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4	 Trichromatic Color Charts: 
Organizing Colors According to 
Three Primaries

According to the neuroscientist John Dixon Mollon, trichromacy of color mixing is 
“the most fundamental property of human color vision” today.����  He has persuasively 
argued that trichromacy surfaced in the ��th century and developed in opposition to 
Newtonian optics during the ��th century.����  Here, I adopt the terms “trichromacy,” 
“trichromatic,” and “trichromatists” to discuss this group of color charts and their 
makers.����  During the ��th and ��th centuries, philosophers adapted the properties of 
colorants observed by some painters to �t the modi�cation theory of light, which 
postulates that all colors in nature are di�erent ratios of modi�ed light, thus leading to 
the formulation of an unorthodox Aristotelian color theory. Trichromatists maintained 
that white (light), black (darkness), and three main chromatic colors (red, yellow, 
blue) are the basis of all other colors. However, painters who supported trichromacy 
generally maintained that black and white were merely color moderators that modify 
the lightness of chromatic colors.�While philosophers discriminated at least two types 
of colors – real (colorants) and apparent (re�ected and refracted lights) – they believed 
that colorant mixtures and light mixing worked in the same way.����  Since trichromacy 
could be demonstrated in the painters’ practice, it was widely acknowledged as the 
most plausible color mixing theory.

Trichromacy was sometimes explained through uncolored diagrams during the 
�� th�century, but trichromatic color charts depicting the results of interactions between 
the primary colorants emerged only after the publication of Newton’s Opticks (����). In 
this chapter, I show that the �rst published trichromatic color charts (Figs.��.�–�.� ) were 
not anti-Newtonian; rather, their authors embraced Newton’s theory for light colors 

1276	 Mollon 2003, 4.
1277	 Mollon 2003, 4–5.
1278	 John Gage (1999, 219–221) has often used the phrase “subtractive triad” to describe the 

three primaries. However, subtractive and additive mixing are concepts dating back to the 
mid-19th�century. See Simonini and Steinle 2022, 12-13.

1279	 Kemp 1990, 262; Gage 1994, 118–119; Leonhard 2017a, 167; Simonini and Steinle 2022, 
13.
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and trichromacy for colorant mixing. However, during the ��th�century, trichromatists 
rejected this coexistence, and trichromacy became increasingly associated with anti-
Newtonianism.����  Newton’s in�nite or seven primaries fundamentally challenged 
trichromatic certainties, and trichromatists began to illustrate the truthfulness of their 
theory through colored charts. 

4.1	 Trichromacy and Uncolored Diagrams before the 
18th�Century

To understand the complexity of the ��th-century trichromatic theory, it is necessary 
to review the early history of this theory. �e �rst early modern trichromatic account 
appeared in Leon Battista Alberti’s De Pictura (����–����), where Alberti lists four 
“authentic kinds of colors” (vera genera) used by painters: red, blue, green, and ash 
color.����  Although Alberti’s color categories do not seem to correspond with the 
trichromatic triad, John Gage has explained that, up until the Renaissance, yellow 
was considered part of the green category. �us, Alberti’s list of chromatic colors can 
be construed as red, blue, and green-yellow.����  

Alberti’s ash color (i.e. gray) deserves a longer digression. Alberti analyzes black 
and white from the artist’s point of view and questions the longstanding Aristotelian 
view that they are chromatic colors. To validate his perspective, Alberti argues that 
absolute black and white do not exist in nature without exhibiting other tones.����  
Still, as a painter, Alberti knew that black and white pigments extend the lightness 
of chromatic colors, and he accounts for this e�ect by including their mixture (gray) 
among his authentic colors.����  

Initially, the Albertian lesson on color was only partially received by learned men 
around the medical school of Padua at the end of the ��th century.����  Some scholars 

1280	 Shapiro 1994, 617.
1281	 Sinisgalli 2011, 30; Alberti 1540, 20. Rocco Sinisgalli (2011, 31) has translated Alberti’s fourth 

color as “gray” or “ash-colored,” which I adopt here.
1282	 Gage 1994, 117–119. 
1283	 Sinisgalli 2011, 32; Gage 1994, 118.
1284	 Gage 1994, 117–119; Shapiro 1994, 605. Similarly, in Trattato della Pittura, Da Vinci (1651, 

40) rejects white as a chromatic color.
1285	 E. Reeves 2013, 327–328; 2016, 186. �eory similar to trichromacy appeared elsewhere. 

In France, Louis Savot (1579–1640) observed in 1609 that red, blue, white, and black were 
deemed “simple colors” in the art of dyeing and painting; Parkhurst 1973b, 242–243. Since 
Savot instead regarded yellow as a sub-product of red, he cannot be considered as a trichromatist 
sensu stricto. �e idea that red and yellow belong to the same category was supported by other 
scholars in the 17th century, including Robert Hooke, Robert Boyle, and Richard Waller; 
Hooke 1665, 67–79; Shapiro 1994, 617; Kusukawa 2015, 8. See also n. 191 and 796 above. 
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adopted the triad of chromatic colors but retained black and white as categories of 
primaries in line with the Aristotelian tradition. For instance, in ����, the Venetian 
nobleman and bishop of Nicosia Filippo Mocenigo (����–����) de�ned white, black, 
red, yellow, and blue as “true simple” (simplices vere) colors but subdivided them into 
extremes (extremi; black and white) and intermediates (medij; red, yellow, and blue). 
According to Mocenigo, these �ve colors are simple because they cannot be mixed 
from other colors but can generate all other nuances.����  He cites the experiences of 
painters as proof of this assertion, possibly in reference to Alberti’s treatise or oral 
information that he obtained directly from practitioners.����  In his work, Mocenigo 
uses his trichromatic theory to emphasize the analogy of harmonic proportions in 
music and colors by comparing the �ve simple colors to musical �fths.����  

In ����, Anselm de Boodt (����–����), the Flemish physician of Emperor Rudolf 
II at the Prague court and a former student at Padua, published Gemmarum et lapidum 
historia (History of Gems and Stones), where he outlines a trichromatic system for the 
study and classi�cation of stones.����  De Boodt discusses mixtures of pigments while 
associating the origin of color in stones with the property of yielding pigments.����  
Interestingly, De Boodt was a skilled painter and may have based his trichromatic 
ideas on his own practical knowledge.����

While in Padua, Galileo Galilei (����–����) wrote the now-lost treatise De visu 
et coloribus (On Vision and Colors, before ����). ����  Galileo’s color understanding is 
unknown but, considering his a�liation with the Paduan university and his pictorial 
skills, may have evoked trichromatic ideas. In Padua, possibly in ����, Galileo met 
the painter Peter Paul Rubens (����–����), the greatest heir to Titian (and, in general, 
Venetian) coloring. �e two men may have exchanged opinions about the distribution 
of light and shadow in paintings and statues.����  �e extent to which their conversations 
addressed their color understandings is currently unknown, but Rubens changed 
his use of color after his time in Padua.����  More importantly, Rubens seems to have 
contributed substantially to the circulation of trichromatic ideas in both scholarly and 
artistic circles outside of Padua and particularly in Rome, where he sojourned at the 
beginning of the ��th century, as well as in his hometown of Antwerp. 

1286	 Mocenigo 1581, 305–306; see Kuehni 2007, 95–96; E. Reeves 2016, 186.
1287	 Mocenigo 1581, 305. It is tempting to speculate that one of these painters was Jacopo Ligozzi, 

a miniature painter from Verona who worked for Mocenigo before 1572; Tongiorgi Tomasi 
2014, 31. On Ligozzi, see also p. 23.

1288	 E. Reeves 2016, 186–187.
1289	 De Boodt 1609; Parkhurst 1971; Leonhard 2019, 170–171; Dupré 2019, 46.
1290	 De Boodt 1609, 23–24; Leonhard 2019, 171.
1291	 On De Boodt’s watercolors, see Maselis, Balis, and Marijnssen 1999.
1292	 E. Reeves 1999, 117–118; Huemer 2004, 22–23.
1293	 E. Reeves 1999, 68, 103; Huemer 2004, 19, 22.
1294	 Huemer 2004, 23.
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Back in Antwerp, Rubens 
painted Juno and Argus (����–����), 
an allegory of vision on the subject 
of color itself, which displays a 
red-yellow-blue scheme in the 
foreground.����  Rubens also designed 
the title page and many illustrations 
for Opticorum libri sex (Six Books on 
Optics, ����) by the Jesuit scholar 
Francis Aguilón (����–����). ����  
Charles Parkhurst has rightly linked 
Rubens’ frontispiece for Aguilón’s 
book to the painting Juno and Argus, 
which is in turn strongly connected 

to the content of proposition �� in Opticorum libri sex.����  In this proposition, Aguilón 
explains trichromacy following Mocenigo’s conception of the theory. He identi�es 
�ve simple colors (simplices), of which white and black are the extremes (extremi), 
and yellow, red, and blue are the intermediates (medij).����  Unlike Mocenigo, Aguilón 
clearly singles out orange, purple, and green as three “compounded” colors (compositi) 
produced by mixtures of the intermediates.����  Aguilón distinguishes these compounds 
from nuances produced by the con�ation of the extremes and intermediates and, like 
Alberti, maintains that “white and black are not true colors” because they modify the 
lightness but not the species of other colors.����  

Aguilón’s color mixing rules are visualized in a seminal diagram (Fig.��.� ).����  In 
this diagram, the �rst two-dimensional trichromatic scheme clearly illustrates the 
distinction between compounded colors in the lower part and colors modi�ed by black 
or white in the upper part.����  Aguilón elucidates that simple colors are not colorants 
(colores concreti, veri, reales and materiales), “such as red lead, Tyrian purple, red lake, 
cinnabar, indigo, ochre, orpiment, lead white etc.,” but rather their inherent visible 
qualities.����  Nevertheless, he seeks out the ideal hue of simple red among colorants, 

1295	 Parkhurst 1961, 45–46.
1296	 Bertram 2018, 144–152.
1297	 Parkhurst 1961; Gage 1994, 156–157; Shapiro 1994, 607–608; Campenhausen 2001; Kuehni 

2007, 96–97; Kuehni and Schwarz 2008, 40–41; Steinle 2015, 44–45.
1298	 Aguilón 1613, 39.
1299	 Aguilón 1613, 40.
1300	 “candorem atque nigredinem veros colores non esse” Aguilón 1613, 40.
1301	 Kuehni 2003, 37; Kuehni and Schwarz 2008, 9, 40–41.
1302	 Campenhausen 2001, 273–276.
1303	 Aguilon 1613, 45. “Quales sunt, minium, purpurissum, lacca, cinnabaris, indicum, ochra, 

auripigmentum, cerussa, ac ceteris” Aguilón 1613, 38. For a translation of part of the sentence, 
see Parkhurst 1961, 42; Leonhard 2017a, 167.

�.� Peter Paul Rubens? (draftsman) and Theodore Gallé? 
(engraver), Trichromatic diagram, in: Francis Aguilón, 
Opticorum libri sex (1613), p. 40
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stating that “not all equally reach the simple redness.”����  He concludes that cinnabar 
is the closest to simple red because the other colorants are too blueish or yellowish.����  
Aguilón’s criterion to determine the exact hues of the simple colors is that they should 
not verge toward other hues. Aguilón’s discussion of pigments implies that he inquired 
with painters, who he admits know more about colors than anyone else.����  Rubens, 
who was already involved in the project, was likely one of these painters.����  

Like Galileo, Rubens compiled a now-lost essay on colors and color order, which 
was titled De Lumine et Colore (On Light and Color).����  �is manuscript may have 
circulated widely in France, as Rubens sent it to Nicolas-Claude Fabri de Peiresc (����–
����) in Aix-en-Provence in ����, and the art theorist Roger de Piles also encountered 
it.����  Moreover, in ����, the French painter Nicolas Poussin (����–����) painted himself 
holding a book with the inscription De Lumine et Colore on the spine. Unfortunately, 
the title on the spine was a later addition, so it cannot prove that Poussin was familiar 
with Rubens’ lost treatise on colors.����  Nevertheless, it is known that Poussin was 
exposed to theories of color emerging in Italy in the ��th�century during his Roman 
sojourn.����  After this period (from c. ����), Poussin increasingly used the three primaries 
(often in tonal order) in his paintings, which indicates that trichromacy was one of 
the theories he encountered.����  

During a later visit to Madrid (����–����), Rubens encouraged the young painter 
Diego Velázquez (����–����) to visit Italy. In ����, Velázquez stayed at Villa Medici 
in Rome and painted two pendant paintings, Joseph’s Bloodstained Coat and Apollo 
at the Forges, that implicitly represent Aguilón’s simple and compound colors. Eileen 
Reeves has insightfully highlighted the coincidences surrounding Velázquez’s sudden 
interest in trichromacy during his time in Italy: �rst, his travel was assisted by Filippo 
Mocenigo’s cousin Alvise, the Venetian ambassador to Spain; second, Galileo was also 
a guest of Villa Medici at that time; �nally, Velázquez purchased a copy of Aguilón’s 
Opticorum libri sex during his stay in Rome.����

1304	 “non omnes aeque ad simplicem ruborem pertinent” Aguilón 1613, 4.
1305	 Aguilón 1613, 41. A similar conclusion was drawn by Glisson; see Simonini and Steinle 2022, 

16.
1306	 Aguilón 1613, 41; Campenhausen 2001, 284. 
1307	 Campenhausen (2001, 279–284) and Parkhurst (1961) have argued that Rubens may have 

also sketched the color mixing diagram. On the other hand, Kemp (1990, 276) has denied 
that Rubens contributed to Aguilón’s color understanding.

1308	 Kemp 1990, 274–275. 
1309	 Teyssèdre 1965, 218–219; Gage 1969, 222, n. 10; Kemp 1990, 274–275; Georgievska-Shine 

2009, 140.
1310	 Rosenberg and Prat 1994, 425–427.
1311	 Notably, Poussin knew Zaccolini’s De colori; Cropper 1980; Kemp 1990, 278–280. On 

Zaccolini, see p. 127.
1312	 Kemp 1990, 281; Bätschmann 1980; Boskamp 2009, 100; E. Reeves 2013, 329; 2016, 193. 
1313	 E. Reeves 2013, 330; 2016, 193–198.
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In �� th-century Rome, the 
Jesuit polymath Athanasius 
Kircher (����–����) addressed 
the topic of color in a chapter of 
Ars magna lucis et umbrae (The 
Great Science of Light and Shadow, 
����). ����  Without crediting his 
Jesuit colleague Aguilón, Kircher 
proposes an amended version of 
Aguilón’s color mixing diagram, 
which is reduced to a semicircle 
(Fig.��.� ). Like Aguilón, Kircher 

counts two extremes (extremos), three intermediates (medios), and three compounds 
(compositos) among the true (veros) colors.����  Yet, in Kircher’s diagram, the arches 
and names representing the three compound colors are integrated in the upper part 
of the diagram beside the mixtures of white and yellow (subalbum) and black and 
blue (subcaeruleum). Hence, Kircher does not conceive of black and white as color 
moderators.����  

Kircher exploits a diagram deeply rooted in medieval music theory and also 
uses the phrase ars chromatica (chromatic art) to describe the study of color and color 
mixing, thereby reinforcing the analogy of color and music ����  Kircher’s analogy was 
surely prompted by Marin Mersenne’s Harmonie Universelle (Universal Harmony, 
����), wherein the French polymath intersects a universal agreement in the number 
of three main sounds and three main colors, which substantiates the same analogy. In 
Kircher’s and Mersenne’s observations, this agreement works for both real and apparent 
colors (i.e. those refracted by the prism and in rainbows).����  �is highly controversial 
statement further fueled the ��th-century debate on primary colors.

A more elaborate analogy of color and music is developed by the French polymath 
Marin Cureau de la Chambre (����–����) in Nouvelles Observations et Coniectures 
sur l’Iris (New Observations and Conjectures on the Iris, ����). ����  In his discussion of 
the nature of apparent colors, Cureau de la Chambre observes that all colors can be 

1314	 �e chapter is entitled “De rerum naturalium chromatismis, sive de colore lucis et umbrae sobole 
quae et ars chromatica dicitur,” which can be rendered roughly as “�e Chromatism of Natural 
�ings, or rather on Color, the O�spring of Light and Shadow, Which is Called Chromatic 
Art.”

1315	 Kircher’s true colors and compounds correspond to Aguilón’s simple and compound ones; 
Kircher 1646, 67–68.

1316	 Campenhausen 2001, 285.
1317	 Kuehni 2003, 37; Kuehni and Schwarz 2008, 9, 40–41. On chromatic music, see Gage 1994, 

272�.
1318	 Mersenne 1636, 212–213; Kircher 1646, 76.
1319	 Gage 1994, 232.

�.� Anonymous, Trichromatic diagram, in: Athanasius 
Kircher, Ars magna lucis et umbrae (1646), p. 67
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produced through mixtures of red, yellow, and blue, though he provides names for 
only two compounds: green and purple.����  Cureau de la Chambre argues that these 
�ve colors (red, yellow, blue, green, purple) are those visible in a rainbow and in the 
light refracted by a prism.����  From these �ve colors, Cureau de la Chambre builds a 
systematic arrangement of colors to expand on his analogy of color and music. In a 
very Aristotelian fashion, he places yellow, red, green, blue, and purple between black 
and white.����  To de�ne the harmony of colors through musical theory, Cureau de la 
Chambre draws on the work of Pythagoreans, who he reasons are “like the �rst and 
most excellent masters of music.”����  

From the mid-��th century, the notion of three simple colors became widely 
acknowledged. In ����, during a lecture at the Royal Society on the history of dyeing 
practices, the economist William Petty (����–����) commented that red, yellow, and 
blue, together with “the primitive fundamental Colour, white,” produce all possible 
nuances.����  In ����, Robert Boyle (����–����) culled similar information from artisans 
and artists, stating that “they need imploy any more than White, and Black, and Red, 
and Blew, and Yellow” to yield all “numberless di�ering Colours that are to be met with 
in the Works of Nature, and of Art.”����  In Graphice, Id est de Arte Pingendi (Drawing, 
or the Art of Painting, ����), Johann Gerhard Sche�er posits that “simple colors are 
three in number: red, blue, and yellow. To which can be joined light, i.e. white, and 
shadow, i.e. black” to obtain di�erent compounds from those resulting from the 
three simples.����  Like Aguilón, Sche�er pinpoints two types of mixtures: principal 
(principales) and secondary (secundarij) compounds. Here, orange, green, and purple 
are mixtures of the three simples, while six other nuances result from mixtures of the 
three simples with black or white.����  

�e �rst application of trichromacy was proposed by the English physician 
Francis Glisson (c. ����–����). In a section on the color of animal hair in Tractatus de 
ventriculo et intestinis (Treatise on the Venter and Intestines, ����), Glisson argues that 
there are �ve simple colors (colorum simplicium), namely the three intermediates red, 
yellow, and blue (intermedios colores) plus white and black.����  �e novelty of his book 

1320	 Cureau de La Chambre 1650, 158–161. Here, Cureau de la Chambre condemns those 
philosophers who consider yellow to be a subspecies of red. See on this n. 1285.

1321	 Cureau de La Chambre 1650, 166, 168. 
1322	 See Cureau de La Chambre 1650, 172, 183; Lavezzi 2001, 331.
1323	 “les Pythagoriciens comme les premiers & les plus excellens Maistres de la musique” Cureau 

de La Chambre 1650, 204. 
1324	 Petty 1667, 302; Shapiro 1994, 614.
1325	 Boyle 1664, 219–220.
1326	 “Simplices colores numero sunt tres: Rubeus, coeruleus, & �avus. Et sociabiles cunctis, lux, 

i.e. albus, & umbra i.e. niger” Sche�er 1669, 158. 
1327	 �ese nine compounds are named exactly as in the diagram of Kircher, whom Sche�er (1669, 

162–163) explicitly quotes. 
1328	 Glisson 1677, 60–61.
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is its development of four quantitative scales (grey, red, yellow, blue). Glisson supplies 
detailed instructions for manufacturing these scales and includes two uncolored 
illustrations as guidelines (Fig.��.� ). �e black scale (scala nigredinis) is comprised of 
�� steps from white to black, while the chromatic scales, such as the red scale (scala 
rubedinis), consist of �� steps. Glisson lists the “suitable substances for the simple colors” 
to paint the scales.����  �ese substances are burnt ivory, azurite, cinnabar, orpiment, 
and Cretan chalk or lead white.����  

In elucidating his pigmentary selection, the physician describes the characteristics 
of pigments that are not suitable for this purpose, including the too-yellowish red 
lead, the too-reddish gamboge, and the too-purplish indigo.����  With his “speci�cation 
system,”����  Glisson hoped that natural historians could describe the colors of the 
natural world, which paved the way for Waller’s natural color chart.����  However, 
Glisson imagined that compounded colors, such as the orange shade of a blossom, 
would be described as a combination of grade �� of yellow, grade � of red, and grade 

1329	 “idoneae simplicium Colorum materiae” Glisson 1677, 65.
1330	 Glisson 1677, 65–66; Kuehni and Stanziola 2002, 17; Kusukawa 2015, 14.
1331	 Glisson excludes ultramarine blue because it is more expensive (carior) than azurite; Glisson 

1677, 65–66; Kuehni and Stanziola 2002, 17; Kusukawa 2015, 14.
1332	 Kuehni and Stanziola 2002; Kuehni and Schwarz 2008, 46–47.
1333	 On Waller’s Tabula Colorum, see pp. 33–36.

�.� Anonymous, Scala nigredinis 
and Scala rubedinis, in: Francis 
Glisson, Tractatus de ventriculo et 
intestinis (1677), p. 68-70
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� of gray in their respective stepped scales.����  �us, his system required the ability 
to separate a color mixture into its quantitative primary components – a talent so 
far attributed only to the inventor of trichromatic printing Jacob Christo� Le Blon 
(����–����). Interestingly, Glisson’s scales resemble an instrument that likely assisted 
Le Blon with this invention.����

In ����, André Félibien (����–����), a French historiographer, architect, and 
friend and biographer of Poussin, expressed his support for trichromacy. In the third 
volume of Éntretiens sur les vies et sur les ouvrages des plus excellens peintres anciens et 
modernes, he presents a historical overview of color understandings and criticizes the 
previous claims of philosophers, artists, and learned men, including Alberti, regarding 
primary colors (couleurs premieres). Félibien rejects black and white as primaries because 
they are present in every color, and, like Cureau de la Chambre, he declares that yellow, 
red, and blue are the only primaries.����  However, he maintains that the nature and 
causes of colors are not necessary information for painters, who are only supposed to 
study their e�ects.����  Like many other trichromatists, Félibien supports the analogy 
of colors and tones in music. Still, it seems that his opinion about the three primaries 
was not particularly well received by natural philosophers. Indeed, in ����, Edme 
Mariotte (����–����) reverted back to the original �ve in his Traité des Couleurs, where 
he identi�es �ve principal (principales), �xed (�xes), and permanent (permanentes) 
colors: white, black, red, yellow, and blue. Like Cureau de la Chambre, Mariotte 
argues that these �ve colors can be mixed to yield all other colors, though he names 
only green and violet.����  

In ����, the Catholic mathematician Johannes Zahn (����–����) included a 
chapter on colors in Oculus arti�cialis teledioptricus sive telescopium (On the Arti�cial 
Teledioptric Eyes, or Telescope). �e terminology and structure of this chapter re�ect the 
in�uence of Aguilón and Kircher.����  Zahn illustrates that simple colors (coloris simplicis) 
generate all other colors, and he di�erentiates them as medios (yellow, red, blue) and 
extremos (white, black). He also identi�es nine compounds (compositi) that arise from 
mixtures of the �ve simples, including orange, green, purple, and six lighter or darker 
nuances, exactly as in Kircher’s diagram.����  Zahn represents these color mixtures in the 

1334	 Glisson 1677, 65. On this, see Gage 1994, 166; Kuehni and Schwarz 2008, 46–47; Kusukawa 
2015, 14–16.

1335	 Lilien 1985, 117; Rodari 1996, 54; Stijnman 2012, 365. On Le Blon’s instrument, see p. 288.
1336	 Félibien 1679, 28–29. Hereafter Entretiens. On this, see also Boskamp 2008, 76–77. Although 

Alberti conveys the same ideas, Félibien believes he lists the wrong primaries. Kemp (1990, 
281), Teyssèdre (1965, 126), Lavezzi (2001), and Gepner (2014, 22) have already noticed 
that Félibien supports Cureau de la Chambre’s color theory.

1337	 Félibien 1679, 26.
1338	 Mariotte 1681, 525–526; Lang 1983, 221.
1339	 Kircher and Aguilón are cited by name by Zahn, who, like Aguilón, names the “colores veri 

& reales” as “materiales & corporeos” Zahn 1685, 110–111.
1340	 Zahn 1685, 111.
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“Mystagogical Pyramid of �ings Exhibiting 
the Analogy with Colors” (Fig.� �.� ), which 
visualizes the universal correlation of things, 
colors, ideas, and numbers.����  �is pyramid 
is actually a slightly modi�ed Pythagorean 
tetractys, an equilateral triangle with its 
area subdivided into four smaller equilateral 
triangles and six rhombuses.����  Zahn elucidates 
that the triangle perfectly and completely 
shows the ratio of simple and compound 
colors, as, according to the Pythagoreans, the 
number three determines all things in the 
universe.����  �e names of the intermediate 
and extreme colors are displayed at the base of 
Zahn’s triangle. Black and white are at the two 
corners, while yellow, red, and blue are between 
them. Two ascending lines depart from each 
intermediate, and the origin of a compound 
at the intersection of two lines is indicated 
by its name. For instance, green arises at the 
intersection of blue and yellow. �e two other 
sides of the triangle are lines representing white 
and black, which converge into gray.����  Even 
though the idea of a triangular representation 

of simple and compound colors was original, Zahn’s color theory was still imbued 
with classical tradition and rendered rather obsolete once Newton’s theory of colors 
emerged.����  

�e commonly accepted Aristotelian and Scholastic distinction between real and 
apparent colors was eventually overcome by René Descartes (����–����) and other 
mechanical philosophers. Descartes remained a supporter of the generally accepted 

1341	 “Pyramis Mystagoga rerum Cum Coloribus analogiam exhibens” Zahn 1685, 113; Kuehni 
and Schwarz 2008, 44.

1342	 �e original tetractys instead has its area divided into nine equilateral triangles. During the 
winter semester of 2018, another student, Karola Prutek, pointed out the similitude between 
Zahn’s pyramid and the Pythagorean tetractys during a seminar with Prof. Dr. Friedrich Steinle 
entitled “Geschichte der Farben und des Farbwissens” at the Technische Universität Berlin.

1343	 Zahn 1685, 14; Kuehni and Schwarz 2008, 44. Cureau de la Chambre (1650, 204) instead 
correctly argues that the Pythagorean number par excellence is not three but four (tetra), as the 
term “tetractys” indeed suggests.

1344	 �e name of this compound (cinereus) appears not in the pyramid but in Tabella Compositionis 
Colorum on the opposite page; Zahn 1685, 112.

1345	 Kuehni and Schwarz 2008, 45.

�.� Anonymous, Pyramis Mystagoga, 
in: Johannes Zahn, Oculus artificialis 
teledioptricus (1685), p. 113
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modi�cation theory but considered the color of things and substances and the color 
of light phenomena equally unreal.���� .

In his Optical Lectures, which were delivered between ���� and ���� in Cambridge, 
Isaac Newton (����–����) mentioned the three simple colors and applied the term 
“nonprimitive” to those colors resulting from their mixtures.����  Yet, in ����, he 
published his new theory of colors with the “radical claim that sunlight is a mixture 
of rays of di�erent colors, each refracted di�erently.”����  Although Newton did not 
agree with Descartes on the value of the modi�cation theory, his rejection of the 
Aristotelian theory of colors was deeply in�uenced by Descartes’ work. 

In ����, trichromacy was favored by the Dutch painter and art teacher Willem 
Beurs (����–����). In the introductory chapter on colors (Verwen) and main colors 
(Hooftverwen) in his oil-painting manual De groote Waereld in ’t klein geschildert (�e 
Big World Painted Small, ����), Beurs praises Boyle’s and Descartes’ theories of light 
but maintains that they are irrelevant to painting.����  He asserts that white and black 
can indeed be compared to light and darkness, but they cannot be considered main 
colors, which are limited to yellow, red, and blue.����  In the following pages, Beurs 
lists a total of �� pigments for these three main colors.����  In the second chapter, he 
provides a catalog of ���compounds and their names.����  Beurs’ manual o�ers no 
diagram to visualize the mixing possibilities – only the author’s attempt to explain 
how trichromacy works in practice. 

During the ��th century, the trichromatic theory was generally supported by many 
philosophers but few practitioners. Most practitioners did not consider black and 
white to be main colors, while the majority of philosophers did.����  �is distinction is 
paramount to the further development of the theory over the course of the ��th�century, 
as black and white drastically receded from the discussion of colors. �e di�erentiation 
of the nature of white and black from that of chromatic colors by a few practitioners 
(e.g. Alberti, Félibien, Beurs) was possibly the basis of Newton’s discovery.

1346	 Shapiro 1984, 1:4; Cottingham 1989, 231–232; Nolan 2011, 87.
1347	 Shapiro 1984, 1:110–111, 460–461; 1994, 619; 1993, 506–507; Kuehni 2010a, 7. Newton 

(1673, 6087–6088) resorted to the term “primitive” in an article he published in Philosophical 
Transactions of the Royal Society in 1673.

1348	 Shapiro 1984, 1:1.
1349	 Beurs 1692, 2–3.
1350	 Beurs 1692, 3–4.
1351	 Beurs 1692, 5–7; Simonini and Steinle 2022, 13.
1352	 Beurs 1692, 46–48.
1353	 Some philosophers and natural historians, such as the Danish anatomist and wax modeler 

Caspar �omeson Bartholin (1701, 48–49, 50–51), agree with painters on the nature of black 
and white; see Kuehni 1981; Gage 1994, 153.
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4.2	 Trichromacy, Color Wheels, and Pastel Painting

In Opticks (����), Newton thoroughly explains 
his new theory of color and delivers the �rst 
chromatic color circle, which he conceived of as a 
tool for calculating the mixtures of colored lights 
(Fig.��.� ).����  Newton’s color circle was preceded 
by some other examples of circular diagrams 
representing color categories – for instance, the 
urine wheel in Fasciculus medicinae (����) and 
Robert Fludd’s color circle in Medicina Catholica 
(����). ����  However, such earlier circular diagrams 
all include black and white among the color 
species, whereas Newton’s color circle excludes 
them. Although both Fludd and Newton divide 
their color circles into seven wedges, the former 
bases this choice strictly on the Aristotelian and 
Scholastic tradition of seven main colors, while 
the latter selects seven main colors to establish 
a comparison with the seven musical intervals 

of the D minor scale.����  Indeed, Newton derives inspiration from a similar circular 
diagram of musical ratios published by Descartes in Compendium Musicae (����). ����  
Like Descartes, Newton locates the seven primary colors of the spectrum between 
two keys of the D minor scale, with red between D and E, orange between E and F, 
yellow between F and G, and so forth.����

Newton’s terminology and the color mixing examples in Opticks are vulnerable to 
misinterpretation.����  Although Newton does not postulate a trichromatic color theory, 
his color circle was generally understood to be a colorant mixing tool as well. For this 
reason, it was quickly adopted to illustrate trichromacy.����  Consequently, Newton’s 
diagram is the “immediate ancestor of the standard color-circle still used by painters,” 
as John Gage has rightly noted.����  �e �rst re-interpretations of Newton’s color circle 

1354	 Steinle 2015, 47.
1355	 Gage 1994, 162. For an in-depth analysis of urine wheels, see pp. 17–18. On Fludd, see p.�27. 
1356	 Aristotle proposes a system of seven colors in De sensu et sensibilia (On Sense and the Sensible), 

which he possibly established on the basis of the musical octave, hence paving the way for 
the analogy of color and musical tones that was particularly successful for centuries; see Gage 
1994, 13.

1357	 Gage 1994, 171; Kuehni and Schwarz 2008, 128–129.
1358	 Fraansen 1991, 24; Kuehni and Schwarz 2008, 128–129; Gage 1994, 232.
1359	 Newton 1704, 97–98.
1360	 Shapiro 1994, 621; Gage 2008b, 362.
1361	 Gage 2008b, 362; Kuehni and Schwarz 2008, 129.

�.� Anonymous, color wheel, in: Isaac 
Newton, Opticks (1704) plate III, Fig. 11
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appeared as early as ���� in Traité de la Peinture au Pastel, a manual on pastel painting 
in which are discussed the rules of trichromacy. In the following sections, I analyze the 
two trichromatic color wheels therein illustrated and clarify their incredible in�uence 
over the development of later trichromatic color charts. 

Traité de la Peinture en Pastel (1708)

In ����, the printing house of Louis and Henry van Dole issued an edition of Traité 
de la Peinture en Mignature, pour apprendre aisément à Peindre sans Maître (Treatise on 
Miniature Painting to Easily Learn to Paint Without a Master). �e �rst known edition 
of this handbook, which is attributed to the painter Claude Boutet, was printed in 
Paris in ���� by the printing house of Christophe Ballard under the title Traité de 
mignature, pour apprender aisément à peindre sans maître (Treaty of Miniature, to Learn 
Easily to Paint Without a Master).����  �is handbook was incredibly successful, as it was 
reprinted numerous times and translated into English, German, Italian and Dutch.����  
�e Van Dole brothers possibly pirated the ���� French edition and reprinted it �rst 
in ���� and again in ����. ����  �e latter reprint includes a short manual titled Traité de 
la Peinture au Pastel, Avec la maniére de composer les Pastels (Treatise on Pastel Painting, 
with the Method to Fabricate Pastel Sticks) between pages ��� and ��� that were absent 
from all previous editions.����  �e author(s) of this manual and the lexicon remain 
unidenti�ed.

While Boutet’s original treatise contains lessons for gouache and watercolor 
painting, Traité consists of �� chapters that supposedly discuss pastel painting. However, 
out of �� pages, almost �� discuss trichromacy, and eight deal with skin nuances.����  
Since more than half of the manual focuses on topics that are not exclusive to the 
technique of pastel painting, we can infer that the purported intent disclosed by the 
author is merely a pretext. In fact, at the end of the manual, the author acknowledges 
that the same color mixtures can be applied to oil colors.����  �us, the main purpose 
of the manual becomes ambiguous. 

Considering the brevity of the work, the meager share dedicated to illustrations 
(two pages) merits some attention. Because the treatise’s alleged aim is to teach about 
the manufacturing of pastel sticks, one would expect technical illustrations that 

1362	 See Schmalhofer 1990, 8; Kuehni 2010b, 2.
1363	 Schmalhofer (1990, 18–35) has counted 35 editions. Besides these, there are editions two in 

Dutch (1744 and 1759) and the 1693 edition printed in Lyon.
1364	 On possible authors of this textbook, see Kuehni 2010b, 3.
1365	 Anonymous 1708. Hereafter Traité . See Simonini 2024, 86.
1366	 In Anonymous (1708), pages 152 to 154, 158 to 162, and 172 address trichromacy, while 

pages 163 to 166 and 169 to 171 discuss skin colors. 
1367	 Anonymous 1708, 173.



272    4  Trichromatic Color Charts: Organizing Colors According to Three Primaries

guide the reader through grinding, mixing, and rolling procedures. In reality, the 
author presents two circles that display very abstract information about color mixing. 
�erefore, it seems obvious that the author is not expressly delivering a technical treatise 
but rather an art-theoretical essay on color mixing with a focus on trichromacy and 
skin tones. In the following sections, I explain the motivation behind this publication. 

Encyclopédie des Couleurs

Traité is a landmark work in the history of trichromatic color charts because it displays 
the �rst colored visual tools of this kind. �ese tools – the two hand-colored circular 
diagrams inserted on pages ��� and ��� of Traité – are intended to help the reader 
understand the text in Chapters VI, VII, and VIII, as I discuss later in this section. �e 
two circular diagrams (Figs.��.�–�.� ) �oat over a baroque balustrade, behind which 
are a garden and a palace. Below the �rst diagram, a putto, possibly representing the 
genius of art, holds a palette and several pencils while gesturing to a portrait resting 
on a tripod. Below the second diagram, the same putto shows a framed portrait to a 
lady. �e �rst circle is divided into seven equal sections, and each section is labeled on 
the outer part with the name of the color it represents. �e second diagram is divided 
into �� sections but otherwise identically constructed. 

�ese color wheels are designed to convey the rules of trichromacy, which are 
introduced in Chapter VI, “Des Couleurs Primitives” (“On Primitive Colors”). Here, 
the author states, “properly, there are not more than three primitive colors, those that 
cannot be composed of other colors, but from which all other colors can be mixed. 
�ese three colors are yellow, red, and blue.”����  �e primitive red is di�erentiated into 
two types: “one leaning toward yellow, such as �re red or vermilion, and the other 
toward blue, such as crimson red or red lake.”����  �e author argues that “white and 
black are not properly colors, white being nothing but the representation of light and 
black the absence of that same light.” �us, they are not included in the circles.����

�e mixing rules are further elucidated in Chapter VII, “Des Couleurs Composées” 
(“On Compounded Colors”), where the author discusses “broken colors” (couleur 

1368	 “Il n’y a proprement que trois Couleurs Primitives, lesquelles ne peuvent pas être composée 
par d’autres couleurs, mais don’t toutes les autres peuvent être composes. Ces trois Couleurs 
sont le Jaune, le Rouge, & le Bleu” Anonymous 1708, 152; translation from Kuehni 2010b, 
13.

1369	 “l’un tenant du Jaune, comme le Rouge de Feu, ou de Vermillon, & l’autre du Bleu, comme le 
Rouge Cramoisi, ou de Lacque” Anonymous 1708, 153; translation partly taken from Kuehni 
2010b, 13. Aguilón and Glisson also observe the varying hues of several red pigments; see 
Simonini and Steinle 2022, 16.

1370	 “le Blanc, & le noir […] ne sont pas proprement des Couleurs, le Blanc n’étant autre chose 
que la représentation de la lumiére, & le Noir la privation de cette même lumiére” Anonymous 
1708, 152; translation from Kuehni 2010b, 13.
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rompuë), which are compounds produced by mixing the four primitives. In the �rst 
mixing stage, which is visualized in the �rst circle (Fig.��.� ), there are initially three 
colors: orange, violet, and green. In the second mixing stage, these three compounds 
are mixed with the four primitives to produce four further nuances: golden yellow, 
purple, sea green, and yellowish green. �e ��th compound, true red (vrai Rouge), is 
an exception to this rule, as it is a mixture of the two primitive reds.����  �e second 
color circle (Fig.��.� ) illustrates the second set of �� nuances, which is comprised of 
the four primitives and the eight compounds. �e author warns that further mixing, 
for instance of orange with violet, produces only “dull and unpleasant colors.”����  

Finally, in Chapter VIII, “Démonstration des Couleurs” (“Colors Demonstration”), 
the author links the mixing rules with the two circular diagrams and proudly names 
them Encyclopédie des Couleurs (Encyclopedia of Colors).����  �e term “encyclopedia” 

1371	 Anonymous 1708, 153–154.
1372	 “Couleurs sales & désagréables” Anonymous 1708, 154.
1373	 Anonymous 1708, 154.

�.� Anonymous, �rst circle of Encyclopédie 
des couleurs, in: Traité de la Peinture au Pastel 
(1708), between pp. 154–155

�.� Anonymous, second circle of Encyclopédie 
des couleurs, in: Traité de la Peinture au Pastel 
(1708), between pp. 154–155
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stresses the instructional and pedagogical functions of these visual tools. Accordingly, 
they target an audience of beginners and amateurs. 

�ese circular diagrams o�ered the �rst visualization of the rules of trichromacy 
through colored samples. In this context, it is necessary to note that the color samples 
were painted with watercolors and not pastel. �is choice was likely made because 
colored powders are very fragile and need to be preserved under glass. However, it 
remains unknown whether the diagrams were colored before or after sale.

Primitive Colors of Encyclopédie des Couleurs

In Chapter VI of Traité, the author discloses only two colorants corresponding to those 
possibly used to color the circles: vermilion and red lake. Is it possible to determine 
other colorants corresponding to the primitives? In Chapter IX, “Couleurs dont on se 
sert pour les Pastels” (“Colors Used for Pastel Sticks”), the author names ���colorants for 
manufacturing the sticks. However, since many of these colorant names are synonyms, 
the actual list is much shorter. �ese colorants can be roughly grouped into seven 
categories resulting in a catalog of �� colorants: �ve reds, four yellows, four blues, 
one green, three browns, three blacks, and one white.����  �� of these couleur matérielles 
(material colors) are used in Chapter XI, “Du Mêlange des Couleurs pour les Pastels” 
(“On Color Mixtures for Pastel Sticks”), to catalog a �ve-page scheme of instructions 
for manufacturing �� sticks.����  �e mixtures in the list are in turn subdivided into 
�� teintes (nuances) corresponding to those illustrated in the second color circle. For 
each of the �� nuances, the author gives �ve di�erent mixtures, thus resulting in the 
list of �� mixtures. �e �ve mixtures are numbered from one to �ve and progressively 
transition from light to dark such that the �rst and second teintes are light, the third 
teinte is the intermediate nuance, and the fourth and �fth teintes are darker than the 

1374	 �e colorants are as follows. Reds: (1) Mine (red lead), (2) Vermillon (vermilion), (3) Brun 
Rouge, Rouge d’Angleterre and Sanguine (Red ochre or red iron oxide), (4) Lacque, Carmin (red 
lake, carmine red, or cochineal red); Yellows: (5) Massicot pâle and Massicot doré (yellow lead 
oxide), (6) Jaune de Naples (lead antimonate yellow), (7) Occre Jaune, Occre Brun (yellow ochre), 
(8) Stil de Grain clair and Stil de Grain brun (stil de grain); Blues: (9) Outremer (ultramarine), 
(10) Cendre bleuë (azurite), (11) Indigo, (12) Email or Smalte (smalt); Green: (13) Terre Verte 
(green earth); Browns: (14) Terre d’Ombre (umber), (15) Terre de Cologne (Cologne earth), 
(16)�Bistre (bistre or bister); White: (17) Céruse (lead white); Blacks: (18) Noir de Charbon, 
Pierre Noire (coal black), (19) Noir d’Allemagne (German black?), (20) Noir d’Os or Noir d’Ivoire 
(ivory black). See Anonymous (1708, 155). For the identi�cation of colorants names, I relied 
on Eastaugh 2008, 54, 192, 195, 369.

1375	 �e colorants not included in the catalog are Cendre bleuë, Indigo, Email or Smalte, Terre de 
Cologne, Bistre, Pierre Noire, Noir d’Allemagne, and Sanguine (see Anonymous 1708, 158–162; 
A. Pietsch 2014, 152). On the scheme, see Simonini 2024, 92–94.
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previous ones. �erefore, the list is a sort of stepped tonal scale that starts with yellow 
and ends with green. 

�e author explains that the ingredients of each nuance are listed in order of 
their ratio in the mixture.����  For instance, the third (i.e. intermediate) teinte of true 
red (vrai rouge) is made of either red lake and vermilion or carmine only.����  �erefore, 
the quantity of red lake exceeds that of vermilion. For the lightest teintes of the colors, 
the author often lists white as the �rst ingredient, and the main colorants of the recipe 
follow. For example, teinte number one of true red is a mixture of white, red lake, and 
vermilion or of white and carmine. �e ingredients of the second teinte are usually 
identical to those of the �rst, but white is listed at the end of the recipe.����  For �ve 
nuances, white is recommended in the fourth teinte as well.����  

To yield darker nuances, the author usually suggests deploying darker colorants 
akin to the basic nuance. For instance, the �fth teinte of true red could be obtained by 
mixing red lake with a small amount of a brownish-red iron oxide (rouge d’Angleterre) 
in place of vermilion.����  A black colorant is instead present only in three of the darker 
nuances.����

�is �ve-page scheme is fundamental to identify the colorants that were most 
likely used to paint the primitive colors and their compounds in the second color 
circle (and probably the �rst as well). �e list contains �� main colors starting with 
yellow and ending with green. Likewise, the second color circle proceeds clockwise 
from yellow to green (Fig. �.� ). �e intermediate (or third) teinte of each color in the 
scheme is the least broken. �us, we could assume that the third teintes were used in 
the color circles. In this case, the primitive yellow would be yellow ochre (occre jaune), 
the two primary reds would be vermilion (vermillon) and red lake (lacque), and the 
primary blue would be ultramarine (bleu outremer).����  

From these four primitive colorants, the author obtains nine compounds. �e 
trichromatic mixing rules are not always followed precisely, though. Sometimes, 
compounds are produced with alternative couleur matérielles that have similar properties 
to the primitives. For instance, green and orange are mixed with stil de grain or yellow 
lead oxide (massicot doré) instead of yellow ochre, while yellow ochre appears only in 
some nuances of golden yellow (jaune doré) and yellowish green (verd jaunâtre).����  

1376	 Anonymous 1708, 162.
1377	 Anonymous 1708, 159.
1378	 Anonymous 1708, 159.
1379	 �ese are crimson red/red lake (Rouge Cramoisi/Lacque), purple (Pourpre), violet (Violet), blue 

(Bleu), and green (Vert); Anonymous 1708, 160–161.
1380	 Anonymous 1708, 159.
1381	 �ese are the �fth teintes of sea green (verd de mer), green (verd), and yellowish green (verd 

jaunâtre).
1382	 Anonymous 1708, 158–160.
1383	 Anonymous 1708, 158–159, 161–162. 
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True red can alternatively be obtained with carmine.����   �e only unproblematic 
compound seems to be violet, for which the author provides no alternative to the 
mixture of ultramarine, red lake, and white.����

Applications of Encyclopédie des Couleurs

�e author of Traité asserts that the goal of the manual is to teach readers how to 
fabricate the sticks because “ready-for-use pastel sticks are rarely to be found, and I do 
not know anybody who wrote about their manufacturing.”����  However, pastel crayons 
were being sold as prefabricated sticks since around ����.����  Moreover, the �ve-page 
scheme with mixing instructions for ���sticks only super�cially aligns with the author’s 
intentions. In fact, the instructions lack colorant quantities in the mixtures, presuppose 
that readers already have a mastery of crayon making, and do not specify the �llers 
and binders that must be used to produce the sticks. �erefore, the purpose of the 
manual and the �ve-page scheme of mixtures is more to discuss how to properly mix 
colorants following the theoretical approach that is now called trichromacy. �e two 
circular diagrams in Encyclopédie des Couleurs explain the rudiments of trichromacy and 
demonstrate the basic combinations produced by four colors. �e �ve-page scheme 
introduces black and white (or darker and lighter colors than those represented in 
the circles), albeit sparingly, into the mixing equation, which extends the chromatic 
circles into a sort of lightness scale.

Another signi�cant topic in this handbook is the coloring of human skin. In 
Chapter XII, “Pastels pour les Carnations” (“Pastel Sticks for Complexions”), another 
scheme presents similar manufacturing instructions for pastel sticks via a trichromatic 
approach. �e author states that pastel painting is particularly suitable for portraits.����  
A key reason is that “there is an in�nity of skin colors or coloris, almost as much as 
there are people.”����  Nevertheless, the author focuses on colors of Caucasian skin, 
which he groups into two types: coloris tendres for females, youngsters, and children; 
and coloris fort for males and elderly people.����  For these two types of skin color, the 
author provides a two-page list or scheme with a total of ���mixtures (teintes): �� for 

1384	 Interestingly, carmine became the primary red used by most authors of trichromatic color 
charts beginning in the second half of the 18th century. On this, see also Simonini and Steinle 
2022, 17–19.

1385	 Anonymous 1708, 160. 
1386	 “Que ne trouvant que très-rarement des Pastel tout faits, je ne sçache personne qui ait écrit 

comment il les faut composer” Anonymous 1708, 151.
1387	 Je�ares 2006, Prolegomena; Sauvage and Gombaud 2016, 115.
1388	 Anonymous 1708, 150–151.
1389	 “Il y a une in�nité de Carnations ou Coloris di�érens, presqu’autant qu’il y a de personnes” 

Anonymous 1708, 163.
1390	 Anonymous 1708, 163.
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coloris tendres and �� for coloris forts.����  �ese mixtures are divided into three tones: light 
or jours (days); intermediate or demi-teintes (halftones); and dark or ombres (shadows). 
For both types of skin color, there are �ve light mixtures and three dark ones, while 
there are four halftones for coloris forts and three for coloris tendres. 

Interestingly, apart from white and the dark brown Cologne earth, the mixtures 
of coloris tendres consist of mostly yellow, red, and blue colorants and thus exploit 
trichromacy to paint skin.����  �is trichromatic aspect of skin coloring is even more 
obvious in Chapter XVII, “Mettre bien à propos les rehauts & les diverses Teintes 
du visage” (“To Convey the Lights and Di�erent Shades of the Face Expediently”), 
where the author states, “to give the face its natural color, its freshness and its di�erent 
yellowish, blueish, and reddish tints […] one uses for this e�ect pastel sticks made with 
virgin colors,” namely one colorant and a little white.����  Among the virgin colors, the 
author lists vermilion, red lake (or carmine), yellow ochre, and ultramarine, which are 
the four primitives in Encyclopédie des Couleurs. �e author insists on the trichromatic 
coloring of human skin and explains that pastellists who lack the right stick can use 
similar colors that are “lighter or darker, more yellow, more red, or more blue.”����  
Overall, the aim of this manual is to popularize trichromatic mixing rules for painting 
with a special focus on Caucasian skin.

Possible Authorship

Rolf G. Kuehni has proposed some candidates for the authorship of this handbook, 
including Jacob Christoph Le Blon, Adam van Broeckhuysen or Broekhuizen (����–
����), Constantijn Huygens II, and David Coster (d. ����).����  However, he has 
admitted that Hyugens’ authorship of Traité is less plausible since he died in ����. 
His list includes Coster only because he engraved the title page, which he signed, and 
perhaps the two color circles, which are unsigned.����  Kuehni has considered Van 
Broeckhuysen, a wealthy lieutenant from Maastricht, because he compiled a how-to 

manual on pastel painting, which is now considered lost.����  Meanwhile, Le Blon is a 
candidate because he wrote another art-theoretical book in ���� and uses the expression 

1391	 Anonymous 1708, 164–165.
1392	 Anonymous 1708, 164.
1393	 “pour donner au visage sa Couleur naturelle, sa fraicheur, ses diverses Teintes Jaunâtre, Bleuâtres, 

Roussâitres, […] on se sert pour cet e�et de Pastels faits de Couleurs Vierges” Anonymous 
1708, 171.

1394	 “plus Clair, ou plus Brun, plus Jaune, plus Rouge, ou plus Bleu” Anonymous 1708, 172.
1395	 Kuehni 2010b, 7–8. 
1396	 Kuehni 2010b, 8.
1397	 Kuehni 2010b, 8; Je�ares 2009, Broeckhuysen. 
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couleurs primitives in the French text of Coloritto (����). ����  Except for Le Blon, none 
of Kuehni’s proposed candidates is actually eligible, as they were mainly interested in 
the technique of pastel painting. As I have elucidated, the content of the manual far 
exceeds such a scope and primarily concerns trichromacy and the rendering of human 
skin by painting with trichromatic rules. 

In view of these new considerations, we could identify other potential authors, 
such as the Dutch painters Willem Beurs and Gérard de Lairesse (����–����), who 
support trichromacy and assign a great deal of importance to skin coloring in their 
books.����  Unlike Beurs, who died in ����, Lairesse was still alive when Traité was 
published in ����. Lairesse explicitly supports trichromacy in the �rst edition of Het 
groot schilderboek (����), an anthology on painting addressed to amateurs and painters 
in the very �rst stages of apprenticeship.����  An entire chapter in the fourth book of 
Lairesse’s anthology is dedicated to colors and their composition. Lairesse explains 
that color harmony is not governed by “�xed basic rules,” maintaining that there are 
three main colors (Hoofd-Koleuren) – yellow, red, and blue – which produce three 
broken colors (gebrokene Koleuren).����  Moreover, Traité was printed in the Dutch city 
of �e Hague, which is not far from Amsterdam, and Lairesse and Le Blon lived in 
Amsterdam in ����, when Traité was published. 

Several details suggest that Le Blon is a more likely candidate than Beurs and 
Lairesse. First, the content of Traité shows a stunning a�nity with the investigations 
carried out by Le Blon in the color mixing project and with his trichromatic 
experiments since ����.����  Neither Lairesse nor Beurs invested as much time as Le 
Blon in addressing the challenge of painting human skin in a naturalistic way or 
implementing trichromacy. Moreover, in Coloritto, Le Blon uses not only the phrase 
couleurs primitives but also couleurs materielles, which both appear in Traité. �erefore, 
there is strong evidence that Le Blon was either the author of the handbook or heavily 
in�uenced by its content.

Textual Sources and References of Traité

One of the most evident sources of the images in Traité seems to be Newton’s color 
circle in Opticks, which has been correctly identi�ed as a prototype of the standard 
color circle for artists (Fig. �.� ).����  Although Newton is never mentioned in Traité, the 
presence of the color circles implies that the author was aware of Newton’s Opticks. 

1398	 Kuehni 2010b, 8.
1399	 On Beurs see p. 269.
1400	 Vries 2004, 81.
1401	 “vaste grondregeln” Lairesse 1707, 206.
1402	 On the color mixing project see p. 286.
1403	 See p. 270.
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One detail that points in this direction is the blank center of the circles in Traité. 
Indeed, Newton describes the center of his circle as white.����  Moreover, black and 
white are not among the colors represented in Encyclopédie des Couleurs. In view of 
this information and the printing year of the manual, it is reasonable to assume that 
these colored circles – especially the one subdivided into seven sections – were inspired 
by Newton’s color wheel. 

�e author of Traité also adopts some of the color mixing proposed by Newton. 
For instance, since purple is not visible in the spectrum, Newton does not provide a 
section for it in his color circle, though he claims, “but it is to be noted, �at if the 
point Z fall in or near the line OD, the main ingredients being the red and violet, 
the Colour compounded shall not be any of the prismatic Colours, but a purple.”����  
Similarly, purple is present only in the second color circle in Traité as a mixture of 
Rouge Cramoisi and Violet (Fig. �.� ). Nonetheless, the circular color charts in Traité 
show no commonalities with Newton’s theory of colors.

In this regard, the expression couleurs matérielles is paramount. It is used three 
times in Traité to identify colorants as the subject matter. On one occasion, these 
material colors are even called pures (pure).����  While the term “material colors” and 
its underlying concept had been previously used, the term was still uncommon in the 
French language. In Trattato dell’arte (����), Lomazzo writes, “Among the material 
colors that are generally used in these times we are aware of many.”����  Later, Aguilón 
and Zahn described pigments as colores concretis, veri, reales, materiales, and corporeos.����  
In ����, Boyle similarly characterized colorants as “manifestly compounded of material 
Pigments.”����  Beurs also introduces the three main colors as the “main materials of oil 
colors.”����  Meanwhile, in French sources on trichromacy and art theory, there is no 
trace of this phrase.����  �erefore, it is hard to pinpoint the source of this expression.

�e author of Traité applies the term primitives for the trichromatic primaries of 
red, yellow, and blue. According to Alan E. Shapiro, this term was widely accepted as 
the French word for primaries in the early ��th century.����  Along the same lines, Kuehni 
has claimed that Félibien used principales (main) and primitives in Éntretiens (����) “in 

1404	 Newton 1704, 115–116; see Mollon 2003, 3.
1405	 Newton 1704, 116.
1406	 Anonymous 1708, 158, 163.
1407	 “Tra i colori materiali che si usano generalmente a questi tempi se ne ha cognizione di molti” 

Lomazzo 1584, 191. �is phrase has been translated di�erently in the �rst English edition 
(Lomazzo 1598, 99) and by Barbara Tramelli 2017, 108. 

1408	 See pp. 262 and 267 (n. 1339).
1409	 Boyle 1664, 222.
1410	 “hooft-sto�en der olyverwen” Beurs 1692, 4.
1411	 Authors usually distinguish between natural and arti�cial colors in the Plinian way. See, for 

instance, De Piles 1699, 5; Félibien 1676, 399.
1412	 Shapiro 1994, 624, n. 57.
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his discussion about coloration in painting.”����  However, only the word principales can 
be found in that text.����  In French, primitives was used to describe the primary colors of 
light by, for instance, the philosopher Nicolas Malebranche in his ���� essay on light, John 
�omas Desaguliers in his replication of Newton’s prism experiment in ����, and Pierre 
Coste in the French translation of Newton’s Opticks in ���� and ����. ����  In ����, Newton’s 
Opticks was already four years old, and Newtonians would have found it misleading 
to use a color diagram that clearly pays homage to Newton’s color theory in a manual 
that discusses only three primitive colors. After Le Blon’s Coloritto (����), the term 
primitive became widely accepted in the French language to signify the trichromatic 
primaries. However, at the time Traité was published, English-speaking authors, 
such as Petty, Boyle, and Newton, had already been using “primitive” in relation to 
trichromacy, precisely as the author of Traité does. �erefore, the author of Traité 
must have adopted this term in view of its acceptance among English textual sources. 

Another textual source of Traité regarding trichromacy is Félibien’s Éntretiens 
(����). In the advertisement for the ���� edition of Boutet’s manual, the editors 
state that the manual includes “something very curious touching upon the Primitive 
Colors, and the Generation of Compounded [...] that up until now was never seen 
in this context besides in a small Article by Monsieur Félibien.”����  Here, they are 
referring to a passage in Éntretiens where Félibien argues, “there are three primary colors 
which cannot be perfectly composed of other but of which all others are composed, 
namely yellow, red, and blue.”����  Chapter IV of Traité starts with a sentence that is 
similar but di�ers most noticeably in the use of the adjective primitives instead of 
premieres. Moreover, this passage hints that the editors perhaps consciously omitted the 
trichromatic positions of Beurs and Lairesse, which implies that Traité was compiled 
by someone who did not fully agree with the opinions of these two authors. �e 
anonymous author of Traité does not follow Lairesse’s trichromatic view; like Félibien, 
the author identi�es three broken colors (orange, violet, green), whereas Lairesse singles 
out green, purple, and violet as the compounds of the three primaries.

Diverging opinions are also evident in the color mixing rules provided in Traité for 
painting human skin. In De groote Waereld in ’t klein geschildert, Beurs lists ���mixtures 
for coloring the human body and none include a blue colorant to scumble over the 

1413	 Kuehni 2010b, 7.
1414	 Félibien 1679, 13, 26, 28–29.
1415	 Malebranche 1699, 24, 26. Desaguliers 1714, 433; Newton 1720, 200; 1722, 173. �e use 

of this terminology in Malebranche and Coste has been brie�y mentioned by Shapiro 1996, 
97–98; Boskamp 2009, 63, n. 260.

1416	 “quelque chose d’assez curieux touchant les Couleurs Primitives, & la Génération des 
Composées [...] que jusques à présent on n’avoit rien vû là-dessus, sinon un petit Article qui 
se trouve dans Monsieur Félibien” Boutet 1708, Avertissement, 3. 

1417	 “il y a trois couleurs premieres qui ne peuvent estre parfaitement composées d’aucune autre, 
mais dont toutes les autres sont composées; sçavoir le jaune, le rouge & le bleu” Félibien 1679, 
28; see also Parkhurst and Feller 1982, 220.
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basic reddish hue.����  Lairesse’s instructions for coloring child, male, and female bodies 
in Het groot schilderboek are more similar to those in Traité but still show signi�cant 
discrepancies. Paul Taylor has observed that Lairesse’s coloring of “�esh is mainly 
composed of white and vermilion.”����  In contrast, the author of Traité produces the 
basic �esh color by mixing more pigments. For instance white, red ochre, and yellow 
ochre for male skin and white, vermilion, and red lake for female and children. 

�e origin and rationale behind the complexity of the anonymous author’s 
instructions for coloring human skin have yet to be determined. Nevertheless, similar 
�esh mixtures were used by Le Blon, too. �is development may once again indicate 
that Le Blon was either the author or most profound recipient of this manual.

Reception of Traité and Encyclopédie des Couleurs

After the �rst edition was released in ����, Traité was reprinted two times and translated 
two times. �e handbook was translated in Dutch and substantially modi�ed by one P. 
J. Verly. It was issued �rst in ���� and again in ���� in Dutch editions of Boutet’s Traité 
de la Peinture en Mignature entitled Verhandeling van de schilderkonst in miniatuur: 
om gemakkelyk te leeren schilderen zonder meester.����  Both editions include two color 
circles etched and signed by Simon Fokke (����–����) and washed by unknown print 
colorists. �e color circles are identical to the originals but have the color terms in 
Dutch (Fig. �.� ) and the title Encyclopedia of aaneenschakeling van kennis der coleuren 
(Encyclopedia or Sequence of the Knowledge of Colors).����  

�e handbook was then reprinted in ���� and ���� within two new editions 
of De Piles’ Élémens de peinture pratique, which was amended and extended by the 
French bookseller Charles Antoine Jombert (����–����). Jombert modi�ed the text 
by, for instance, merging chapters and adding information. He also slightly changed 
the illustrations of the color circles and left them uncolored. Jombert removed the 
white central hole of the original circles so that the lines of every section join at the 
center (Fig.��.� ). Jombert also left out the Baroque scenery from the two original 
illustrations and presented his revised color circles without frills on a single page.����

Although I am not aware of any other edition of Traité beyond the four mentioned 
above, the content of this short handbook was received, though not credited, by many 
trichromatists during the ��th�century. Le Blon was de�nitely the most heavily inspired 
by Traité; in Coloritto (����), he adopts the terminology of Traité as well as many of 

1418	 Beurs 1692, 186; Taylor 2011, 71. 
1419	 Taylor 2011, 68.
1420	 “Treatise on the Art of Painting in Miniature, to Easily Learn How to Paint Without a Master.” 
1421	 Boutet and Verly 1744, 115; 1759, 115.
1422	 De Piles and Jombert 1766, 281–309; 1776, 281–308.
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the ideas hinted at or discussed therein. After ����, the two phrases couleur matérielles 
and couleur primitives permeated the French language: Antoine-César Gautier de 
Montdorge, Le Blon’s French patron, used both in L’Art d’Imprimer les Tableaux, Traité 
d’après les Ecrits, les Opérations, & les Instructions verbales de J. C. Le Blon (�e Art of 
Printing Paintings, Treated According to the Writings, Operations, and Verbal Instructions 
of J. C. Le Blon, ����). ����  �e expression couleurs primitives was also adopted by many 
French trichromatists, such as the Jesuit Father Louis Bertrand Castel, the chemist 
Charles-François de Cisternay Dufay (����–����), and the dyer Antoine Quémizet, 
but still used to indicate the colors of the spectrum as well.����

After Le Blon, Castel further engaged with the ideas addressed in Traité. Indeed, in 
his L’Optique des Couleurs (����), Castel describes a color circle divided into ���sections, 
like the second circular diagram in Traité, with slightly di�erent color terms. In 
addition, he builds on the concept of stepped lightness scales presented in Traité in the 
form of a �ve-page scheme. Castel refers to the ensemble of these lightness scales by 

1423	 Gautier de Montdorge and Le Blon 1756, 105, 141, 149, 152, 162.
1424	 See Boskamp 2009, 63, n. 260.

�.� Anonymous, color circles 
after encyclopédie des couleurs, 
in: Roger de Piles and Charles 
Antoine Jombert, Élémens de 
peinture pratique (1766), plate 
5, �gs. 10 and 11

�.� Anonymous, Encyclopedia 
of aaneentschakeling van kennis 
der coleuren, in: Claude Boutet, 
anonymous, and J. P. Verly 
(translator), Verhandeling van de 
schilderkonst in miniatuur (1744), 
between pages 114 and 115
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many names, including cabinet chromatique (chromatic cabinet) and cabinet universel 
des couleurs (universal cabinet of colors).����  

Around �� years later, the Austrian Jesuit Ignaz Schi�ermüller referred to Castel’s 
color circle and chromatic cabinet for his Versuch eines Farbensystems (����), where he 
reintroduces some of the original color terms from Traité that Castel had changed.����  
Schi�ermüller must have encountered one of the four editions of Traité, though it 
is not known which one speci�cally. Moreover, Schi�ermüller somehow revived the 
Baroque scenery below the original color circles. Both the frontispiece and the �rst 
plate of Schi�ermüller’s book depict small putti in a baroque garden and nearby 
buildings; some of them are painting, while others are carrying out experiments with 
a prism.����  Schi�ermüller’s work later reached the English miniature painter and 
entomologist Moses Harris, who included the stepped lightness scales directly in his 
circular diagrams for the �rst time. 

�e circular diagram in Traité that is divided into �� main colors (Fig.� �.� ) 
permeated modern color science and art and continued to be replicated and perpetuated 
by other color circles for more than a century after its initial publication. Traces of 
the ��-part division are evident in, for instance, Mémoire sur les lois générales de la 

1425	 See p. 303.
1426	 Pander 1938b, 196; Kemp 1990, 290. 
1427	 See pp. 370–371, 376 and Figs. 4.41 and 4.44.

�.�� Jean-François Léonor Mérimée, cercles chromatiques, in: Jean-François Léonor Mérimée, Mémoire 
sur les lois générales de la Coloration appliquées à la formation d’une échelle chromatique, à l’usage 
des Naturalistes, in: Vol. 3 Planches of Charles François Brisseau de Mirbel, Élémens de Physiologie 
végétale et de Botanique (1815), plate 72
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Coloration appliquées à la formation d'une échelle chromatique, à l’usage des Naturalistes 
(����) by Jean-François Léonor Mérimée (����–����), a painter and maitre de dessin 
at École Polytechnique.����  �is work depicts three double color circles with ���basic 
colors yielded by red, yellow, and blue (Fig.��.�� ). 

4.3	 Le Blon’s Trichromatic Printing and Trichromatic Skin 

�e most signi�cant characteristic of skin is its color. �is connection is obvious from 
the common etymological root of chrôma (color) and chrôs (skin) in ancient Greek.����  
Early modern terminology for describing this hue does not regard the derma but rather 
the �esh underneath.����  In art theory and painting manuals, the coloring of human 
�esh came to be appreciated as a de�ning skill of a good colorist.����  

During the ��th century, the rendering of skin texture and color through 
pigments and brushstrokes gained prestige in the art-theoretical querelle du coloris 
dividing Rubenistes and Poussinistes at the French Académie Royale de peinture 
et de sculpture.����  In the poem De Arte Graphica (����) by the French painter and 
writer Charles Alphonse Dufresnoy and its translation by De Piles (����), chromatices 
or l’art chromatique (�e Art of Coloring) became the third part of painting.����  With 
chromatices, Dufresnoy refers to the skillful and harmonious color transitions and 
combinations that distinguish dexterous colorists, such as Titian and Rubens, and 
were allegedly a lost art mastered by the Greek painter Zeuxis.����  Dufresnoy uses the 
word chromatices to reinforce the analogy of the art of coloring and the chromatic scale 
in ancient Greek music, thus implying that this art has mathematical foundations.����  
�e same analogy is found in Kircher’s Ars magna, where the knowledge of colors 

1428	 Mérimée 1815. It is a supplement on color standardization for botanical description to the 
third volume of Charles François Brisseau de Mirbel’s Élémens de Physiologie Végétale et de 
Botanique. On their biographical data, see Dezobry and Bachelet 1869, 1809; Feller 1849, 
616.

1429	 Fend 2017, 8.
1430	 Incarnato, carnagione, carnation, Leibfarbe, and lijfverf are terms found in manuals providing 

instructions for coloring the naked body; see Bohde 2007, 45–48; Lehmann 2008, 89–92; 
Fend 2017, 21–23. 

1431	 Lehmann 2008, 99.
1432	 Fend 2017, 25–35.
1433	 Dufresnoy 1668a, 21; 1668b, 27, 119.
1434	 Dufresnoy 1668a, 21; 1668b, 27; Allen, Haskell, and Muecke 2005, 192–194.
1435	 Allen, Haskell, and Muecke 2005, 62.
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and their con�ations is called ars chromatica.����  Dufresnoy, who lived in Rome for 
���years, likely knew Kircher’s work and trichromatic theory.����

Dufresnoy’s poem became very influential and was circulated among the 
members of various art academies, including in Paris and Rome, where the painter 
Carlo Maratti (����–����) recommended this reading to his pupils.����  It is thus not 
surprising that Le Blon, who is presumed to have been a pupil of Maratti, quotes 
Dufresnoy’s passage on chromatices in his Coloritto (����) to introduce the topic for 
discussion.����  In the dedication to Robert Walpole (����–����), Le Blon presents 
coloritto as “the most �attering, alluring, and charming part” of the art of painting.����  
�e term coloritto generally signi�es the harmony of colors or coloring; indeed, Le Blon 
translates it into French as coloris, which is the term De Piles uses to render Dufresnoy’s 
chromatices.����  Yet, the original Italian term colorito, which Le Blon borrows for the 
title, speci�cally applies to the pigmentation of skin.����  Le Blon’s terminological choice 
is not coincidental, as Coloritto deals with the coloring of human skin. As rightly 
noted by Mechtild Fend, Le Blon privileges “�esh as the �rst and foremost object of 
representation in color,” which De Piles had previously done at the French Académie 
Royale in the framework of the querelle.����  Clues regarding the connection of skin 
color to trichromacy and Le Blon’s invention of trichromatic printing can be found 
in his biography.

Jacob Christoff Le Blon 

Le Blon is best known as the inventor of trichromatic printing. �is printing process 
constitutes the �rst art-technological implementation of trichromacy. Le Blon was 
born in ���� in Frankfurt, Germany to Christo� Le Blon a bookseller and art dealer 
of Dutch origin. His great-grandfather was the Swiss engraver Matthaeus Merian the 
Elder (���� –����), and his great-uncle was the artist and art agent Michel Le Blon 
(���� –����). ����  From ���� to ����, Le Blon lived in Rome, where he was reportedly the 
pupil of Carlo Maratti and a friend of the Dutch painter Bonaventura van Overbeek 

1436	 See p. 264.
1437	 Note also that Dufresnoy studied at the Jesuit college in Paris (Allen, Haskell, and Muecke 

2005, 15), where Castel taught at the beginning of the 18th century; see p. 302.
1438	 Allen, Haskell, and Muecke 2005, 122.
1439	 Le Blon 1725, i. On Le Blon as Maratti’s pupil, see below in this page.
1440	 Le Blon 1725, ii.
1441	 Le Blon 1725, iii; Dufresnoy 1668b, 119.
1442	 �e Italian word colorito is used in physiology in this sense, but it is also both a music term 

and an art term; Colorito 1, 2023; Colorito 2, 2003. Vasari (1568, 49) uses the term colorito 
in Chapter XVIII of Le Vite on colors.

1443	 Fend 2017, 35.
1444	 Lilien 1985, 12.
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(����–����). ����  Le Blon’s interest in trichromacy may have been triggered in Roman 
intellectual and artistic circles.

In ����, Le Blon moved to Amsterdam.����  �ere, he worked as a miniature painter 
and befriended the art collector and polymath Lambert Hermansz ten Kate (����–����) 
as well as the painter Hendrik van Limborch (����–����).����  �e correspondence 
between the three men is a rich source of information about their inquiries. In August 
����, the topic of the correspondence between Ten Kate and Van Limborch shifted 
away from the proportions of the human body to the issue of color mixing.����  �e 
three gentlemen were involved in a “color-mixing project,” through which they hoped 
to use a “geometrical progression” to de�ne the quanti�cation of color mixtures for 
shadowing human �esh in paintings.����  For this, experiments were conducted with 
white, black, yellow, red, and blue pigments diluted with an oil medium. Le Blon 
followed a similar but simpli�ed method to produce his colored prints.����  Fokko Jan 
Dijksterhuis has argued that Le Blon himself prompted the shift in the group’s interest 
toward color mixing.����  In the color-mixing project, the three men had di�erent goals: 
Le Blon wanted to investigate the hues resulting from mixing the three primary colors, 
in which the materiality of colors played a signi�cant role; meanwhile, Ten Kate and 
Van Limborch wanted to determine the extent to which red, yellow, and blue could 
be altered by black and white without modifying their hues to shadow skin tones in 
painting.����  

Starting from around December ����, and then in parallel to the color-mixing 
project, Le Blon carried out further experiments to develop trichromatic printing.����  
In ����, he showed a miniature of the penitent Mary Magdalene that he printed with 
this new printing process to the brothers Zacharias Conrad (����–����) and Johann 
Friedrich von U�enbach (����–����). ����  Le Blon’s trichromatic printing utilized three 
di�erent mezzotint plates – one for each primary color – which were overprinted in 

1445	 Houbraken 1719, 279–280; Gool 1750, 342; Lilien 1985, 16; Rodari 1996, 52; Lowengard 
2006, Le Blon’s Life; Margócsy 2014, 177; Stijnman 2020, xl.

1446	 Lilien 1985, 19; Rodari 1996, 52; Stijnman 2012, 359–361. Dijksterhuis (2011, 311) has 
stated that Le Blon reached Amsterdam in 1705. However, Le Blon married his �rst wife, 
Gerarda Vloet, in 1705 (Lilien 1985, 19).

1447	 Miedema 2011, 176; 2006a, 86–90; Dijksterhuis 2011; Rodari 1996, 53.
1448	 Dijksterhuis 2011, 310; Miedema 2011, 174. �e Ten Kate-Van Limborch correspondence, 

including one letter by Le Blon, is kept at Amsterdam, Rijksmuseum, Special Collection, 
310 K.

1449	 Dijksterhuis 2011, 309, 314.
1450	 Miedema 2011, 177, 180.
1451	 Dijksterhuis 2011, 311.
1452	 Fokko Jan Dijksterhuis has stressed the distinctive goals of Le Blon and the two other gentlemen 

more clearly than Hessel Miedema; see Dijksterhuis 2011, 311; Miedema 2011, 177–178. 
1453	 Lilien 1985, 20; Miedema 2011, 176.
1454	 U�enbach 1753, 534–535; Lilien 1985, 22; Stijnman 2012, 359–360; Stijnman 2020, xlii. 
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register on the same leaf. By modulating the ratios of blue, yellow, and red (in that 
order), Le Blon could produce any desired nuance.����  In ����, Le Blon moved to 
London with the brothers Jan (����–����) and Jacob L’Admiral (����–����), where 
he acquired a ��-year royal patent for his invention on February �, ����. With the 
help of Colonel Sir John Guise (����–����), Le Blon opened a printing shop known 
as �e Picture O�ce. ����  

News of Le Blon’s invention began to spread rapidly throughout Europe, and 
his trichromatic printing was advertised at least three times in French journals during 
the second decade of the ��th century.����  In a letter published in Journal des Sçavans on 
February ��, ����, Pierre des Maizeaux (����–����), a French Huguenot in exile in 
London recounts that Le Blon managed to develop a perfectly working trichromatic 
printing process by manufacturing the “perfect primitive color” with “material 
colors.”����  

�en, in ����, Le Blon published his famous Coloritto, where he claims to unveil 
the “infallible rules” for painting human skin, which he regards as “the most di�cult 
of all visible Objects” to depict.����  Le Blon’s Coloritto is essentially a manifesto of the 
results of his color-mixing experiments. 

In ����, the �nancier Antoine-César Gautier de Montdorge helped Le Blon 
obtain a ��-year privilege to execute his colored prints in France, where Le Blon 
moved at the end of ���� or in early ����.����  To acquire such privilege, Le Blon gave 
a demonstration to a commission of four reporters on October ��, ����, after which 
his privilege was con�rmed.����  

In the ����s, Jan L’Admiral returned to Holland, where he continued to print 
trichromatic anatomical mezzotints.����  Le Blon consequently employed new pupils 
and assistants at his Paris printing studio, including Jacques-Fabien Gautier-Dagoty 
(����–����), Jean Robert (d.����), and Pierre François Tardieu (����–����). ����  After 
Le Blon’s death in ����, Gautier-Dagoty, Robert, and Tardieu continued to engage in 
the trade of anatomical colored prints in France.����  

1455	 Stijnman 2015, 216; 2020, lv; Stijnman and Savage 2015b, 95. 
1456	 On Le Blon’s arrival in London, see Birren 1981, 86; Lilien 1985, 24; Rodari 1996, 56; 

Lowengard 2006, Le Blon’s Life; Stijnman 2020, xliii. On the patent, see Woodcroft 1969, 
84–85, no. 423. On “�e Picture O�ce,” see Lilien 1985, 26–31. 

1457	 Lilien 1985, 31–32.
1458	 “Couleurs primitives parfaits,” “couleurs materielles” Maizeaux 1722, 317; translation from 

Lilien 1985, 34, with some amendments.
1459	 Le Blon 1725, 26.
1460	 Lilien 1985, 61, 64–66; Scott 2018, 246.
1461	 Lilien 1985, 66–69; Rodari 1996, 61–62.
1462	 L’admiral and Houttuyn 1774, Preface; Stijnman 2020, xxvi.
1463	 Lilien 1985, 65, 71.
1464	 Lilien 1985, 75.
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Carten-Tabelletjes and Coloritto’s Palette

At the beginning of January ����, Le Blon addressed a letter to Van Limborch, which 
is the only extant letter by Le Blon.����  In this letter, Le Blon includes a grid-like table 
representing progressive mixtures for coloring human skin (Fig.� �.�� ). He writes, 
“hereby, I send you the beginning of a table for sundry naked-color tints, divided into 
few classes and degrees.”����  He subsequently explains that the �nal product would 
cover all tints for reproducing the human complexion. Such end product would 
presumably consist of color samples with corresponding recipes, as Le Blon states, “I 
have not yet had the time to �ll the boxes with colorants, or to make small tabular 
charts (Carten-Tabelletjes) out of it.”����  

�e uncolored, grid-like table in the letter displays seven red tones, which Le 
Blon calls Naeckt-couleur-tint (naked-color tint), Ti[n]ctur (tincture), Couleur-Tint 
(color tint) or Verf-liquor-tint (liqueur-paint tint), interchangeably, or simply Tint. 
For each tincture, Le Blon calculates �ve degrees of lighter hues obtained by adding 
white in varying ratios. �us, the grid-like table contains a total of �� boxes. In 
Coloritto, Le Blon de�nes a tincture as “a liquid Colour, transparent; or (to speak 
better) a Colour that conceals nothing; as the Colours in Dyes made by Dyers, which 
hide not the Bodies that are colour’d and cover’d by ‘em.”����  A tincture is therefore 
a transparent ink, which he counterposes to the “material” or “corporeal” color used 
in painting whose body “hides every thing that is cover’d with it.”����  Nonetheless, Le 
Blon clari�es that some of these material colors are transparent enough to be “ranked 
among the Tinctures.”����  Le Blon’s grid-like table also features pigments that cannot be 
regarded as transparent. Four of these skin nuances – A, B, C, and D – are based on 
the pigment red ochre (roodaerd) progressively mixed with yellow ochre (ocra). Nuance 
E is a mixture of red ochre and red lake (lacq), F is only vermilion (vermillion), and G 
is vermillion mixed with red lake.����  It is unknown whether these tints were lightened 
with a white pigment or diluted with water to allow the white paper to show through 
the paint layer. However, it seems that Le Blon was testing out the use of transparent 
inks to develop trichromatic printing at that time. 

In Coloritto, Le Blon provides similar red tints for �esh colors produced either 
with simple pigments (vermilion, red ochre, brown ochre, red lake) or mixtures 

1465	 Amsterdam, Rijksmuseum, Special Collection, 310 K, 3 January 1711; Miedema 2006, 183. 
1466	 “Hierbij nu sende ik een beginn van een Tabell om allerlij Naeckt-couleur-tinten, in weijnig 

Classen en Graden verdeelt” Miedema 2006, 183. 
1467	 “[...] ik heb nogh niet tijd gehad, de veldjes met de verwen te vullen, of Carten-Tabelletjes 

daervan te maaken” Miedema 2006, 183. 
1468	 Le Blon 1725, 10.
1469	 Le Blon 1725, 10.
1470	 Among these, he lists “Lack, Pink, Indigo, the Black of Ivory, &c” Le Blon 1725, 10. 
1471	 Miedema 2006, 185.
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�.�� Jacob Christoff Le Blon, Grid-like table for his Carten-Tabelletjes, 
in: letter of 3 January 1711 to Hendrik van Limborch, Rijksmuseum 
Amsterdam, Special Collection, 310 K

of two of those pigments (vermilion + red lake, red ochre + red lake, red ochre + 
brown ochre).����  In the chapter “�e Practical Part for Painters,” Le Blon exempli�es 
how to systematically mix all shades, lights, half shades, and re�exes of human skin 
starting from a “principal tincture” made of vermilion and red lake.����  �is tincture is 
represented on a painters’ palette as a paint dash marked with the letter A (Fig�.�.�� ). 
He elaborates that mixing this principal tincture with a white one yields the “true 
Flesh-Colour,” which is labeled with a B on the painters’ palette.����  To obtain a 
“Re�ected Tincture,” which is marked with a D on the palette, the principal tincture 
must be mixed with yellow.����  Similarly, the “Roundings” are made with true �esh 
color mixed with blue and labeled with an O on the palette.����  

�is palette is probably a simpli�ed version of what Le Blon hoped to achieve 
with his Carten-Tabelletjes: an overview of all possible combinations of the primitive 
colors to attain a true-to-nature depiction of human skin. While the paint dashes on 
the palette have badly tarnished and were merely explicative of Le Blon’s mixing rules 
for �esh tones, it is likely that the ultimate Carten-Tabelletjes specify how to calculate 
the mixtures in his trichromatic mezzotint plates. Indeed, the prototype drafted 

1472	 Le Blon 1725, 12.
1473	 Le Blon 1725, 14.
1474	 Le Blon 1725, 16.
1475	 Le Blon 1725, 18.
1476	 Le Blon 1725, 20.
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in the letter to Van Limborch reveals that 
Le Blon was developing a mathematical 
system for mixing colors. In the grid-
like table, Le Blon adds white to each red 
mixture using an integer sequence known 
as the Mersenne numbers.����  Regrettably, 
the whereabouts and appearance of Le 
Blon’s ultimate Carten-Tabelletjes remain 
unknown.

Le Blon’s Primitive and Material 
Colors

Coloritto begins with an introduction of 
Le Blon’s color theory, which concerns 
his conception of primitive and material 
colors. He asserts that painting “can 
reproduce all visible Objects with three 
Colours, Yellow, Red, and Blue,” which he 
calls the primitive colors.����  On the same 

page, Le Blon provides a short color-mixing scheme to illustrate that four compounded 
colors – orange, purple, violet, and green – can be obtained from the three primitives. 
When all mixed together, the three primitives produce black. Notably, Le Blon remarks 
that his primitives are “material colors, or those used by Painters.”����  �is phrase 
counterposes his colors to the “impalpable” colors studied by Newton, which instead 
yield white when combined.����

Coloritto provides no clear information identifying Le Blon’s primitive material 
colors. In ����, Maizeaux explained that Le Blon was able to develop trichromatic 
printing by searching for the “perfect primitive colors” among the material ones.����  In 
his autograph of the prospectus for �e Picture O�ce, which can be dated to before 
February ����, Le Blon gives a similar statement: 

1477	 �e sequence is 1, 3, 7, 15, 31, 63, 127, 255 (sequence A000225; a[n] = 2^n – 1). �ese 
numbers are visible in the transcription of the drawing of the table in Le Blon’s letter to Van 
Limborch; see Miedema 2006, 185. On the sequence itself, see Weisstein 2022. 

1478	 Le Blon 1725, 6.
1479	 Le Blon 1725, 6.
1480	 Le Blon 1725, 6.
1481	 See p. 287.

�.�� Jacob Christoff Le Blon, Painter’s palette 
with color samples labeled with capital letters, 
in: Coloritto; or the Harmony of Colouring 
(1725), Fig. V.
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I discovered that my plans would be practicable if I could �nd the perfect 
primitive colors under the material colors. When I had �nally found the ma-
terial colors very much approaching the primitive colors [....] I began to notice 
that in following these principles, painting could perfectly and easily represent 
all visible objects.����  

�us, Le Blon allegedly discovered some pigments that approach the perfect primitive 
colors, though his meaning here is not clear. �e perfectness of Le Blon’s primitive 
colors most likely rests on their ability to yield all compounded colors and black. 
Indeed, Maizeaux states, “there were neither a color degree nor a nuance they could 
not produce.”����  

According to Maizeaux, Le Blon could not identify primitive material colors with 
the right properties and was “forced to prepare and compose them himself.”����  Le Blon 
was always very secretive about his printing process, and there are no autographic notes 
that recall his preparation of these perfect primitive colors with colorants. �erefore, it 
is not surprising that such information is not shared in Coloritto or in the Ten Kate–Van 
Limborch correspondence. It is, however, given in a reprint of Coloritto published in 
���� by Le Blon’s French patron Gautier de Montdorge, who culled the information 
directly from a report he compiled after Le Blon’s demonstration in ����.����  �is reprint 
has an additional section entitled “Opération nécessaires pour graver et imprimer des 
estampes, a l’imitation de la Peinture, selon le systême de J. C. Le Blon” (“Necessary 
Operations to Engrave and Print Plates in Imitation of Painting, According to the 
System of J. C. Le Blon”), which contains a chapter on the colorants Le Blon used 
for his trichromatic prints. 

For the �rst plate, Le Blon used Prussian blue, although the trial proofs were made 
with indigo.����  Ad Stijnman has noted that Prussian blue was a recent invention at 
the time. It was developed in Berlin around ���� and already sold that same year.����  
Its �rst known use in painting dates to ����, and one of the earliest paintings made 
 

1482	 “si je decouvrois, que, si je pouvoit trouver les Couleurs primitives parfaittes parmy les 
Couleurs materielles, mon Entreprise seroit practicable. Ayannt donc en�n trouvé des Couleurs 
materielles si approchantes des Couleurs primitives, [...] je commencais à m’appercevoir, qu’en 
suivant ces Principes, la Peinture, pourrroit representer tous les objets visibles parfaittement et 
facilement [...].”London at the British Museum, Department of Manuscripts, Add. Ms. 4299, 
fol. 75r; see Lilien 1985, 27–33, from whom I took and slightly amended the translation. 

1483	 Maizeaux 1722, 317; translation from Lilien 1985, 34.
1484	 Maizeaux 1722, 317; translation from Lilien 1985, 34.
1485	 For the book title, see p. 282; Stijnman 2020, xlvii, li.
1486	 Gautier de Montdorge and Le Blon 1756, 115–116; Stijnman 2020, lxxv–lxxvi.
1487	 Stijnman 2020, lxxvi; Kraft 2019, 69, 107.
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with Prussian blue was �nished by a pupil of Van Limborch.����  �us, we can assume 
that Le Blon’s prints were among the �rst to be inked with Prussian blue. Before the 
development of this colorant, all other intense blue colors were either too expensive 
(e.g. ultramarine) or not suited to produce inks. Presumably, Le Blon’s invention was 
facilitated by the existence of this new colorant in the market. For yellow, Le Blon’s 
utilized stil de grain, a non-lightfast lake pigment produced with the ripe berries of 
various species of Rhamnus.����  Red was the most complex material color to produce, as 
it required a red lake made of brazilwood that “moves away from purple and approaches 
nacarat.”����  It had to be mixed with the best carmine available and occasionally with 
cinnabar (Cinabre minéral) as well.����  �e added section in the reprint also contains 
instructions for manufacturing “pure Carmine” from cochineal and “true Lake” from 
brazilwood.����  Interestingly, Gautier de Montdorge lists a white and a black among the 
colorants. A white ink made with lead white was used to print the transparent parts, 
while the ordinary black ink mixed with indigo used by printers was applied to produce 
the �rst plate of a four-plate printing method sometimes employed by Le Blon.����

Applications of Coloritto and Carten-Tabelletjes

With Coloritto, Le Blon intended to reveal the secret “of reducing the Harmony of 
Colouring in Painting to Mechanical Practice, and under infallible Rules,” which was 
equivalent to the lost art of chromatices mentioned by Dufresnoy and allegedly known 
by Titian, Rubens, and Van Dyck.����  In this regard, Le Blon states, 

most of the modern Authors and Painters whom I have consulted on the Sub-
ject in all my Travels, have declar’d, there were never any certain or sure Rules 
for the Coloritto […] supposing it only to be some peculiar incommunicable 
Talent, or Inspiration, which cannot be learn’d.����

1488	 Kraft 2019, 108. Interestingly, one of the inventors of Prussian blue, Johann Conrad Dippel 
(1673–1734), lived in Amsterdam between 1707 and 1710 (Kraft 2019, 101), when the color 
mixing project was running.

1489	 Gautier de Montdorge and Le Blon 1756, 116–117; Stijnman 2020, lxxvi. On stil de grain, 
see Eastaugh 2008, 353.

1490	 “qui s’éloigne du pourpre & approche au nacarat” Gautier de Montdorge and Le Blon 1756, 
117. 

1491	 Gautier de Montdorge and Le Blon 1756, 117; Stijnman 2020, lxxvi. On the di�erence 
between mineral cinnabar and arti�cial vermilion, see Gettens, Feller, and Chase 1993.

1492	 “le Carmin pur” and “la vrai Lacque” Gautier de Montdorge and Le Blon 1756, 118, 121.
1493	 Gautier de Montdorge and Le Blon 1756, 114–115. For the black plate, see Stijnman 2020, 

lxvii–lxviii.
1494	 See pp. 284–285; Le Blon 1725, iv.
1495	 Le Blon 1725, iv.
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�e rules of coloritto were not only an innate gift but had been “declared 
impracticable and absolutely impossible by everybody who had tried it.”����  We now 
know that, according to Le Blon, these rules follow the trichromatic theory, which 
he describes in the introduction to his book. �e three “primitive” colors – yellow, 
red, and blue�– could generate not only four main compounds and black but also all 
other possible nuances.����

With his invention of trichromatic printing, Le Blon proved that the art of 
harmonious coloring is not an incommunicable talent but in fact depends on precise 
rules that could be learned and taught. Coloritto was his attempt to extend these rules 
to painting. More importantly, it was a form of marketing for his invention, which 
had ideal applications in portraiture and anatomical illustration.����  His invention 
empirically demonstrates that one can adhere to speci�c rules (i.e. those of trichromacy) 
to color human skin – “the most di�cult of all visible Objects” to depict.����  

It seems not coincidental that while Le Blon was developing his trichromatic 
printing method, he conceived of a color-mixing chart based on a mathematical 
progression. It is possible that the purpose of Le Blon’s Carten-Tabelletjes was not related 
solely to the color-mixing project but also to his own printing experiments. More 
speci�cally, it may have been an attempt to build a color separation model similar to 
those utilized today in photography and digital imaging. Le Blon was allegedly able 
to isolate each of the primary colors in a painting and then recombine them in his 
trichromatic prints.����  Ad Stijnman has explained that Le Blon and his pupils did 
not have a color separation model but divided each hue from the original painting 
through a process of trial and error.����  Another section of Gautier de Montdorge’s 
book describes this process, whereby an initial blue proof was made, and the result 
was corrected in distemper to serve as a reference in reworking the copperplate. �e 
same process was performed for the two further copperplates, for which the blue proof 
was painted in distemper with yellow or red colorants to see the result.����  

1496	 Lilien 1985, 31. �is passage is from the prospectus for “�e Picture O�ce,” written by Le 
Blon in French. London, British Museum, Department of Manuscripts. Add. Ms. 4299, 
fol.�75r–75v. Here, Le Blon was perhaps referring to the art of color printing. Other artists had 
indeed developed color printing processes, but none of them implied trichromacy; Lowengard 
2006, Le Blon’s Printed Pictures; Stijnman 2012, 356–359. 

1497	 See p. 291.
1498	 Stijnman 2012, 359. In 1719, Le Blon issued the anatomical print of a dissected human 

penis for the English physician William Cockburn (1669–1739). �en, a series of 12�large 
anatomical plates by Le Blon were open to subscription in 1721 by the Mercure de France and 
in 1722 in the Dutch edition of Journal des Sçavans; Lilien 1985, 35.

1499	 See p. 287.
1500	 Lilien 1985, 117; Rodari 1996, 54; Stijnman 2012, 365.
1501	 Stijnman 2020, lxviii.
1502	 Gautier de Montdorge 1756, 101–104.
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Conceivably, the transitions from blue to yellow, blue to violet or purple, and 
yellow to orange through the innumerable resulting shades could have been easily 
documented in a color chart, such as Carten-Tabelletjes. Signi�cantly, in his letter to 
Van Limborch, Le Blon maintains that his table is “easy to understand, remember 
and handle in the practice.”����  Here, the practice in question may be painting, but 
it is plausible that Le Blon believed that this color chart was likewise useful for pre-
calculating the various tones and compounds in his trichromatic printing. Such a 
chart could have been Le Blon’s solution to reduce color mixing to “infallible rules” 
and transform this “incommunicable talent” into one that could be learned. �us, we 
can speculate that he may have used the ultimate Carten-Tabelletjes to not only guide 
his printing operations but also instruct his pupils in London and Paris.

Le Blon’s Textual Sources 

Le Blon’s work seems to have been strongly in�uenced by the content of Traité. On 
page ���, I mention that Le Blon adopts the terminology of Traité and particularly the 
two phrases couleurs primitives and couleurs materielles. While no other trichromatist 
used both expressions simultaneously, Le Blon repeatedly uses couleurs materielles 
alongside couleurs primitives in Coloritto; at one point, he even names these colors 
“corporeal Colour” or simply “material” followed by the name of the color (or the 
reverse, in French).����  �e phrase couleurs materielles was uncommon in early ��th-
century French art theory jargon, as corroborated by some documents relating to Le 
Blon’s activity. In ����, Maizeaux reported Le Blon’s discovery of “three primitive or 
original colours” in nature, which the artist imitated through “material colors, namely 
those used in painting and the like.”����  �e fact that Maizeaux felt the need to de�ne 
“material colors” for his French audience implies that the phrase was not widespread. 
Nevertheless, Maizeaux adopts the terminology of Le Blon, who describes his research 
on the perfect primitives through couleurs materielles in the prospect for �e Picture 
O�ce. ����  

�e phrase “material color” was also uncommon in English. In an article published 
in Philosophical Transactions of the Royal Society in ����, the physician Cromwell 
Mortimer examines Le Blon’s invention. He begins with the terminological clari�cation 
that, “For Distinction sake Mr. Le Blon calls those Colours which are comprehended 
in the Rays of the Sun, Impalpable Colours, and those used in Painting, Material 

1503	 “gemakelijkt te bevatten, te onthouden en te behandelen in de Praticq” Miedema 2006, 183.
1504	 Le Blon 1725, 8–11, 16–17, 22–23.
1505	 Maizeaux 1722, 317; translation from Lilien 1985, 34.
1506	 See pp. 290-291.
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Colours.”����  �us, Mortimer con�rms that this terminology was Le Blon’s own. Le 
Blon explains the di�erence in Coloritto: 

I am only speaking of Material Colours, or those used by Painters; for a Mix-
ture of all the primitive impalpable Colours, that cannot be felt, will not pro-
duce Black, but the very Contrary, White; as the Great Sir Isaac Newton has 
demonstrated in his Opticks.����

Le Blon’s distinction between material colors and impalpable colors was necessary to 
avoid misunderstandings. As Katie Scott has remarked, because Le Blon called his 
main material colors “primitive,” he “had been at pains to emphasise that his colour 
theory concerned only ‘material colours.’”����  

Apart from Traité and some pre-Newtonian writings, the phrase “primitive colors” 
came to be associated with spectral colors in the early ��th century.����  Le Blon perhaps 
chose the term “primitive” because he had read philosophical texts on light and color 
phenomena. Many authors who used the adjective “primitive” in trichromatic color 
theory were English. However, it is not known if Le Blon could read English at the 
beginning of the ��th century, and he still had a very poor command of the language 
many years after his relocation to London.����  It is very likely that Le Blon discussed 
what primitive colors are with the other gentlemen in the color-mixing project. His 
friend Ten Kate owned a copy of Newton’s Opticks and may have loaned it to Le Blon 
or discussed its contents with him.����  In the preface to his ���� English translation of Le 
beau ideal, a book written by Ten Kate, Le Blon states that “Mr. Lambert Hermanson 
ten Kate[...] learn’d the English on purpose to read Sir Isaac Newton’s Works, of which 
he was a great Admirer.”����  However, in Opticks, Newton does not call the spectral 
colors “primitive.”

1507	 Mortimer 1731, 101. 
1508	 In the French parallel text, the expression is translated as Couleurs Materielles, exactly as in 

Traité; Le Blon 1725, 6–7. 
1509	 Scott 2018, 260.
1510	 See p. 280.
1511	 In March 1722 or 1723, John Lord Perceval recounted that Le Blon constantly interrupted a 

general meeting of the proprietors of “�e Picture O�ce” by speaking in French (Lilien 1985, 
41). While this indicates that Le Blon was not con�dent in speaking the language, it does not 
mean that he could not read or write it.

1512	 Miedema 2011, 175.
1513	 Ten Kate and Le Blon 1732, i. Ten Kate belonged to the “Dutch mainstream Enlightenment” 

that supported Newton’s theories over those of Descartes. In 1716, he published a booklet 
repeating an experiment by Newton; see Lilien 1985, 48–49; Noordegraaf 2004a, 214; 2004b, 
155.
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Le Blon might have otherwise found the expression colores primitivi in the Latin 
translation of Boyle’s Experiments and Considerations Touching Colours.����  Alternatively, 
he could have read a short French article by Malebranche in which the philosopher 
identi�es red, yellow, and blue as the three main light colors and names them couleurs 
primitives. �is hypothesis seems the most plausible, as Le Blon could certainly read 
and write in French.����  Moreover, the contents of this textual source would explain 
why Le Blon was compelled to distinguish between spectral and material colors. While 
Boyle calls pigments “primitive colors,” Malebranche uses that term for the colors in 
the spectrum, which could have led Le Blon to specify that his primitive colors are 
corporeal and not spectral colors. It seems that Le Blon deeply understood the basic 
distinction between spectral colors and colorants, which is frequently addressed in 
earlier texts on colors and light. Le Blon’s speci�cation of the two di�erent natures of 
colors clari�es why their mixtures yield di�erent outcomes, namely white for spectral 
colors and black for colorants. As Ad Stijnman has persuasively claimed, “Le Blon 
was the �rst in the history of colour to articulate the di�erence between” additive and 
subtractive color mixing.����

Another commonality between Traité and Le Blon’s work is the understanding of 
the main primary red as a mixture. Indeed, it is remarkable that no other trichromatist 
expressed such a perspective.����  Aguilón and Glisson select vermilion/cinnabar as 
their simple red.����  Meanwhile, Lairesse recognizes that “there is a vast di�erence 
between red and red” but does not discuss which colorant he deems primary.����  Both 
the anonymous author of Traité and Le Blon produce a mid-red tone by mixing two 
red colorants. However, the former proposes that true red is yielded by red lake and 
vermilion, whereas Le Blon produces the main red for his trichromatic printing by 
mixing brazilwood red and carmine, which is sometimes corrected with cinnabar. 
Moreover, when mixed with blue, their primitive reds result in two di�erent colors: 
violet and purple.����

A �nal similarity can be observed in the contents of Traité and Le Blon’s Carten-
Tabelletjes. One might presume that Le Blon developed his Carten-Tebelletjes based 
on Glisson’s Scala rubedinis.����  However, it is more likely that the skin color scheme 

1514	 Boyle 1665, 236.
1515	 See, for instance, the text of the prospect on p. 291.
1516	 Stijnman 2020, lxxxix.
1517	 Simonini and Steinle 2022, 16.
1518	 See pp. 263 and 266.
1519	 “een groot verschil tussen rood en rood is” Lairesse 1707, 40; 1738, 21. Le Blon surely knew 

Lairesse’s Het Groot Schilderboek, as the three gentlemen working on the color mixing project 
were acquainted with this publication. However, in one letter to Ten Kate, Van Limborch 
criticizes Lairesse’s theories on light, colors, and proportions; Miedema 2006a, 32; Dijksterhuis 
2011, 311.

1520	 Lairesse also identi�ed purple and violet as two of three compound colors; see p. 280.
1521	 See p. 266 and Fig. 4.3.
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in Traité inspired his work. Scala rubedinis and Le Blon’s grid-like table are similar in 
appearance but di�ered in their development and purposes. Glisson used multiples 
of �� to manufacture his Scala rubedinis such that one part cinnabar corresponds to 
�� parts white.����  Le Blon instead used the mathematical progression of the Mersenne 
numbers to mix red tones with white. Furthermore, Glisson intended for Scala rubedinis 
to assist with naming the colors of things studied by natural historians, whereas Le 
Blon’s grid-like table served to illustrate various red tones for painting Caucasian 
human skin. Finally, Glisson’s scale was made with two simple colorants: cinnabar and 
a white pigment. In contrast, Le Blon created his red scale with pigmentary mixtures 
in some cases and with simple colorants in others. In the draft for Carten-Tabelletjes, 
di�erent reds are yielded by red and yellow ochre, red ochre and red lead, vermilion 
and red lake, or vermilion only, to which white is progressively added. In Traité, two 
similar scales describe the colors of Caucasian human skin in a two-page scheme.����  
Interestingly, the basic B and G recipes in Le Blon’s grid-like table are identical to the 
fourth jour of male and female skin nuances, respectively, in the two-page scheme in 
Traité. Moreover, the third jour of female skin colors matches the “true Flesh-Colour” 
in Coloritto.

All of these similarities – in primitive and material colors, the main red as 
a mixture, and the skin mixture scheme – suggest that Le Blon either drew this 
information from Traité or authored Traité himself. At the time of the release of Traité, 
Le Blon was experimenting with trichromacy to print portraits, which re�ects that he, 
unlike other trichromatists, had the necessary knowledge, interest, and approach to 
compile such a manual. However, no concrete evidence has been found to corroborate 
the hypothesis of his authorship.

In Coloritto, further art-theoretical sources of Le Blon emerge. �e most relevant 
is Dufresnoy’s De Arte Graphica (����). As I explain above, Le Blon adopts the Greek 
term chromatices, which Dufresnoy uses to describe the long-lost art of harmonizing 
colors among ancient Greek painters. Le Blon also acknowledges De Piles’ French 
translation, cromatique (actually L’art chromatique), and provides the English rendering 
“Chromatique Art.”����  However, the Greek term could not be more �tting given that 
Kircher previously paired trichromacy with the term ars chromatica – a phrase that 
also surfaces in the English text of Coloritto  and was rendered in French as Science 
du Coloris.����  It would be di�cult to prove that Kircher’s Ars magna was among Le 
Blon’s readings, but it is certain that Le Blon understood ars chromatica as matching 
the “infallible rules” of trichromacy, which he pledged to reveal with Coloritto.����  

1522	 Kuehni and Stanziola 2002, 17.
1523	 See pp. 276–277.
1524	 Dufresnoy 1668a, 21; Le Blon 1725, i. See also De Piles’ French translation of this passage; 

Dufresnoy 1668b, 26–27.
1525	 Le Blon 1725, vi–vii.
1526	 Le Blon 1725, iv.
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Such revelation was typical of ��th-century popularization e�orts, as Le Blon claimed 
that modern painters who had hidden the knowledge of chromatics had “depriv’d the 
Publick of a great Treasure.”����  

Reception of Le Blon’s Work

Le Blon’s practical implementation of a well-known color theory is a major turning 
point in the history of trichromacy. Although Coloritto was issued in a small print run, 
his ideas were widely disseminated by journals, supporters, and critics. For instance, 
in ����, Louis Bertrand Castel anonymously reviewed Le Blon’s publication. In his 
review, he reports that Le Blon had demonstrated his new printing process prior to 
the demonstration he gave to obtain the �rst French privilege in November ����.����  
Castel clearly recalls attending one of these demonstrations:

We have seen the result of the process, by which Mister Le Blon will carry out 
the �rst test for this purpose. It is a painting of the Virgin Mary that he has 
not chosen, and that he was forced to use as the �rst demonstration of his art. 
We have seen the three plates coming into existence, we have seen them being 
embossed, etched, engraved etc. We have seen the �rst trials and the subse-
quent improvements. We have seen adding the color, at �rst blue, on the plate, 
to wipe up the plate, and positioning it on the wet paper under the press. We 
have seen the paper getting out from under the press in monochrome, that is, 
with a fully blue print of the Virgin. We have seen, and others have seen it too, 
him placing the same paper under the second plate glazed with yellow and 
wiped up as usual, and getting out still blue in some spots, yellow in others, 
blue and yellow, namely green and variously green in di�erent spots. Finally, 
we have seen him placing again this and other sheets, below the third fully red 
plate, and getting out with a lot of new colors, like aurora, orange, crimson, 
purple, violet, agate, columbine, grey, light colors, brown, and black as well 
[...].����

1527	 Le Blon 1725, ii.
1528	 Castel 1737. �e identi�cation of Castel as the author of this review has been con�rmed by 

Schier 1941, 212; Couvreur 1995, 216; Boskamp 2008, 83; Scott 2018, 254.
1529	 “Nous avons vû la suite des opérations, par lesquelles M. le Blon vient de conduire son premier 

essai au but. C’est un tableau de la S. Vierge qu’il n’a point choisi, & qu’on l’a obligé de faire 
servir de premiere épreuve à son art. Nous avons vû naitre les 3. planches, nous les avons vuës 
grainer, mettre à l’eau forte, buriner &c. nous avons vû les premiere épreuves & les perfections 
successives. Nous avons vû mettre la couleur, d’abord le bleu sur la planche, essuier la planche, 
la mettre sur le papier moüillé sous la presse. Nous avons vû le papier sortier de dessous la 
presse en camayeu, c’est-à-dire, avec une empreinte, une image toute bleüe de la Vierge. Nous 
avons vû, & d’autres ont vû aussi remettre ce même papier sous la second planche couverte de 
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In a letter published in Mercure de France in August ����, Le Blon himself o�ers 
a comparable description of the stages of his printing process.����  Nevertheless, Castel’s 
review delivers a broader perspective of Le Blon’s ideas, including a short discussion 
of his theoretical understanding of trichromacy, thus making it available to a wider 
audience. Indeed, Castel states, “in the art of Mister Le Blon the harmony of color is 
based precisely on three mother colors, blue as primitive, yellow as intermediate, and 
red as superior.”����  In Le Blon’s practice, Castel recognizes a perfect demonstration of 
the rationale of his own color theory, which I elaborate on below.

Castel likely viewed Carten-Tabelletjes while attending Le Blon’s printing 
demonstration. Le Blon may have used Carten-Tabelletjes or an updated version of 
them to predict the color mixtures for his printing process. If so, then they would no 
longer be in the raw form we see in the letter to Van Limborch (Fig. �.�� ) but instead 
in the �nal stage of displaying colored scales. Castel may have asked Le Blon about 
the deployment of these color charts and used them as inspiration for his chromatic 
cabinet.����  In ����, Castel attempted to have similar charts printed by a pupil of Le 
Blon, namely Jacques-Fabien Gautier-Dagoty, which evidences that Castel found 
such color charts to be useful and believed that they should be shared with other 
practitioners and scholars.����  

While Gautier-Dagoty probably never printed these color charts, he involuntarily 
contributed to enhancing Le Blon’s reputation. In a letter to Claude Gros de Boze (����–
����),  the secretary of Académie des Sciences, that was published in Mercure de France 

in ����, Gautier-Dagoty shares many details about Le Blon’s activity in France while 
promoting his own four-color print system over Le Blon’s.����  �is letter was translated 
into German and published in Hamburgisches Magazin in ����, thereby sustaining 
the memory of Le Blon’s achievements �� years after his death.����  To counterpose 
his printing system to that of Le Blon, Gautier-Dagoty attaches a printed painters’ 
palette (Fig.��.�� ) to the letter, which somehow mimics the painters’ palette published 

jaune, & essuïée à l’ordinaire, & en sortir bleüë encore en divers endroits, jaune en d’autres, 
bleuë & jaune, c’est-à-dire, verte & diversement verte en divers endroits. En�n nous avons vu 
remettre ce papier & plusieurs papiers sous la troisiéme planche toute rouge, & en sortir avec 
toutes les nouvelles couleurs aurore, orangé, cramoisi, pourpre, violet, agathe, colombin, gris, 
clair, brun, noir même [...]” Castel 1737, 1442–1443. Castel consistently uses the nosism 
to refer to himself alone in the whole article. For the color sequence see Stijnman 2020, lxiv.

1530	 Le Blon 1738, 1803–1804. On this letter, see Lilien 1985, 70. 
1531	 “dans l’art de M. le Blon l’harmonie du coloris se trouve fondé avec précision sur trois couluers 

meres, le Bleu comme primitif, le Jaune comme moyen, le Rouge comme superieur” Castel 
1737, 143–144. 

1532	 See p. 316.
1533	 See p. 312. 
1534	 Gautier-Dagoty 1749a.
1535	 Gautier-Dagoty 1751.
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by Le Blon in Coloritto 
(Fig.� �.�� ).����  In his system, 
Gautier-Dagoty recognizes 
not three but four main 
colors, which he, like Le Blon, 
calls couleurs primitives.����  
Gautier-Dagoty’s primitive 
colors are the same as those 
of Le Blon with the addition 
of black, as in the modern 
CMYK system. However, in 
his letter, Gautier-Dagoty 
identi�es these three colors 
with different substances 
than Le Blon, namely yellow 
ochre, vermilion, ultramarine 
or Prussian blue, and ivory 
black.����  

Gautier-Dagoty’s translated letter reached some German-speaking color theorists, 
including Tobias Mayer, Johann Heinrich Lambert, Georg Christoph Lichtenberg, 
and, indirectly through Lambert’s publication, Christian Friedrich Prange. Although 
Mayer’s oeuvre never mentions Le Blon, he was aware of Gautier-Dagoty’s letter, as 
I demonstrate on page ���. Like Le Blon, Mayer identi�es three main colors that 
he calls colores primitivos in Latin.����  Lambert admittedly had no knowledge of Le 
Blon’s work except for the information reported in Gautier-Dagoty’s letter from 
����. ����  Lichtenberg considered using Le Blon’s trichromatic printing to publish a 
smaller version of Mayer’s scala colorum (Fig.��.�� ), a trichromatic mixing triangle, 
but eventually had it colored by hand because no printer in Göttingen was able to 

1536	 Gautier-Dagoty reprinted the same palette in another publication: Observations sur la peinture 
et sur les tableaux anciens et modernes (Paris, 1753). On this palette, see Boskamp 2009, 87; 
Lowengard 2006, Industry and Ideas.

1537	 Gautier-Dagoty 1749a, 169.
1538	 “C, l’ocre claire ou commune, couleur primitive [...] D, le cinabre, couleur primitive [...] A, 

le noir d’yvoire ou d’Allemagne, couleur primitive [...] B, l’outremer ou le bleu de Prusse, 
couleur primitive” Gautier-Dagoty 1749a, 171.

1539	 See pp. 326, 328.
1540	 Lambert 1772, 27.

�.�� Jacques-Fabien Gautier-Dagoty, Sisteme pratique des 
Couleurs du Sr. Gautier, painters’ palette made with Gautier-
Dagoty’s four-color print, in: Lettre à M. de Boze, Mercure 
de France (July 1749)
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print it.����  Finally, Prange claimed to have read Gautier-Dagoty’s letter from ���� but, 
like Lambert, had no access to Coloritto or Le Blon’s other publications.����

Because Le Blon simply implemented trichromacy in a printing system and never 
published a color chart, his importance in the history of color systems has been limited 
to that contribution. However, we now know that Le Blon worked with color charts 
and possibly used an improved form of his Carten-Tabelletjes in his printing operations. 
Castel might have encountered these objects and contributed to their dissemination 
as trichromatic color charts during the ��th century.

4.4	 Castel and Anti-Newtonian Trichromacy

When Newton discovered that white light is composed of various refracted color 
rays, which he grouped into seven main colors for simpli�cation, his theory of colors 
cracked the bedrock of earlier optical certainties. Indeed, Newton’s theory of colors 
was in profound disagreement with the universally acknowledged modi�cation theory 
and, thus, with trichromacy. Trichromacy was accepted to such a high degree that 
trichromatic color diagrams were left uncolored. However, the release of Opticks in ���� 
was followed by the �rst modi�cations to Newton’s color wheel and, simultaneously, 
the �rst colored trichromatic color charts. With these circular diagrams, the anonymous 
author wished to pay homage to Newton while also proving that colors followed 
di�erent rules in the context of paint mixing. Likewise, Le Blon acknowledges both 
Newton’s seven “impalpable” colors and the three “primitive material colors.”����  
�erefore, coexistence of trichromacy and the Newtonian theory of color was proposed. 

Over the next �� years, Newton’s work was scrutinized, popularized, and gradually 
accepted.����  Yet, trichromacy became useful again to disprove Newton’s theory of color. 
As I explain below, Castel clearly relied on both Traité and Le Blon’s work to reject 
the coexistence of the two theories. Castel embraced trichromacy during the ����s 
and consequently impugned the ideas and statements of the English philosopher.����

1541	 Bernoulli 1782, 476–478; Lichtenberg, Joost, and Schöne 1983, 447–449. On Mayer’s scala 
colorum, see pp. 325–328.

1542	 See p. 211.
1543	 See p. 290.
1544	 Boskamp 2009, 25–68.
1545	 Mollon 2003, 4–5.
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Louis Bertrand Castel 

�e Jesuit mathematician Louis Bertrand Castel was born in Montpellier on November 
�, ���� to the physician Guillaume Castel and Louise Dubuisson. He died in Paris 
on January ��, ����. Castel joined the Society of Jesus on October ��, ����, and 
subsequently began to study philosophy, classical languages, and theology at the 
Jesuit college in Toulouse. Four years later, Castel became one of the physici of the 
college, and he became a professor of rhetoric in ����. Between ���� and ����, Castel 
taught in schools in Clermont, Aubelas, Pamiers, and Cahors.����  In ����, likely at 
the invitation of Bernard le Bovier de Fontenelle (����–����) and the Jesuit Father 
René-Joseph de Tournemine (����–����), Castel arrived in Paris to teach mathematics, 
the physics of sound and light, pyrotechnics, architecture, military theory, and other 
related disciplines at the Jesuit college Louis-le-Grand, which counts Voltaire (����–
����) and Jean Le Rond D’Alembert (����–����) among its alumni. Upon arriving in 
Paris in ����, Castel collaborated with Journal de Trévoux, which was founded by De 
Tournemine.����  In ����, Castel published his �rst book, which focused on weights, 
and he released a publication on mathematics four years later.����  In ����, Castel was 
appointed as a fellow of the Royal Society of London, which made him “the only 
French Jesuit ever to have been given this honor.”����  

Castel’s interest in color science emerged around ����, when he started to devise 
a clavecin oculaire, an ocular harpsichord that could associate musical tones with 
di�erent colors.����  Castel published this idea in Mercure de France in ����. ����  In ����, 
the harpsichord was the subject of three articles in Mercure de France.����  A lengthy 
silence followed until ����, when Castel recommenced the discussion of the analogy 
of colors and music with a de�nitively trichromatic and anti-Newtonian approach. 
Between August and December ����, Castel published a long letter to the historian 
Charles de Secondat, Baron de Montesquieu (����–����) in six parts in Journal de 
Trévoux, where he presents the results of color experiments he carried out between ���� 
and ���� and perhaps even earlier.����  �ese experiments led Castel to sketch a color 
system that compares the three primaries to the three fundamental keys C, E, and G. 
He then parallels �� colors – the primaries and their mixtures – to the ���half-steps of 

1546	 Sommervogel 1960, 827; Schier 1941, 3–4; Gepner 2014, 8.
1547	 Schier 1941, 4; Fraansen 1991, 16; Shank 2012, 157; Gepner 2014, 8.
1548	 For a complete list of Castel’s writings, see Schier 1941, 207–214; Couvreur 1995. 
1549	 Shank 2012, 153.
1550	 See Castel 1726c, 1524. For a de�nition of the ocular harpsichord, see Fraansen 1991 and 

Hankins 1994.
1551	 Castel 1725. 
1552	 Castel 1726a; 1726b; 1726c.
1553	 Castel 1735a; 1735b; 1735c; 1735d; 1735e; 1735f.
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the chromatic scale in music.����  In ����, Castel extensively described his color system 
in L’Optique des Couleurs. Fondée sur les simples Observations, & tournée sur-tout à la 
pratique de la Peinture, de la Teinture & des autres Arts Coloristes (Optics of Colors. 
Founded on Simple Observations and mainly Oriented towards the Practice of Painting, 
of Dyeing, and of Coloring Arts).����  �is title introduces a practical branch of optics that 
is solely dedicated to colorants and intended to target practitioners. Castel named it 
science chromatique (chromatic science) in a clear reference to Kircher, Dufresnoy, and 
Le Blon.����  In L’Optique, Castel details the manufacturing of a trichromatic color chart 
comprised of ��� or ����color samples, which could be extended to up to ����samples. 
He refers to this chart as cabinet universel de coloris & de clair-obscur (universal cabinet 
of colors and chiaroscuro), cabinet des couleurs (cabinet of colors), or simply cabinet 
chromatique (chromatic cabinet).����  

During his life, Castel became particularly famous for his ocular harpsichord, an 
instrument shrouded in mystery, for which Castel organized the last concert in ����.����  
Apart from admiring his harpsichord, Castel’s contemporaries “were chie�y impressed 
by his queerness” but generally deemed his theories obsolete and whimsical.����  For 
the same reason, historians have notably limited Castel’s scienti�c contribution to his 
clavecin oculaire and have studied his articles on optics and his book L’Optique mostly 
in relation to the harpsichord.����  Only a few historians have even slightly considered 
Castel’s cabinet chromatique: Hans Pander in his overview on the history of color charts, 
Donald Schier in �e Anti-Newtonian Castel, Heinz Matile in Die Farbenlehre Philipp 
Otto Runges, Martin Kemp in �e Science of Art, and Daniel Bariaux in his article in 
the publication Autour du père Castel et du clavecin oculaire.����  

�e scant presence of Castel’s cabinet chromatique in the secondary literature 
re�ects a tragic underestimation of his contribution to the history of ��th-century color 
knowledge. Sarah Lowengard, for instance, has stated that “Castel’s philosophical work 
contributed little to new conceptualizations of color and its systems.”����  However, in 
the following sections, I contend that Castel was in fact a key �gure in the development 
of later color charts, both trichromatic and otherwise. Mostly based on Castel’s optical 

1554	 Castel 1735a, 1473–1474; Kemp 1990, 289.
1555	 Castel 1740. Hereafter L’Optique.
1556	 Castel 1740, 105. �is term appears in Castel 1735a, 1459, 1481. On Chromatique/Chromatices 

in Kircher, Dufresnoy, and Le Blon, see pp. 264 and 284–285. 
1557	 Fraansen 1991, 28; Gepner 2014, 10, 12.
1558	 Fraansen 1991, 32–33.
1559	 Schier 1941, 199. On this, see also Fraansen 1991, 69.
1560	 Mason 1958; Peacock 1988; Fraansen 1991; Chouillet 1995; Hercke 1995; Bariaux 1995; 

Perol 1995; Montandon 1995; Lavezzi 2001; Gepner 2014; Saglietti 2017.
1561	 Pander 1938b, 197–198; Schier 1941, 152–153; Matile 1979, 69–70; Kemp 1990, 288–289; 

Bariaux 1995, 27.
1562	 Lowengard 2006, Louis-Bertrand Castel - Circles and Spirals.
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theory, Schier has de�ned the Jesuit as an “anti-Newtonian scientist.”����  Indeed, Castel 
was the �rst to counterpose trichromacy to Newton’s theory of colors. I also argue that 
Castel’s famous clavecin was only the starting point of his color theory rather than his 
biggest achievement. �e ultimate result of Castel’s anti-Newtonian theory of colors 
was the elaboration of his most signi�cant legacy: the chromatic cabinet.

Castel’s Chromatic Scale of Colors, Color Circle, and Cabinet Chromatique

To explain the development of Castel’s color theory, I consider two texts: Castel’s 
letter to Montesquieu (����) and L’Optique (����). In the former, Castel describes a 
chromatic scale of colors based on trichromacy and the analogy of the chromatic scale 
in music. �e latter text enhances this analogy, bends the scale into a circular shape, 
and then advances toward the development of a complex color chart represented by the 
chromatic cabinet. In this section, I detail how Castel ultimately developed his cabinet. 

In his long letter to Montesquieu, Castel identi�es red, yellow, and blue as the three 
main colors, which he compares to the three fundamental keys of the chromatic scale: 
C, E, and G.����  Castel considers blue to be the foundation of all colors; therefore, he 
likens it to C, which opens and closes the scale. Taking into account the prismatic order 
of colors, Castel de�nes yellow and red as E and G, respectively.����  He subsequently 
theorizes that a chromatic scale of colors would naturally display three colors between 
blue and yellow (C	, D, D	), two between yellow and red (F, F	), and four between 
red and blue (G	, A, A	, B).����  Based on music theory, Castel argues that the ���half-
steps should be interpreted as a sort of geometrical limit beyond which color tones 
are no longer distinguishable by the human eye.����  In his chromatic scale of colors, 
Castel provides �� color names: bleu (blue), celadon (celadon), verd (green), olive (olive), 

jaune (yellow), fauve (tawny), nacarat (orange-red), rouge (red), cramoisy (crimson), violet 
(violet), agathe (agate), gris (gray).����

L’Optique is a ���-page book subdivided into �� chapters, or “Observations,” in 
which Castel recapitulates all of his color-related discoveries from the past ���years. 
In the book, Castel explains the science of chromatics. Like Alberti and Aguilón, he 

1563	 Schier 1941, vii–viii.
1564	 Castel 1735a, 1473–1474; Kemp 1990, 289. �e chromatic scale in music is composed of 12 

pitches: eight tones (C, D, E, F, G, A B, C) and �ve half-steps (C#, D#, F#, G#, A#). 
1565	 Castel 1735b, 1661–1666; 1735c, 1825; Kemp 1990, 289.
1566	 Castel 1735a, 1463–1465. See also the description of Castel’s chromatic scale of colors by 

Fraansen 1991, 24–25.
1567	 Castel 1735a, 1459–1461.
1568	 Castel 1735a, 1468. In the previous page, gris is called indigo (indigo) and fauve is called abricot 

(apricot). See Castel 1735a, 1467 and Boskamp 2009, 70. 
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distinguishes the chromatic colors and a gray tonal scale (chiaroscuro).����  He again 
parallels the three primitives with the main keys of the chromatic scale in music.����  
On this premise, he devises a “system of the three primitive colors.”����  Such system is 
comprised of �� basic colors, nine of which are mixtures of the primitives. In Chapter��, 
Castel summarizes the four rules of color mixing, which dictate that all colors can be 
yielded by mixtures of blue and yellow, yellow and red, red and blue, and the three 
together, respectively. �is chapter and the following one are, however, dedicated to 
the �rst three rules only. 

Mixing the primitives two-by-two results in Castel’s chromatic scale of colors, 
which is alternatively called degrés de coloris (degrees of color). Castel presents this 
“new” chromatic scale in Chapter �, “Suite de la Démonstration de Dégrés de coloris 
par les trois couleurs primitives” (“Follow up of the Demonstration of the Degrees 
of Colors with the �ree Primitive Colors”).����  �e names of these �� colors di�er 
slightly from those given in ����, and they change yet again in Chapter ��, “Sur le 
cercle des couleurs: Où l’analogie des Couleurs avec les tons de la Musique, se fait 
bien sentir” (“On the Color Circle, where the Analogy of Colors and Musical Tones 
Becomes Evident”). To avoid misunderstandings, I always refer to the color names 
from Chapter ��: bleu, céladon, verd, olive, jaune, aurore (aurora), orangé (orange), 
rouge, cramoisi, violet, agathe, and violant (blue-violet).����

Castel compares the nine mixtures in his chromatic scale to fractions or proportions 
(Fig.��.�� ). For instance, he describes vrai verd (true green) as half blue and half yellow, 
whereas celadon is three-fourths blue and one-fourth yellow.����  Mixtures of red and 
blue are more complicated, as Castel imagines four degrees of purple: crimson (four-
�fths red, one-�fth blue), violet (three-�fths red, two-�fths blue), agate (two-�fths 
red, three-�fths blue), and blue-violet (one-�fth red, four-�fths blue).����  Mixtures 
of red and yellow are not discussed as fractions, possibly because there are only two. 
Nevertheless, they can also be reduced to proportions, with aurora being three-fourths 
yellow and one-fourth red and orange being one-fourth yellow and three-fourths 
red.����  In Chapter ��, Castel maintains, “there are �� half-tones of colors, ���degrees 

1569	 Castel 1740, 21.
1570	 Castel 1740, 73–74.
1571	 Castel 1740, 86.
1572	 Castel 1740, 136.
1573	 �is list is given in Castel 1740, 171–172. �e color names given in Chapter 9 are bleu, celadon, 

verd, olive, jaune, fauve, nacarat, rouge, cramoisi, violet, agathe, and bleu violant; Castel 1740, 
139. For the color names given in 1735, see p. 304.

1574	 Castel 1740, 123–124�
1575	 Castel 1740, 137–138.
1576	 Another reason for this lack of information about yellow and red mixtures could be Castel’s 

personal aversion to yellow; Castel 1740, 118–119.
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�.�� Louis Bertrand Castel, 12 degrees of colors or chromatic scale of colors with 
mixing ratios of the three primitives (1740)

�.�� Castel’s trichromatic color circle as described in L’Optique 
(1740)
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of colors, forming a consecutive nuance and a perfect circle.”����  �erefore, he bends 
his chromatic color scale into a circle to show the transition from one color to the 
next (Fig.��.�� ).����  

In Chapter ��, Castel reduces the chiaroscuro to a ��-step tonal scale with black 
at the bottom and white at the top. In the following chapters, Castel recalls how he 
manufactured his gray tonal scale. First, he painted �� white cards with di�erent black-
and-white mixtures. �en, he pasted them onto a sheet of paper starting from the 
two extremes and conjoining them at the intermediate gray. From the text, one can 
deduce that Castel performed several tests to obtain a perfect gray tonal scale, which 
he calls claire-obscure and compares to the painters’ technique of lavis.����

In Chapter ��, “Sur la reunion du Coloris & du Clair-obscur” (“On the Reunion 
of Color and Chiaroscuro”), Castel explains how he manufactured lightness scales for 
each of the �� basic colors following the same method as for the gray tonal scale.����  
For each basic color, he identi�es �� steps produced by mixing the color with white. 
Only the blue scale could, like the gray tonal scale, be extended to �� steps. Aside from 
the gray tonal scale, the ensemble consists of �� lightness scales and a collection of 
��� or ��� color samples.����  Castel also adds approximately �� to ���scales of couleurs 
sales (dirty colors). In Chapter���, he explains that dirty colors result from mixing 
the primaries three-by-three.����  �us, they are mixtures produced by progressively 
adding the third primary to one of the nine secondaries in the chromatic scale (e.g. 
red mixed with green, blue with orange, yellow with purples) and can be regarded as 
our modern tertiaries. 

�ese operations are further delineated in Chapters��� and ��, where Castel 
calculates that the sum of all lightness scales of primary, secondary, and tertiary 
colors is a collection of ����tones.����  He also prompts the creation of a color chart 
according to the mixing rules established in the previous chapters. �is color chart 
is obtained by pasting ��� or ����colored cards onto a single sheet (or canvas, ta�eta, 
etc.) and arranging them in columns and rows according to hue and lightness. Castel 
calls this collection cabinet universel de coloris & de clair-obscur (universal cabinet of 

1577	 “Il y a douze demi-teintes de couleurs; douze dégrés de coloris, formant une nuance suivie, & 
un cercle parfait” Castel 1740, 299.

1578	 Although Lowengard (2006, Louis-Bertrand Castel - Circles and Spirals), and Kuehni and 
Schwarz (2008, 58) have construed a passage in this chapter as Castel theorizing a color spiral, 
Castel use the spiral exclusively to show the harmonic progression of the musical scale. See, 
Castel 1740, 164–165.

1579	 For the mixing tests, see Castel 1740, 232–236. For lavis, see Castel 1740, 238. �e technique 
is explained by Diderot and D’Alembert (1765a, 313) as watercolor painting with transparent 
washes.

1580	 Castel 1740, 268–274.
1581	 Castel 1740, 281.
1582	 Castel 1740, 147–160.
1583	 Castel 1740, 324–330.
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colors and chiaroscuro), bande universelle en coloris, & en clair-obscur (universal strip 
in colors and chiaroscuro), cabinet des couleurs (cabinet of colors), or simply cabinet 
chromatique (chromatic cabinet).����  Overall, Castel’s chromatic cabinet is a sort of color 
Wunderkammer or color museum that displays the whole gamut of colors existing in 
nature that can be imitated with colorants. 

�e simplest version of Castel’s chromatic cabinet is a strip of paper that is 
���feet (��.�� centimeters) in length, upon which are a�xed ����or���� colored cards 
measuring � inches (� centimeters) each.����  �e cards are arranged harmoniously in 
accordance with those that precede them (above and to the left) and follow them 
(below and to the right). Cards for the tertiary colors could be annexed to the ����or 
����cards to form a color chart of up to ��� color samples, though Castel regrettably 
does not specify the position of the tertiary colors within the cabinet.����  Finally, each 
color card in the cabinet can be labeled with its name, hue and lightness degree, and 
composition. Castel suggests that, when possible, the label should provide a parallel 
with things from the natural world that display the painted color.����  He argues that 
such a label could clarify the “class, genus, and species” of a color sample in relation 
to previously labeled ones.����  Castel also imagines a more complex and extended 
version of his cabinet with �,����color samples or even entire chambers �lled with 
color swatches arranged according to hue and saturation.����

Castel’s Primitive and Mother Colors

Castel supports the existence of three main colors (blue, red, yellow) several times 
throughout his oeuvre. Fundamentally, he believed that light is also composed of these 
three main colors. In an article published in Mercure de France in ����, Castel claims 
that “a waterdrop and the prism usually display three colors,” which he refers to as 
“the three principals of prism and rainbow” some lines below.����  In ����, Castel named 
them the “three primitive colors,” which were “the proof of the chromatic science and 
art” discussed before him by “Kircher, Félibien, in the practice of dyers, and also in 

1584	 Castel 1740, 315, 317, 323, 331.
1585	 Castel 1740, 318.
1586	 Castel 1740, 324; 331–332.
1587	 Castel 1740, 323; 331–332. 
1588	 “à la classe, au genre, à l’espece” Castel 1740, 323. 
1589	 Castel 1740, 341–342; see also Matile 1979, 69–70.
1590	 “[…] une goute d’eau, un prisme, font voir communément trois couleurs. [...] les trois 

principales du prisme ou de l’Arc-en-ciel” Castel 1726b, 462–463.
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that of painters.”����  In L’Optique, Castel focuses only on “colors with substance, with 
body,” which were those “of painters and dyers.”����

Castel’s identi�cation of the three primitives with actual pigments and dyestu�s 
is by no means easy to decipher. In various passages in L’Optique, Castel presents 
inconsistent and even contradictory information. �e �rst of these passages is in 
Chapter �, where Castel tries to identify the “three primitive and mother colors” 
from the �� colorants that painters and dyers deem primaries.����  Castel explains that 
there are di�erent blues, reds, and yellows that have not only unique names but also 
distinct colori�c properties.����  He assesses that “the blue, red, and yellow, of which I 
speak, can exist in none of these colors.”����  

Primitive red seems to pose the greatest challenge, as Castel asks rhetorically, 
“how can one unravel the true primitive red among all these false reds?”����  Like the 
anonymous author of Traité and Le Blon, Castel posits that the primitive red could 
be imitated by mixing di�erent colorants. He states that the painters’ and dyers’ “true 
red” is usually “the color of �re.”����  He then cites two practical examples to justify this 
statement. First, dyers obtain �re red by dyeing fabrics with the purplish cochineal 
(cochenille) or scarlet grain (graine d’écarlate) and subsequently changing the fabric to 
a more orangey color with an alkaline yellow bath of turmeric (terre merite). Second, 
painters produce true red with a mixture of half red lake (lacque) and half vermilion 
(vermillon) or, alternatively, of one-third vermilion and two-thirds carmine (carmin).����  
At the end of this chapter, Castel also remarks that one can obtain a very convincing 
true red by glazing a mixture of small amounts of red lake and red ochre (brun rouge) 
and even less red lead (mine) over a mixture of half carmine and half vermilion.����  

Castel is signi�cantly more vague about primitive yellow and primitive blue 
compared to the primitive red. He does not provide a mixture of di�erent yellow 
colorants but does identify the most convincing ones: stil de grain (stil de grain), 
umber (terre d’ombre), gamboge (gomme gutte), and ochre (ochre) for painters; and 
weld (gaude) and turmeric for dyers.����  His shallow discussion of the primitive blue 

1591	 “trois couleurs primitives [...] Kircher, Félibien, la pratique des Teinturiers, celle même des 
Peintres [...] en preuve de la science & de l’art chromatiques” Castel 1739, 2563. 

1592	 “Le coulers en substance, en corps” Castel 1740, 103; “Des Peintres & des Teinturiers” Castel 
1740, 102.

1593	 “Trois couleurs primitives & meres. Or les Peintres en ont cinquante, & les Teinturiers aussi” 
Castel 1740, 106. 

1594	 Castel 1740, 108–109.
1595	 “Le bleu, le rouge & le jaune, dont je parle, peuvent n’exister dans aucune de ces couleurs” 

Castel 1740, 109.
1596	 “Or, comme démêler le vrai rouge primitive parmi tous ces faux rouges?” Castel 1740, 113.
1597	 “Le vrai rouge, le couleur de feu” Castel 1740, 113.
1598	 Castel 1740, 113–114.
1599	 Castel 1740, 121.
1600	 Castel 1740, 118–120. For umber/terre d’ombre, see Eastaugh 2008, 377–378.



310    4  Trichromatic Color Charts: Organizing Colors According to Three Primaries

simply lists Prussian blue (bleu de Prusse) and ultramarine blue (Outremer) for painters 
and woad (pastel) mixed with indigo (indigo) for dyers.����  

However, in Chapter �, where Castel gives detailed instructions for producing the 
�� colors of the chromatic scale, he recommends slightly di�erent colorants or mixtures 
of them. From this second selection, it becomes evident that Castel is now dealing 
with painters’ colorants only. Primitive red is a mixture of carmine and vermilion, 
while primary yellow is a mixture of gamboge and yellow ochre. For primary blue, 
Castel recommends either blue verditer (cendre bleu) or a mixture of Prussian blue, 
blue verditer, and a little white.����  Since these are the colorants that Castel used to 
manufacture his chromatic scale, which was later recon�gured into a circle, we can 
infer that Castel’s ultimate primitives were all mixtures and not pure colorants.

Unfortunately, the manufacturing of the lightness scales comprising the chromatic 
cabinet is much more complicated, as Castel recommends di�erent colorants for dark, 
intermediate, and light nuances within the same scale. For example, he identi�es six 
colorants for painting the yellow lightness scale. �e darkest yellow nuances are painted 
with umber, the intermediate yellow nuances are derived from yellow ochre and stil 
de grain, and the lightest are made with orpiment (orpin), stil de grain, Naples yellow 
(jaune de Naples), and massicot.����  Castel similarly lists three mixtures for coloring the 
red lightness scale: burnt ochre (ocre brûle) and red lake for the three or four dark tones; 
red ochre, carmine, and vermilion proportionally mixed with red lake and white for 
the intermediate tones; and vermilion, red lake, and white for the lighter nuances.����  

Castel’s irresolution of how to render primitive colors with colorants re�ects his 
status as a layman on color matters. To excuse his inadequacy in dealing with actual 
colorants, Castel repeatedly acknowledges that he is not a painter.����  Still, he is the �rst 
scholar who attempted to �nd clear rules for implementing trichromacy in pictorial 
and dyeing practices and to actually produce these color scales by both coloring paper 
and dyeing yarns.����  �e information Castel collected until ����, when his L’Optique 
went to press, originates mostly from how-to manuals, which lack clear indications 
of colorants corresponding to the three primitives.����  Scholarly texts were not useful 
either in this regard. However, on page ���, I demonstrate that the colorants Castel 
used to manufacture his chromatic cabinet closely resemble those in the �ve-page 
scheme of Traité.

1601	 Castel 1740, 120.
1602	 Castel 1740, 123. Blue verditer is the arti�cial form of azurite, see Eastaugh 2008, 33. 
1603	 Castel 1740, 277.
1604	 Castel 1740, 277–278.
1605	 Castel 1740, 33, 234, 335.
1606	 On this, see pp. 311–312.
1607	 On primary red, see, for instance, Simonini and Steinle 2022.
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Applications of Castel’s Cabinet Chromatique

What was the rationale of Castel’s color chart? In L’Optique, Castel argues that drawing 
had long been founded on geometrical and mathematical rules and principles, which 
characterize the linear perspective. He also maintains that, conversely, the art of 
coloring (i.e. chromatique) lacks general “rules besides the taste, genius, or maybe 
the eye and the routine” of practitioners.����  He had already made a similar but less 
elaborate statement in ���� to claim that color harmony is determined by the personal 
“taste and feelings” of painters.����  �at same year, as a solution for this lack of rules, 
Castel proposed not only the well-known clavecin oculaire but also an easier way 
to paint music and sounds than with this harpsichord, namely by �xing colors on 
a canvas or tapestry.����  �ese objects were painted or woven clavecins in which “all 
colors” were “tuned and arranged on a canvas according to the suite, combination, 
and precise tones and chords of the selected musical score.”����  �e simpli�ed clavecins 
could be hung on the wall of a room.����  To Castel, these painted or woven clavecins 
signi�ed “a great school for painters, who will be able to �nd in it all the secrets of the 
combinations of colors and of what they call chiaroscuro, and who will learn to speak 
intelligently of tones, dissonances, and of the harmony of colors.”����  �erefore, they 
were instruments that could help practitioners understand and master colors exactly 
as musicians did with notes.����

Castel reiterates this concept in Chapter �� of L’Optique, where he states that 
skilled painters could mix all nuances by using their eyes, taste, and feelings, but 
his color circle would allow them to distinctively see the rules of color mixing and 
harmony.����  In ����, Castel began referring to these painted or woven clavecins as 
either chromatic cabinets or rouban (ribbon). �is shift is apparent in a long passage 
in Chapter �� wherein Castel compares the tuning of a harpsichord with the harmony 
of colors displayed by his chromatic cabinet.����  Castel achieved these results through 

1608	 “sans aucune regle, si ce n’est de goût & de génie, ou peut-être d’yeux & d’habitude” Castel 
1740, 21. On perspective as the geometrical foundation of drawing, see Castel 1740, 20.

1609	 “par gout & par sentiment” Castel 1725, 2575. 
1610	 Castel 1725, 2573; see Simonini 2025b.
1611	 “ayez toutes vos couleurs diapasonnées, & rangez les sur une toile dans la suite la combinaison 

& le mêlange précis des tons, des parties, & des accords de la piece de Musique que vous 
voudrez peindre […]” Castel 1725, 2753–2754.

1612	 Castel 1725, 2573; see Simonini 2025b.
1613	 “une grande Ecole pour les Peintres, qui pourront y trouver tous les secrets des combinaison des 

couleurs, & de ce qu’ils appellent le clair-obscur, & qui y apprendront à parler avec intelligence 
des tons, des dissonances, & de l’harmonie des couleurs” Castel 1725, 2574–2575.

1614	 Castel 1725, 2575.
1615	 Castel 1740, 174.
1616	 Castel 1740, 319–320; on this, see also Kemp 1990, 289.
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actual paint-mixing experiments that he started to conduct in or around ����.����  In 
several chapters of L’Optique, Castel recalls manufacturing these scales by painting 
paper cards and pasting them onto a single sheet in the correct tonal order.����  Castel 
even had a color circle woven – the so-called rouban (ribbon) – which he claimed 
displayed a thousand colors imitating those of the rainbow, which he scrupulously 
calculated one by one.����  Several people visited Castel’s workshop to view the simpli�ed 
versions of the ocular harpsicord, particularly Castel’s famous rouban.����  �is ribbon is 
thoroughly described in L’Optique, where Castel even formulates a numerical table for 
reproducing it. �e ribbon was a circular shape and roughly �.��feet (��meters) in length. 
It consisted of dyed threads in all �� colors and their gradations as calculated for the 
chromatic cabinet.����  According to Maarten Franssen, Diderot observed the ribbon and 
believed that this ribbon was “somehow the core of the ocular harpsichord.”����  We can 
now understand why: Castel himself understood the ribbon and the chromatic cabinet 
as colored musical scores and, hence, simpli�ed versions of the ocular harpsichord.

Castel surely tried to popularize these instruments outside of his workshop with 
the help of Gautier-Dagoty. In ����, Castel befriended Gautier-Dagoty, who carried 
out three-color printing experiments on his behalf. Castel introduced Gautier-Dagoty 
to Le Blon, who enlisted him as an assistant in his Paris studio.����  Gautier-Dagoty left 
Le Blon’s studio after only six weeks and developed his own printing system based 
on four primitive colors instead of three.����  Gautier-Dagoty specialized in colored 
anatomical prints and published Essai d’Anatomie, a book containing eight colored 
mezzotint plates, in ����. In Castel’s anonymous review of this work, he exhorts 
Gautier-Dagoty “to �nish the work of ����colors, which is the veritable school of his 
painting technique, and may be of painting in general, and of coloring and chiaroscuro 
in particular.”����  �e short description that follows reveals that this “work of ����colors” 
was Castel’s chromatic cabinet. Hence, Castel likely urged Gautier-Dagoty to produce 
a printed version of the chromatic cabinet that could be sold as a guideline for aspiring 

1617	 See Castel 1740, 322.
1618	 Castel 1740, 248–253, 336, 339.
1619	 Castel 1740, 177–179.
1620	 Castel 1740, 176. Among the visitors, Maarten Franssen (1991, 29, 39–40, 49, 57) has 

listed Prince of Conti Louis François I (1727–1776) between 1735 and 1745, Denis Diderot 
(1713–1784) in the 1740s, Jean-Jacques Rousseau (1712–1778) in 1742 or 1743, and Alban 
Butler (1710–1773) in 1745.

1621	 See Castel 1740, 176, 184–188. 
1622	 Franssen 1991, 52.
1623	 Gautier-Dagoty 1749a, 163–164; Schier 1941, 25; Le Bitouzé 1996, 100; Barbin 2003.
1624	 Gautier-Dagoty 1749a, 164; Barbin 2003.
1625	 “à �nir l’Ouvrage des 144 couleurs, qui est la propre Ecole de son genre de Peinture, & peut-

être de la Peinture en général & du coloris & clair obscur en particulier” Castel 1746, 310. 
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color printers and painters. Yet, it seems that Gautier-Dagoty never realized this color 
chart.����  

Castel devised his chromatic cabinet not only to visualize color harmony but 
also as an instrument “to evaluate the degree, either of color, or of chiaroscuro, of all 
those that nature presents, and that art can imitate, and to �nd there even this art of 
imitating them.”����  For instance, it could be used by painters and dyers to reproduce 
particular nuances with great certainty or predict the hue of a colorant.����  Furthermore, 
natural historians could deploy the cabinet to de�ne the hue and exact tone 

of the celestial blue, of the color of water, of grass green, of mountain green, 
of springtime green, of Flemish green, of Italy green, of emerald green, of the 
green in the rainbow, of the green of parakeets, of sea green, of celadon green 
etc.����  

Since the printed chromatic cabinet never went to press, we can assume that practitioners 
and scholars would have had to manufacture one following Castel’s instructions in 
L’Optique. Whether anyone actually did so is considered in the reception of Castel’s 
color circle and chromatic cabinet (p.�����.). In the next section, I introduce Castel’s 
textual sources for this idea.

Castel’s Textual Sources and References

Castel culled his theory of colors from multifarious textual sources and personal 
inquiries with practitioners and experts. For instance, historians have long recognized 
that Castel’s reference on music theory was the French composer Jean-Philippe Rameu 
(����–����), who published a book on music harmony in ���� and is often mentioned 
in Castel’s early articles.����  However, Castel’s color theory – and particularly his 
analogy of color and music – was undoubtedly inspired by the works of Kircher and 
Newton. In ����, Castel writes, “since long time light had been compared to sound, 
but I do not know anyone who pushed this parallel further than your good friend 

1626	 Boskamp 2009, 216.
1627	 “D’évaluer le dégré, soit de coloris, soit de clair-obscur, de toutes celles que la nature présente, 

& que l’art peut imiter, & d’y trouver même cet art de les imiter” Castel 1740, 322–323.
1628	 Castel 1740, 342–344; Bariaux 1995, 27.
1629	 “du bleu céleste, de la couleur d’eau, du verd de pré, du verd de montagne, du verd de printems, 

du verd de Flandres, du verd d’Italie, du verd d’émeraude, du verd d’arc-en-ciel, du verd de 
perroquet, du verd canard, du verd de mer, du verd celandon, &c.” Castel 1740, 344–345. 

1630	 Boskamp 2008, 125; Gepner 2014, 52–58.



314    4  Trichromatic Color Charts: Organizing Colors According to Three Primaries

Kircher.”����  Castel derived the analogy of color and music from Kircher’s Ars magna 
(����), where the use of the term ars chromatica for the study of color and color mixing 
re�ects a clear parallel to Greek music theory.����  To demonstrate this analogy, Castel 
even appealed to Newton, whose work he still supported in ����.����  He wrote, “the 
celebrated Englishman Mister Newton has veri�ed that colors have their own precise 
tones which amongst themselves adhere to the same ratios as musical tones do.”����  
Indeed, Newton’s color theory engendered the idea that colors could be explicitly 
de�ned through mathematical rigor, exactly as sounds are in music theory.����  

Since the analogy of music and color already had a long history and many 
supporters in ����, it is highly likely that Castel’s ideas rest on works beyond those of 
Kircher and Newton. For instance, I found that the Jesuit college in Toulouse held 
a copy of Opticorum libri sex, in which Aguilón presents his color mixing diagram 
quoting a passage from Aristotle’s De sensu et sensibilibus that states, “colors are 
considered to be mixed just as sounds.”����  It is plausible that Castel read Aguilón’s 
work while studying in Toulouse. Corinna Gepner and Élisabeth Lavezzi have further 
argued that Castel used textual sources by Marin Cureau de la Chambre to develop this 
analogy.����  Nevertheless, Castel does not mention Aguilón or Cureau de la Chambre. 

In ����, Castel noticed that painters employed this analogy in art theory with 
terms such as “tones, halftones, tunings, harmony and even dissonances of colors, just 
like Kircher.”����  In ����, Castel named only Félibien as a practitioner who supported 
the parallel. In the same article, the �attered Jesuit admits that he did not discover 
the “three primitive colors” but that “the chromatic science and art” had already been 
discussed before him by “Kircher, Félibien, in the practice of dyers, and also in that of 
painters.”����  Although Castel claims that he only read Félibien’s Éntretiens in ����, we 

1631	 “De tout temps on a comparé la lumiere avec le son; mais je ne connois personne qui ait poussé 
ce parallele plus loin que vôtre bon ami Kircher” Castel 1725, 2554.

1632	 See p. 284. Schier (1941, 136) has maintained that Castel read the analogy in Kircher’s Musurgia 
universalis (1750), a book that Castel read in 1723; see Castel 1725, 2557.

1633	 Castel 1725, 2557–2558, 2559–2560.
1634	 “les couleurs ont leurs Tons précis qui suivent entr’eux les mêmes proportions que les Tons de 

la Musique, c’est ce qu’a veri�é le celebre Anglois M. Newton” Castel 1725, 2560. See also 
Fraansen 1991, 20; Gepner 2014, 15.

1635	 Boskamp 2009, 28.
1636	 Toulouse, Bibliothèque d’Étude et du Patrimoine, Res. B XVII 122, Ex-libris ms. College 

des Jesuites de Toulouse; Rel. chamoisee. Aristotle’s passage in Aguilón’s book reads, “colores 
misceri videntur, quemadmodum soni” Aguilón 1613, 41. A di�erent translation is given by 
Smith, Ross, and Aristotle (1908, § 439b, 33–34).

1637	 Gepner 2014, 17, 62; Lavezzi 2001, 327–328.
1638	 “Tons & de demi Tons de couleurs, d’accords de couleurs, d’harmonie de couleurs, de 

dissonances même de couleurs, tout comme Kircher” Castel 1725, 2559.
1639	 “trois couleurs primitives [...] Kircher, Félibien, la pratique des Teinturiers, celle même des 

Peintres [...] la science & de l’art chromatiques” Castel 1739, 2563. 
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can speculate that it was one of Castel’s textual sources in ���� or ����.����  Indeed, in 
����, Castel rejected Newton’s seven primaries in favor of the three primaries, which, 
like Félibien in Éntretiens, Castel calls principales.����  Moreover, among Castel’s art-
theoretical sources, we can doubtlessly include Dufresnoy’s De Arte Graphica (����), 
as Castel borrows Dufresnoy’s examples of the friendship and enmity of colors.����  In 
the same book, Dufresnoy introduces the term chromatices, which De Piles translates 
into French as l’art chromatique.����  Castel employs this term many times, especially 
in L’Optique. 

In ����, Castel rejected Newton’s theory of colors and embraced trichromacy. By 
����, his terminology had radically changed. �ese changes were likely in�uenced by 
Le Blon’s work. In ����, Castel began to consistently name red, blue, and yellow as “the 
only three primitive colors in nature” for the �rst time. Castel was surely aware of the 
use of primitives in Coste’s translations of Newton’s Opticks from the early ����s.����  
�us, we can infer that his terminological shift from principales to primitives was 
triggered by other textual sources. In ����, Le Blon referred to couleur primitives and ars 
chromatica to contemplate his trichromatic ideas in Coloritto. In his anonymous review 
of Le Blon’s Coloritto, Castel asserts, “in the art of Mr. Le Blon the harmony of color 
is based precisely on three mother colors, blue as primitive, yellow as intermediate, 
and red as superior,” which is echoed by his color theory published in ���� in his long 
letter to Montesquieu.����  News of Le Blon’s invention surely reached Castel earlier 
than ���� since he recalls the publicity in many journals during the ����s.����  

Le Blon’s terminological in�uence on Castel is also evident from the emphasized 
distinction of prismatic and material colors. Le Blon counterposes material to 
impalpable colors in Coloritto.����  Similarly, Castel clari�es the existence of two species 
of colors: “the accidental and incorporeal colors like those of the prism and rainbow” 
and the “substantial colors used by painters, dyers and all colorists.”����  Castel reiterates 
this distinction by stating that Newtonians analyze “phantastic, [...] immaterial, 
accidental, arti�cial colors, which do not have body,” whereas his book deals with 

1640	 Castel 1735a, 1447. 
1641	 Castel 1726b, 463. On Félibien, see p. 267.
1642	 Particularly convincing is the example both Dufresnoy (1668b, 132) and Castel (1735a, 1453) 

give on the enmity of vermilion and blue, which Castel amends with ultramarine blue. 
1643	 See p. 284.
1644	 See p. 280.
1645	 “Dans l’art de M. le Blon l’harmonie du coloris se trouve fondé avec précision sur trois couluers 

meres, le Bleu comme primitif, le Jaune comme moyen, le Rouge comme superieur” Castel 
1737, 143–144. 

1646	 Castel 1737, 1435–1436. 
1647	 See p. 290.
1648	 “Couleurs accidentelles, & comme incorporelles du Prisme & de l’Arc-en-ciel [...] couleurs 

substantielles & usuelles des Peintres, des Teinturiers & de toutes sortes de Coloristes” Castel 
1740, 2.
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“substantial, natural, palpable colors.”����  �us, Castel applies Le Blon’s same adjectives 
in reverse: immaterial and palpable colors. For Castel, such distinction is fundamental 
to distance himself not only from Newton’s color theory but also from traditional 
optics and to highlight the novelty of his science of chromatics, wherein colorants 
(and not lights) hold a central position. Indeed, he argues that painters’ and dyers’ 
colors are the only veritable colors of nature: “�ey are colors in substances, in bodies, 
or color in person if the expression is allowed. �e color of �owers, the countryside 
green, and the rainbow itself are but super�cial colors.”����

More importantly, by late ���� or early ����, Le Blon moved to Paris, and his 
in�uence on Castel was not limited to his printed output.����  Around ����, Castel 
attended Le Blon’s printing demonstrations.����  On these occasions, Castel may have 
seen Le Blon’s ultimate Carten-Tabelletjes, which likely informed Castel’s idea of the 
chromatic cabinet. In the draft for Carten-Tabelletjes, Le Blon di�erentiates skin 
colors “into few classes and degrees.”����  Likewise, Castel recommends labeling the 
cards in the chromatic cabinet with information about the class, genus, and species 
of colors.����  With regard to these terms, it is plausible that Castel was also acquainted 
with Tractatus de ventriculo et intestinis, where Glisson discusses the species, gradus, and 
genus of colors.����  Moreover, the operation recorded in Chapters �� and �� of L’Optique, 
where Castel describes how he painted a gray tonal scale and similar colored ones, is 
strikingly reminiscent of Glisson’s four color scales. Both Glisson and Castel propose 
��-step lightness scales.����  However, since Castel never mentions the English scholar, 
the link between the two works remains hypothetical. 

In general, Castel displays a tendency to �lter the textual sources that must be 
quoted. Indeed, from his color theory, it is clear that he utilized at least one other 
textual source that he never names in his publications. Speci�cally, Castel extensively 
draws his ideas for the chromatic scale of colors, color circle, and chromatic cabinet 
from the anonymous Traité. A comparison of Castel’s color circle (Fig. �.�� ) with the 
second color circle in Traité (Fig.��.� ), reveals remarkable similarities; for instance, 
they are both divided into �� sections, each of which corresponds to a chromatic color. 

1649	 “Couleurs fantastiques, [...] immaterielles, accidentelles, arti�cielles, & qui n’ont point de 
corps” and “couleurs substantielles, naturelles, palpables” Castel 1740, 100.

1650	 “Ce sont-là les couleurs en substance, en corps, & s’il est permis de le dire, en personne. Les 
couleurs des �eurs, la verdure des campagnes, l’Arc-en-ciel même, ne sont que des couleurs 
super�cielles” Castel 1740, 103.

1651	 Lilien 1985, 61; Stijnman 2020, xlvi. 
1652	 See pp. 298–299. 
1653	 See p. 288.
1654	 See p. 308.
1655	 Glisson 1677, 59–70.
1656	 Castel 1740, 222; Glisson 1677, 68–70. �ey gray tonal scale consists of 24 steps in Glisson’s 

book and 13, 23, 33, or 53 steps in Castel’s (1740, 241–242).
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Nevertheless, two details appear discordant. �e �rst is the position of the colors 
in the wheels. While the anonymous author situates yellow at �� o’clock, Castel places 
blue, “the primitive tone of nature,” in that position, though he declares that “it is 
irrelevant where the circle begins.”����  In addition, the anonymous author arranges the 
colors in tonal order (yellow-red-blue), whereas Castel uses the spectral order (blue-
yellow-red) in an immutable arrangement.����  �e second discordant detail concerns 
true red. �e anonymous color circle contains two primitive reds, namely vermilion/
�re red and red lake/crimson, that yield true red.����  Meanwhile, in Castel’s color 
circle, there is only true red, which Castel claims is the color of �re.����  However, if 
we consider the �re red in Traité to be equivalent to Castel’s true red, then we �nd 
that both sources similarly identify four purples between this color and blue (red/
crimson, red lake/violet, purple/agate, violet/blue violet). Likewise, both count three 
green mixtures (sea-green/celadon, green/green, yellowish green/olive) and two oranges 
(golden yellow/aurora, orange/orange). 

�is match is interesting and possibly not at all coincidental. In the �rst part of 
his letter to Montesquieu (����), Castel speci�es that there are three reds: pure red, or 
the color of �re; the verging-on-yellow nacarat red; and the verging-on-blue crimson.����  
In L’Optique, Castel reveals that �re red is a mixture of multiple reds.����  Admittedly, 
his sources of this information were painters and their treatises, as he notes, “according 
to all my observation on the painters’ practices and my own experiments, in painting, 
the beautiful �re red is made by mixing half red lake and half vermilion [...] or one 
third of vermilion on two thirds of carmine.”����  �us, both Castel’s true red and the 
true red in Traité are mixtures of red colorants. Moreover, Castel’s nine secondary 
colors are almost identical to those illustrated in Traité, though he changes some of 
the color terms (e.g. Rouge de feu to rouge, Rouge to cramoisi, Rouge Cramoisi to violet, 
Pourpre to agathe, and Violet to Violant among the purples; Verd de mer to celadon and 
Verd Jaunatre to olive among the greens; and Jaune doré to aurore among the oranges). 

A graphic comparison indicates that the two color circles are virtually identical 
when reduced to color strips (Fig. �.�� ). �is illustration further proves the similarity 
of Castel’s chromatic scale of colors to the second color circle in Traité. Finally, evidence 
that Castel borrowed from this manual can be found in his selection of primitive 

1657	 “Il est indi�erent au rest par où ce cercle commence, quoique le bleu soit le ton primitif de la 
nature” Castel 1740, 172.

1658	 Castel 1740, 173.
1659	 See p. 272.
1660	 See pp. 305 and 309.
1661	 Castel 1735a, 1469.
1662	 Castel 1740, 120–121.
1663	 “En Peinture, le beau rouge couleur de feu, se fait, selon toutes mes Observations sur la pratique 

des Peintres, & sur mes propres experiences, en mêlant moitié lacque, & moitié vermillon […] 
ou un tiers de vermillon sur deux tiers de carmin” Castel 1740, 114.
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colorants and his instructions for manufacturing the chromatic cabinet: the colorants 
listed to produce light, intermediate, and dark yellow and red hues are the same or 
very similar to those in the �ve-page scheme of Traité.����

While Castel most likely read Traité and used its color circles as a basis for 
his own, he never acknowledges this textual source and instead maintains that he 
discovered the chromatic scale of colors around May ���� through the help of an 
unknown musician-painter.����  Castel and this musician-painter supposedly devised 
the same chromatic scale of colors consisting of three primitives, four mixtures of red 
and blue, three mixtures of blue and yellow, and only two mixtures of yellow and 
red.����  He then reshaped this chromatic scale into a color circle. Castel was clearly 
not interested in acknowledging Traité as a textual source given that, in ����, he 
claimed that the “circularity of colors [...] had not been observed nor practiced in 
any way” before him and that it therefore “deserves to be studied and, if possible, put 
into some practice.”����  Nevertheless, we can infer that Castel’s color theory was more 
informed by this anonymous manual and Le Blon’s work than by any of his explicitly 
recognized textual sources, including those by Kircher, Félibien, and Newton. Without 
Castel’s plagiarism, the two circular diagrams in Traité may have been circulated only 
among artists and amateurs. Castel popularized trichromatic color circles and charts 

1664	 See pp. 274–276.
1665	 Castel 1735a, 1446–1447; see also Fraansen 1991, 24. Jean Ehrard (1995, 77, 81, n. 30) has 

tentatively proposed that the musician-painter was one Mister du Bouy, whose name appears 
in a letter Castel wrote to Montesquieu between August and September 1735. However, Du 
Bouy most likely arrived to Paris only in the summer of 1735 and could not have helped Castel 
in May 1734; Pomeau 1982, 223.

1666	 Castel 1735a, 1467.
1667	 “[...] circularité [...] des couleurs qui n’a été observée ni pratiquée en aucune maniere, merite 

d’être observée, & reduite, s’il est possible, à quelque pratique” Castel 1740, 167. 

�.�� Comparison of the color circle with 12 wedges 
in Traité (1708) and described by Castel in L’Optique 
(1740) represented as strips
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among learned men as well, and his color theory had a huge impact on the ��th-
century European color understanding and science. With L’Optique, Castel inspired 
the production of most of the trichromatic color charts that appeared in the second 
half of the ��th century.

Reception of Castel’s Color Circle and Chromatic Cabinet 

Regrettably, Castel’s (tri)chromatic cabinet 
is rather unknown today, but its novelty in 
the �rst half of the ��th century ensured a 
long line of admirers. Before Castel, there had 
been sporadic attempts to publicly explain 
how to chart colors, but none of these was 
as complete as his chromatic cabinet. When 
Castel published L’Optique in ����,  the notion 
of trichromatic color standardization was not 
new, but Castel was the �rst to suggest lightness 
scales of the three primary colors and the 
secondary and tertiary colors complete with a 
gray tonal scale. Castel also proposed that his 
chromatic cabinet could be used as a learning 
tool for practitioners and an instrument for 
natural historians. Castel’s ocular harpsichord 
and its simpli�ed versions (i.e. the ribbon and 
the chromatic cabinet) undoubtedly had a 
great impact on his contemporaries. 

A �rst illustration of the potential visual 
appearance of Castel’s clavecin oculaire was 
published by Edmé-Gilles Guyot (����–
����) on plate �� of his Nouvelles Récreations 
(New Amusements, ����), a text aimed at 
popularizing science. �e plate is explained 
in the last Récreation (�� nd�Amusement) of the optical section entitled “Musique 
Oculaire” (“Ocular Music”). According to Bruno Belhoste and Denise Hazebrouck, 
Guyot remained skeptical of Castel’s instrument.����  Yet, in Nouvelles Récreations, there 
is another plate that connects to Castel’s color theory. �e plate (Fig.��.�� ) is entitled 
Illusion de l’Optique (Optical Illusion) and shows six equilateral squares: three painted 
with the three primary colors and three displaying mixtures of them. �e concept 

1668	 Belhoste and Hazebrouck 2014, 493.

�.�� Anonymous and François-Joseph 
Coulubrier (engraver), A sort of chromatic 
cabinet, in: Edmé-Gilles Guyot, Nouvelles 
Récréations Physiques et Mathematiques. 
Tome Troisieme: Illusion de l’Optique (1770), 
plate 22
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of these squares is basically the same as that of Castel’s chromatic cabinet, though 
their manufacturing di�ered slightly. Guyot describes how to produce prismatic 
colors by mixing the three primaries blue, yellow, and red in the XLVIIe Récreation 
(�� th�Amusement) of the optical section.����  �e reader is supposed to build lightness 
scales for the three primaries and their mixtures by coloring thin sheets of paper and 
pasting them onto a piece of cardboard. Instead of adding white to lighten the hues, 
Guyot suggests gluing other strips of the colored paper onto the preceding layers. For 
the primary colors, he recommends using Prussian blue, a mixture of gamboge and 
sa�ron, and carmine.����  

Castel’s concept of a chromatic cabinet seemingly had at least one materialization 
in the �eld of dyeing. Castel theorized about the applicability of trichromacy in the 
dyeing manufacture and advised dyers to adjust to trichromacy and the rules of his 
chromatic cabinet to avoid trial and error.����  By ����, this idea was explored by the 
French dyer journeyman Antoine Quémizet (c. ����–c. ����).����  Quémizet was hired 
by the Gobelins Royal Manufactory to improve traditional dyeing processes and extend 
the color gamut for tapestries.����  At that time, only a limited range of lightfast shades 
(known as coloris de tapisserie) was employed to reproduce the colorful palette of painters’ 
cartoons in tapestries.����  Quémizet recorded his experiments in several mémoires and 
produced two color charts.����  �e �rst, entitled Nuancier des couleurs, contains ���pages 
displaying �,����printed and watercolor hanks of wool, which are subdivided into couleurs 
primitives, mélanges, and corps de nuances. �is chart was intended for external use, and 
its addressees are the administration of the Gobelins, painters, and perhaps even the king 
of France (Fig.��.�� ).����  �e second chart, entitled Registres des corps de nuances, consists 
today of three volumes of samples of dyed cloths and the related dyeing instructions 
and was speci�cally designed for practitioners working at the Gobelins (Fig.��.�� ).����  In 

1669	 Guyot and Guyot 1770, 212–221; Boskamp 2009, 212.
1670	 Guyot and Guyot 1770, 212–213. Perhaps Guyot hoped to capitalize on the family business, 

as his nephew owned an ink factory and ran a stationery store that sold paper, ink, and, of 
course, Guyot’s book (Belhoste and Hazebrouck 2014, 493). 

1671	 Simonini 2025b.
1672	 On Quémizet, see Lowengard 2006, Industries and Ideas. Neilson, Quemiset, Homassel. 

Dyers and Chemists at the Gobelins Manufacture; Belhoste 2015; Simonini 2023b. 
1673	 Belhoste 2015, 76.
1674	 Belhoste 2015, 73–74; Simonini 2025b.
1675	 Belhoste 2015, 77, 85, 89–90; Simonini 2025b.
1676	 Paris, Bibliothèque Nationale de France, Cabinet des estampes, Ms Français, Lh-31-Fol. 

Hereafter Nuancier. Michel Pastoreau (2001, 123) published one page of Nuancier for the 
�rst time. It was then linked to Quémizet and contextualized by Lowengard 2006, Industries 
and Ideas. Neilson, Quemiset, Homassel. Dyers and Chemists at the Gobelins Manufacture. 
See also Belhoste 2015, 82, 90; Simonini 2025b.

1677	 Paris, Manufacture national des Gobelins, Bibliothèque du Mobilier National, G385, G386, 
G387. Hereafter Registres; Lowengard 2006, Industries and Ideas. Neilson, Quemiset, Homassel. 
Dyers and Chemists at the Gobelins Manufacture; Belhoste 2015, 81–84; Simonini 2025b. 
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another article, I have demonstrated 
that Quémizet’s contemporaries 
perceived Registres as a “masterpiece 
of the art of dyeing” and called 
it clavecin oculaire, which clearly 
refers to Castel’s chromatic cabinet 
rather than his famous ocular 
harpsichord.����  Indeed, Quémizet 
adopted trichromacy, as suggested 
by Castel, to produce this collection 
of dyed swatches.

Castel’s idea of a universal 
cabinet of colors and its possible 
applications extended beyond the 
realm of trichromacy and in�uenced 
scholars to use color charts as scienti�c 
and educational instruments. 
For example, Schäffer adopted 
the concept for his Farbenverein 
(����). Although his red color chart 
prototype (Fig.� �.�� ) is not based 
on the principles of trichromacy, 
the word Verein can be translated 
as “union” or “association,” which 
conveys the concept of an assembly 
of things, such as a collection, 
Kunstkammer, or, hence, a cabinet. 
In this way, Schäffer’s book title 
hints to Castel’s project of creating 
a cabinet or museum of colors. 
Interestingly, in the Latin edition of 
Castel’s L’Optique, the chromatic cabinet is called musei chromatici.����  

Castel suggests that natural historians could deploy the chromatic cabinet or 
single lightness scales to de�ne the precise hue of things in the natural world, including 
“the celestial blue.”����  �is idea was particularly appreciated by the Swiss naturalist 
Horace-Bénédicte de Saussure (����–����), who owned a copy of L’Optique in his 

1678	 “qu’on peut appeler clavecin oculaire. C’est un chef d’œuvre de l’art de la teinture” Homassel 
1798, x; Simonini 2025b. 

1679	 Castel 1744, 251.
1680	 See p. 313.

�.�� Antoine Quémizet, dyed samples and dyeing 
instructions, in: Registres des corps de nuances (after 
1773). Paris, Manufacture national des Gobelins. 
Bibliothèque du Mobilier National, G385, fol. 9.

�.�� Antoine Quémizet and Nicolas Paul Glockner 
(hand-colorist), engraved and watercolored wool 
hanks showing Quémizet’s color theory, in: Nuancier 
des Couleurs (c. 1775), fol. 42v–43r
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library.����  In August ����, Saussure used a 
prototype of his cyanometer in the form of a 
��-step blue lightness scale painted on paper to 
note the blueness of the sky from Mont Blanc.����  
He enhanced the blue lightness scale described 
in L’Optique by changing its tonal value with 
white or black. His ultimate cyanometer is a ��-
step blue scale ranging from full white to full 
black (Fig.��.�� ).����  As further evidence that 
Saussure took a cue from Castel to develop 
his cyanometer, Saussure calls the blue of his 
instrument le bleu primitif, and he obtains it 
with Prussian blue, which is one of the primary 
blue colorants indicated by Castel.����

Castel’s idea of a collection of painted cards 
or chromatic cabinet was also exploited by the 
editor of Wiener Farbenkabinet (����, Figs.��.��  
and �.�� ) to sell monochrome papers.����  Like 
Schä�er’s prototype, this book is not based on 
trichromacy. However, its title suggests that the 
editor was familiar with Castel’s L’Optique and 
perhaps paying homage to the Jesuit’s work. 

�e most successful tradition started by 
Castel was the use of the trichromatic circle as a “school for painters.” Although the 
anonymous author of Traité was the �rst to translate Newton’s circle into a practical 
color-mixing diagram, Castel was undoubtedly responsible for popularizing its use 
among painters. In ����, the Austrian entomologist Ignaz Schi�ermüller published a 
color circle (Fig.��.�� ) and a blue color chart prototype (Fig.��.�� ), which are simply 
visual representations of Castel’s color circle and the blue section of his chromatic 
cabinet, respectively. �e only contribution that can be ascribed to Schi�ermüller is the 
color name register (Fig.��.�� ), which Castel recommends attaching to the cabinet.����  

After Schi�ermüller, other authors developed visual devices based on Castel’s 
description of the trichromatic color circle and chromatic cabinet. In the early ����s, 
the entomologist Moses Harris merged Castel’s color charts into a circular trichromatic 

1681	 Carozzi and Bouvier 1994, 161.
1682	 Breidbach and Karliczek 2011, 13–14.
1683	 �e illustration of the cyanometer provided in Saussure’s article (1790) is divided into 40�steps; 

Werner 2006, 89; Breidbach and Karliczek 2011, 19.
1684	 Saussure 1790, 410.
1685	 On this publication, see pp. 219–224.
1686	 See pp. 372–373 and 379.

� . � �  Anonymous, watercolored 
Cyanomètre (only with 40 steps), in: 
Horace Bénédict de Saussure, “Description 
d’un cyanomètre ou d’un appareil destiné 
à mesurer l’intensité de la couleur bleue du 
ciel,” Mémoires de l’Académie Royale des 
Sciences de Turin (1790), plate 10
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cabinet that could be utilized as a color-mixing guide and tool for standardizing color 
names (Figs.��.��–�.�� ). In ����, Mérimée proposed the same con�ation by instructing 
natural historians in how to manufacture a chromatomètre for the identi�cation of 
colors in the natural world.����  �is supplement displays a color chart in which ���color 
samples are arranged in three circular diagrams and a further �� samples form a sort of 
gray color scale (Fig. �.�� ) Each circular diagram is comprised of two concentric rings 
(one lighter and one darker) made of �� color samples. In the �rst diagram, which 
represents couleurs brillantes (shiny colors), the three primaries are separated by three 
intermediates. �e two other diagrams display the same colors altered by varying 
ratios of gray.����  Mérimée’s visual tool corroborates that the ��-section division of the 
circle and Castel’s idea of using color charts for taxonomical purposes were still very 
in�uential at the beginning of the ��th�century. �e number �� was not only relevant 
for circular color charts but also accepted for other geometrical shapes as well. Castel 
established the number��� as the geometrical limit beyond which colors could not 
be distinguished by the human eye.����  �e mathematician Tobias Mayer similarly 
developed a triangular color chart (Fig.��.�� ) and the concept for a double tetrahedron 
using this very number.����

To conclude, Castel’s contribution to the ��th-century history and development 
of color charts has been sadly neglected. �us, further research into his work on color 
is much needed. It is possible that traces of Castel’s simpli�ed ocular harpsichords, 
namely the ribbon and the chromatic cabinet, may surface from his many handwritten 
notes and manuscripts that survived the French Revolution and are now held at the 
Royal Library Albert I in Bruxelles.����  

4.5	 Mathematics and Trichromacy: Mayer and Lambert

Numbers and calculations have a signi�cant role in the elaboration of complex 
trichromatic color charts. As highlighted above, Glisson proposed a method in the 
�� th�century to produce color scales by regulating the weight of the colorants in the 
mixture. Fokko Jan Dijksterhuis has maintained that Le Blon “does not seem to 
have been very much taken by the ideal of �nding rational rules” in the color-mixing 
project.����  Yet, his invention was not based simply on mechanical repetition and visual 
judgement, as he used the Mersenne numbers to calculate the proportions of white 

1687	 Mérimée 1815, 916; Levitt 2009, 44–45; see also pp. 283–284.
1688	 Mérimée 1815, 909–915.
1689	 See p. 304.
1690	 See p. 337.
1691	 Couvreur and Vandrix 1995.
1692	 Dijksterhuis 2011, 315.
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in the composition of skin colors for his draft of Carten-Tabelletjes (Fig.��.�� ).����  �is 
fact has been overlooked but can shed new light on Le Blon’s acuity.

Newton’s work similarly rendered spectral colors measurable. His color circle made 
it possible to determine the result of color mixing by means of a geometrical procedure 
that considers the share of every primary color as a “weight.”����  �us, Newton’s Opticks 
showcases the importance of mathematization, quanti�cation, and measurement in 
the �eld of color science. �is approach was welcomed by trichromatists as well.����  

Despite his baroque and quaint writing style, Castel essentially discusses how 
compounds could be produced with di�erent proportions of two or three primitives. 
Nevertheless, Castel does not provide clear instructions for the ratio of each primary 
in a mixture beside the table for reproducing his famous color ribbon.����  In the second 
half of the ��th century, trichromacy attracted the interest of two mathematicians who 
developed two color charts by applying arithmetical calculations to the principle of 
trichromacy. In the �rst case, the color triangle of Mayer, mathematics was utilized as 
a theoretical basis, and there is no indication of how or if computation played a role in 
measuring the ratio of colorants in the mixtures. In the second case, the color pyramid 
of Johann Heinrich Lambert, Lambert scrupulously mathematized and measured 
every single detail of the color pyramid, including the colorants. �us, mathematics 
was paramount to the development of the �rst tridimensional color systems, which 
were uncoincidentally also trichromatic color charts.

Tobias Mayer

�e German cartographer, astronomer, and mathematician Tobias Mayer was born 
in ���� in Marbach, southern Germany and moved to Esslingen with his family in 
����. Mayer lost his parents at an early age, but his schoolteacher and other citizens of 
Esslingen helped him further his studies in geometry, mathematics, and drawing.����  
At the age of ��, Mayer published his �rst book on analytic geometry, generally called 
Erstlinge (����). ����  In late summer ����, Mayer went to Augsburg, where he published 
several books and drew cartographical maps of nearby areas.����  In ����, Johann 
Andreas Pfe�el’s publishing house released Mayer’s Mathematischer Atlas, a collection 
of contemporary “mixed” mathematics (e.g. forti�cation, cartography, astronomy) with 

1693	 See p. 290.
1694	 Steinle 2015, 47.
1695	 On the reception of Newton’s methods, see Steinle 2019.
1696	 See pp. 309–310.
1697	 E. G. Forbes 1980, 24–27.
1698	 T. Mayer 1741; E. G. Forbes 1980, 27.
1699	 Anthes 2013, 13–14.
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several illustrations.����  �e subsequent year, Mayer moved to Nuremberg, where he 
worked as a map and globe maker at the Homann publishing house.����  

In March ����, Mayer and his wife, Maria Victoria Gnüge, moved to Göttingen, 
where Mayer had been appointed to a professorship at the Georg-August University 
one year prior.����  There, he taught practical geometry, pyrotechnics, military 
technology, and geometrical projection theory.����  During his career, Mayer also realized 
a cartographical map of the moon, which was published posthumously in ���� by the 
physicist Georg Christoph Lichtenberg (����–����), and became particularly famous 
for his lunar tables on the motion of the moon (����).����  Mayer’s lunar tables allowed 
him to accurately calculate the moon’s position, which o�ered a solid method to assess 
the longitude at sea.����  

Mayer’s many interests also included color. In ����, he gave a lecture at the 
Göttingen Akademie der Wissenschaften on the calculation of color mixtures 
using trichromacy. During this lecture, Mayer presented the �rst known triangular 
trichromatic color chart and theorized its development into a double tetrahedron. 
His lecture is reviewed in a summary that was published in the journal Göttingische 
Anzeigen von gelehrten Sachen less than one month later. After Mayer’s untimely death 
in ���� at the age of ��, his handwritten notes were bequeathed to the University of 
Göttingen and entrusted to Lichtenberg, who edited many of them in ����, including 
those on color mixing, into Tobias Mayeri Opera Inedita. Mayer’s text on color mixing 
is entitled De a�nitate colorum commentatio and is complemented by Lichtenberg’s 
own commentaries (Observationum) attached at the end of the whole volume.����

Tobias Mayer’s Scala Colorum 

On November ��, ����, Mayer held a lecture at Göttingen Akademie der Wissenschaften, 
in which he theorized a mathematical calculation for trichromatic color mixing. Mayer 
visualized his color theory through a triangle, which he exhibited during the lecture. 
�e original text of the lecture is among Mayer’s handwritten notes at Göttingen. 
It bears the same title as the published essay and is divided into ���paragraphs.����  

1700	 T. Mayer 1745; E. G. Forbes 1980, 35–36; Wepster 2013, 77–79.
1701	 Anthes 2013, 17.
1702	 E. G. Forbes 1980, 106; Anthes 2013, 21.
1703	 E. G. Forbes 1980, 107–114; Anthes 2013, 25.
1704	 E. G. Forbes 1980, 134–150; Wolfschmidt 2013, 175–183.
1705	 E. G. Forbes 1980, 191–205; Wepster 2013, 83–89.
1706	 T. Mayer 1758; Mayer and Lichtenberg 1775, 32–42, 93–107; E. G. Forbes 1970, 99; Lang 

1980b, 4–5; Lee 2000, 67; 2001, 25; A. Pietsch 2014, 156. Hereafter De a�nitate colorum. 
1707	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, T. Mayer, 15,43; E. G. Forbes 

1970å, 99; 1980, 231. German and English translations have been published by Lang 1980b 
and Lee 2000, respectively.
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Mayer left behind further handwritten notes on colors; of these, Mathematische 
Untersuchungen der Farbenmischungen����  and Von den Farben are particularly worth 
mentioning.����  �e latter was transcribed and published by Eric Gray Forbes in 
����. ����  I agree with Forbes’ hypothesis that these two manuscripts are incomplete 
drafts of Mayer’s ���� lecture.����

De a�nitate colorum starts with Mayer’s statement that there are three simple 
or primitive colors (simplices seu primitivos) that can produce many secondaries 
(secundarios).����  Like numerous other ��th-century trichromatists, Mayer views black 
and white as color moderators rather than chromatic colors.����  In open disagreement 
with Newton’s theory of colors, Mayer describes white as “the source of colors” and 
maintains that the sum of the three primitive colors produces “all kinds of dark 
shades, browns, reddish browns, blue-greys and ash greys.”����  He states that secondary 
colors can be yielded by mixing primitive colors two-by-two or three-by-three in 
di�erent ratios.����  Following unspeci�ed architectural and musical rules, Mayer 
suggests narrowing the ratio between two primitive colors to���, which would result 
in ���intermediates.����

Mayer establishes his own color code for all mixtures arising from the given rules 
(three primitives and �� intermediates). For each color, he uses a cipher composed of 
the �rst letter of the German name of each primitive (r = rot, g = gelb, b = blau) and a 
number from � to �� that expresses its quantity in the mixture. He calls these numbers 
partiens (plural: partientes).����  For instance, r�g��b�  is a yellow mixture consisting of one 
red part and �� yellow parts. Following these rules, Mayer calculates ���compounds, 

1708	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, Cod. Ms. T. Mayer 15,12.
1709	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, Cod. Ms. T. Mayer 15,13. 

Further notes on colors are in Göttingen, Niedersächsische Staats- und Universitätsbibliothek, 
Cod. Ms. T. Mayer 13, including two texts: Farben die zum Oelmalen zu gebrauchen (on this, 
see n. 1731) and Vom Coloris (E. G. Forbes 1980, 228–230).

1710	 E. G. Forbes 1970, 100–107.
1711	 E. G. Forbes 1970, 100. Mathematische Untersuchungen der Farbenmischungen is comprised 

of § 1–11 and Von den Farben § 1–19 of De a�nitate colorum.
1712	 Mayer and Lichtenberg 1775, 33. Mayer’s use of the term primitivos is regrettably lost in 

the German (Grundfarben; Lang 1980b, 9) and English (“primary colors”; Lee 2000, 68) 
translations but is vital to identify Mayer’s possible textual sources. Indeed, Lang (1980b, 8, 
n. 10) has remarked that the Latin term can be linked to Le Blon.

1713	 Mayer and Lichtenberg 1775, 33
1714	 Translation from Lee 2000, 69. �e original Latin passages read, “albus […] rectius causa 

tantum colorum dicitur” and “omnis generis fuscos, badios, rufos, glaucos, cinereos” Mayer 
and Lichtenberg 1775, 34.

1715	 Mayer and Lichtenberg 1775, 34.
1716	 Mayer and Lichtenberg 1775, 35; Lang 1980b, 12; Lee 2000, 69.
1717	 Mayer and Lichtenberg 1775, 36. Partiens is the present participle of the Latin verb partio (“to 

divide,” “to part,” or “to apportion”). Lee (2000, 70) has translated it as “coe�cients,” whereas 
Lang (1980b, 13) has retained the Latin original.
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of which ���are secondaries divided into oranges, greens, and purples mixed from 
two primitives. �e remaining ���secondaries are generated by three primitives and 
correspond to “all kinds of dark shades.”����  

According to Mayer, since the sum of the three primitives and ���secondaries is 
the triangular number ��, these colors can be represented in a triangle. In this triangle, 
the primitives are positioned at the angles, the oranges, greens, and purples are placed 
along the sides, and “all kinds of dark shades” are located within the area.����  Mayer calls 
this triangle a scala colorum (color ladder).����  However, in his German handwritten 
notes, he refers to it as “eine Art eines Maaßstabes zu den Farben” (“a sort of gauge 
for colors”). An almost identical phrase is re-proposed in the anonymous summary 
of his lecture.����  According to Mayer, this triangle is comprised only of perfect colors 
(colores perfectos), which are “the most vivid” because they are not modi�ed by white 
or black.����  

Among Mayer’s notes, Lichtenberg has found a color triangle (Fig.��.�� ), which 
he believes is the color chart that Mayer exhibited during his ���� lecture.����  In this 
triangle, ���small hexagonal colored cards are pasted onto a paper sheet. While the 
chart originally had ���of these cards, ���are now missing. Notably, in this triangular 
color chart, red is in the lower-left corner, blue is in the lower-right one, and yellow 
is at the top. If recon�gured as a linear diagram, the arrangement of red, yellow, and 
blue interposed by the secondaries would evoke the spectrum.

In the �nal paragraphs, Mayer imagines transforming his triangle into a solid 
in which the perfect colors are modi�ed by white and black. Interestingly, Mayer 
de�nes black as negative white (albus negativus) because, in his color theory, adding 
black to perfect colors removes light (i.e. white) from them.����  With the triangle of 
perfect colors as its basis, the solid would present ���degrees of modi�cations toward 
pure white and black, respectively. Since the quantity of white or black in a mixture is 
directly proportional to the quantity of one of the primitive colors, the solid imagined 
by Mayer is a double tetrahedron consisting of ���triangles.����  It contains a total of 

1718	 Mayer and Lichtenberg 1775, 37; Lang 1980b, 14; Lee 2000, 70.
1719	 Mayer and Lichtenberg 1775, 37; Lang 1980b, 15; Lee 2000, 70.
1720	 Mayer and Lichtenberg 1775, 37. Lang (1980b, 16) has translated it as Farbenskala, while 

Lee’s (2000, 70) translation is “colour scale.”
1721	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, Cod. Ms. T. Mayer 15,12, 

fol.�19; see also E. G. Forbes 1970, 107. In the summary, the phrase is slightly di�erent: “eine 
Art eines Farbenmaaßstabes” Mayer 1758, 1388. 

1722	 Mayer and Lichtenberg 1775, 39; Lee 2000, 72.
1723	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, Cod. Ms. T. Mayer 15,24. 

�e triangle is mentioned for the �rst time in a letter from Lichtenberg to Lambert dated 
March�11, 1774 (Bernoulli 1782, 467; see also n. 1740 below). �e image has been previously 
published by Boskamp 2009, 217; A. Pietsch 2014, 157.

1724	 Mayer and Lichtenberg 1775, 41; Lang 1980b, 20; Lee 2001, 73.
1725	 Matile 1979, 80; Lang 1980b, 31; Kuehni and Schwarz 2008, 73.
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����colors, including �� perfect colors, ����light colors (colores pallidi), and ����dark 
colors (colores obscuri).����

Mayer’s Colores Primitivos 

Since Mayer actually manufactured his scala colorum, it is perhaps possible to determine 
the colorants he used as colores primitivos for this purpose. In ����, Lambert correctly 
noted that two of Mayer’s angular colors are described in the summary of his lecture, 
whereas the text of De a�nitate colorum discloses the materiality of the primitive 
red only.����  Mayer’s primitive blue (b�� ) is azurite (Bergblau), his primitive red (r�� ) is 
cinnabar (Zinnober), and his primitive yellow (g�� ) is either orpiment (Operment) or 
king’s yellow (Königsgelb).����  King’s yellow and orpiment are closely related substances, 

1726	 Mayer and Lichtenberg 1775, 41.
1727	 Lambert 1772, 33. Lambert wrote the same information in 1774 in a letter to Lichtenberg; 

Bernoulli 1782, 467. 
1728	 T. Mayer 1758, 1388; Dijksterhuis 2015, 28; Kuehni and Schwarz 2008, 73; Steinle 2015, 

56.

�.�� Tobias Mayer, scala colorum. Göttingen, Niedersächsische Staats- und 
Universitätsbibliothek, Cod. Ms. T. Mayer 15:24, Bl. 1 (Skizze unter Glas)
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with the former being the synthetic form of the latter.����  �e author of the summary 
was aware of this relation and considered it relevant to stress that primary yellow 
could be either king’s yellow or orpiment. �is detail, along with the phrase “gauge 
for colors,”����  reveals that the author of the summary is Mayer himself. Indeed, the 
distinction between orpiment and king’s yellow also appears in a handwritten list 
of �� colorants entitled Farben die zum Oelmalen zu gebrauchen (Colors Used for Oil 
Painting), which Mayer compiled in ����.����  Except for seven colorants (king’s yellow 
included), Mayer copies this list almost verbatim from Johann Melchior Cröker’s 
painting manual Der wohl anführende Mahler (����). ����  

But how did Mayer manufacture his triangle? Did he really mix azurite, cinnabar, 
and orpiment to obtain �� secondaries? In both the summary of his lecture and De 
a�nitate colorum, Mayer identi�es many common colorants corresponding to some 
of the perfect colors in his triangle, “thanks to which it is possible to recognize with 
which ratio they are yielded, or at least how these could be yielded.”����

Beyond the three primitives, there are �� further matches between the two texts. 
For instance, Mayer places yellow ochre within the area of the triangle (r� g� b� ). He 
maintains that Prussian blue contains one part red (r�b�� ). Other pairings of calculated 
mixtures and common colorants are realgar (r� g� ), burnt ochre (r�g�b�), umber (r�g� b�), 
burnt umber (r� g� b� ), mountain green (g� b� ), Cologne earth (r� g�b�), English red 
(r� g�b� ), ivory black (r�g�b� ), and Florentine lake (r�b� ). Moreover, Mayer identi�es the 
secondary color r� g�b�  as a mixture of Prussian blue and ivory black, which he calls “a 
sort of iron color.”����  In his manuscript (Cod. Ms. T. Mayer ��), Mayer describes burnt 
umber (r� g� b� ) as “total shadow color” and r� g� b�  as “completely black.”����  Figure��.��  
provides a better overview of these matches by superimposing these names over the 
corresponding sample of perfect color. 

1729	 Orpiment is a yellow sul�de of arsenic; see Eastaugh 2008, 291–292, 324–325; W. J. Jones 
2013b, 1662–1663.

1730	 See p. 327.
1731	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, Cod. Ms. T. Mayer 13, 

fol.�8v–9r.
1732	 Cröker 1729, 81–83. �e seven colorants added by Mayer are Cremserweiß (Krems white, a 

form of lead white), Königsgelb (king’s yellow), Indianisch oder Sinesisch Roth, Sinesicher od[er] 
Indianischer Zinnober (Chinese vermilion), Grüner Lacc (a green lake pigment), gebrannte 
Umbra (burnt umber), gebrannte helle Ocker (burnt yellow ochre), and Nelkenbraun (brown-
pink, a yellow pigment derived from Rhamnus). On these paints, see Eastaugh 2008, 198, 
355–356, 421, 423, 590. Cröker cannot be regarded as one of Mayer’s textual sources since 
Mayer’s list dates to 1759, which is after he devised the triangle.

1733	 “an welchem sich das Verhältniß, wie sie aus den Hauptfarben gemischt sind, oder wenigstens 
gemischt werden können, erkennen läßet” T. Mayer 1758, 1388.

1734	 �e original names of these paints in Mayer’s text are Rauschgelb, Dunkle Ocker, Umbra, 
Gebrannte Umbra, Bergblau, Cöllnische Erde, Helfenbeinschwarz, Florentiner Lack, and eine Art 
Eisenfarbe. For all matches, see T. Mayer 1758, 1388; Mayer and Lichtenberg 1775, 38. 

1735	 E. G. Forbes 1970, 113.
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Still, it remains unclear why Mayer used names of common pigments to indicate 
mixtures in his triangle. It is possible that he used the matching colorants to 
manufacture the scala colorum instead of mixing the three primitives. While there 
is currently no clear answer, three hypotheses can be given. First, Mayer may have 
used the names of common pigments only to convey the idea of the colors in the 
triangle, which he instead yielded with the three primitives. Lambert supports this 
hypothesis in maintaining that, by mixing the three primitives, Mayer managed to 
obtain hues that correspond to the colors of these common colorants. However, it is 
necessary to stress that Lambert never saw Mayer’s painted triangle and simply drew 
this conclusion by reading Mayer’s texts.����  �e second hypothesis is that Mayer 
did not mix the three primitives and instead used common pigments to represent 
the expected outcomes of azurite, cinnabar, and orpiment. �is hypothesis has been 
advanced by Sarah Lowengard.����

�e third hypothesis is that, to manufacture his triangle, Mayer sometimes mixed 
azurite, orpiment, and cinnabar and occasionally relied on common colorants. �is 
last hypothesis was supported by Lichtenberg, who states that Mayer

1736	 For instance, see Lambert’s commentary on Mayer’s Florentine lake (r8b4). Lambert 1772, 44; 
Kuehni 2011, 32.

1737	 Lowengard 2006, Mayer’s Color Triangle.

�.�� Tobias Mayer’s scala colorum with superposed colorant 
names
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did not obtain his secondary colors only with these [three] pigments. For in-
stance, in the green row it is found the lively color verdigris, which is by no 
means yielded by the mixture of azurite and king’s yellow either dry or wet. 
In the same way, he did not mix his rose and violet [colors] with the angular 
pigments.����

Indeed, Lichtenberg encountered numerous issues 
in trying to recreate Mayer’s triangle and observed 
that “these three pigments seem less suitable 
for mixing.”����  Unfortunately, neither Mayer’s 
handwritten notes nor his published works answer 
this question. Scienti�c analysis could e�ectively 
address it and determine whether Mayer’s color 
chart is trichromatic not only in theory but also 
in practice.

Further information on Mayer’s original scala 
colorum can be found in a letter that Lichtenberg 
addressed to Lambert on March ��, ����. Here, 
Lichtenberg explains that “during his lecture, 
Mayer exhibited a painted triangle, which, albeit 
very damaged, I have now before my eyes.”����  In the 
following lines of the letter, Lichtenberg recalls that 
Mayer �rst painted the �� perfect colors on thick 
paper leaves. Mayer then selected the best parts and 
cut them out in the shape of small hexagons. He 
used wax to attach these hexagons to another sheet on which the triangle was drawn.����  
Lichtenberg observes that several red hexagons – possibly those of r��g�, r�g�b�� , and r�g��– 
appeared rather similar, perhaps because the pigments had changed after two decades. 
Moreover, he remarks with regret that Mayer’s triangle was already missing �� hexagons 
in ����. ����  In ����, Lichtenberg �nally published two reproductions of Mayer’s scala 

1738	 “tamen mixtiones tam ex binis quam ex ternis coloribus non his solis pigmentis obtinuit. 
Nam in serie viridium invenitur hilaris ille color viridis aeris, qui mixtione coerulei montani 
et �avi regii vel sicca vel humida neutiquam gignitur. Similiter roseos suos et violaceos non 
ex pigmentis angularibus miscuit” Mayer and Lichtenberg 1775, 96. �is passage has been 
mentioned but not translated by Lang 1980a, 57.

1739	 “quare haec tria pigmenta [....] mixtionibus minus apta esse videntur” Mayer and Lichtenberg 
1775, 99. For the German translation, see Lichtenberg and Hasse 1997, 109.

1740	 “Mayer hat bey seiner Vorlesung einen ausgemahlten Triangel vorgewiesen, den ich jetzt, 
wiewohl sehr beschädigt, vor mir habe” Bernoulli 1782, 467–468; Lichtenberg, Joost, and 
Schöne 1983, 438.

1741	 Bernoulli 1782, 468–469; Lichtenberg, Joost, and Schöne 1983, 438.
1742	 Bernoulli 1782, 468–469; Lichtenberg, Joost, and Schöne 1983, 438–439. 

�.�� Anonymous, smaller version of 
Mayer’s scala colorum, in: Georg 
Christoph Lichtenberg and Tobias 
Mayer, Tobiae Mayeri Opera inedita 
(1775), Plate 3
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colorum (Fig.��.�� ) and, as I show on pages����–���, only those who viewed Mayer’s 
triangle at his lecture had any clear knowledge of how the triangle looked.

Applications of Mayer’s Scala Colorum

Regarding Mayer’s motivation to manufacture his color triangle, he posits in De 
a�nitate colorum that his scala colorum might be useful “particularly in the art of 
painting.”����  In Mathematische Untersuchungen der Farbenmischungen, which contains 
the draft of the �rst �� paragraphs of De a�nitate colorum, Mayer explains,

My intention explicitly focuses on the use of colors in works of art, in partic-
ular, in painting. I regard them [colors] from a practical perspective and for 
this reason I take them how they are, without asking myself why they are.����

With this statement, Mayer distances his investigation from the contemporaneous 
philosophical discussion of the origin and nature of colors, and he underscores that 
painters’ colorants are the object of his inquiry. In De a�nitate colorum, Mayer notes 
that his scala colorum could clearly teach painters how to produce many colors that 
are present in nature by combining the primitive colors in binary or ternary mixtures, 
thus helping them avoid trial and error.����  In this way, Mayer’s color ladder would 
serve as a color mixing guide for painters. Mayer therefore conceived of his color 
ladder as a school for painters, just as Castel did with the simpli�ed version of his 
clavecin oculaire.����  

Along the same lines, in Allgemeine �eorie der schönen Künste (General �eory of 
the Fine Arts, ����), the Swiss philosopher Johann Georg Sulzer (����–����) regards 
Mayer’s scala colorum as a “catalog of all colors.”����  In Observationum, Lichtenberg 
notes that Mayer’s scala colorum only provides samples of the most vivid colors and 
remarks that, had Mayer published all �� “chromatic triangles” (i.e. �� with light colors, 
�� with dark colors, and one with the perfect colors), their “purpose would have been 

1743	 “in arte praesertim pictoria” Mayer and Lichtenberg 1775, 38. Lang (1980b, 16) has translated 
this phrase as “für die Malerei,” and Lee’s (2000, 70) translation is “particularly useful in the 
visual arts.”

1744	 “Meine Absicht gehet vornehmlich auf den Gebrauch der Farben in dem Werken der Kunst, 
besonders in der Mahlerey. Ich betrachte sie mehr auf eine practische Weise, und des wegen 
nehme ich sie an, wie sie sind, ohne mich darum zu bekum[m]ern warum sie sind” Göttingen, 
Niedersächsische Staats- und Universitätsbibliothek, Cod. Ms. T. Mayer 15,12, fol.�1r–v.

1745	 Mayer and Lichtenberg 1775, 38; Lee 2000, 70.
1746	 See p. 311.
1747	 “Verzeichnis aller Farben” Sulzer 1771, 370; A. Pietsch 2014, 159.
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none other than to serve as a sort of scienti�c catalog for the eyes.”����  For the same 
reason, in a lecture held at the Berlin Königliche Akademie der Wissenschaften in 
���� and published in ����, Lambert comments that Mayer had the “lucky idea” that 
“compounded colors could be reduced to an intelligible language.”����  Here, Lambert 
argues that Mayer’s �� triangles could be used as a chromatometre or chromatoscope with 
which painters can circumvent trial and error by pre-calculating color mixtures.����  
Lichtenberg adopts this terminology as well and named Mayer’s triangles chromatoscopia 
vera in ����. ����  Moreover, in his Observationum, Lichtenberg supposes that Mayer’s 
color triangles could serve as a guideline for Le Blon’s trichromatic printing.����

A few scholars have recently investigated actual applications of Mayer’s scala 
colorum. In this context, the work of Eric G. Forbes and Annik Pietsch is particularly 
noteworthy. With reference to Lichtenberg’s Observationum, Forbes and Pietsch have 
maintained that Mayer’s color mixing scheme could have supported his invention of a 
wax mosaic for multiplying paintings. �e tesserae in this technique are long wax sticks 
of di�erent colors that form a wax block, which displays the same image on the front 
and the back. Many transversal slices can be cut from this block to reproduce the same 
image. In April ����, Mayer presented a specimen of this wax mosaic at the Göttingen 
Akademie der Wissenschaften.����  In the summary of this presentation, Mayer states 
that “a local skilled artist, who undertook to bring this art to a further practicing” 
would soon exhibit another exemplar of this wax mosaic.����  Lichtenberg suggests that 
this artist was the painter “Cl. Gunther” from Nuremberg, who Forbes has identi�ed 
as the previously mentioned pastel manufacturer Georg Christoph Günther.����  In his 
Praktische Anweisung zur Pastellmahlerey (����), Günther identi�es himself as that 
“skilled artist” and discloses that he was still busy �nishing some pieces with Mayer’s 
wax mosaic technique at that time.����  According to Günther, Mayer developed his 

1748	 “adeo triangulorum chromaticorum [...] non alii futuri fuissent �nes, quam [...] catalogum 
scienti�cum quodammodo ob oculi posuissent” Mayer and Lichtenberg 1775, 96. See also 
A. Pietsch (2014, 159), who translates this as “visuellen scienti�schen Katalog.”

1749	 “une idée [...] heureuse,” “les couleurs composées peuvent être réduites à un langage intelligible” 
Lambert 1770, 98–99.

1750	 Lambert 1770, 99. Chromatometre and chromatoscope are compound words of the Greek etymon 
métron (measure) and  skopiá (from the verb skopé�, meaning “to examine” or “to look at”) 
combined with chrôma (color). �us, their meaning is “color examination or visualization” 
and “color measure.” 

1751	 Mayer and Lichtenberg 1775, 97, 102.
1752	 Mayer and Lichtenberg 1775, 101.
1753	 E. G. Forbes 1970, 108–110; A. Pietsch 2014, 161–162.
1754	 “Ein hiesiger geschickter Künstler, der diese Kunst zu fernerer Ausübung zu bringen 

übernommen hat” T. Mayer 1759, 402.
1755	 Mayer and Lichtenberg 1775, 102; E. G. Forbes 1970, 108. On Günther, see pp. 156–159.
1756	 Günther 1762, 134.
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wax mosaic art at the beginning of ����.����  He then encouraged Günther to improve 
this invention the following year.����  

If the dating of Mayer’s invention of the wax mosaic is correct, then perhaps the 
concept of the wax mosaic led Mayer to develop his scala colorum – not vice versa, 
as supposed by Forbes and Pietsch. Mayer lectured on his color system in November 
����, which was toward the end of the year in which he supposedly developed the wax 
mosaic technique. While there is unfortunately no evidence to con�rm this hypothesis, 
it is the most plausible explanation for why Mayer produced his color triangle for 
the use of colors in artworks. �e invention of a wax mosaic to multiply paintings is 
reminiscent of Le Blon’s trichromatic printing, for which he likely used color charts 
as guidelines to replicate speci�c shades. 

In the following section, I analyze Mayer’s textual sources. Here, I show how 
Mayer’s interest in color mixing manifested earlier than ����, by which point it had 
evolved into a true ��th-century trichromatic theory.

Mayer’s Textual Sources

In his writings on color, Mayer reveals few details about his textual sources. Nevertheless, 
many of them are identi�ed by Lichtenberg and Lambert. �ese sources can be found 
in the former’s Observationum, the latter’s Farbenpyramide (����), and their epistolary 
exchange published by Johann Bernoulli III (����–����) in ����.

Mayer �rst engaged with color mixing in his Mathematischer Atlas (����). On 
plate ��, which is dedicated to optics, Mayer illustrates a trichromatic color mixing 
scheme (Fig.��.�� ). As Lambert astutely observed in ����, this scheme was inspired 
by Zahn’s pyramid (Fig.��.� ).����  Mayer’s early color mixing scheme is discussed in 
Lambert’s Farbenpyramide and has been brie�y mentioned by Eric G. Forbes and 
Heinwig Lang.����  Since black and white belong to the �ve main colors (Hauptfarben) 
in this scheme, Forbes has suggested that Mayer based it on Boyle’s �ve primitives in 
Experiments and Considerations Touching Colours (����). ����

1757	 Günther 1762, 130.
1758	 Günther 1762, 25, 131. �e year 1759 is given by Günther (1792, 19), who even sent a letter 

to Margravine Karoline Luise von Baden to inform her of his experiments with wax colors; 
Reuter 2015, 121.

1759	 Bernoulli 1782, 475; Lichtenberg, Joost, and Schöne 1983, 444). Mayer doubtlessly knew 
Zahn’s Oculus arti�cialis, as syntagma III (de Visione et modo videndi), which concerns a color 
experiment involving red, blue, green, and yellow pigments, is quoted by one of Mayer’s main 
references on mathematics and geometry: Elementa Matheseos Universae by the polymath 
Christian Wol� (1740, 123–124; E. G. Forbes 1980, 36, 111). 

1760	 Lambert 1772, 36–37; E. G. Forbes 1980, 131–132; Lang 1980b, 26.
1761	 T. Mayer 1745, Tab. L, § 7; E. G. Forbes 1980, 132. 
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In Mathematischer Atlas, Mayer 
maintains that �ve main colors generate all 
other colors. However, he names only two 
compounds: sulfur color (Schwefel-Farb), 
a mixture of white and yellow, and green 
(grün). �e other outcomes are illustrated 
in the scheme. �e image depicts �� small 
rectangles. Fifteen of them are disposed 
inside a triangle, while the ��th is placed 
outside of the triangle. The first row is 
comprised of the �ve main colors, each of 
which is marked with a vowel: white (A), 
yellow (E), red (I), blue (O), and black (U). 
�e following four rows display �� mixtures 
labeled with two vowels indicating the 
components of the mixture. Orange (EI), 
purple (EO), and green (EO) are inside the 
triangle, while colors mixed with white are arranged in the �rst column (AE, AI, AO, 
AU), and those mixed with black are placed along the diagonal side (OU, IU, EU, 
AU). �erefore, white, black, and gray (AU) are positioned at the three angles of the 
triangle. �e rectangle outside of the triangle is diametrically opposite to the white 
one as if it were the top of another symmetrical (but invisible) triangle. It represents 
the mixture of all main colors (AEIOU) and is �lled with a gray-brown shade. �e 
inclusion of this color re�ects that, in ����, Mayer believed that the mixture of all 
colors was not black.����  

�e Aristotelian structure of this color mixing scheme, whereby chromatic colors 
are placed between white and black along the top row, is reminiscent of Zahn’s pyramid, 
which is a triangular representation of Kircher’s diagram (Fig.��.� ).����  In Zahn’s and 
Mayer’s color mixing schemes, primaries and compounds are arranged identically 
but in reverse con�gurations. In Zahn’s diagram, the primaries form the base of the 
triangle, whereas Mayer’s diagram situates them in the top row. Otherwise, the two 
schemes develop identically. In both diagrams, the second row contains light yellow 
(AE, subalbus), orange (EI, aureus), purple (IO, purpureus), and dark blue (OU, 
subcoeruleus). �e third row consists of light red (AI, incarnatus), green (EO, viridis), 
and dark red (IU, subrubeus). �e last row displays light blue (AO, aqueus) and dark 
yellow (EU, fuscus). In Zahn’s text, Tabella compositionis colorum clearly identi�es 

1762	 �e result was very likely connected not only to the actual outcome of Mayer’s mixing 
experiments but also with Newton’s theory of colors, in which the three primary colors mixed 
as pigment powders produce a sort of gray; Shapiro 1984, 111–113; 1994, 616.

1763	 See also pp. 264 and 267–268.

�.�� Tobias Mayer, color mixing scheme, in: 
Mathematischer Atlas (1745), plate 50, �g. 7



336    4  Trichromatic Color Charts: Organizing Colors According to Three Primaries

the aqueus, fuscus, and incarnatus mixtures as light blue (blue + white), dark yellow 
(black�+ yellow), and light red (red + white), respectively, which is the same as in 
Mayer’s triangle.����  Furthermore, these mixtures are identical to those given in Kircher’s 
color mixing diagram, which arranges them in exactly the same way as Zahn’s and 
Mayer’s diagrams, though not in an obviously triangular form.����  �e only remarkable 
discrepancy is that gray (AU) and the gray-brown compound (AEIOU) are present in 
Mayer’s scheme, while Kircher’s and Zahn’s diagrams tacitly display gray in the lines 
that connect white and black. 

After ����, Mayer’s understanding of trichromatic theory changed, and he rejected 
black and white as chromatic colors in ����. Lang has suggested that Mayer’s later color 
science was informed by the ���� reprint of Le Blon’s Coloritto.����  I agree with this 
hypothesis and further argue that Mayer’s new trichromatic approach was in�uenced 
by the writings of Castel as well. After ����, Mayer’s interest shifted from colored light 
to colorants.����  Le Blon was the �rst to clearly demarcate these two sorts of colors and 
their mixtures, and he counterposed material colors to Newton’s impalpable ones. In 
his invention, black is the sum of the three primitives. Meanwhile, the presence of a 
white colorant is mimicked by the color of the paper. 

In the late ����s, Gautier-Dagoty discussed Le Blon’s work in letter to De Boze, 
which was translated into German and published in Hamburgisches Magazin����  as 
well as in Gautier de Montdorge’s L’Art d’imprimer les Tableaux.����  Mayer likely 
encountered Gautier-Dagoty’s translated letter, as the same volume (No.���) contains 
an anonymous review of a book written by Mayer’s former employer, Johann Michael 
Franz (����–����), which gives an account of Mayer’s appointment at the University 
in Göttingen.����  �e new printing method described by Gautier-Dagoty may have 
attracted the attention of Mayer, who was perhaps keen to read Le Blon’s Coloritto. 
Since Coloritto appeared in ���� in a low print run, Mayer may have read Le Blon’s 
treatise in Gautier de Montdorge’s reprint.����  

In his Observationum, Lichtenberg recalls reading the copy of L’Art d’imprimer les 
Tableaux at the Göttingen University library while working on Mayer’s color mixing 
triangle.����  �is copy was bequeathed by the aforementioned Johann Friedrich von 
U�enbach, who visited Le Blon in Amsterdam, after Mayer’s death in ����. Mayer 

1764	 Zahn 1685, 112.
1765	 See pp. 264 and 267–268.
1766	 Lang 1980a, 58; 1983, 226.
1767	 See p. 334.
1768	 Gautier-Dagoty 1749a; 1751. See p. 299.
1769	 Le Blon and Gautier de Montdorge 1756; for the full title, see p. 282.
1770	 Franz’s book is entitled Gedanken von einem Reise-Atlas und von der Nothwendigkeit eines 

Staats-Geographus bey Gelegenheit der Abreise Tit. Herrn Professor Tobias Mayer aus Nürnberg 
nach Göttingen den 15. Merz 1751; Anonymous 1751.

1771	 On the print run, see Castel 1737, 1439–1440; Lang 1983, 224; Lilien 1985, 89.
1772	 Mayer and Lichtenberg 1775, 101, n. *, 102, n. *; Lichtenberg and Hasse 1997, 113. 
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might have had access to U�enbach’s library, as U�enbach and Mayer were both 
members of Göttingen Akademie der Wissenschaften and likely knew each other.����  
We might hypothesize that Mayer and U�enbach discussed Le Blon’s achievements 
and that, on one such occasion, the rich nobleman lent Mayer some of his books, 
including L’Art d’imprimer les Tableaux. Two of Mayer’s handwritten notes, Vom Coloris 
and Von den Farben, suggest that he read this book. In these notes, Mayer adopts some 
of Le Blon’s terminology, including Coloris, Mezzotinto, Re�exe, and Hauptschatten.����  
Moreover, in De a�nitate colorum, Mayer calls the three primaries colores primitivos, 
which is the Latin rendering of Le Blon’s “primitive colours.”����

However, Mayer’s color mixing theory shares far more similarities with that of 
Castel than with Le Blon’s Coloritto. �e German translation of Castel’s L’Optique was 
published in ����, two years after the publication of Mayer’s Mathematischer Atlas. In 
De a�nitate colorum, Mayer claims, like Castel, that red, yellow, and blue “are seen in 
the rainbow, and even more vividly in a ray of sunlight passing through a glass prism, 
although in the latter case they appear �anked by other secondary colors.”����  More 
importantly, he states “that the light beam itself, if we have to believe the physicists, 
may be a mixture of three simple colors.”����  �ese statements are evidence of Mayer’s 
trichromatic understanding of spectral colors. �e unnamed physicists evoked by 
Mayer are evidently all anti-Newtonian trichromatists, among whom Castel was 
highly prominent. 

Another clear link to Castel is represented by Mayer’s choice of the number �� 
as the geometrical limit for his color triangle. In De a�nitate colorum, Mayer argues,

To develop a reliable method, if colors distinct from others have to be pro-
duced, it is convenient to follow the rule that architects and musicians pre-
scribe for their own use. [...] Neither in architecture nor in music are pro-
portions easily accepted greater than twelve, because greater ratios are hardly 
perceivable by the senses.����

1773	 U�enbach became a member in 1751, and Mayer joined in 1753; see Krahnke 2001, 163, 
244.

1774	 Göttingen, Niedersächsische Staats- und Universitätsbibliothek, Cod. MS T. Mayer 13, fol.�10r, 
Cod. MS. T. Mayer 15,13, fol. 6r. 

1775	 See pp. 290–291.
1776	 “[...] in radio solari prismate vitreo excepto videmus, quamuis ibi simul aliis coloribus 

secundariis comitati cinctique appareant” Mayer and Lichtenberg 1775, 33; Lee 2000, 68. 
On Castel’s primitives in the rainbow and spectrum, see p. 308.

1777	 “Ipse enim lucis radius, si physicis credendum, velut mixtura est trium colorum simplicium” 
Mayer and Lichtenberg 1775, 34; Lee 2000, 69.

1778	 “Ut certam aliquam habeamus regulam, si produci oporteat eiusmodi colores, qui respectu 
aliorum distincti sint, conveniet eandem sequi, quam sibi praescribunt architecti et musici. 
[...] Quemadmodum vero, ta min architectura, quam arte musica, haud facile admittentur 
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Forbes has suggested that Mayer’s reference on architecture was Christian Wol�’s 
Anfangsgründe der Baukunst (Elements of Architecture), who, however, does not mention 
the number ��.����  Yet, Mayer surely found this geometrical limit in Castel’s writings. 
Castel explicitly uses the analogy of color and music to parallel the �� pitches of the 
chromatic scale with the �� main chromatic colors in his circle. Furthermore, he 
speci�es �� as an apt number of steps for the lightness scales that form his chromatic 
cabinet.����  Mayer similarly exploits the number �� as the geometrical limit of both 
his color triangle and the lighter and darker triangles that constitute the double 
tetrahedron. 

However, Mayer relies on neither Le Blon nor Castel for his primitive colors. 
Le Blon’s primitive colorants are speci�ed in L’Art d’imprimer les Tableaux, but, for 
unknown reasons, Mayer does not consider them. Conversely, Castel indiscriminately 
provides di�erent colorants or even compounds as his primitives. �rough his search 
for an author who identi�es only one pigment for each primary, Mayer found the 
work of Glisson. As Rolf G. Kuehni and Andreas Schwarz have aptly observed, Mayer’s 
primitives are the same as those recommended by Glisson in ���� for his color scales: 
azurite, orpiment, and cinnabar.����  While comparing secondaries with common 
colorants, Mayer may have also followed some of Glisson’s observations. For example, 
Glisson (and Aguilón) consider red lead to be too yellowish and therefore not eligible 
for the primary red.����  Likewise, Mayer deems red lead a red-yellow mixture.����

Additional similarities are apparent between Mayer’s and Glisson’s works. In his 
Tractatus de ventriculo, Glisson discusses how to produce uniform color scales with 
mathematically calculated weights of pigments (Fig.��.� ). Glisson calls this instrument 
scala and further quali�es it by the name of the color it represents.����  Mayer similarly 
calls his triangle scala colorum. Moreover, Mayer develops an alphanumerical color 
code based on the primary initial and a number describing its ratio in the mixture. 
Glisson elaborated an alphanumerical code as well by using the initial(s) of the Latin 
name of the pigment and a number to indicate its share in the mixture within the 
scale (e.g. C for cerussa, Ci for cinnabaris, F for fuligo). �us, Mayer ostensibly took a 
cue from Tractatus de ventriculo and, while keeping Glisson’s colorants, expanded the 
idea of a color scale into a third dimension.

numeri duodenario maiores, quippe quorum ratio sensibus nudis vix satis percipitur” Mayer 
and Lichtenberg 1775, 35; Lee 2000, 69.

1779	 E. G. Forbes 1980, 131; Wol� 1737, 310–312. 
1780	 See p. 304.
1781	 Kuehni 2003, 52; Kuehni and Schwarz 2008, 73. 
1782	 See Simonini and Steinle 2022, 16 and p. 266 above.
1783	 In the summary of his lecture, Mayer (1758, 1388) identi�es menige (red lead) with the orange 

r9g3. In De a�nitate colorum (Mayer and Lichtenberg 1775, 38), minium (red lead) is identi�ed 
with the orange r8g4.

1784	 Glisson uses scala nigredinis for black mixed with white and scala rubedinis for red mixed with 
white. He does not provide names for the other two color scales; Glisson 1677, 66–69.
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Besides Glisson, another English author used an alphanumerical color code to simplify 
communication: the painter William Hogarth. In ����, Hogarth published a highly 
successful book on art theory titled �e Analysis of Beauty. Its positive reception was 
so remarkable that two German translations were released in ����. �is work includes 
three chapters (XII, XIII, and XIV) on light, shade, and colors, wherein he clearly 
extols trichromacy and explains the mechanics of color mixing through two ingenious 
black-and-white illustrations (Fig.��.�� ). In the �rst illustration (number��� on his 
plate), Hogarth arranges ���hues on a palette in tonal order. In the central column, 
he positions the three “original” colors – red, yellow, and blue – as well as the two 
compounds, green and purple, in their most brilliant forms. In the three columns to 
the left and to the right, he displays the lighter and darker nuances of these colors, 
respectively, thus forming a lightness scale. Each column is assigned a number from 
one (darkest) to seven (lightest). In the second image (number��� on his plate), the 
bust of woman is painted with letters symbolizing the hues arranged on the palette in 
the �rst image: “the red, as at r, the yellow tint at y, the blue tint at b, and the purple 
or lake tint at p.”����  �e numbers on the palette indicate the lightness. In this regard, 
it is signi�cant that Mayer already used letters to code colors in ����, though they 
were vowels with no logical correlation to the names of the colors. In ����, he switched 
to initials deriving from the primitive names, which suggests that he adopted (with 
linguistic-related amendments) an alphanumerical coding approach comparable to 
those of Glisson and Hogarth.

Reception of Mayer’s Scala Colorum

Opinions about Mayer’s color mixing scheme were polarized, with art theorists on 
one side and philosophers on the other. From their observations, it is evident that 
art theorists often did not understand the arithmetic behind Mayer’s scala colorum, 

1785	 Hogarth 1753, 119. In the German translation, the initials remain unchanged; see Hogarth 
1754b, 96; 1754a, 66–67.

�.�� William Hogarth, Tonal scale on a painter’s palette and alphabetical 
color notation, in: The Analysis of Beauty (1753), plate IV, �g.�94 and 96
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which is presumably why it took a long time for this tool to be recommended in the 
artistic practice. Mayer’s scala colorum was ambivalently greeted for the �rst time in 
the second volume of Betrachtungen über die Mahlerey (Observations on Painting, ����) 
by the art theorist Christian Ludwig von Hagedorn (����–����), who maintains that 
“such praiseworthy e�orts” as Mayer’s scala colorum could only be used by a “trained 
and sound judging eye.”����  In ����, Prange dismissed Mayer’s trichromatic color chart 
as “a mere plaything of physics” because, in his opinion, it had no application in the 
�ne arts.����  �e Berlin Königliche Akademie der Künste rector Johann Christoph 
Frisch (����–����) shared Hagedorn’s and Prange’s opinions. In ����, Frisch argued 
that painters had no use for Mayer’s (or Lambert’s) color science or any trichromatic 
calculated mixtures because “to the true knowledge of the artful way of color mixing 
appertains a very di�erent genius” than simply measuring pigments.����  

In ����, Ferdinand Schubert inserted a long passage from Mayer’s ���� summary in 
Anweisung zur Miniaturmalerei: zum Selbstunterricht (Instruction for Miniature Painting: 
for Autodidactic) in a clear show of support for trichromacy.����  Yet, in the ��th century, 
other artists were unable to grasp this theory. For instance, in the seventh volume 
of his Traité de la Peinture (����), the painter Jacques-Nicolas Paillot de Montabert 
(����–����) argues, “the archetype of the three pure primary colors does not exist for 
us, because the two elements that constitute it, i.e. light and the colori�c mechanism, 
are unde�ned.”����  In relation to this archetype, Paillot de Montabert quotes “the 
research done by Mr Maier of Goettingen” and claims that Mayer’s ����colors were 
produced with the �ve basic pigments of ancient painters.����  Although Paillot de 
Montabert references Mayer, it is unlikely that he read De a�nitate colorum. Indeed, 
this interpretation of Mayer’s scala colorum had pervaded France through the lemma 
couleurs within Encyclopédie Methodique. Beaux-arts (����), which was compiled by 
the engraver and encyclopedist Claude-Henri Watelet (����–����) and the historian 
Pierre-Charles Lévesque (����–����). In this text, Watelet and Lévesque maintain that 
Mayer calculated the number of total nuances that ancient painters could produce 
using only �ve pigments.����  

1786	 “Ein geübtes und gesundes urtheilendes Auge,” “solche rühmliche Bemühungen” Hagedorn 
1762, 710; see also A. Pietsch 2014, 159.

1787	 See p. 206 for the original sentence. Here, Prange refers not only to Mayer’s scala colorum but 
also to Lambert’s color pyramid and Pfannenschmid’s triangle.

1788	 “zu einer ächten Kenntnis der kunstmäßigen Farbenmischung ein ganz anderes Genie gehört” 
A. Pietsch 2014, 159. My translation.

1789	 Schubert 1832, 8–10. 
1790	 “l’archétype des trois couleurs primaires pures n’éxiste pas pour nous, car les deux élémens 

qui le constituent, c’est-à-dire la lumière et le mécanisme colori�que sont indé�nis” Paillot de 
Montabert 1829, 391–392.

1791	 “Le recherches faites par M. Mayer de Goettingue” Paillot de Montabert 1829, 391.
1792	 Watelet and Lévesque 1788, 161. �is view was reprinted in Watelet and Lévesque 1792, 

518–519. A similar understanding of Mayer’s color theory was revived by Édouard Bertrand 
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Misinterpretation of Mayer’s color 
ladder also stemmed from the German-
speaking side. Sulzer, who de�nes Mayer’s 
scala colorum as “a catalog of all colors,”����  
also enclosed in Allgemeine �eorie der 
schönen Künste possibly the �rst printed 
representation of Mayer’s scala colorum 
(Fig.��.�� ), which shows a triangle made 
of �� rectangles. Sulzer, however, cannot 
understand the development of the scala 
colorum into a double tetrahedron and 
claims that Mayer suggested manufacturing 
���triangular tables containing ���rectangles 
each. Hence, according to Sulzer, Mayer’s 
color chart displays �,����color samples.����  Sulzer argues that Mayer’s triangles would 
be very useful for painters and even proposes extending the scala colorum beyond the 
���triangular tables.����  

In ����, a black-and-white, slightly modi�ed illustration of Mayer’s triangle 
(Fig.��.�� ) was included in a new edition of Jacques Ozanam’s Récréations mathématiques 
et physiques enhanced by the mathematician Jean-Étienne Montucla (����–����). 
Montucla calls this illustration triangle chromatique and explains its functioning in 
“Problême�LVI. Composer un tableau représentant toutes les couleurs, & determiner 
leur nombre” (“Problem���. Composing a Painting Representing all Colors and 
Determining their Number”). However, Montucla does not mention Mayer’s 
authorship of this “ingenious invention,” and he fails to grasp the development of 
the double tetrahedron.����  He claims that its extension into ���lighter and ���darker 
layers, respectively, produces a prism of �,����colors. Montucla also includes a ��-
step gray saturation scale, a sample of pure white, and a sample of pure black, thus 
expanding the collection to �,��� colors.����  

Presumably, either Sulzer’s or Montucla’s reinterpretation of Mayer’s double 
tetrahedron led the art teacher, draftsman, and theatrical painter Johann Adam 
Breysig (����–����) to develop a triangular diagram and a color column in the shape 
of a prism. �e diagram was published for the �rst time in ���� under the name 
Farbenbenennungstabelle (Color Naming Chart).����  Between ���� and ����, while 

in Études sur la peinture et la critique d’art dans l’antiquité (1893). On this, see Gage 1994, 30.
1793	 See p. 332.
1794	 Sulzer 1771, 371.
1795	 Sulzer 1771, 372.
1796	 “Invention ingénieuse” Ozanam and Montucla 1778, 278–281.
1797	 Ozanam and Montucla 1778, 2:278–281; Boskamp 2009, 218–219.
1798	 Breysig 1800, 159–161; 1801, 45–52.

�.�� Johann Georg Sulzer/Anonymous (?), 
Representation of Mayer’s scala colorum, in: 
Allgemeine Theorie der Schönen Künste (1771), 
p. 371






















