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The proposal for this essay is to compare and contrast two illustrated versions of the world system, one by the Portuguese cosmographer and cartographer Bartolomeu Velho (died 1568) titled Figura dos Corpos Celestes (fig.1), part of the manuscript Cosmographia dated from 1568, and the other by a Dutch-German cartographer, Andreas Cellarius (1596-1665), titled Planisphaerium Copernicanum (fig.2) part of the edition Harmonia Macrocosmica first published in 1661.[footnoteRef:1] [1:  Bartolomeu Velho, Cosmographia, 1568, Bibliothèque Nationale de France. [hereafter Velho, Cosmographia]. <http://gallica.bnf.fr/ark:/12148/btv1b550128121> [accessed 4 June 2020]
Andreas Cellarius, Harmonia Macrocosmica, 1661 (Johanes Janssonius, Amsterdam)  <http://www.rarebookroom.org/Control/gelmcs/index.html> [Accessed 8 June 2020].] 

Taking into account the nearly one hundred years that passed between the execution of the two illustrations, we can ask whether they are a trustworthy representation of the scientific knowledge of the cosmos at the time they were conceived. This approach is based on Rémi Brague’s definition of cosmography as ‘the drawing or description (graphein) of the world as it appears at a given moment, with regard to its structure, its possible division into levels, regions, and so on. This description may (…) take into account the static or dynamic relationships between the various elements that make up the world: distances, proportions, etc., as well as influences, reactions, and so forth. (…) It is therefore a generalized geography that, thumbing its nose at etymology, does not deal only with the earth, but with all the visible universe.’[footnoteRef:2] [2:  Rémi Brague, The Wisdom of the World: The Human Experience of the Universe in Western Thought (Chicago: University of Chicago Press, 2003). pp.3.] 

Bartolomeu Velho’s Cosmographia was described by him as ‘Principio da verdadeira cosmographia e/geographia unniversal de todas as terras que sâo descubertas: setuadas em pporçoes do globo cô todas suas distancias e alturas comforme aos navegantes: Eco as figuras das propoçoes de todos os paralelos asi terrestes como celestes: E muitos instromentos necessarios pera a navegaçaô cô suas demostraçoes e decraraçoes’.[footnoteRef:3] His intention was therefore to create a manuscript which gathered accurate cosmographical information, based on mathematical and navigation knowledge. [3:  Velho, Cosmographia, 1568. p.2r. Translation by Denis E. Cosgrove: ‘Principles of true cosmography and universal geography of all the lands that are discovered: situated in proportion to the globe: with all their distances and heights according to the navigators: And with the figures of the proportions of all the parallels both terrestrial and celestial: And many instruments required for navigation with their demonstrations and declarations.’] 

Adam Mosley makes a distinction between two forms of texts representing cosmography in the sixteenth century, dividing them in ‘works about cosmography’ which had a mathematics-oriented structure and ‘works of cosmography’ which comprised a more comprehensive and enriched information.[footnoteRef:4] The pages preceding the illustration of the Figura dos Corpos Celestes contain tables concerning many aspects of the bodies’ movements and measurements as the sun declinations through the year, phases of the moon and distances between the planets.[footnoteRef:5] Velho’s Cosmographia can be considered a work about cosmography due to its detailed mathematical tables containing information of the heavenly bodies which he included in the illustration presented in this essay.  [4:  Adam Mosley, ‘Vincenzo Maria Coronelli’s Atlante Veneto and the Diagrammatic Tradition of Cosmography’, Journal for the History of Astronomy, 42.1 (2011), 27–53. [hereafter Mosley, Tradition of Cosmography], pp.29.]  [5:  Velho, Cosmographia. pp.3v, 4r, 4v, 5r, 6r, 6v, 7r, 7v, 8r, 8v.] 

Figura dos Corpos Celestes is a double page symmetric illustration with its title written vertically within the clear binding area, where two images of the terrestrial globe intersect in the middle of each page. The earth is placed in the center of the system, following Ptolemy’s geocentric model. 
[image: ]
Fig.1 Bartolomeu Velho, Figura dos Corpos Celestes, 1568, Illuminated illustration, 35x54cm, Bibliothèque Nationale de France.

Bartolomeu Velho was a respectable cartographer, having worked for the ruler Sebastião de Portugal for whom he prepared the Carta General do Orbe in 1561, a series of sea charts with detailed definition of the coasts of Asia, Europe, Africa and the New World.[footnoteRef:6] Denis Cosgrove includes Velho in a group of cosmographers that were known for their skills of ‘plotting for routes, training of navigators and updating of charts’.[footnoteRef:7] Adam Mosley also associates the role of the Iberian Peninsula cosmographers with the overseas expansion performing the ‘maintenance of state maps, instrument-design, and mathematical instruction.[footnoteRef:8] [6:  ‘Museo Galileo - Sea Charts’ <https://catalogue.museogalileo.it/object/SeaCharts.html> [accessed 5 June 2020].]  [7:  Denis E. Cosgrove, 'Images of Renaissance Cosmography, 1450-1650', in History of Cartography, Cartography in the European Renaissance, ed. by David Woodward, Volume Three, Part 1, (Chicago: University of Chicago Press, 2007). [hereafter Cosgrove, Images of Cosmography], pp.60. ]  [8:  Mosley, Tradition of Cosmography. pp.28-29.] 

Velho’s knowledge and expertise might be the reason why he opted to depict two images of the terrestrial globe, offering two comprehensive views of the geography of lands and seas, omitting from the illustration the Aristotelian’s elemental spheres of water and earth. 
The illustration of the earth includes the lines of the equator, tropic of Cancer and Capricorn, artic and antarctic, all labelled accordingly. The elliptic is also depicted as well as the meridian lines, allowing a three-dimensional perception of the globe. The largest circumference of the planet measured in leagues is written in the inner side of the page, following the circular face of the earth, reading 6300 legoas.
From the globes depictions outwards to each side of the page, twelve concentric half-circles with the same width are drawn symmetrically. The first two are the Aristotle’s sublunar elemental space of air represented by wavery clouds, and fire defined by concentric golden rays; seven planetary spheres follow – the moon, Mercury, Venus, the sun, Jupiter and Saturn – with their names written inside the sphere; after these, the theological idea of the firmament is depicted by little stars inside the band as well as the zodiac glyphs; the Ptolemy’s concept of the primum mobile comes next with its revolution time of twenty-four hours; the last band encloses the spheres with a dark-red color where is written Celum Empireum Habitaculum dei et Omnium Electorum, the empyrean realm. 
Within each of the band’s spaces, is information regarding the distances from the planets to the center of the earth, the diameter of each celestial globe, its largest circumference and their revolution times. The conventional astrological symbols of the planets, stars representing the firmament and the words ar (air) and fogo (fire) are drawn on the clear biding area, above and below the globes, on each side of the page, strengthening the illustration’s symmetry. 
Around the four quadrants of the Celum, faces and wings of peeking angels are depicted, displaying a cross over their heads. A bright spot of light emanates from the lower corners of the pages. The same divine light is traversed by the Creator on the upper right side and emanates behind the Christian Cross on the upper left side. 
Velho’s illustration incorporated Aristotle’s ideas of the elementals of air and fire around the earth, and the seven planetary spheres, as well as Ptolemy’s knowledge regarding distances between the planets and the idea of the existence of the prime mover. The illustration also contains theological meaning with the idea of the firmament and the depiction of the Christian cross and the Creator watching from above, in a protective posture.
Denis Cosgrove describes the images of the sixteenth-century world system as a combination of the ‘armillary and Aristotelian spheres’, where the planetary spheres would be depicted with ‘bands of equal width, numbered or marked by their respective astrological symbols’[footnoteRef:9] He mentions how Ptolemy’s Planetary Hypotheses was an important source of knowledge in regards to planetary distances from earth, and how uncommon was this knowledge included in the cosmographic images, with some exceptions, as Velho’s ‘spectacular rendering’.[footnoteRef:10] Cosgrove outlines some other characteristics as the presence of the ‘biblical firmament’ commonly indicated with star and zodiac symbols, the existence of the primum mobile, the representation of the world machine with a ‘surface of air and fire’ and an ‘explicit connection between cosmography and religious or moral life’ with representations of ‘God himself observing, blessing, or embracing a completed cosmos.[footnoteRef:11]  [9:  Cosgrove, Images of Cosmography. pp.82.]  [10:  Cosgrove, Images of Cosmography. pp.82.]  [11:  Cosgrove, Images of Cosmography. pp.82, 85, 87, 89.] 

Mosley characterizes the works about cosmography at that time as having ‘nested spheres of the heaven and elements comprising the universe’ and the ‘division of the celestial sphere by the equator (or equinoctial), ecliptic, tropics, and artic and antarctic circles.’[footnoteRef:12] [12:  Mosley. pp.29.] 




The late sixteenth-century was a turn point in cosmography, with Nicolau Copernicus’ proposal of the world’s heliocentric model. Other world-systems were then proposed and, as Cosgrove indicates, by 1600 ‘Ptolemaic, Copernican, and Tychonian models were familiar alternative images of the cosmos’.[footnoteRef:13] The invention of the telescope in the first years of the seventeenth-century provided a major development in the scientific knowledge of the heavenly bodies, allowing a reflection about the Aristotelian idea of the perfection of the cosmos.  [13:  Cosgrove, Images of Cosmography. pp.70.] 

Andreas Cellarius’ publication Harmonia Macrocosmica comprised a description about the nature of the universe, the theories of Ptolemy, Copernicus and Tycho Brahe and a discussion about magnitudes of the stars, the zodiac and the nature of the planets. The narrative was intercalated with colourful plates illustrating it. The image proposed here is a double-page representation of Copernicus’ model, with the sun depicted in the middle of the system. 

[image: ]
Fig.2 Andreas Cellarius, Planisphaerium Copernicanum sive systema universi totius creati ex hypothesi Copernicana in plano exhibitum, 1661, Hand-painted colour plate.


The illustration shows seven circular paths with different widths around the central sun representing the planetary spheres and an eighth path, which closes the diagram, divided in the twelve zodiac signs. The sun is represented with a human face and its rays spread out through the celestial spheres, in a colour gradation from a warm orange to a light sandy colour, differentiating the inferior and superior planets’ orbs. The earth is depicted as if seen from above the artic, with a comprehensive view of land and sea, and the latitude and longitude graticule. Around it, there’s a band of dark clouds representing the sublunar elemental of air, and the path where the moon moves is defined by a white ring. The other planets are depicted as in the pre-telescope times, as an eight-pointed stars with two concentric halos around them, the first one in a clear gold colour and the outer one in a red hued light spreading ring. All the stars are dark with the exception of the red Mars and the light blue Jupiter. The four satellites of Jupiter discovered by Galileo are depicted orbiting the planet, sustained by the same red light. The names of the planets and its conventional symbols are drawn inside the circles next to the stars. The zodiac is depicted by the astrological symbols as well as the drawings of the signs in a cloudy background and their names. They are divided in four groups of three signs corresponding to the seasons: Signa Tria Verna (Aries, Taurus and  Gemini), Signa Tria Aestiva (Cancer, Leo and Virgo), Signa Tria Aumtunalia (Libra, Scorpio and Sagittarius) and Signa Tria Hyberna (Capricornus, Aquarius and Pisces), following Paulus Alexandrinus division.[footnoteRef:14] In the upper corners are cartouches with the title of the plate, from where measurement tools and the armillary sphere hang. On the lower right corner is Copernicus holding a globe and a compass, and the figure on the left might be Aristharcus of Samos, who is believed to be the first proposing the heliocentric model, as Archimedes suggested attributing to him the idea that ‘the sun remain unmoved, that the earth revolves about the sun, (…) the sun lying in the middle of the orbit (…).’[footnoteRef:15] [14:  Julius Firmicus Maternus, Ancient Astrology Theory and Practice: Matheseos Libri VIII (Abingdon, Md.: Astrology Classics, 2005). pp.307.]  [15:  Archimedes, The Works of Archimedes, Thomas L. Heath (ed), (Cambridge, University Press, 1897). pp.222] 

Cellarius’ illustration is an amalgam of concepts that incorporate ideas from Aristotle to Galileo, depicted in the Baroque style of the epoque. Cellarius was known for his eximious drawings of cities’ fortifications and countries maps, though he worked as a rector of a Latin school. His purpose might have been to gather all the cosmological knowledge available and depict it using a more commercial and popular graphism style, rather than a realistic one.
According to Cosgrove, there is a geographic difference between north and south European cosmography, being the northern ‘more open and commercial’ and the southern ‘more secretive and courtly’.[footnoteRef:16] He also states that the seventeenth-century cosmography ‘as a scientific project gave away to the technically distinct disciplines of geography and astronomy’.[footnoteRef:17] Nick Kanas points out that the Dutch cartography was at its peak and therefore, Cellarius’ Harmonia had immense success for its great beauty, although in his opinion ‘it did not contain anything new in terms of celestial mapping, nor did it influence the subsequent cartographic development of the field.’[footnoteRef:18] [16:  Cosgrove, Images of Cosmography. pp.75.]  [17:  Cosgrove, Images of Cosmography. pp.71. ]  [18:  Nick Kanas, Star Maps: History, Artistry, and Cartography, 3rd ed (Springer International Publishing, 2019). pp.217. ] 




To conclude, Bartolomeu Velho’s illustration combines all the characteristics of the sixteenth-century cosmography, with its comprehensive image of the earth due to his background knowledge, the mathematical information based on Ptolemy’s works, and the divine presence so common of that period, being his intention to produce a manuscript that meant to be accurate and therefore useful, following the cosmographic Iberian tradition.
Andreas Cellarius’ illustration took place at a time when the scientific knowledge was applied to geography charts rather than to cosmographic maps, and this might be why he felt free to picture some details, as the sun and the planets, in a non-scientific graphism. He certainly succeeded in reaching the public, and his illustrations were considered rare for their beauty, having been edited five times. Despite not offering new data, Planisphaerium Copernicanum contains accurate and extensive information that gathers ancient concepts and contemporary knowledge in one single illustration, accomplishing the characteristics of an image of its time. 
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