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1. Introduction 

 

In his Paralipomena (1604) Johannes Kepler mentioned ‘an experimentum … which I saw at 

Dresden in the elector’s theater of artifices … … A disk thicker in the middle, or a crystalline 

lens, a foot in diameter, was standing at the entrance of a closed chamber against a little window, 

which was the only thing that was open, slanted a little to the right. Thus when the eyesight 

travelled through the dark emptiness, it also, fortuitously, hit upon the place of the image, nearer, 

in fact, than the lens. And so since the lens was weakly illuminated, it did not particularly attract 

the eyes. But the walls were also not particularly conspicuous through the lens, because they were 

in deep darkness.’ 1 In one of the rooms of the Dresden Kunstkammer, which had been turned into 

a room-size camera obscura, Kepler witnessed the images formed by a lens placed in the aperture 

of this camera obscura, which, in fact, was one of the little windows of the Kunstkammer room 

through which light from outside was able to enter. In this darkened room Kepler saw that ‘ the 

little window and the objects standing about it, which had the benefit of much light, lying hidden 

beyond the lens, set up a bright image of themselves in the air (between me and the lens)’ .2 

 

The historiographical debate on Kepler’s Paralipomena has mainly concentrated on the question 

of continuity and revolution. On the one hand, Stephen Straker has argued that Kepler’s optics 

                                                           
1 ‘  …, cuius experimentum vidi Dresdae in Theatro artificiali Electoris. … Discus in medio crassior, seu lens 

crystallina, pedis diametro, stabat in ingressu camerae clausae contra fenestellam, quae unica patebat, declinantem 

parùm ad dextram. Dum igitur oculorum acies tenebrosam capacitatem pererrant, fortuitò, et in locum imaginis 

incidunt, , propiorem quidem quàm erat lens. Cum itaque lens malignè illustraretur, oculos non admodum erant 

conspicui; quia in multis tenebris’ . Kepler (1937-), 2: 164-165, translation in Kepler (2000), 194. 
2 ‘At fenestella et circumstantes res, quae multa luce fruebantur, post lentem latentes, claram sistebant in aëre (me 

inter et lentem) sui imaginem’ . Kepler (1937-), 2, 165, translation in Kepler (2000), 194. 
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represents a mechanistic view – developed in dialogue with an artisanal tradition – which breaks 

away from the medieval perspectivist tradition.3 On the other hand, David Lindberg has argued 

that Kepler is the culminating figure of the same medieval perspectivist tradition.4 The debate, in 

fact, is about the degree of importance of the analogy between the eye and the camera obscura for 

Kepler’s new theory of vision. While Straker has argued that Kepler’s theory of the retinal image 

was the natural outcome of comparing the eye to a camera obscura and applying to the eye the 

knowledge of image-formation acquired in solving the problem of the camera obscura, Lindberg 

has downplayed the importance of this analogy, making the key unlocking Kepler’s discovery of 

the retinal image his solution to the preservation of the one-to-one correspondence between 

points in the visual field and points in the eye, a crucial requirement of perspectivist optics.  

 

It is surprising, however, that the experiment in one of the dark rooms of the Dresden 

Kunstkammer hardly received attention from any of the two sides in this debate. Kepler’s 

witnessing of the images inside this camera obscura were, nevertheless, not unimportant to the 

shaping of Kepler’s argument in the Paralipomena. Kepler situated the third section of his fifth 

chapter, from which we have drawn Kepler’s report of the experimentum in the Dresden 

Kunstkammer, and in which he established a new concept of vision, in a place like the darkened 

room of the Dresden Kunstkammer. In this paper I will be concerned with how Kepler used the 

Kunstkammer experience to read and re-work the optical tradition, in particular, the account of 

image formation in Giovanni Battista della Porta’s Magiae naturalis (1589). Thus, I will not be 

so much concerned with deciding the longue durée perspective on the history of optics in terms 

of continuity and revolution, but rather with how Kepler appropriated the optical tradition.  

 

In the first part of my paper I will show how in the period preceding Kepler’s optics the ‘ images 

in the air’ , which Kepler witnessed in the Dresden Kunstkammer, were geometrically understood 

and how they were sometimes confused with ‘experimentally’  generated projected images. I will 

also discuss the ‘physiology’  of these images in the air. In the sixteenth century these images 

became objects negotiating the boundaries between natural and demonic magic. As we will see, 

regardless of whom were identified to be the agents of their production, the images were 

                                                           
3 Straker (1971). See also the summary of his central argument in Straker (1981). 
4 Lindberg (1976), 178-208. 
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invariably considered to be products of human imagination. Consequently, the substance of 

which these images were made was not thought to be light (as one might expect), but all kinds of 

spirits, of which the best-known candidate was pneuma (of stoic origin). These arguments, 

informative of the theories of optical imagery circulating in Kepler’s period, and of which we 

might rightfully assume that he directly reacted to them, will be discussed in sections 2 and 4. 

 

In section 3, I will try to arrive at a characterization of the experimentum inside the darkened 

room of the Dresden Kunstkammer, to which (I should perhaps stress) Kepler was only a witness. 

I will briefly reconstruct the meaning of Kepler’s encounter with the Kunstkammer by placing it 

in the context of the interests of the Dresden court in Kepler and his optics (an interest which 

seemed to have been mutual), but my main point here will be that Kepler’s Kunstkammer 

experience was, in fact, an optical game. I will, thus, argue that the status of the experimentum in 

the Dresden Kunstkammer for Kepler was that of social and intellectual play. That experimental 

knowledge of image formation inside the camera obscura was important to the generation of 

Kepler’s new theory of optical imagery might perhaps be a surprising claim to make. But I will 

argue that this claim is only valid on the condition of the historicization of the category of 

experimentum. It was only the attribution of the status of play to this experience which allowed 

Kepler to also use this knowledge in his development of a new theory of optical imagery. 

 

The focus of the second part of my paper will be on how Kepler used this experiment in the 

Dresden Kunstkammer to read and sort out the confusion between experimentally produced 

projected images and ‘ images in the air in Della Porta’s Magiae naturalis. In his Paralipomena 

Kepler distinguished two types of images: imago (or the ‘perceived’  image) and pictura (or the 

‘projected’  image).5 The concept of imago was derived from medieval perspectivist optics, but 

pictura was a concept of Kepler’s invention. Although projected images were empirically 

familiar (for example, from the images projected inside a camera obscura for the observation of 

eclipses), they were conceptually alien to the medieval perspectivist tradition.6 I will argue that 

the epistemology of play allowed Kepler to give these projected images a conceptual place in his 

                                                           
5 My understanding of seventeenth-century theories of optical imagery is deeply indebted to Shapiro (1990). For 

Kepler’s theory of optical imagery, see also Malet (1990) and Smith (1998). 
6 Smith (2005). 
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theory of optical imagery as objects of study. In this way I hope to give a more precise content to 

the oft-repeated claim that Kepler picked up some fruitful hints from Della Porta’s work. 

 

1. Renaissance Geometry and Exper ience of Images in the Air  

 

In the ‘Mathematicall Praeface’  to the first English translation of Euclid (1570), John Dee 

introduced the reader to the optical effects of the ‘marveilous Glasse’  of his friend Pickering.  

 

Yea, so much, to scare, that, if you, being (alone) nere a certaine glasse, and proffer, with dagger or sword, to foyne 

at the glasse, you shall suddenly be moved to give backe (in maner) by reason of an Image, appearing in the ayre, 

betwene you & the glasse, with like hand, sword or dagger, & with like quicknes, foyning at your very eye, likewise 

as you do at the Glasse. Straunge, this is, to heare of: but more mervailous to behold, than these my wordes can 

signifie. And neverthelesse by demonstration Opticall, the order and cause thereof, is certified: even so, as the effect 

is consequent.7 

 

Dee based his argument for the utility of ‘perspective’ , or optical knowledge, on the advantage 

that it offered to the user for understanding the marvellous effects of mirrors. Among these 

effects it was especially the ‘ Image, appearing in the ayre’  that seemed to have fascinated him. 

These ‘ images in the air’  return in Dee’s ‘Mathematicall Praeface’  under the heading of 

Thaumaturgike, which is ‘ that Art Mathematicall, which giveth certaine order to make straunge 

workes, of the sense to be perceived, and of men greatly to be wondred at’ . In this section Dee 

referred to automata, which he had seen with Oronce Fine in Paris, speaking heads, flying 

wooden doves and all sorts of optical marvels, in particular ‘ images in the air’ . 

 

And by Perspective also straunge thinges, are done. As partly (before) I gave you to understand in 

Perspective. As, to see in the Ayre, a loft, the lyvely Image of an other man, either walkyng to and fro: or 

standyng still. Likewise, to come into an house, and there to see the lively shew of Gold, Silver or precious 

stones: and comming to take in your hand, to find nought but Ayre.8 

 

                                                           
7 Dee (1975), B.jv. 
8 Dee (1975), A.iv. 
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What was the status of these strange apparitions of men, swords, daggers and other objects flying 

in the air? Were they real images (as we would say now) projected by concave mirrors? Or were 

they the products of human imagination? And if so, were they illusory? In this and the following 

sections I will attempt to answer these sorts of questions, and by doing so, recover the causes of 

Renaissance mathematicians’  fascination with these images in the air as much as their confusion 

about the epistemological status of these images. This fascination was widespread among authors 

on optics in the long sixteenth century, especially in the tradition of natural magic (of which more 

below). However, even sixteenth-century editors of the optical canon tapped this resource to 

attract interest in the works of Euclid, Alhacen and Witelo. The editors of the first published 

edition of Witelo’s ‘Perspectiva’  (1535), the mathematicians Georg Tannstetter and Petrus 

Apianus, as well as that of the second edition (1572), now together with Alhacen’s optics, 

Frederic Risner, a student of Petrus Ramus, singled out in their prefaces the knowledge of the 

causes of the appearance of ‘ images in the air’  by means of mirrors as one of the reasons to study 

optics and catoptrics (and, thus, to read their new editions of the work of Alhacen and Witelo).9 

 

Most explicit about these ‘ images in the air’  was, however, another student of Ramus, Jean Pena, 

in his edition of Euclid’s Optica and the Catoptrica, then also considered to be of Euclidean 

authorship, and a text which was sufficiently important for Kepler to deserve a review at the 

beginning of his Dioptrice (1611).10 Pena turned Ramus’  definition of optics as ‘ars bene videndi’  

or the ‘art of seeing-well’  on its head. The aim of optical knowledge was not only to correct 

vision, or ‘ to judge the truth and falsehood of the visible things accurately and carefully’ , but also 

to deceive vision (of the ignorant) insofar as all the knowledgeable participants in the same 

                                                           
9 ‘Habes in hoc opere, Candide Lector, quum magnum numerum Geometricorum elementorum, quae in Euclide 

nusqua extant, tum vero de proiectione, infractione, & refractione radiorum visus, luminum, colorum, & formarum, 

in corporibus transparentibus atq speculis, planis, sphaericis, columnaribus, pyramidalibus, concavis & convexis, 

scilicet cur quaedam imagines rerum uisarum aequales, quaedam maiores, quaedam minores, quaedam rectas, 

quaedam inversas, quaedam intra, quaedam vero extra se in aëre magno miraculo pendentes: quaedam motum rei 

uerum, quaedam eundem in contrarium ostendant: quaedam Soli opposita, uehementissime adurant, ignemq admota 

materia excitent: de q umbris, ac varijs circa visum deceptionibus, & quibus magna pars Magiae naturalis, dependet 

…’ . Tannstetter & Apianus P. (1535), quoted from the editors’  introduction on the first page, my italics. See also 

Kühne (1997). For Risner’s reference to ‘ images in the air’  in the preface, see Risner (1972), a3. 
10 Kepler (1937-), 4, 341. 
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optical games understood the causes of the deception (and so only the ignorant would be 

deceived).11 One of the illusionist tricks which Pena mentioned in his preface ‘De usu optices’  

(1557) in this connection, made use of a mirror inside a camera obscura to project images ‘ in the 

air’ . Interestingly, Pena refered the reader to Witelo to understand the making of this image. 

 

This part of optics, which is called catoptrics, teaches to make a mirror, which does not retain the images of 

objects, but reflects them in the air. Witelo has written about its composition … Thus, should one prohibit 

cunning women to fool the eyes of men with this mirror, by making them believe they see ghosts raised 

from death, while they see the image of some hidden child or statue in the air outside the mirror? Because 

what is most certain is that, if a cylindrical mirror is placed inside a room closed from all sides, and if a 

mask, or a statue, or whatever else, is placed outside this room, so that there is a fissure in the window or in 

the door of this room, through which the rays from the mask penetrate [into the room] to the mirror, then the 

image of the mask, placed outside the room, will be observed inside the room hanging in the air, and, since 

the reflections from these mirrors are highly deformed and show a misshapen image of a beautiful thing, 

how hideous and terrible will the image seem of a mask prepared to arouse horror and consternation.12 

 

Pena’s reference is to proposition 60 of book 7 of Witelo’s ‘Perspectiva’ : ‘ it is possible to set up 

a convex cylindrical or conical mirror in such a way that someone looking [into it] can see the 

image of  particular object that is out of sight [floating] in the air outside the mirror’ .13 It is 

                                                           
11 For Petrus Ramus geometry was the ‘art of measuring well’ . Along the same lines, in ‘Opticae libri quatuor ex 

voto Petri Rami’  (1606) Ramus and his student Frederic Risner defined optics as ‘ars bene videndi’ . For Ramus, see 

Hooykaas (1958), 58-59. ‘Optica est ars bene videndi. Optica suo fine definitur, qui est bene videre, id est, de 

veritate & fallacia visibilium accurate & exquisite judicare’ . Risnerus (1606), 3. See Dupré (2006).   
12 ‘Docet enim ea Optica pars, quae Catoptrice dicitur, speculum componere, quod objectorum imagines non in se 

retineat, sed in aëre rejiciat: de cujus compositione & Vitellio scripsit, &  nos aliquid dicemus (favente Deo) cùm 

Catoptrica explicabimus. Quid ergo prohibet mulieres versutas hoc speculo, hominum oculos ludificare, ut evocatos 

manes mortuorum se videre existiment, cùm tamen aut pueri aut statuae alicujus delitescentis simulacrum in aëre 

extra speculum videant? Nam quod certissimum quidem est, fidem tamen omnem videtur excedere, Si Cylindricum 

speculum in cubiculo undecunque clauso statuatur, extra autem cubiculum ponatur larva, aut statua, aut quidlibet 

aliud, ita tamen ut in fenestra vel ostio cubiculi sit rimula aliqua, per quam radii à larva in speculum irrumpa’ t, imago 

larvae extra cubiculum positae, intra cubiculum cernetur in aëre pendens. & cùm reflexiones à speculis illis nonnihil 

deformes sint, ut rei speciosae deformem imaginem ostentent, quàm terra & terribilis videbitur imago larvae ad 

horrorem & consternationem comparatae?’  Pena (1969), 157. 
13 ‘Possibile est speculum columnare vel pyramidale convexum taliter sisti ut intuens videat in aere extra speculum 

imaginem rei alterius non vise’ . Risner (1972), 308-309. 
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important to realize that Witelo did not speak of a projected image, a concept which was alien to 

perspectivist optics. The image in the air is still perceived in the mirror; ‘ in the air’  refered to a 

geometrical location, a location in visual space, not physical space. A. Mark Smith has shown 

that ‘what Witelo really means in this proposition, however, is that the image will be located 

behind the reflecting surface at a point outside the circle of curvature defining the invisible 

portion of the mirror’ .14 In the diagram in Figure 1, the image of B, an object-point blocked from 

direct view by the wall FG, is seen at I from the viewpoint A, outside the arc defining the 

invisible portion of the mirror, but still behind the arc XDY defining its visible portion. 

 

 

The geometrical location of an image ‘ in the air’  outside a convex mirror was well-known among 

authors on optics of the period. In ‘Della prospettiva’ , a manuscript of the early fifteenth century 

attributed to Giovanni Fontana, the author discussed the case of the location of an image outside a 

convex mirror.15 (see Figure 2) It is unclear, however, how this optical knowledge was connected 

to the same author’s argument that ‘ it will, consequently, not appear to you something magical 

                                                           
14 Smith (2005), 178-179. 
15 Parronchi (1964), 620. 
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when for some time someone sees an appearance in the air as if it was a city or people that move 

in the air’ .16 In ‘De speculis comburentibus libri 5’  (1558), a manuscript on burning mirrors, also 

Dee showed how an ‘ image in the air’  was seen outside a convex mirror.17 However, as Fontana 

noted in ‘Della prospettiva’ , also in a concave mirror an image was located, in the same 

geometrical sense as for the convex mirror, ‘ in the air’  outside or in front of the mirror.  

 

 

 

One of the experiments in the ‘Secretum philosophorum’ , a late thirteenth or fourteenth-century 

‘book of experiments’ , showed precisely how to convert a convex glass mirror in to a concave 

mirror to make an image appear in the air. 

 

                                                           
16 ‘Non ti parrà adunque cosa magica se per tempo alcuno vedessi alcuna apparitione nell’  aere, come sarebbe città, o 

vero huomini che si movessino per l’  aere’ . Parronchi (1964), 631. 
17 Bodleian Library (Oxford), MS Cotton Vitellius C. VII, 279r-308v , 305v. 
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You can also make a mirror out of a convex mirror in which an image will appear outside, and this is how it 

is done. Take an ordinary (that is, a convex one) and scrape off the lead and put it in a box which is not too 

deep, so that the convexity is towards the bottom of the box, and the concavity is outwards. Then put 

something dark between the bottom of the box and the mirror, such as a black cloth or some such thing, and 

do this so that the visual ray is better reflected. Then if you attentively gaze in the mirror, you will see your 

image outside the box, in the air between you and the mirror. An image also appears outside in columnar 

and pyramidal mirrors, as is taught in perspective.18 

 

Excerpts of the ‘Secretum philosophorum’  were widely circulated and copied in the fifteenth 

century. This experiment, in particular, appeared alongside a fifteenth-century English copy of 

Roger Bacon’s ‘De multiplicatione specierum’  and ‘Perspectiva’ .19 The connection which this 

manuscript established with the work of Bacon was not coincidental. It is well-known that 

Bacon’s work, such as his ‘Epistola de secretis operibus artis et naturae’  which cited optical 

marvels of the same sort, was an important factor for Dee’s interest in optics, mirrors, and – we 

might assume – images in the air.20 Goulding has argued that the ‘Secretum philosophorum’ , 

which shared with Bacon an interest in visual deception, might be read, on a more general level, 

as an attempt to realize Bacon’s ‘experimental philosophy’ , or his program to attribute 

philosophical importance to ‘experiments’ .21 We might then consider Pena’s ‘De usu optices’  an 

attempt at the restoration of the connection between optical experiments, such as those found in 

‘Secretum philosophorum’ , and the causes of these magical appearances, discussed – as with the 

‘ images in the air’  – in perspectivist optics. The text is likewise significant for the possibility of 

confusion between these geometrical ‘ images in the air’  and experimentally projected images. Let 

us now first turn to the status of Kepler’s experience inside the Dresden Kunstkammer. 

 

3. Kepler  in the Dresden Kunstkammer and the Epistemology of Play 

 

We know little of the historical circumstances of Kepler’s camera obscura experience in the 

Dresden Kunstkammer, but it should not be doubted that the event had indeed taken place a few 

years before Kepler’s reference to it in Paralipomena. Kepler became well-connected with the 

                                                           
18 Goulding (2006), 156. 
19 Goulding (2006), 142. 
20 For Dee’s interest in Bacon’s optical work, see Clulee (1988), 52-57, 68-69. 
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Dresden scene as soon as he moved to the court of Rudolf II in nearby Prague in 1600.22 Among 

his friends and correspondents were many figures that belonged to the inner circle of the Dresden 

court, such as Polycarp Lyser, curator of the Electoral Library, the poet and secretary of the 

Elector, Johannes Seussius, and Johann Georg Godelmann, member of the Geheimer Rat of the 

Elector of Saxony. He also corresponded with the mathematicians Melchior Joestel and his 

successor Ambrosius Rhodius of the university of Wittenberg, the most important university on 

Saxon territory around 1600.23 Moreover, Kepler offered several of his publications on the nova 

of 1604, including his De stella nova (1606) and Astronomia nova (1609) to Christian II, the 

Elector of Saxony.24 Moreover, when Kepler’s position in Prague became insecure, Kepler hinted 

in a letter of December 1610 to a correspondent at the Dresden court that he was prepared to 

move to Dresden.25 After the death of Joestel in 1611 Kepler was shortly considered for the 

professorship of higher mathematics at the university of Wittenberg, over which the Dresden 

court held authority, but the Oberkonsistorium decided that to go after Kepler for this position 

was to aim too highly. They appointed Kepler’s colleague, Ambrosius Rhodius, instead.26 

 

The Dresden Kunstkammer was one of the more important courtly collections of its kind in 

central Europe.27 Originally, the high percentage of tools and mathematical instruments among 

the objects collected here made this Kunstkammer different from other early court collections, 

such as those of Albrecht V of Bavaria in Munich and of Archduke Ferdinand II at Schloss 

Ambras, near Innsbruck. But by the time of Kepler’s visit prior to 1604, the founder of the 

collection, Elector August of Saxony, had died and his successors had made considerable efforts 

                                                                                                                                                                                            
21 Goulding (2006), 139. 
22 My description of Kepler’s connections to the Dresden court is based on joint work with Michael Korey. See 

Dupré and Korey (2005). An informative summary of Kepler’s contacts with Dresden is in Helfricht (2001).  
23 See the letters in Kepler (1937-), 14, 159-160; 15, 81-82, 202-204, 317-318; 16, 344, 348. 
24 As discussed in Helfricht (2001), 35. 
25 Kepler (1937-), 16, 353. 
26 See the documents gathered in Kepler (1937-), 19, 349-350. 
27 My description here of the Dresden Kunstkammer is based on joint work with Michael Korey. See Dupré and 

Korey (200+). For a good general overview of the localization and organization of the Dresden Kunstkammer, see 

Watanabe-O’Kelly (2002), 71-99. 
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to collect other types of objects, such as naturalia and paintings, which made the balance between 

the types of objects in the Dresden collection more similar to that at other places.  

 

Nevertheless, the Dresden Kunstkammer continued to be a place of mathematical knowledge. On 
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the one hand, contemporary mathematical knowledge was reflected in the acquisition, 

organization and display of the objects in the collection – a few years later a mathematician, 

Lucas Brunn, was appointed court mathematician in charge of the Kunstkammer.28 On the other 

hand, objects in the collection were also used for the creation of mathematical knowledge. For 

Kepler it was not exceptional to take Kunstkammer objects as the starting point of his 

mathematical investigations. Beside the camera obscura experience in the Palace in Dresden, 

Kepler reported other instances, in which a visit to a courtly collection had inspired him to do 

mathematics.29 For example, during a visit to the Stahlhof in Dresden, which housed the elector’s 

stables and armoury, Kepler saw amidst the architectural ornament a dodecahedron; he later said 

that this inspired him to his study of the symmetry of the snowflake in the Strena (1611).30  

 

The more important question, however, is about the contemporary status of such objects and of 

the experiences in which they were used. At the courts both in Prague and Dresden courtiers 

participated in optical games inside the Kunstkammer with the optical objects collected there. In 

this connection, it should not surprise us that Horst Bredekamp has recently characterised the 

Kunstkammer as a Spielkammer.31 Play often revolved around optical objects. In his Magiae 

naturalis Della Porta discussed numerous optical games which made use of the image formation 

capacities of lenses, mirrors and camera obscura’s. A crystal ball, a gift presented to August I by 

the Duke of Savoy in 1580 and prominently displayed in the most important room of the Dresden 

Kunstkammer, was most likely also intended to be used in such social play or games centered 

around the ‘effects and powers of the crystal’ .32 Also Rudolf II, Kepler’s patron in Prague, was 

highly interested in optical games and Della Porta’s Magiae naturalis, Kepler wrote in a letter to 

                                                           
28 Dupré and Korey (200+). 
29 Bredekamp (1995), p. 37. 
30 Kepler (1975), p. 81. 
31 Bredekamp (1993), pp. 65-78. 
32 The specialized book collection within the Kunstkammer included a manuscript giving a ‘Description of the 

effects and powers of the crystal given by the Duke of Savoy to the Elector, Duke August of Saxony’ . The 

manuscript is only known from its title in the early Kunstkammer inventories. See Watanabe-O’Kelly (2002), 254. 

The crystal ball itself is preserved in the Grünes Gewölbe of the Dresden State Art Collections. For more details on 

the fate of this crystal ball, see Dupré and Korey (200+). 
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the Dresden court in December 1610.33 Optical games were, however, not the privilege of 

courtiers. In early seventeenth-century Antwerp merchants embellished their houses with a 

cabinet with a perspectiefje, an opening in the cabinet which was covered on all sides with plane 

mirrors placed at angles to each other in a hexagonal or octagonal pattern.34 (see Figure 3) The 

optical games in which the owner and visitors to the house were invited to participate involved 

the movement of eyes and heads, fingers and objects such as coins to see the ever-changing and 

multiple reflections described in Della Porta’s natural magic. 

 

These examples should suffice to show that in the sixteenth and seventeenth centuries images, 

including those anamorphically deformed, and monstrous apparitions ‘ in the air’  produced by 

mirrors and magic lanterns, were a form of social play. But what does this tell us about these 

‘ images in the air’? The playful context of production of these images is significant as to their 

epistemological status. Paula Findlen has shown that in this period no distinction was made 

between ludus, or social play, and lusus, intellectual play or the jokes of nature and the jokes of 

knowledge that populated the contemporary collections and texts.35 In recent years numerous 

historical studies have convincingly argued that contempories used the category of lusus to grasp 

the praeternatural.36 The realm of the praeternatural consisted of those ‘wonders’  or marvellous 

events and objects that fell outside the ordinary course of nature, but of which the cause was 

nevertheless not supernatural. Findlen has also shown that the notion of lusus incorporated the 

vocabulary of optical illusion.37 In the early-seventeenth century works of Jesuits, such as 

Athanasius Kircher, and anamorphoses-producing Minims such as Jean-François Niçeron, ludere 

and illudere went together. Anamorphoses – around which the mathematician Lucas Brunn 

would later in the seventeenth century display the perspective instruments and telescopes – were 

conceptualized in terms of lusus.38 The images of Giuseppe Arcimboldo, highly appreciated 

                                                           
33 Kepler to Anonymous in Dresden, 18 December 1610, in Kepler (1937-), 16, 347. For the intellectual climate at 

the Prague court of Rudolf II, see Evans (1973), especially for the importance of Della Porta and his natural magic at 

the Rudolfine court, see p. 197. For the role of serious jokes at this court, see Kaufmann (1990). 
34 Fabri (1999) and Fabri (1998). 
35 Findlen (1990). 
36 The locus classicus is Daston and Park (1998). 
37 Findlen (1990), 322-324. 
38 Dupré and Korey (200+). 
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paintings at the court in Prague, were also conceptualized as ‘serious jokes’ .39 We should, 

however, also recognize the jocular character of the deformed ‘ images in the air’ . 

 

 

 

The role of optical illusion in making the category of the praeternatural intelligible seems now to 

be reasonably well understood, but the consequences of the merging of ludere and illudere to the 

                                                           
39 Kaufmann (1990). 
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epistemological status of the optical images themselves has been left unexplored. If Della Porta’s 

optical games were paradigmatic for the intellectual category of lusus, what were then the 

consequences of the jocular character of these ‘ images in the air’  to their epistemological status? 

In the later sixteenth and early seventeenth centuries the ‘ images in the air’ , and the optical 

apparatus producing them, were the central objects of debate in the negotation of the boundaries 

between natural and demonic magic. If the ‘ images in the air’  were indeed to be situated in the 

realm of the praeternatural, their boundary status should not surprise us. The jocular and the 

demonic were mutually complementary forces in Renaissance culture.40 It is, in this connection, 

interesting to note that the image in the air of which Pena speaks in ‘De usu optices’ , as quoted 

above, was ‘highly deformed’ . ‘How hideous and terrible will the image seem of a mask prepared 

to arouse horror and consternation’ , Pena added. Monsters, devils, demons and other strange 

apparitions were, indeed, the dominant images which magicians produced. An early-fifteenth-

century example is in the ‘Bellicorum instrumentorum liber’  of Fontana. In this treatise on 

military machinery he pictured a kind of magic lantern designed to show images of demons, 

apparently to terrify the enemy. (see Figure 4) We will see that the monstrous or devilish 

deformation of these images in the air also is a significant reference to the subtance of which they 

were considerde to be made. The monstrous or devilish content of the ‘ images in the air’ , indeed, 

seems to point to the agency of demons in the production of these images. Nevertheless, others 

turned to these ‘ images in the air’  precisely to unmask the claims of demonic magic. As we will 

see, these authors found allies in those who reduced witchcraft to the creation of optical illusions. 

 

Several writers on optics tried to show that the ‘ images in the air’  were the products of natural 

magic ‘ in which’  – according to Benito Pereira’s definition – ‘wonders are created by the 

individual artifice of certain people who make use of things which are natural’ .41 One of them 

was Pena who claimed that one of the uses of optical knowledge consisted of the unmasking of 

the forgery of magicians involved in catoptromancy, divination and demonic magic. Pena argued 

that their illusionist tricks were based on nothing but natural optical knowledge. 

 

                                                           
40 This point is well made by Claudia Swan for early modern Holland. See Swan (2005), 133. 
41 As quoted in Ankarloo, Clark and Monter (2002), 161. 
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What should someone fear who has learned from optics to construct a mirror, in which one and the same thing is 

seen one hundred times … ; who understands to place a mirror so that in it you see those things which happen in the 

streets and houses of strangers? who knows that there certainly is a place, at which, if you look into a concave 

mirror, you will see but your eye? who knows that a mirror from plane mirrors can be constructed so that, he who 

looks into it, sees his image flying? Tell me, he who understand these things from optics, … does he not distinguish 

forgery and imposture from the truly physical things?’ 42  

 

Pena allowed the ‘ truly physical things’  of natural magic, which Della Porta defined as ‘ the 

practical part of natural philosophy, which produceth her affects by the mutual and fit application 

of one natural thing unto another’ , but he was opposed to another kind of magic, which Della 

Porta called ‘sorcery’ , in which magicians allegedly used demons and evil spirits.43 Only those 

ignorant of the optical knowledge at the basis of illusionistic games will believe that a demonic 

agency is responsible for their production, Pena argued. But why did these ‘ images in the air’  

become a central object of discussion in the negotation of the boundary between natural and 

demonic magic? We will attempt to answer this question in the next section by looking at the role 

of optics, and specifically images in the air, in theories of demonology and witchcraft. 

 

4. The Physiology of Images in the Air  

 

‘ In early modern Europe’ , Stuart Clark has argued, ‘ it was virtually the unanimous opinion of the 

educated that devils, and, a fortiori, witches, not merely existed in nature but acted according to 

its laws. They were thought to do so reluctantly and … with a good many unusual, or 

preternatural manipulations of phenomena, yet they were always regarded as being inside the 

                                                           
42 ‘Quid enim reformidabit is qui ex Opticis didicerit, speculum construi posse, in quo unus & idem videat sui 

centum aut eo plures imagines choreas ducentes? Qui intelligat speculum ita collocari posse, ut in eo videas ea quae 

fiunt & in vicis & in alienis aedibus? Qui sciat certum esse locum, & quo si inspicias speculum concavum, tuum 

oculum tantummodo visurus sis? Qui sciat speculum è planis speculis ita construi posse, ut qui se in eo aspiciat, 

suam imaginem volantem videat? Cedo, qui ista ex Opticis intelliget, nonné mulierum Thasselicarum praestigias 

facilè agnoscet? Nonné fucum & imposturam à rebus verè physicis distinguet?’ . Pena (1969), 158. 
43 ‘There are two sorts of Magick: the one is infamous, and unhappie, because it hath to do with foul spirits, and 

consists of Inchantments and wicked Curiosity; and this is called Sorcery; an art which all learned and good men 

detest; neither is it able to yeeld any truth of Reason or Nature, but stand meerly upon fancies and imaginations, such 
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general category of the natural’ .44 That the place of demons is in nature was also the opinion of 

one of the foremost catholic experts on demonology and magic, the Antwerp jesuit Martin del 

Rio. In ‘Disquisiinum magicarum libri sex’  (1599) he was always careful to distinguish between 

supernatural and praeternatural powers. Del Rio strongly opposed two kinds of magic, the first 

supernatural and the domain of divine intervention, the second praeternatural and the domain of 

humans, but also of demons and angels. Thus, according to Del Rio and others of the period, 

demons collobarated with humans, but they did this by manipulating only natural means.45 

 

But why was optical knowledge relevant to early modern demonologists? In this connection, it is 

important to realize that the devil was thought to possess enormous capacities of illusionism and 

deception. As we have seen, demons might have been allowed the skill to produce real effects in 

nature, but whenever they were confronted with their limitations in this regard, they could also 

overcome them by creating apparent effects which only experts in demonology were able to 

distinguish from real effects. Demons ‘could displace one object with another so quickly that 

transmutation appeared to occur, present illusory objects to the senses by influencing the air or 

wrapping fantastic shapes around real bodies, and, at the same time, delude all the third parties 

involved so that no contradictory testimony was available’ .46 In short, they could masterly 

deceive the senses. As a consequence of demons’  agency in nature as well as their deceptive 

capacities, three options were available for those in search of the causes of curious phenomena in 

the early modern period.47  Firstly, real effects could be caused by God, nature or demons. 

Secondly, the same agents could cause only apparent effects. Thirdly, the use of human art – 

sometimes considered fraudulent - created apparent effects that could deceive the senses. 

 

As we have seen, Pena argued that sorcerers’  illusionist tricks were based on nothing but natural 

optical knowledge. This argument was oft-repeated in the later sixteenth century in the context of 

witchcraft scepticism.  In Reginald Scot’s ‘The Discoverie of Witchcraft’  (1584) radical 

                                                                                                                                                                                            
as vanish presently away, and leave nothing behinde them … The other Magick is natural; which all excellent wise 

men do admit and embrace, and worship with great applause …’. Porta (1957), 1. 
44 Clark (1997), 152. 
45 Del Rio (2000), 57. See Gorman (2001), 233. 
46 Clark (1997), 166. 
47 Vermeir (2004), 586. 
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witchcraft scepticism went together with a belief in natural magic.48 ‘ If I affirme, that with 

certeine charmes and popish praiers I can set an horsse or an asses head upon a man shoulders, I 

shall not be beleeved; or if I doo it, I shall be thought a witch. And yet if J. Bap. Neap. [Della 

Porta] experiments be true, it is no difficult matter to make it seeme so’ , Scot expressed his belief 

in Della Porta’s natural magic.49 Of all optical experiments ‘ the woonderous devises, and 

miraculous sights and conceipts made and conteined in glasse, doo farre exceed all other; whereo 

the art perspective is verie necesserie’ .50 Unsurprisingly, Scot mentioned ‘ images in the air’  

among the effects produced by these wonderful mirrors. 

 

Others [glasses] are so framed, as therein one may see what others doo/ in places far distant; others, wherby 

you shall see men hanging in the aire; others, whereby you may perceive men flieng in the aire; others, 

wherin you may see one coming, & another going; others, where one image shall seem to be one hundred, 

&c. … others, that represent not the images received within them, but cast them farre off in the aire, 

appearing like aierie images51 

 

Witches’  illusionist tricks were based on natural optical knowledge, but – so one may ask – what 

did make witches themselves belief in their witchcraft? Scot claimed that ‘such things as we 

being bewitched doo imagine, have no truth at all either of action or essence, beside the bare 

imagination’ .52 In declaring witchcraft itself to be an illusion Scot followed Jan Wier’s ‘De 

praestigiis daemonum’  (1563). Wier argued that witches were deceived by the Devil. 

 

With subtlety and inimitable cunning this [evil] spirit mocks and deludes these instruments of his who 

incline toward his promptings, these poor feeble-minded, bewitched, and idle women, whom he so maddens 

that – twice wretched! – they falsely believe … that they themselves have done all the things that he puts 

into their imagination, or all the evils that have been committed by him … with God’s secret permission, or 

all the mocking illusions that he presents to their view by means of his trickery. And yet, all of these things 

are known to them only through phantasms or dreams.53 

 

                                                           
48 See Clark (1997), 249. 
49 Scot (1886), 257-258. 
50 Scot (1886), 258. 
51 Scot (1886), 258-259. 
52 Scot (1886), 260. 
53 Mora, Kohl and Shea J. (1991), 195. 
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In other words, Wier and Scot argued that sorcery depended upon the Devil’ s ability to deceive 

by way of the imagination. That the Devil deluded by exciting man’s imagination and by his 

capacity to project (mental) images was, in fact, a widely shared opinion in the late sixteenth 

century.54 For example, in ‘Of monsters and marvels’  (1573) Ambroise Paré explained sorcery as 

an illusion and, like Wier before him and Scot after him, stressed the role of imagination in 

causing witchcraft. Demons ‘obscure the eyes of men with thick clouds that scramble our minds 

giddily and deceive us by satanic impostures, corrupting our imaginations through their 

buffooneries and impieties’ .55 In short, demons deceived vision by making man’s deluded 

imagination project images which man wrongly took for real events. 

 

Such arguments were supported by a widely shared physiology of perception. Renaissance 

philosophers considered spiritus the ‘ first instrument’  of the soul.56 It was also thought to be 

directly affected by the imagination, one of the internal senses.57 Complex theories about the 

various kinds of spiritus and their functions should not concern us here, but we should note that 

spiritus played an important role in theories of magic and demonology. An essential basis of 

magic  - in theories championed by Ficino and attacked by opponents of magic such as Del Rio - 

was thought to be the transmission of the vis imaginativa by the human spirit.58 Magicians tried 

to control the spiritus, which connected the human spirit and the imagination with the cosmos. 

The importance of spirits in demonology derived from the problem of how demons could act on 

matter. The solution to this problem consisted of granting demons (and angels) a pneumatic 

(aerial or ethereal) vehicle.59 Pneuma, a notion of Stoic origin, was semi-spiritual and semi-

material. For Galen, pneuma was also instrumental in the process of vision.60 Visual spirits or 

optic pneuma was sent from the brain to the eyes through the optic nerves. The notion left its 

marks in medicine, but the same substance was also thought to pervade the cosmos in a highly 

influential neo-stoic theory. For example, in ‘De usu optices’  Pena followed neo-stoic 

                                                           
54 For Wier, Scot, and the role of imagination in witchcraft, see Swan (2005), 157-184. 
55 Paré A., Of monsters and marvels, ed. J. L. Pallister (Chicago – London: 1982) 91, quoted in Swan (2005), 183. 
56 Park (1988), 469. 
57 For theories of the internal senses, see Steneck (1974). 
58 Walker (1958), 179. 
59 For pneuma, demonology and the imagination, see Vermeir (2004), 581-582. 
60 Lindberg (1976), 9-11.  
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cosmological ideas in denying the Aristotelian distinction between heaven and earth and in 

claiming that there was only one substance, pneuma.61  

 

However, most important in this context, it was also thought that it was the substance of demons.  

It was this substance that made demons visible. For example, in a section on ‘how can an evil 

spirit make itself visible to the eye of the flesh when it has no body?’ , Del Rio described how 

demons become visible by attracting vapours and exhalations.  

 

I doubt whether he [the Devil] can choose his material simply from the air, and I do not think he can 

condense air alone to the point where he produces something solid. But whether he can or cannot, he usually 

finds it easy to mingle parts of air (the element he uses most), earth, water, cloud, vapour, and exhalations 

with the result that he easily produces colours from this mixture and easily condenses them into parts of a 

body and makes them stick together.62 

 

It were, thus, these vapours and ‘spirits’  that made the evil spirit visible. Pneuma was considered 

to be the substance of dreams, strange apparitions, etcetera. In short, it was the substance of the 

imagination which could project its images on these ‘spirits’ .63 Thus, when demons acted on 

humans, they did this by disturbing these ‘spirits’  of the imagination. 

 

Demons were then most appropriate images to appear in the air. These images in the air were 

produced according to the laws of nature, and, as Pena stressed in ‘De usu optices’  quoted at the 

start of this essay, the use of natural optical knowledge suffices for their production. The demonic 

content of these ‘ images in the air’ , however, is most appropriate, since it stressed these images 

were products of the imagination. These monstrous ‘ images in the air’  were, thus, fundamentally 

psychological, and as such, they were paradigmatic of optical imagery in general. With regard to 

the definition of an image in the optical tradition, Kepler stressed: ‘An image [imago] is the 

                                                           
61 For stoic influence on seventeenth-century cosmology, and Pena’s, in particular, see Barker (1985). See also 

Barker (1991); Barker and Goldstein (1984). 
62 Del Rio (2000), 112. 
63 See Vermeir (2005), 133. 
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vision of some object conjoined with an error of faculties contributing to the sense of vision. 

Thus, the image is practically nothing in itself, and should rather be called imagination’ .64 

 

5. Kepler ’s Reading of Della Por ta’s Magiae naturalis 

 

Let us now turn to Kepler’s theory of optical imagery in Paralipomena. Here Kepler himself 

explicitly defined his experience inside the camera obscura in terms of social and intellectual 

play. About the ‘ image in the air’  which Kepler saw in the darkened room of the Dresden 

Kunstkammer, he noted that ‘what I, steeped in demonstrations, stated that I had seen, the others 

denied. I therefore attribute it, not to the overseer’s intent, but to chance’ , and he concluded his 

description of the experience by admitting that ‘ the games [ludi] can be made more elaborate’ .65 

Moreover, in his Somnium Kepler told how he himself performed magical optical games inside 

the camera obscura at the beginning of his astronomical observations: ‘This also is a magical 

ceremony. … During those years in Prague I often carried out a special procedure in connection 

with a certain observation. Whenever men or women came together to watch me, first, while they 

were engaged in conversation, I used to hide myself from them in a nearby corner of the house, 

which had been chosen for this demonstration. I cut out the daylight, constructed a tiny window 

out of a very small opening, and hung a white sheet on the wall. Having finished these 

preparations, I called in the spectators. These were my ceremonies, these were my rites … In 

capital letters I wrote with chalk on a black board what I thought suited the spectators. The shape 

of the letters was backwards (behold the magical rite), as Hebrew is written. I hung this board 

with the letters upside down in the open air outside in the sunshine. As a result what I had written 

was projected right side up on the wall within’ .66 Nevertheless, the magical game brought the 

optical principles underlying the games inside the camera obscura within the realm of knowledge. 

‘The spectators enjoyed [these games] all the more for realizing that they were games’ , Kepler 

                                                           
64 ‘Breviter, imago est visio rei alicuius, cum errore facultatum ad visum concurrentium coniuncta. Imago igitur per 

se penè nihil est, imaginatio potiùs dicenda’ . Kepler (1937-), 2, 64, translation in Kepler (2000), 77. 
65 ‘Sed quod ego demonstrationibus imbutus videre me affirmabam, caeteri negabant. Itaque non consilio custodis, 

sed casui tribuo. … Possunt amplificari ludi’ . Kepler (1937-), 2, 164-165, translation in Kepler (2000), 194. 
66 Kepler (1967), 57. For the jocular character of Kepler’s magical games in Somnium, see Chen-Morris (2005).  
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claimed.67 Only those ignorant of optical knowledge would be misled in thinking that other than 

human and natural agency was responsible for the production of these images.  

 

We are now in a position to re-examine Kepler’s report of the ludi inside the Dresden 

Kunstkammer and his reading of Della Porta’s Magiae naturalis. The two passages in Della 

Porta’s Magiae naturalis to which Kepler referred are chapters 10 and 13 of book 17 in which 

Della Porta made images in the air appear with a convex lens or crystal ball. Which are the 

optical effects perceived by varying the distance of a candle light to a convex lens and placing the 

eye at a distance exceeding the center of curvature of the lens? First, when the candle light is 

close to the lens, a right oriented virtual image is perceived, of approximately the same size as the 

candle light itself. When the candle light is moved farther away from the lens, a virtual image is 

still perceived. This image becomes larger until it ‘explodes’  when the candle light is beyond the 

point of combustion of the lens. When the candle light is moved farther away from the lens 

beyond the point of combustion, the image is inverted. It also becomes progressively smaller. 

 

 

 

                                                           
67 Kepler (1967), 58. 
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The perceived image is at the surface of the lens or crystal ball. In his De Refractione (1593) 

Della Porta accepted this location of the perceived image. He attempted to offer a demonstration 

for it by applying the cathetus rule to image formation in a refracting sphere.68 The cathetus rule 

was the accepted perspectivist means to find the geometrical locus of images, but its application 

here was completely arbitrarily, because Della Porta did not know how to apply it to a case with 

more than one refracting or reflecting surface. (Figure 5) He assumed that the ray CB is refracted 

to E, where it is again refracted to the eye at A. To locate the image of G, he took the cathetus 

from G through the center D, and, then, located the image in E, at the surface of the refracting 

sphere, where it intersects the refracted ray BE. Thus, Della Porta arbitrarily applied the rule to 

find the geometrical locus of images to demonstrate the locus of the perceived images. 

 

In our discussion of Pena’s De usu optices, and his reference to Witelo’s Perspectiva for his 

understanding of ‘ images in the air’ , we have already seen that the image in the air refered to the 

geometrical locus of an image. There the image was produced in a cylindrical mirror inside a 

camera obscura, but in the air refered likewise to the geometrical locus of images (by application 

of the cathetus rule) in concave mirrors or aqueous globes. In his Magiae naturalis Della Porta 

confused images in the air with images projected on a piece of paper. Della Porta not only 

confused geometrical images with perceived images (as above), he also confused geometrical 

images with projected (or optical) images. In the section ‘with a convex crystalline lens, to see an 

image hanging in the air’ , Della Porta created confusion between the image seen between this 

lens and the eye (in the air) and the projected image, because he wrote that ‘ if you will place a 

piece of paper in the way, you will see clearly that a lighted candle appears to be burning upon 

the paper’ .69 Della Porta assimilated projected images to the category of ‘ images in the air’ . 

 

Kepler situated the third section of chapter 5 of his Paralipomena inside the camera obscura. He 

opened this chapter with a description of image formation in a crystal ball in a room-size camera 

obscura. Unlike Della Porta, he differentiated between perceived and projected images: 

 

                                                           
68 Porta (1593), 49. See Dupré (2005), 168. 
69 Porta (1957), 368-369, translated in Kepler (2000), 193-194. 
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For if one were to stand with a crystalline or aqueous globe of this kind in some room next to a glazed window, and 

provide a white piece of paper behind the globe, distant from the edge of the globe by a semidiameter of the globe, 

the glazed window with the channels overlead with wood and lead … are depicted with perfect clarity upon the 

paper, but in an inverted position. The rest of the objects do the same thing, if the place be darkened a little more … 

whatever things are able to reach through the breadth of the little window or opening to the globe are all depicted 

with perfect clarity and most pleasingly through the crystalline upon the paper opposite. And while the picture 

appears at this distance uniquely (that is, a semidiameter from the globe to the paper), and nearer and farther there is 

confusion, nevertheless, exactly the opposite happens when the eye is applied. For if the eye be set at a semidiameter 

of the globe behind the glass, where formely the picture was most distinct, there now appears the greatest confusion 

of the objects represented through the glass. … If the eye comes to be nearer to the globe, it perceives the objects 

opposite erect and large, … if it on the other hand recedes farther from the globe than the semidiameter of the globe, 

it grasps the objects with distinct images, inverted in situation, and small, and clinging right to the nearest surface of 

the globe.70 

 

In the third chapter of his Paralipomena Kepler rejected the cathetus rule, because the cathetus 

had no meaning within his physics of light.71 To replace the cathetus rule he formulated a more 

general rule for image location, based on the ‘distance-measuring triangle’  to explain the 

judgment of distances.72 Kepler argued that distances are determined by a triangle that uses the 

distance between our two eyes, the base of the triangle, and the angle of convergence of the axes 

of the eyes, converging toward the object, that is, the vertex of the triangle. Since the eye is 

                                                           
70 ‘Etenim si quis cum huiusmodi globo crystallino vel aqueo contra fenestram vitream stet in conclavo aliquo, 

adhibeatque albam papyrum post globum, semidiametro globi à margine globi remotam, fenestra vitrea cum intextis 

ex ligno et plumbo canalibus, vitrorum limbos obeuntitibus, clarissimè pingitur super payrum post globum, everso 

tamen situ. Idem faciunt res caeterae, si paulò plus obtenebretur locus; adeo, ut globo aqueo in cameram, … et 

fenestellae opposito, quaecunque per amplitudinem fenestellae seu foraminis possunt ad globum pertingere, omnia 

clarissimè et iucundissimè in opposita papyro per crystallinum depingantur. Cumque in unica hac remotione (nempe 

semidiametri papyri à globo) pictura appareat, ante et post fiat confusio; fit tamen planè contrarium applicato oculo. 

Nam si oculus constituatur post vitrum semidiametro globi, ubi prius distinctissima erat pictura, iam maxima existit 

confusio rerum per vitrum repraesentatarum. … Si propior fiat oculus globo, cernit oppositas res erectas et magnas, 

ubi super papyro confunduntur, sin recedat à globo longius semidiametro globi, comprehendit res distinctis 

imaginibus, everso situ, et parvas, et in ipsa globi superficie proxima haerentes’ . Kepler (1937-), 2, 162, translation 

in Kepler (2000), 191. 
71 For a discussion of Kepler’s rejection of the cathetus rule, see Chen-Morris and Unguru (2001); Shapiro (1990), 

122-124; Simon (1976), 464-477. 
72 Kepler (1937-), 2, 66-67. 
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unaware of any change of direction of rays before they enter the eye, it judges objects to be in the 

place where the reflected or refracted rays come from. Thus, Kepler argued, ‘ the genuine place of 

the image is that point in which the visual rays from the two eyes meet, extended through their 

respective points of refraction or reflection’ .73 In the first proposition of the fifth chapter he 

applied the principle that the image is at the vertex of the two-eyes-based optical triangle to 

image formation in a sphere filled with water.74 (Figure 6) He located the image of point A, seen 

through the sphere filled with water EFG with two eyes B and C at D, the intersection of the rays 

AEFC and AGHB. It is evident that Kepler located the image in the air. By replacing the cathetus 

rule Kepler tried to bring the geometrical locus in accordance with the perceived locus. 

 

 

 

However, in the following propositions, Kepler adduced reasons why the image is seldom seen at 

D. In proposition 5 he finally retreated from the claim in his first proposition. He wrote: ‘ In front 

of an aqueous ball or globe there is no place for the image of an object hiding behind the globe’ .75 

                                                           
73 ‘Estque locus imaginis genuinus illud punctum, in quo coëunt producti radii visorii ex utroque oculo, per sua 

puncta refractionum vel repercussuum’ . Kepler (1937-), 2, 72, translation in Kepler (2000), 85. 
74 Kepler (1937-), 2, 162-163. 
75 ‘Ante pilam seu globum aqueum nullus est locus imagini rei post pilam latitantis’ . Kepler (1937-), 2, 164, 

translation in Kepler (2000), 193. 
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Kepler used the distinction between projected images and perceived images to criticize Della 

Porta’s account of image formation, which – as we have seen - failed to make this distinction. 

 

Pertinent to this is what Porta had taught in chapter 10 preceding, ‘with a convex crystalline lens, to see an image 

hanging in air’ . … For this reason, he adds, ‘ If you will place a piece of paper in the way, you will see clearly that a 

lighted candle appears to be burning upon the paper.’  That is, the image will be seen weakly and hardly at all in the 

bare air itself, by Porta’s admission. But if you put a piece of paper in the way – if, I say, you interpose a piece of 

paper between the lens and the sense of vision (for, with me, Porta here is still speaking about the image, not yet 

about the picture, of which this is true, as will be clear below), the image will now appear, not hanging in air, but 

fixed on the paper. For the paper, striking the eyes more obviously, steadies them on the place of the image, so that 

they may be turned towards each other in that direction. And nonetheless, because the paper is then brighter than the 

image, the paper will be seen primarily, the image secondarily. For it is not mathematical dimensions alone that 

create the image, but also, and much more, the colors and lights and physical causes. … If you should focus the 

eyesight upon one place, namely, upon the place of the image previously investigated, as it has been described in 

prop. 1 of this chapter, when a clearly visible object is placed nearby, then the eyes coming together upon this object, 

will also see the required image secondarily.76 

 

Thus, this is not to say that it was impossible for Kepler to perceive images at the locus indicated 

in his proposition 1. A paper support for these images is however desirable to create the 

conditions under which such an image can be perceived. In truly exceptional circumstances, like 

the one Kepler reported to have taken place in the Dresden Kunstkammer, Kepler did perceive 

the image in the air which under normal conditions cannot be perceived. Nevertheless, Kepler 

immediately cut off this report by stating that he would only discuss ‘ things that are more 

                                                           
76 ‘Quorsum pertinet et illa, quae Porta capite 10. praecedento docuerat, Lente crystallina convexa imaginem in aëre 

pendulam videre. … Propterea addit: Si papyrum obiicies, clarè videbis, ut candela accensa super papyrum ardere 

videatur. Nempe malignè et vix videbitur imago, fatente Porta, in ipso nudo aëre. At si papyrum obiicias, si inquam 

interponas papyrum inter lentem et visum, (nam hic Porta mecum adhuc de imagine loquitur, nondum de pictura, de 

qua verum hoc est, ut infra patebit), iam non pendula in aëre, sed fixa in papyro videbitur imago. Papyrus enim 

evidentiùs feriens oculos, stabilit illos in loco imaginis, ut contorqueri eo possint. Et tamen quia tùm papyrus clarior 

imagine, papyrus praecipuè videbitur, imago secundariè. Non enim solae mathematicae dimensiones imaginem 

creant, sed etiam et multò magis colores atque lumina et physicae causae … Si convoces oculorum acies in unum, 

nempe in ante investigatum locum imaginis, qualiter in prop. 1 huius descriptus est, apposita in  propinquo re insigni: 

tunc oculi ad rem hand coëuntus, videbunt et imaginem imperatam secundariè’ . Kepler (1937-), 2, 164, translation in 

Kepler (2000), 193-194. 
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obvious and ready at hand’ .77 In what followed Kepler discussed pictures or projected images: 

‘Since hitherto an Image [Imago] has been a Being of the reason, now let the figures of objects 

that really exist on paper or upon another surface be called pictures [Pictura]’ .78 Kepler located 

the picture at the intersection of pencils of rays along the axis of the sphere filled with water – a 

location which was based on his concept of a refracting focus. He demonstrated that ‘ through a 

globe of a denser medium, any point more remote than the intersections of parallels strongly 

depicts itself upon paper, located at the last boundary of the intersection of its radiations, not 

before and not after this point; and the picture comprising all the points is seen inverted’ .79 Unlike 

images - products of the imagination -, pictures were made by rays of light only. 

 

Conclusion 

 

What did Kepler learn from Della Porta’s natural magic? Della Porta’s contribution to Kepler’s 

new optics is difficult to grasp in terms of ‘ influence’  or ‘ transmission’ . Therefore, alternatively, I 

have attempted to portray Kepler as an early seventeenth-century mathematician who was 

immersed in a contemporary court culture obsessed with optical games, in which Kepler actively 

participated in Prague and Dresden. In this guise of court mathematician Kepler read the 

perspectivist tradition. He sorted out the existing conceptual confusion and ambiguity in natural 

magic between projected images and images in the air – categorized as objects of play and thus 

carried over within the realm of optical knowledge – on the basis of his familiarity with the 

perspectivist concepts as well as his experience of images inside the camera obscura.  

 

However, I have also attempted to show that we should be cautious of the role and meaning of 

this experience inside the camera obscura in Kepler’s theory of optical imagery. Surely, that 

Kepler actively intervened to produce images is not the most novel aspect of his use of 

                                                           
77 ‘Nos hic evidentiora et promptiora proponemus, ad institutum scilicet accommoda’ . Kepler (1937-), 2, 165, 

translation in Kepler (2000), 194. 
78 ‘Cùm hactenus Imago fuerit Ens rationale, iam figurae rerum verè in papyro existentes, seu alio pariete, picturae 

dicantur’ . Kepler (1937-), 2, 174, translation in Kepler (2000), 210. 
79 ‘Per globum densioris medii punctum quodlibet, remotius intersectionibus parallelorum, pingit sese fortiter super 

papyro, collocata in termino ultimo intersectionis suarum radiationum: non ante, non post hoc punctum, et pictura ex 

omnibus constans punctis, eversa spectatur’ . Kepler (1937-), 2, 176, translation in Kepler (2000), 211. 
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experiment.80 Moreover, different from more recent notions of experiment, Kepler’s 

experimentum in the Dresden Kunstkammer was a seemingly unique experience to which Kepler 

was only a witness (and a passive one, as far as we can tell). In the context of the medical 

practice of Anna of Saxony, the wife of Elector August, founder of the Dresden Kunstkammer, 

Alisha Rankin has recently argued for a court experimentalism as a middle ground between the 

medieval notion of experimentum as a singular event and its later use in which it became 

connected with the generation and justification of natural philosophical theories in ‘experimental 

philosophy’ .81 In the case of Kepler – perhaps not coincidentally situated in the same courtly 

context which Rankin discussed – we can give now a more precise meaning to this notion of 

court experimentalism. It was the ludic structure of the experiment which allowed Kepler to use 

the images generated inside the camera obscura to develop a new theory of optical imagery. 

Nevertheless, Kepler’s notion of pictura was not universally applicable, and Kepler would not 

proceed to use it for understanding telescopic images in Dioptrice (1611). The same ludic 

structure of the experiment allowed Kepler to differentiate between projected images and the 

abnormal product of the human imagination, the image in the air appearing inside the camera 

obscura in the darkened Dresden Kunstkammer. Kepler’s notion of experimentum and his use of 

it inside the Dresden Kunstkammer to generate a new optical theory contain, then, lessons about 

the role of experiment in the period prior to the establishment of ‘experimental philosophy’ . 
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Captions 

 

Figure 1. Image in the air outside a convex cylindrical mirror. A. Mark Smith’s reconstruction of 

the diagram on the basis of Witelo, Perspectiva, Book 7, proposition 60. From Smith A. M., 

“Reflections on the Hockney-Falco Thesis: Optical Theory and Artistic Practice in the Fifteenth 

and Sixteenth Centuries” , Early Science and Medicine 10 (2005) 163-185, 179. 

  

Figure 2. Image outside a convex mirror. From Giovanni Fontana, Della prospettiva, Ricc. 2110, 

Biblioteca Riccardiana, Florence, 1400-1450, fol. 12r. 

 

Figure 3. Art cabinet, mid-17th century, 160 x 110 x 47 cm, Antwerp, Museum Rockox, Inv. 

77.144. 

 

Figure 4. A magic lantern. From Giovanni Fontana, Bellicorum instrumentorum liber, Cod. Icon. 

242 (Bayerische Staatsbibliothek, Munich), 1420-1440, fol. 70r. 

 

Figure 5. The application of the cathetus rule to image formation in a refracting sphere, from 

Giovanni Battista Della Porta, De Refractione, 1593. 

 

Figure 6. Image location in a refractive sphere with two eyes, from Johannes Kepler, 

Paralipomena ad Vitellionem, 1604. 


