on the nature of light in which the ‘ethereal phosphors’ return again. Fahrenheit took a non-committal stance regarding discussions about the nature of light, although in the course of his
lectures he expressed sympathy for Descartes several times. His main
goal, however, was to explain the properties of light and his principal interest was the design of instruments and chemical phenomena.
He offered an experimental discourse in which propositions (like the
law of refraction) were proven by experiments. Fahrenheit was particularly interested in the colours of bodies and the way these could
be investigated by prisms. In this regard, he referred approvingly to
Newton. He stressed the specialist nature of the Opticks, explaining
that it demanded a considerable knowledge of optics.42 He explicitly
left out mathematical analyses, referring his audience to the dioptrics
of Nicolaas Hartsoeker (1656–1725). This is interesting because Hartsoeker was professedly anti-Newton and had written a critical letter
in response to Le Clerc’s lauding review of Cheyne.43 Colours in soap
films are mentioned as well, with a brief explanation of the effect, but
the account is too brief to establish a link with Ten Kate.44
Fahrenheit discussed all kinds of optical instruments, practical as
well as entertaining. In the last lecture on catoptrics, he discussed
instruments with mirrors. Here Newton finally got centre stage. Fahrenheit first explained how a refracting telescope could be shortened
by use of plane mirrors, before coming to Newton’s invention of a telescope with a concave mirror objective. In his view the main advantage
of Newton’s reflector was the shortening of telescopes. In the course of
the seventeenth century, refracting telescopes had gradually become
too long to handle, reaching lengths of ten metres and more. Fahrenheit did not mention chromatic aberration, which had been Newton’s principal goal of designing the instrument. He was well aware of
chromatic aberration, having explained that the reddish appearance
of telescope images was caused by the shorter focal distance for blue
rays. In an earlier lecture he had discussed chromatic aberration in
greater detail. In a rather lengthy exposition on refracting telescopes,
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Fig. 2: Fahrenheit’s sketch of a Newton reflector. (Source: Leiden University
Library, BPL 772, fol. 51v)
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he had explained that Newton in his Opticks had proven with accurate
experiments that colours are differently refrangible and argued that
this was the reason of the poor performance of telescopes. However,
Fahrenheit surprisingly added, Newton only aimed at Galilean telescopes (consisting of a convex objective and a concave ocular), thus
implying that the effect was less relevant in the Keplerian telescopes
(consisting of convex objectives and oculars) that were common in
astronomy.45
Fahrenheit closed the lecture by discussing a reflecting telescope
and microscope of his own design. According to the notes he had said
the following:
After I had read Newton’s Opticks about nine years ago, the
composition of the preceding telescope pleased me so much
that I looked for an opportunity to make one mechanically.
And as Newton complains about the metal as well as the
glass, I chose about six years ago a hardened steel for the
objective mirror of six-inch focal distance, Rhineland measure. And as it seemed to me to be a bit awkward in use to
look into the mirror from the side, I made a round hole in the
middle of the mirror and furthermore I placed a small convex
mirror on such a distance from the objective mirror, so that
the rays of objects that were reflected by the large mirror
bounced off for a second time to the hole in the large mirror,
where the rays were thus gathered into an image.46
There is no diagram to this description, but it is clear how Fahrenheit had taken up the Opticks. Not as a foundational exposition on
the nature and properties of light and colours and not as a primer
on the design of optical instruments, but as a challenge to his instrument-making skills. Reading about Newton’s reflector, he immediately
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considered ways of improving the material properties of mirrors and
configuring mirrors and lenses to make telescopes more convenient
to use.
The challenge had presented itself a couple of years earlier, most
probably when Fahrenheit was staying in the German countries. If the
lectures took place from 1721 on, his statement that he worked on mirrors six years prior accords pretty well with a letter he wrote to Leibniz on 1 July 1716 in which he said he had just built his first reflector.47
This would imply that he first read the Opticks around 1713. Probably it
was not before 1714, after he had arrived in the German countries from
Copenhagen. His biographers suggest that Fahrenheit did not start to
work on mirrors prior to his stay in Berlin, Halle, Leipzig and Dresden from 1714–1716.48 Fahrenheit had gone to these German towns to
improve his skills in glass-working for the purpose of making thermometers. His plan paid off, for he became one of the best blowers of
capillary tubes.
Circumstantial evidence may shed some more light on the development of Fahrenheit’s interests and his involvement in mirrors in particular. From the 1690s Ehrenfried Walter von Tschirnhaus (1651–1708),
a nobleman in the patronage of the Saxon Elector, had made substantial efforts to improve and modernize the Saxon glass industries.49
Besides promoting the economic interests of Saxony, Tschirnhaus
was particularly interested in developing technologies for making
high-quality burning mirrors. Burning mirrors had been central to
his interests since his extended sojourns in the savant circles of the
Dutch Republic, Paris and London between 1668 and 1682.50 He had
experimented with mirrors, considered the physics of light, and developed the mathematical theory of caustics, on which he corresponded
extensively with men like Christiaan Huygens and Gottfried Leibniz.
After the death of Tschirnhaus his mirrors remained in the Dresden
Kunstkammer and the optical manufacturing techniques were further developed in the Saxon glass huts.51 We may surmise that Fahrenheit encountered this legacy on his visit to Dresden. A direct link does
not exist, but there are several indirect links between Fahrenheit and
Tschirnhaus such as the latter’s Dutch network and of course Leibniz.
Such circumstantial evidence suggests that Fahrenheit’s interest and
expertise in reflectors was spawned by Saxon mirror-work.
These speculations aside — but I do feign hypotheses — the biography of Fahrenheit offers an important lesson regarding the influence
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of Newton. The formative years of Fahrenheit’s experimental method
and his instrumental proficiency took place in the vicinity of men like
Rømer, Leibniz and Wolff. Skilled and learned, he arrived in Amsterdam in 1717, finding a natural place among the Amsterdam ‘Newtonians’. In this development, Newton’s Opticks was a source of inspiration,
but not at all the cornerstone of Fahrenheit’s optical pursuits. Some of
it was relevant to him, but the natural philosophy hardly interested
him. The same goes for Ten Kate; he too read the Opticks from his own
particular points of view. They were well-versed in optics and picked
out the parts that were relevant to their interests — the harmony of
colours, the perfection of instruments. What does this all mean for
Ten Kate’s and Fahrenheit’s alleged ‘Newtonianism’?
Not all roads lead from London
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The optical pursuits of Ten Kate and Fahrenheit can easily be read as
examples of deficient reading of the Opticks, containing many misunderstanding, ignoring the gist of Newton’s argument, and so on. This
would imply that something like Newtonian optics existed and that it
was a principal point of reference for the early Dutch Newtonians. The
cases of Ten Kate and Fahrenheit raise some fundamental difficulties
with such an interpretation. Theirs are not stories of the reception of
some coherent body of knowledge, but of purposeful appropriation of
particular elements within a broader spectrum of ideas and practices.
The cases of Ten Kate and Fahrenheit bear upon the early stages of
so-called Dutch Newtonianism and have, I believe, historiographical
implications for the very idea of ‘Newtonianism’. In the historiography
of eighteenth-century science terms like ‘Newtonian’ and ‘Newtonianism’ are rather common and often used in an uncritical way. Ten
Kate’s linguistics is generally characterized as ‘Newtonian’, as are the
pursuits of many Dutch savants of the period. In my view, however,
the use of such a designation is not enlightening and often misleading
in terms of historical understanding. In the final part of this article I
want to seize the opportunity and discuss some problematic aspects
of the idea ‘Newtonianism’.52
Until quite recently the term ‘Newtonianism’ was used in a wide
range of meanings, ranging from a physical theory, to a methodology and a philosophical system.53 The free use of the label suggests
some coherent system of knowledge. In early modern conceptions this
would be a system of natural philosophy, comprising ontology, episte-
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mology, cosmology and metaphysics.54 In many cases, however, such
systems have been narrowed down to physical theories and methodological positions, neglecting the broad scope of natural philosophy
in both philosophy and subject matter.55 Efforts have been made to
precisely define such a system, resulting in a collection of brands of
‘Newtonianism’.56 Apart from the question to what extent it is historiographically legitimate to characterize ‘Newtonianisms’ in terms
of physical theories, such exercises leave open the question to what
extent a ‘Newtonianism’ has agency.57 First of all, no ‘school’ of natural philosophy came into being before the late eighteenth century.
Second, a system of natural philosophy rarely if ever was a main point
of reference for natural inquirers. Ten Kate and Fahrenheit provide
cases in point. They adopted elements of Newton’s teachings — a physical explanation, an experimental find, an inventive artefact, a metaphysical idea — but were largely indifferent to his system of natural
philosophy as a whole. Not all praise for or critique of Newton should
be understood on the level of natural philosophical systems. Often
inquirers had a different agenda that concerned specific empirical,
mathematical or technical issues.58 ‘Newtonianism’ does not seem a
very fruitful category for doing history of science.59
A second problem in the use of ‘Newtonianism’ is the tendency to
focus exclusively on Newton when interpreting early-eighteenth-century science, neglecting other big names like Boyle, Leibniz and Wolff.
However, Newton was not the prime mover of eighteenth-century
experimental philosophy. The Republic of Letters offered a broad spectrum of ideas, convictions, examples and things to the natural inquirer
who created assemblages fitted to his needs. Schofield has argued that
the spectrum of references was much broader for the Dutch, and that
Newton was relatively secondary for the Swiss and French. In his taxonomy he effectively deconstructs the ‘Newtonian’ nature of most of
the Newtonian brands.60 The experimental philosophy that is labelled
‘Newtonian’ had been taking shape well before Newton entered the
scene. Wiesenfeldt has shown how at Leiden University an experimental physics was established in the 1670s, primarily in response to the
ongoing debates about the status of philosophy.61 His discussion of De
Volder shows that later ‘Cartesianism’ was quite empirical, which is
confirmed by ‘post-Cartesians’ like Rohault.62 Likewise, at Halle Wolff
continued a tradition of experimental teaching that had begun by
Johann Christoph Sturm (1635–1703) at the University of Altdorf. Not
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coincidentally, Halle was one of Fahrenheit’s stopovers in the German
states. Taking contexts like these will seriously yield a much richer historical picture.
The term ‘Newtonianism’ is often used in terms of reception of
Newton’s doctrines, suggesting a one-way traffic from a given set of
doctrines to an attentive audience. Closer inspection of early Dutch
‘Newtonianism’ makes clear that the process was far from unidirectional. It was largely a joint venture of Desaguliers and ’s Gravesande
in their to-and-fro between England and the Dutch Republic, linking
receptive circles in both places. The second edition of the Principia
was pivotal, but it was also a creative appropriation of Newton’s original mechanics, including the ‘Newtonianization’ of Newton himself
by his English circle of devotees. Rienk Vermij has shown in a brilliant article how a particular group of pious but freethinking Amsterdam amateurs adopted Newton around 1715 as the banner for their
philosophical and theological convictions.63 In this process the term
‘Newtonian’ acquires actual historical significance and was indeed an
actor’s category. Yet it was used for a specific purpose, as a label to distinguish a particular conception of natural philosophy, and to its theological aspects in particular. ‘Newtonianism’ as used by early Dutch
Newtonians was the physico-theological program that mobilized the
pious response to the allegedly atheist implications of Descartes’ and
Spinoza’s mechanistic philosophies.64 In other words, ‘Newtonianism’
is a theological/philosophical concept that should be carefully distinguished from astronomical, physical or chemical theories. If the label
‘Newtonianism’ has any historiographical value, it is as the ideological
label in the way the Dutch Newtonians used it.
The rhetoric used to separate the new philosophy from the Cartesian (and Spinozist) threats of atheism was loud and persuasive. At
the same time it obscured the ideas and practices they had developed on their own, as well as the other sources of inspiration and justification like Rohault, Huygens, De Volder and Wolff. Central to the
Newton-rhetoric was the requirement to deduce propositions from
the phenomena, as contrasted to the rationalist speculations of Cartesians. Significantly, in their rhetoric they used the name of Boyle
almost as often as Newton to mark off the despicable Descartes. Boyle
fitted the physico-theological ideology of the ‘Newtonians’ perfectly,
but he also provides a much earlier source than Newton and a direct
link with the previous pursuits of De Volder. Moreover, the reference
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to Boyle points to the conspicuous interest in chemistry among the
Dutch ‘Newtonians’. An example of this is the particular attention Ten
Kate gave Fahrenheit’s ‘ethereal phosphors’ when introducing him to
the Amsterdam circles. Likewise, in the Opticks Ten Kate and other
‘Newtonians’ singled out Newton’s theory of the colours of bodies in
particular. This chemical context was quite significant from 1700 and
should be taken into account when considering the development of
‘Newtonianism’. Early modern chemistry has a history of its own that
sheds new light to the development of experimental physics and the
role of Newton.65
In optics too, the Dutch ‘Newtonians’ had different sources of inspiration prior to Newton. In its early days, Vermij’s circle of Amsterdam
amateurs had been a principal promoter of Tschirnhaus. Le Clerc and
Ameldonk Blok (fl. 1687) saw to the publication of Tschirnhaus’ ‘Medicinae’ and their prompt translations. They had a particular interest
in his optical projects, advertising and circulation burning mirrors
and lenses of his. The connection I hypothesized between Fahrenheit and Tschirnhaus was probably not coincidental. Finally, the
same circle had been instrumental in promoting the optical works
of Hartsoeker in the 1690s. Despite the fact that Hartsoeker turned
against Newton in 1712, to the audience of his lectures Fahrenheit recommended him in optics. However, in the ‘Newtonian’ rhetoric of the
1710s and 1720s such diverse sources of inspiration largely disappeared
from view.
Ten Kate would vehemently advocate Newton against Descartes
for it in De Schepper en zyn bestier. Still, he did not need Newton to
become an empiricist. He already was long before Newton came to
his attention. Ten Kate had developed his empirical approach to linguistics from the late 1690s onwards.66 The label ‘Newtonian’ fitted
his empiricism — proposing and proving properties from phenomena — but with respect to Newton’s account of the nature and properties of light, he was rather liberal. His phenomenological approach to
nature did not quite fit Newton’s analytical optics and the ontology
of his theory of sound was entirely at odds with Newton’s doctrines.
These did not disappear after 1716. Very few Dutch Newtonians were
orthodox in any sense of the word. ’s Gravesande and Van Musschenbroek explicitly used hypotheses; in a circumspect manner but still
introducing speculative elements in experimental philosophy.67 ‘Newtonian physics’ had many features that were rather non-Newtonian,
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like the predilection for pumps and hydrology ’s Gravesande and Van
Musschenbroek shared with Desaguliers, and a focus on chemistry. In
optics too, the Dutch ‘Newtonians’ put emphasis on specific themes
— the colours of bodies, the nature of light — that transformed Newtonian optics into a new entity. Newtonian about their philosophy was
mostly the ontology of particles and forces. Compared to Ten Kate and
Fahrenheit, ’s Gravesande and Van Musschenbroek were more occupied with building a system of natural philosophy, but this was primarily because they wrote textbooks.
Newtonian Opticks
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If there was something like Dutch ‘Newtonianism’, it was primarily linked to the second edition of the Principia and the ideology of
pious natural philosophy. In the history of Dutch ‘Newtonianism’, the
Opticks is relatively overshadowed by the Principia. My account of the
reading of the Opticks somewhat shifts the perspective from philosophical systems and worldviews to ingenuity and materials. In optics
natural philosophical issues of God and Nature were less prominent.
Although I have confined my discussion to the intellectual aspects
of ‘Dutch Newtonianism’, it can be questioned whether this can be
approached as a set of ideas at all. Interpreting early Dutch Newtonianism — and Ten Kate’s and Fahrenheit’s pursuits in particular — as
material culture may be historically illuminating.68 Yet even from an
intellectual perspective it is clear that the ‘recipients’ of Newton’s optical doctrines actively appropriated their readings to their own causes.
They possessed considerable expertise in matters of optics and this
shaped the way they took up the Opticks. ‘Newton’s optics’ was not
ready-made to be exported; it was read and thus made, in the Low
Countries too.
Despite the enthusiasm for Newton’s optics and despite the large
amount of publications in Dutch on experimental philosophy, Opticks
was never translated into Dutch. By the time the second, enlarged edition of Opticks appeared in 1717, the Low Countries had been flooded
by the tsunami of Newtonophilia. This new edition was ‘Newtonianized’ in a similar way as the second edition of Principia, emphasizing
its epistemological and ontological outlook.69 In 1720 the first French
translation was published in Amsterdam. It was followed by a second
edition in Paris, to which Newton himself exerted his authority by making its ‘Newtonian’ message unmistakable. Eventually, Opticks made it
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to the Dutch language via a considerable detour. In 1753 the Amsterdam printer Isaak Tirion (1705–1765) published a Dutch translation of
Robert Smith’s Compleat System of Opticks. This was a carefully structured textbook on optics, in which the Opticks was the foundation of
the physical part. But Smith, too, appropriated Newton’s doctrines to
his own didactic interests.70 A direct Dutch translation of Opticks was
never made and so a Gezigtkunde never saw the light.
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6 This is probably one of the weakest spots in the Opticks because Newton did not really substantiate — theoretically or empirically — this statement. The musical division of the spectrum was in fact the weak bid after
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