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MATTERS OF KNOWING. WAYS OF KNOWING
IN ENLIGHTENED OPTICS

Research in optics was a multifaceted affair in the Enlightenment that 
produced all kinds of ideas about light and colour and practices to employ it. 
They provide a mirror for present-day practices and concepts of optics that 
seem to evade basic notions of light and optics and are much richer than 
the basic textbook theories. This paper discusses three cases of enlightened 
optics. They came right after the classic formulations of the wave theory by 
Huygens and the particle theory by Newton; but these theories were largely 
irrelevant for these pursuits. The three-colour printing that Le Blon invented 
presented an alternative understanding of the nature and mixing of colours, 
based on visual perception. The burning lenses of Tschirnhaus showed 
the material effects of light, and consequentially its material nature. The 
barometric light displayed by vacuum glass spheres evaded every explanation 
but gave rise to the invention and investigation of electricity. These original 
inroads into optics may inspire present-day researchers to think anew about 
light and colours.

In secondary school the physics of light was saved until last. The dual nature of light offered 
a glimpse into the strange world of modern physics that lay well beyond the A-levels. Light 

showed how physics could grasp the impalpable: being two things at the same time. The true 
nature of particle/wave duality was in the mathematical physics of sophisticated modelling and 
experimentation. That was well beyond our reach, but we had got the idea. The chosen few who 
would go into university physics might hear that a photon is a wave packet and a wave is a set 
of photons that go around together, and might learn to work them through.

It remains to be seen whether this promise of higher understanding is fulfilled. Conceptions 
of what a photon is vary widely among physicists.1 At the end of the day the particle/wave 
probably gives no answer at all as to the question of what light is. The aspiring student will be 
disappointed even further (Lange, 2002). Many physicists are not particularly interested in the 
nature of light (and other natural entities). In modern physics the question ‘what is the nature 
of light?’ is generally not considered a scientific question at all. The quest for the nature of 
things ended with the advent of energy physics: science was no longer about essences, it was 
about conversions and effects (Kuhn, 1959; Smith, 2003). Rather than asking what heat is, in 
1848 William Thomson, the later Lord Kelvin, asked what it can do; answering that it can do 
work (Thomson, 1848). With Einstein all attempts at understanding the ether were put aside: 
no sensible thing can be said about the nature or existence of the world beyond our instruments. 
The ignoramus and ignorabimus of du Bois-Reymond was expanded to an epistemic imperative 
‘we should not want to know’ (du Bois-Reymond, 1912).

Reality should not be written off from modern science too soon, however. Concepts of the 
nature of things are important for devising experiments, concocting hypotheses and interpreting 
effects. Picturing things as real helps in getting to intellectual grips with phenomena. Scientists 
need epistemic tools to investigate phenomena (de Regt, 2009). How do inquirers comprehend 
light when thinking about its properties, creating effects, manipulating experiments? This 
article addresses this question in an oblique manner, by making a detour to the optics of the 
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eighteenth century. The creative ways in which Enlightened students of optics got to grips 
with various phenomena gives us an idea of the diversity, inventiveness and profusion of the 
epistemic tools employed by natural inquirers then and now.

Beginnings

Accounts of the nature of light usually refer to Huygens and Newton for the origins of wave 
and particle conceptions. Basically this is correct; regarding light, the new mechanistic 

understanding of nature of the seventeenth century crystallised in their theories. In Traité de 
la Lumière (1690) Christiaan Huygens (1629–1695) elaborated the idea that light consists of 
waves in an all-pervading ether. The key to his theory was his principle of wave propagation: 
an exact mathematical description that allowed for the explanation of the properties of light 
by means of geometrical derivation (Dijksterhuis, 2004). Newton’s Opticks (1704/1717) was 
an entirely different affair: rather than expounding an explanatory model for the properties 
of light it contained an experimental investigation of a range of new phenomena of light and 
colour. Central to it was the discovery that Newton had presented to the world in 1672: white 
light is a mixture of colours that can be separated into a spectrum by means of refraction in a 
prism – or raindrop for that matter. In Opticks, Newton extended his experimental account of 
light and colours to the interference patterns in thin layers of oil, soap, glass and air, as well as 
diffraction.

Newton regarded claims about the unobservable nature of things, such as Huygens’s waves, to 
be speculations that should not be allowed to enter into proper science. As a result, in Opticks 
he defined the nature of light in terms of the rays that one sees. Only as an afterthought, in a 
series of probing ‘queries’ at the back of Opticks, did he reflect upon the nature of light. He 
made his private thoughts clear to his readers in the form of a rhetorical question: ‘Are not the 
Rays of Light very small Bodies emitted from shining Substances?’ (1717, p. 345). Newton 
considered a particle conception of light a better option than the ethereal waves of Robert 
Hooke, Christiaan Huygens and others: ‘Are not all Hypotheses erroneous, in which Light is 
supposed to consist in Pression or Motion, propagated through a fluid Medium?’ (p. 336). The 
exact wave theory of Huygens could not, according to Newton, account for such basic properties 
as the rectilinearity of light rays, since waves, after all, bend around corners. How streams of 
particles cross another unhindered, Newton did not tell. In fact, he had never managed to 
figure out completely what kind of particles and which of their properties explained colours, 
bending, interfering, etc. Newton’s reservations did not keep his disciples from adopting a 
particle conception of light. In the eighteenth century he dominated the physics of light; mainly 
because he gave an account of colours, which Huygens had not (Hakfoort, 1995, p. 183–5). 
Huygens’s waves were rediscovered around 1800, but that is another story.

The basic physics of light was established by 1700. The waves of Huygens and the particles of 
Newton concluded the search for a mechanistic understanding of light, to which the nineteenth 
and twentieth centuries would add an integration to explain/not explain the dual nature of 
light. 1700 was not, however, an endpoint for optical inquiry. During the eighteenth century all 
kinds of optical phenomena were created and studied in ingenious ways. The physics of waves 
and particles played a relatively minor role in these inquiries. To see how eighteenth-century 
students of optics comprehended light I look at three aspects of light and colours that raised 
new questions about their properties and effects. These instances concern the perception, the 
effects and the generation of light and colours. The ways in which Enlightened inquirers handled 
these display the wealth and diversity of the epistemic toolbox of natural research in the period. 
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Mixing Colours

Around 1710, the painter and engraver Jacob Christoph le Blon (1667–1741) developed 
a method for colour printing. He used mezzotints, a printing technique that had been 

developed a few decades earlier. Mezzotints use very fine patterns of lines that allow for subtle 
gradations of greys. Le Blon separated his composition into red, yellow and blue components 
and made a plate for each. The mezzotint structure made the colours fuse, thus creating the 
required mixtures. The basic idea was good and worked very well, but the practical realisation 
was not easy (Lilien, 1985). Le Blon did not manage to exploit his invention very successfully. 
In the 1710s he moved from Amsterdam (where he had settled in 1702, after training in 
Frankfurt) to London, acquired patents and set up a printing and weaving enterprise. He 
produced several beautiful prints, including a series of anatomical pictures. The business was 
haunted by financial problems, however, and eventually collapsed. In the early 1730s he moved 
to Paris to try his luck anew, again without much commercial success. 

Le Blon’s colour prints were based on a basic insight evident to early modern artists: the whole 
spectrum of colours and gradations can be made by just three primaries. Newton’s colour theory 
cannot really explain this: there is no reason why red, yellow and blue would have special 

Figure 1: Separate colour layers of a print of Le Blon. 
              Print Collection of the British Museum.
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status among the spectral colours; or why any colour should be singled out. Newton had settled 
on seven primaries – on the basis of musical harmonies – but could not really explain what 
was primary about them. Moreover, there is a fundamental difference between philosophical 
and artistic colours: the spectrum is linear, whereas the painter’s primaries suggest a two-
dimensional field of colours. Le Blon was aware of the difference between artists’ primaries 
and Newton’s spectrum. In 1725 he published a brief treatise on his invention, Colorrito. He 
explained the basics of his method without, however, disclosing many details of his secrets. As 
regards the optical effects employed, he explained that red, yellow and blue sufficed to make 
all variations of colours: ‘[...] a Mixture of those Three Original colours makes a Black, and all 
other Colours whatsoever; as I have demonstrated by my Invention of Printing Pictures and 
Figures with their natural Colours’ (1725, p. 6). Le Blon added that he only considered Material 
colours, as contrasted with the impalpable colours that had been Newton’s object of study in 
Opticks, prismatic colours so to say. A mixture of these colours ‘that cannot be felt’ produces 
white instead of black. Le Blon had developed his own understanding of colour from his graphic 
practices and considered his invention to provide the proof of his account.

Figure 2: Colour Pyramid in Lambert, 1772.
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Le Blon did not further elaborate upon the theoretical understanding of colours. Others did, 
such as the mathematician and philosopher Johann Heinrich Lambert (1728–1777) and the 
painter Benjamin Calau (1724–1785). Around 1770 they made a colour pyramid, a collection 
of all colours and their gradations in the form of a three-dimensional arrangement, in order 
to establish a rational ordering of all colours. In 1772 Lambert published an account of the 
pyramid, Beschreibung einer mit dem Calauschen Wachse ausgemalten Farbenpyramide. 
He explained that on the basis of considerations of the spectrum the choice of primaries is 
ultimately arbitrary. He criticised Newton and others for trying to attribute a special value to a 
number of colours in the spectrum. There was no doubt, however, that primaries exist: these are 
colours that cannot be made by mixing others but are sufficient to make any colour. Painterly 
practice showed that red, yellow and blue are necessary and sufficient (Lambert, 1772, p. 22).2  

On the basis of the painter’s primaries Lambert and Calau developed their colour pyramid. 
Rather than a linear spectrum, the variety of tones suggested a field or space of colours. The 
three primaries suggested a triangle of colours as the basis for their pyramid. Ordering colours 
on a triangle with the primaries at the vertices provided a means to denumerate them, using 
a coordinate-type bxyyrz system (blue-yellow-red). Calau and Lambert investigated the ideal 
pigments to create the primaries and suitable mixtures that did not lose hue: carmine, Prussian 
blue and gamboge. Furthermore, they used a special medium developed by Calau – a natural 
wax for encaustic painting – to maintain the prismatic qualities of the colours in painting. 
The next step was to determine the exact manner of mixing primaries. Lambert explained that 
weight rather than volume determined the tint of the mix. A key factor was the difference in 
strength of various colours – and even of various pigments of the same colour. To solve this, 
they made mixtures of accurately determined amounts of pigment, stepwise adding the second 
colour until the intermediate tint was found. They used a balance to determine exact ratios for 
each tint. In this way they concluded that carmine red was six times and Prussian blue four 
times as powerful as gamboge yellow. Relating optical strength in this way to pigment weight, 
the required amounts of pigments in a mixture could be determined (Lambert, 1772, p. 61–2; 
77). For example: b2y3r3 required 36 parts gamboge, six parts Prussian blue and six parts 
carmine red. With this algebraic procedure for combining amounts of paint, depending on their 
optical strength, the mixtures required for the intermediate tints were made.

Without going further into the details of the colour pyramid – he elaborately discussed its use 
in industry and art – an important conclusion can be drawn about the way Lambert understood 
colours. Like Le Blon, Lambert investigated light and colours in a perceptual manner, devising 
ingenious experiments and concepts employing their physiological properties. He did not 
consider the question of how a particle (or wave) creates colour and interacts with the retina and 
optic nerve. He was not very convinced by earlier attempts to define colours on the basis of the 
physical characteristics of the spectrum, refraction, etc. According to Lambert, artistic practice 
and painterly expertise provided the true understanding of light and colours. The discrepancy 
between material and prismatic colours was not something he resolved. It would not be until 
the nineteenth century that primaries and mixing came to be understood as a physiological 
phenomenon that has little to do with the refractive properties of coloured rays. Painters’ 
primaries may have eluded Newton’s theory of colours, but did inspire ingenious pursuits in 
the eighteenth century. Le Blon’s colour prints and Lambert’s colour pyramid are only two 
examples of the many inventions and inquiries into colours in the eighteenth century. Painters, 
collectors, colourists, and philosophers, inquired into the properties of colours by experimenting 
and observing pigments and their applications, understanding light and colours in terms of the 
palpable effects of mixtures.
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Burning Light

The next case appeared in the wake of Huygens’s wave theory: the burning power of light 
focused in mirrors and lenses. Huygens developed his theory in 1677 and presented it to the 

Académie Royale in Paris in 1679 (Dijksterhuis, 2012). The principle of wave propagation was 
the result of his tackling a challenging puzzle. Spherical lenses and mirrors produce luminous 
curves called caustics: bright lines where reflected or refracted rays intersect. Huygens had 
been racking his brains over the question as to what exactly happened with light waves moving 
along a set of enveloping rays. The idea of secondary wavelets solved the problem, explaining 
that a wave does not move as such but is produced by a consecutive disturbance in the ether.

Ehrenfried Walther von Tschirnhaus (1651–1708), an acquaintance of Huygens who had been 
present in Paris, elaborated upon Huygens’s theory in his own work on glass. In the early 1680s 
he developed a new method of making mirrors, making them shine brighter and burn harder 
than ordinary mirrors. Tschirnhaus’s mirror did not consist of a coated layer of glass or cast steel 
like ordinary mirrors. He used copper plates, chiselling the proper shape of the mirror: an easier, 
quicker and more accurate method. The plated copper and the polishing methods produced 
excellent reflecting properties, preserving the full force of the sun’s light. The effects of the 
mirror were impressive: immediate combustion of wood, burning of wood under water, cooking 
of eggs, melting of tin and lead in a couple of minutes, burning through iron and copper sheets, 
and vitrifying mineral substances (Tschirnhaus, 1687).

Figure 3: Tschirnhaus mirror and lens in Mathematisch-Physikalischer Salon, Dresden (Wikipedia).
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In addition to these impressive effects, Tschirnhaus found a new mathematical property of the 
caustic of a spherical mirror. Relating the curve to the reflected rays, he showed that a section 
of the caustic is equal to the sum of the incident ray and the reflected ray that cuts off this 
section: arc CR = DE+ER. The reflected ray thus gave the rectification of the caustic (and the 
mirror is the evolute of the caustic). In the Spring of 1682, Tschirnhaus travelled to Paris to 
present his mirror to the Académie. He gave his discovery an emblematic meaning: ‘Singulare 
SOLIS opus: Curva Rectis Adaequat’ – The Singular Work of the Sun: the Curve Equals Straight 
Lines.3 In other words: the mirror had the same powers as the patron of the Académie, Louis 
XIV. It transformed the power of the sun while maintaining its nature, just as the Sun King did 
himself. The scheme did not work out: Tschirnhaus’s hope of acquiring a position in Paris was 
futile. He returned home to Sachsen, got married and settled on his estate.

In the following decades Tschirnhaus continued his work on glass with even more spectacular 
results. In the early 1690s he developed innovative techniques for glass manufacture: large 
furnaces allowed the controlled application of high temperatures and the slow cooling down of 
materials over a period of several weeks. This made possible the production of large pieces of 
glass that could be subsequently ground into large lenses. Eventually Tschirnhaus managed to 
make biconcave lenses with a diameter of over 80 centimetres, an unprecedented magnitude. 
The focus had the size of one Taler, which is quite small and produced very high temperatures 

Figure 4: Sketch and diagram of caustic of a mirror.  Manuscript in Gottfried Wilhelm
              Leibniz Bibliothek, Hannover and Acta Eruditorum,1682, resp.

Figure 5: Illustration of Lavoisier's extended burning lens. Oeuvres de Lavoisier (1864).
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resulting in the instant burning of wood and cooking of water, melting and perforating metals, 
vitrification of brick, slate and even asbestos (Tschirnhaus, 1696). In 1694 Tschirnhaus travelled 
to the Low Countries and showed Huygens his new invention. (His mentor would fall ill and pass 
away not long after.) 
 
Tschirnhaus’s fame began to spread. In the winter of 1701–1702 he returned to the Paris 
Académie to present his burning glasses and other work. Willem Homberg (1652–1715) 
was very interested. He expected the instruments to be useful in his chemical inquiries and 
convinced his patron Philippe to procure one (Principe, 2008; Homberg, 1702).  Homberg 
investigated the role of light in chemical reactions. In his view, sulphur was light incorporated 
into substances. The Tschirnhaus lens produced pure light, but of such high amounts that it 
was difficult to control. Metals evaporated quickly when placed in the focus. To investigate 
the effects of prolonged addition of light, Homberg left out the second lens and placed his 
sample just off the focus. In this way he controlled the temperature rise of his samples. Or 
rather he controlled the addition of the reactant light to the samples. The experiments with 
the Tschirnhaus lens made it clear to Homberg that fire and light are not the same thing: fire 
is a mixture of light and the flammable oils of combustibles. In a paper read on 3 June 1702, 
Homberg discussed experiments with the glass lens on metals (Homberg, 1703). The most 
important result was the transformation of silver and lead from white to yellow, indicating an 
addition of sulphur (and a transmutation into gold). With the Tschirnhaus lens Homberg could 
bring about reactions by adding pure light to metals.

Homberg’s ideas are enlightening from a modern point of view, as they are rather at odds 
with our physical conceptions of light. He considered light to be a substance with specific 
properties and specific reactive features, a chemical substance in other words. Moreover, he 
considered the focus as a way to bring about and control reactions. The idea that light was a 
substance would take hold in the Enlightenment. In the Traité Élémentaire de Chimie of 1789 
Lavoisier gave his list of elements, simple substances that cannot be analysed any further. 
That Lavoisier listed light and heat among the elements easily produces a giggle today. Still, it 
followed quite naturally from the many experiments and observations of light in the eighteenth 
century. Lavoisier was the direct heir of Homberg and others and he even employed the same 
Tschirnhaus lens in 1774. He combined it with an even larger water-filled lens to investigate 
combustion phenomena, enhancing the effects even more. Lavoisier was not overly enthusiastic 
about equipment though – too expensive and cumbersome.

Homberg’s and Lavoisier’s chemical understanding of light went beyond the mechanics of 
matter in motion. Homberg’s material conception guided his inquiries. Conceiving of light as 
a substance that could be handled and combined, assisted him in rearranging his experiment 
and interpreting his results. In contrast to Homberg, Tschirnhaus himself never gave detailed 
accounts of his experiments and his theoretical interpretations. He described his mirrors and 
lenses, their uses and effects in fairly general terms. He called his burning lens a new furnace 
that would transform chemistry, without explaining how the focusing of rays produced heat 
(Leibniz, 1923, p. 27). He analysed the burning focus only mathematically; his account of 
the caustic did not explain why a junction of rays is hot and brings about chemical reactions. 
Apparently, for Tschirnhaus, light was just rays and converging them produced heat that could 
dissolve materials.
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Lighting Vacuum

Light comes from the Sun. At night the Moon and stars may offer some light; fires and flames 
helping out some more. It was not too difficult to explain light as a kind of fire in natural 

philosophy, be it a peripatetic element, mechanistic motions or chemical substance (Park, 
1997). Even if it was not common fire, as Homberg showed, still it had a fiery nature. Things 
were different with more exotic sources of light, in animals, woods, stones, the north skies and 
masts. Phosphors, bringers of light, fired the early modern imagination. Bologna stone was a 
type of baryte of which phosphorescent specimens were found near Bologna and thought to have 
special (al)chemical and medical powers. The first account of the stone was published in 1640, 
followed by a long series of philosophical tracts throughout the seventeenth century (Liceti, 
1640). In 1669 a Hamburg chemist, Hennig Brand, invented a way to make the luminescent 
substance artificially. He boiled down urine to a paste, heated it to a high temperature, led the 
vapours through water, and finally obtained a white substance that glowed in the dark (Wahl, 
2014). He sold the recipe and the secret travelled over Europe, attracting the attention of 
philosophers like Boyle and Leibniz.

An altogether different kind of phosphor was first observed in 1675. On a winter night, Jean 
Picard (1620–1682) was carrying his barometer from the Paris Observatoire to the Porte Saint 
Michel (Picard, 1676, p. 112) when he noticed a curious phenomenon: the tube emitted light 
at the edge of the moving mercury level. He reported his observation to his colleagues and they 
tried to reproduce the phenomenon. The results were confusing: some barometers produced 
light while others did not. Additional trials with various mercuries and instruments gave no 
more clues. The académiciens had no idea to what the phenomenon of barometric light might 
be attributed. Things changed 20 years later with Johann Bernoulli (1667–1748), at that time 
a professor in Groningen in the Dutch Republic. He developed a ‘new way to render barometers 
luminous’ which he presented to the Académie in 1700. The apparatus he devised brought the 
mercurial phosphor under full control, provided that the glass and the mercury were very pure 
and clean. It was called ethereal phosphor, an indication of the mysterious origin of the light. 
The publication of Bernoulli’s accounts in 1703 and 1704 caused a wave of investigations 
into the phenomenon, starting with Pierre Polinière in Paris and Francis Hauksbee in London 
(Corson, 1968).

Barometric light was a phenomenon that had to be carefully brought under control. Finding or 
making the right animal, mineral or chemical instance would not do: it came and went with the 
expert handling of properly devised apparatus. The curious emission of light by the barometer 
opened a door to the hidden forces of nature. Although they had no idea what exactly caused 
the luminescence, philosophers recognised it as an opportunity to investigate the properties of 
nature. It was not long before focus on luminescence brought to light an entirely new class of 
phenomena. Hauksbee found out that mercury was not necessary for the glow: when rubbed 
in a controlled fashion a vacuum glass sphere sufficed. And it turned out that this contraption 
produced interesting forces that behave comparably to the attractive and repulsive forces of 
amber. Elektron is the Greek word for amber, and what Hauksbee et al. had produced was 
the first electrical engine. (Soon it became clear that glass plates instead of a vacuum sphere 
worked too.) The discovery produced a hype of electrical investigations, which carried on right 
through the eighteenth century.

One of the famous electrical experiments to entertain Enlightened audiences was the creation 
of fire from water. A bottle is filled with water and closed with a cork; a spike runs through the 
cork into the water. Charge the bottle and draw a spark: fire from water. With this experiment 
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the historical circle is closed – or should we say: the circuit? The discovery of electrical charge 
originated in barometric light. This history is a fine example of how inventions and discoveries 
come about in unexpected ways and along non-logical associations of techniques and phenomena. 
Linking the barometer to electricity is not obvious, but historically they are connected, and 
in the eighteenth-century mind there were no disciplinary distinctions to separate them. The 
instrumental skills of experimental philosophers led them away from investigations of light. 
Only much later would phenomena of luminescence be studied systematically – distinguishing 
phosphorescent, fluorescent, electrical, chemical and tribological origins (Stokes, 1852; Harvey, 
1957).

Reflection

Reconstructing and re-enlivening the inventive mindsets of the past brings to light a wide variety 
of aspects of light and of understanding and handling of it. Eighteenth-century inquirers 

used a range of concepts and images to explore new properties and effects, approaching light 
as, for example, substantial, reactive or perceptual. They handled and manipulated light with 
experimental, instrumental and conceptual means. The epistemic toolkit extended far beyond 
physical theories that explain the properties of light in terms of actions of particles/waves. The 
diversity of Enlightened inquiry into light and colours reflects on contemporary optics and raises 
the question of what epistemic tools are employed today. How is light envisioned when it is 
brought to a halt; what is thought to be moulded when pulses are shaped? (See, for example, 
Rhijn, Jafarpour, Jurna et al., 2011; Heinze, Hubrich and Halfmann, 2013.) The understanding 
of light is rooted in the practices of researchers and the phenomena they create, rather than 
fundamental theories of nature. To get an answer to the question ‘what is light?’ we should turn 
to inquisitive scientists

11
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Notes

1 As Juha Saatsi explains in his capacity as fellow Fellow at the IAS, Michaelmas 2013. 

2 ‘Man findet aber überhaupt und ohne Mühe, dass man mit zwoen Farben nicht ausreicht, 
sonders das Rothe, das Blaue und das Gelbe genommen werden muß. [...] Damit ist nun 
aber noch nicht bestimmt, welche Art von Roth, Gelb und Blau eigentlich genommen werden 
müße.’

3 Hannover, Niedersächsische Landesbibliothek, Leibniz Nachlass: sign LH 35, 15, 3 Bl. 
11–14.
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