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ABSTRACT

A recent theory claims that some Renaissance artists, as early as 1425, secretly traced optically projected images
during the execution of some passages in some of their works,nearly a quarter millennium before historians
of art and of optics have secure evidence anyone recorded an image this way. Key evidence adduced by the
theory's proponents includes the trelliswork in the right panel of Robert Campin's M�erode altarpiece triptych
(c. 1425{28). If their claim were veri�ed for this work, such a discovery would be extremely important to
the history of art and of image making more generally: theAltarpiece would be the earliest surviving image
believed to record the projected image of an illuminated object, the �rst step towards photography, over 400
years later. The projection theory proponents point to teeny \kinks" in the depicted slats of one orientation
in the Altarpiece as evidence that Campin refocussed a projector twice and traced images of physically straight
slats in his studio. However, the proponents rotated the digital images of each slat individually, rather than the
full trelliswork as a whole, and thereby disrupted the relative alignment between the images of the kinks and
thus confounded their analysis. We found that when properlyrotated, the kinks line up nearly perfectly and are
consistent with Campin using a subtly kinked straightedge repeatedly, once for each of the slats. Moreover, the
proponents did not report any analysis of the other set of slats|the ones nearly perpendicular to the �rst set.
These perpendicular slats are straight across the break line of the �rst set|an unlikely scenario in the optical
explanation. Finally, whereas it would have been di�cult fo r Campin to draw the middle portions of the slats
perfectly straight by tracing a projected image, it would have been trivially simple had he used a straightedge.
Our results and the lack of any contemporaneous documentaryevidence for the projection technique imply that
Campin used a simple mechanical aid|such as a minutely kinked straightedge or a mahl stick commonly used
in the early Renaissance|rather than a very complex optical projector and procedure, undocumented from that
time.
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1. INTRODUCTION

A recent theory claims that some Renaissance artists as early as 1425 secretly traced optically projected images
during the execution of passages in some of their works, and that this procedure was key to the rise of a realistic,
photographic, or \optical" look in the ars novaor \new art" of that time. 1 The earliest evidence adduced by the
theory's proponents lies in the right panel of The M�erode altarpiece, a devotional triptych by The Master of the
Fl�emalle, occasionally identi�ed as Rogier van der Weyden the Younger, but most widely identi�ed as Robert
Campin, the attribution we shall assume here.2 The proponents' evidence consists of \perspective changes"
and teeny \kinks" in the slats in the trelliswork behind St. J oseph's head, as we shall see. If the projection
claim were to be proven for this work, it would have great import for the histories of both art and optics: it
would indicate optical knowledge was far more advanced thanscholars now believe, and that the altarpiece is
the earliest surviving record of the projected image of an illuminated object|the �rst step toward the chemical



Figure 1. Master of the Fl�emalle (Robert Campin) and assist ant, M�erode altarpiece (c. 1425{28) 64.1 � 63.2 cm (central),
64.5 � 27.3 cm (each wing), Metropolitan Museum of Art. The left pan el of this triptych shows the donors; the central
panel portrays the moment before The Annunciation, when Gab riel reveals to Mary that she is to bear the Son of God;
the right panel shows St. Joseph in his carpenter's shop. The perspective lines in each panel show that the perspective is
wildly incoherent and inconsistent. For example, sets of li nes presumably parallel in the picture space, when extended,
do not meet at a single vanishing point; moreover, sets of (poorly de�ned) \vanishing points" do not lie along a common
horizon line. For instance, the (green) lines de�ned by the c eiling beams in the center panel (approximately) meet much
higher than the (blue) lines de�ned by the moldings at the top of the left wall, even though these \vanishing points"
should both lie on the same horizon line. Even in small passages, the perspective is incoherent and inconsistent, for
instance the (green) 
oor lines in the right panel. Moreover , there are many long, straight lines (
oor, bench, ceiling
beams, etc.), clearly executed with the aid of a straightedge and not by tracing projected, refocused images. This tript ych
was executed before knowledge of Alberti's the rules of geometrical perspective arrived from Florence. c
 The Cloisters
Collection, Metropolitan Museum of Art.

recoding of such images in photography, over 400 years later. Moreover such a discover would profoundly revise
our understanding of studio practice in the Renaissance.

We begin in Sect. 2 with a brief description of David Hockney's mirror projection theory and the claims from
him and his colleague, Charles Falco, about theAltarpiece in particular. We illustrate the well-known fact that
the geometrical perspective throughout the full triptych i s wildly inconsistent, and that such inconsistencies, and
other physical constraints such as the likely lack of adequate illumination, show that projections were not used for
these portions. Then, in Sect. 3 we consider the trellisworkof the right panel. We mention some of the previous
analyses of the optical claim about this trellis and then show that the projection theory proponents presented
some of their evidence in a misleading way (rotating slats individually and shifting their relative alignments),
and that when properly presented (rotating slats as a group and preserving their relative alignments), the
evidence does not support the projection theory. We �nd, furthermore, that the kinks in the set of slats nearly
perpendicular to the �rst set do not align with those in the �r st set|a very unlikely scenario if Campin had
traced projections. Most importantly, in Sect. 4 we show that all the relevant image evidence can be easily
explained by Campin using a very slightly|almost impercept ibly|kinked straightedge or mahl stick (brace),
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both widely used in Campin's era. We conclude that Campin did not use what would have been the most
complicated optical system of his era, undocumented from that time. We end in Sect. 5 with a summary of our
evidence and analyses as well as a judgment about the projection theory applied to this painting.

2. HOCKNEY'S TRACING THEORY

David Hockney recently claimed that some European artists as early as 1425 secretly traced optically projected
images for some passages in some of their works, and that thisprocedure was key to the development of a highly
realistic style that emerged at that time.1, 3 Hockney and his colleague, Charles Falco, point to the trelliswork in
the right panel as evidence Campin secretly built a concave mirror projector, projected the image of a physical
trellis onto his wood panel support, traced this image, and then applied paint.

2.1 The M�erode altarpiece

Figure 1 showsThe M�erode altarpiece by the Master of the Fl�emalle, widely identi�ed as Robert Ca mpin.2 The
central panel of this devotional triptych shows an annunciation scene with the angel Gabriel descending from
the left and the Virgin reading at the right. The left panel sh ows the kneeling donor, as well as his wife|likely
added later, by a di�erent artist. We shall focus our attenti on on the right panel, which shows St. Joseph in
his carpenter's studio, a bench, tools, a mouse trap, view through the window onto the town, and|our central
concern|the trellis behind St. Joseph's head.

It has long been known that the geometrical perspective in the full triptych is wildly inconsistent. Vanishing
points de�ned by one set of parallel lines in the picture space (e.g., lines on 
oor boards, rafters, hearth, ...)
do not coincide as they should, were the painting executed through geometric perspective construction. Nor,
clearly, are these geometric inaccuracies consistent withthe use of optics. Here, just as Tyler pointed out when
rebutting the projection claim for Lorenzo Lotto's Husband and wife, the perspective is locallyincoherent despite
numerous passages that are globally coherent.4 For instance, the (nearby) 
oor boards in the right panel lack a
single well-de�ned vanishing point, but the lines in the 
oo r remain straight a long distance in the plane of the
painting. There are many such examples, as the reader can easily verify from Fig. 1.

Figure 2. The M�erode trellis, where the upper-left-to-lower-right (UL-to-LR) slats are rotated individually to the vertical
(cf. Table 3). Each slat was then then shifted up or down (slig htly) so as to best align the di�erent rows of teeny kinks
in the slats. The short red segments indicate the teeny kinks, and the two long green lines indicate the best-RMS linear
�t to each set of kinks.

3. GEOMETRIC ANALYSIS OF THE TRELLIS

In brief, Hockney and Falco claim that Campin took the physical trellis out into the direct sunlight, built|
possibly even invented|the concave mirror projector system, projected an image of the trellis onto the wood



slat 1 2 3 4 5 6 7 8 9 10 11 12 13
angle 25:1� 22:6� 25:9� 26:3� 30:2� 31:1� 31:8� 33:5� 33:2� 34:2� 34:5� 32:5� 31:9�

Table 1. We rotated the 13 upper-left-to-lower-right (UL-t o-LR) slats individually by the angles shown (slat 1 on the le ft,
slat 13 on the right), to align them vertically, as shown in Fi g. 2.

panel support and then traced this image.5 There are geometric tests of the image of the trellis that shed light
on this claim, as we shall see.

First, recall that an optical projector of the sort proposed by Hockney and Falco yields images that are
very dim|roughly 1/1000 the brightness of the source scene.6 The only illuminant in the early Renaissance
su�ciently bright to project a visible image is direct sunli ght, as Hockney and Falco themselves admit. Given
that the right panel depicts a manifestly indoor scene, Hockney and Falco's argument, in full, would seem to
demand that Campin take the bench and trellis out into the dir ect sunlight, build a complex optical projector,
create some form of tent or ba�e to block the ambient light fro m striking the panel (so that the dim projected
image is visible), trace the front few centimeters of the images of the slats, refocus the projector to render the
middle portion of the slat images, trace them, then refocus again to trace the rear few centimeters of the images
of the slats. Afterwards, he would have to move the bench and its trellis back into the studio, so as to depict
St. Joseph and the other objects abutting the bench and trellis. All this without him or his studio apprentices
leaving any surviving documentary record of even the knowledge of appropriate optical projections.

All this in order to render, in essence, a checkerboard.

The geometric evidence �rst adduced by Hockney and Falco wasa change is the overall orientation between
the perspective lines determined by the middle of the front half and by the middle of the back half of the
trellis. 5 They argued that such a change in vanishing points would arise neither through geometric perspective
construction, nor the use of mechanical aids. Instead, theyargued, Campin built an optical projector and
refocussed his projector twice to overcome its limitationsin depth of �eld, each \exposure" having its own
vanishing point. Stork, however, showed a simple and highlyplausible geometrical explanation for this change
in vanishing points: Campin simply marked points around the drawing of the perimeter of a slightly distorted
frame (where each side of the bottom leg of the frame was assumed to extend behind St. Joseph's head), and
joined these points by straight, diagonal crossing lines. Moreover, the same procedure can explainthree such
vanishing points, if one assumes the portion of the frame occluded by St. Joseph is a single segment.7

Figure 3. The M�erode slats, rotated clockwise as a wholeand then reduced vertically so as to better reveal the slight kinks
in the UL-to-LR slats, as marked in green. Note especially th at we have kinks along the top of the trellis. The jagged red
line links the kinks that would be roughly vertical in the pai nting.

Then the projection theory proponents pointed to the teeny kinks in the slats as evidence for the use of



projections. They argued against the use of a straightedge,claiming an ideal straightedge would not produce
kinks in the tracing. Here we show drawbacks and limitationsof their analyses, and new evidence that shows
that a slightly kinked straightedge explains the visual evidence very well indeed.

Hockney and Falco analyzed only one set of slats (UL-to-LR);they did not present the evidence in the slats
nearly perpendicular to that set, that is the LL-to-UR slats . These latter slats reveal powerful evidence that
contradict their projection theory.

Figure 4 reveals these LL-to-UR slats. Note especially thatthere are kinks (indicated by green) running along
the top of the frame of the trellis, that is, into the depth of the picture space. Such visual evidence is incompatible
with the projection explanation, which posits that refocussings are at a given depth, and hence vertical in the
painting. Moreover, look closely at blue line (transferred from Fig. 3, or a nearby one given by Hockney and
Falco). These LL-to-UR slats arestraight across such a purported refocussing line. This

Figure 4. The M�erode slats, rotated counter-clockwise as a wholeand then reduced vertically so as to better reveal the
slight kinks in the LL-to-UR slats, as marked in green. The re d line is a best least-squares �t to the kinks in these slats.
Notice especially that this �t line goes into the depth, a dir ection incompatible to Hcokney and Falco's explanation for
the kinks. Notice too that the LL-to-UR slats are straight ac ross blue line|the line �t through the kinks in Fig. 3.
(These LL-to-UR slats are also straight across the line mark ing the purported refocussing given by Hockney and Falco.)
If Campin refocussed his projector at this depth, it would be an extremely unlikely coincidence that that these slats are
straight, as we �nd. Both key aspects of this evidence|red wr ong direction, slats straight across the purported refocussing
line|argue strongly against the Hockney and Falco optical e xplanation.

4. STRAIGHTEDGE EXPLANATION

Recall that Stork showed that the perspective \breaks" �rst identi�ed by Hockney and Falco could be explained
simply by the use of a straightedge.7 Hockney and Falco later identi�ed the teeny kinks in the slats and correctly
pointed out that such a perfectly straight straightedge could not explain such kinks. But what if the straightedge
itself had such teeny, almost imperceptible kinks?

Figure 5 shows the LL-to-UR slats at the same scale, rotated and aligned so that their central segments are
horizontal and their left kinks are aligned vertically. Not e that the horizontal distance to each of the other kinks
is very nearly the same, as indicated by the green lines. Furthermore, the end segments of all these slats have
very nearly the same orientation. The red subtly kinked line below is the shape that best �ts (in an LMS sense)
this visual evidence, a sort kinksignature shared by the slats.

Campin could easily have executed the slats using a straightedge with the shape of the red line at the bottom
of Fig. 5, perhaps shifting or rotating slightly as he executed di�erent slats. For instance, when executing
the UL-to-LR slats shown in Fig. 2, he would introduce the slight variation in relative angles in Table 3. (He
would have had no reason to ensure the imperceptible kinks lined up.) Figure 6 shows, at 1:1 scale, the shape of
such a straightedge consistent with all the visual evidencein the trellis. Campin could easily have traced along
the subtly kinked side of the straightedge for some slats, then, when reorienting for other slats, used the truly
straight side, explaining all the visual evidence we �nd in the work.

The straightedge is not the only mechanical explanation forthe visual evidence; Campin might easily have
used the closely relatedmahl stick (from obsolete Dutch maalstok: malen, to paint, plus stok, stick). A mahl
stick is a thin rod with a cloth or chamois ball on one end. A right-handed artist places the ball against the



Figure 5. The LL-to-UR slats, rotated individually, scaled in one direction and with left kinks aligned (cf. Fig. 6). The
red �t shape at the bottom �ts well the angles of the kinks and t he length of the straight portion (when present); the red
kinked line represents, then, a sort of common signature of the slats.
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Figure 6. All the geometric evidence in the M�erode trelliswork can be explained by Campin using a straightedge having
the shape and absolute scale shown here. An alternate, equivalent mechanical explanation posits the use of a subtly
kinked mahl stick, such as shown in Fig. 7, below.

picture frame, or easel, or possibly on an unpainted or dry region in the canvas or oak panel support, and then
holds the other end �xed with his left hand. The mahl stick, perhaps a centimeter above the support, then
provides a support for the artist's right hand, allowing him to execute �ne details. Such mahl sticks have been
in wide use for centuries|indeed millennia|up to today. The y are described in artist's manuals and appear in
numerous depictions of artists at work, from a woodcut in the National Gallery of Art, Washington, St. Luke
Painting the Virgin (1488), by an unknown German master, to Marten Vos'sSt. Luke painting the Virgin Mary
(1602), to Jan Vermeer'sThe art of painting (c. 1666), to Georg Friedrich Kersting's Caspar David Friedrich in
his studio 1811, and many others. Figure 7 shows a painting from an illuminated manuscript, contemporaneous
with M�erode , showing an artist (St. Luke) using such a mahl stick. An artist can draw his marking tool (pencil,
paint brush, ...) along the mahl stick to draw a straight line . Of course, for theM�erode evidence the mahl stick
would have had slight, almost imperceptible kinks such as inFig. 6.

If Campin held his marking tool at an angle across the mahl stick, then the marks on the support would have



Figure 7. St. Luke painting the Virgin in Geo�roy Tory, Book of Hours (1533), Ms. Library of Congress, Rosenwald ms. 10.
Here the depicted artist, St. Luke, uses an mahl stick to steady his right hand. The artist could use the mahl stick to
draw a straight line by drawing the side of the brush (or other marking tool).

been somewhat larger than in the mahl stick itself, that is, the kinks in the drawn line would be exaggerated
(Fig. 8). In such a case, given the kinks in the painting, the kinks in the mahl stick would have been even smaller
and less noticeable than those in Fig. 6.

4.1 Drawing the straight segments

Campin's use of a straightedge or mahl stick would explain other visual evidence in the painting, evidence di�cult
to reconcile with the optical projection theory. Consider the straight sections of the slatsbetweenthe teeny kinks,
visible for example in the expanded image of Fig. 5. Notice how straight these segments all are. Consider two
explanations for the creation of such straight segments. According to the projection theory, Campin would have
hand traced a very dim optical projection of a straight line. Tracing such a dim, straight line is di�cult for an
artist and it is likely we would �nd small wiggles and di�eren ces between the lines. But we �nd none. According
to our mechanical explanation, however, Campin would quickly and simply trace the straight segment guided by
his straightedge or mahl stick, giving the assured straightsegments we indeed �nd.

Note too that the outer frame of the trellis was certainly drawn by straightedge: there are no kinks, Hockney
and Falco themselves do not claim the frame was executed by tracing an optical projection, and so forth. Why
would the artist use a straightedge on the frame and then an entirely di�erent|and far more di�cult method|to
execute the simple checkerboard it contains?

5. CONCLUSIONS

We tested the claim that Robert Campin invented or secretly used the most complicated optical system and
procedure of his day in order to draw the checkerboard pattern of the trellis in the right panel of The M�erode
altarpiece. Here is a summary of our analyses of the projection claim forthis painting:

� The projection proponents rotated slats individually and changed their alignment in an ad hoc way, a way
that obscured the true spatial arrangement of the breaks. When the slats are properly rotated as agroup,
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Figure 8. In a normal tracing of the mahl stick, any slight kin ks in the stick's shape would be exaggerated on the support.
Suppose the mahl stick is supported a distanceh above the support (oak panel), and that the artist's hand mov es along
a line a height H above the support, as shown. The tracing mark (kinked line) o n the support would be exaggerated
even more if the path of the hand is displaced to the right, in t his �gure, or the plane of the kinked mahl stick is aligned
perpendicularly to the marking tool.

the teeny breaks do not align along the lines given by proponents, but rather in a position that does not
support with the optical claim.

� The projection proponents did not test their claim by analyzing the slats nearly perpendicular to their �rst
set of slats, i.e., the LL-to-UR slats. We found this orthogonal set lacks breaks along the line put forth
by theory proponents|an extremely unlikely coincidence ev ent in the optical explanation. Moreover, we
discovered a line of kinksinto the depth of the picture also incompatible with the optical explanation.

� We �nd that the slats in one set all have the same the separation between kinks, likewise their kink angles
are the nearly the same. This evidence is compatible with Campin using a slightly kinked straightedge or
mahl stick.

� Between each break, every slat is straight. It would be quitedi�cult for Campin to trace small, dim images
of slats without introducing irregularities. It would have been extremely easy for him to ensure these lines
were straight by using a straightedge or mahl stick, including one slightly kinked.

� The perspective throughout the full triptych is wildly inco herent and inconsistent, surely not done according
the rules of geometric perspective nor the use of optics. Whywould Campin then build a complicated optical
projector in order to execute a small, geometrically simple, passage: in essence, a checkerboard?

� Images projected by the kinds of projectors put forth by Hockney and Falco are very dim, and require
solar illumination for the projected image to be visible. It seems rather unlikely that Campin would have
taken his bench with latticework out into the sunlight, set u p a complicated optical projector, trace and
then refocus his projector in order to execute the trelliswork, then move the bench back into the manifestly
indoor studio to render the rest of the tableau.

� Independent scholars have con�rmed that there are no documentary records from Master of the Fl�emalle,
or indeed any artists, optical scientists, mirror makers, that anyone had seen the image of an illuminated
object projected onto a screen, nor traced one at the time of the execution ofM�erode .8 Even the world's
greatest optical scientist before that time, Ibn Al-Haytha m (Latinized to Alhacen), who wrote sixteen
books on optics, did not describe such projection of an illuminated object onto a screen.9, 10 In short, if
Hockney and Falco are correct, Campin would have secretly created the world's most sophisticated optical
system, one that eluded the greatest optical scientists of the era. The earliest clear documentary record for
such a procedure comes in the second half of the following century, from Italy, by the optical experimenter,
magician and author Giambattista della Porta. He describessuch a projection and although he suggests
an artist might tract such an image, the earliest secure documentary record that anyone did this is in the
17th century: a letter states that astronomer Johannes Kepler traced the image of an outdoor wooded
scene. (This drawing does not survive.)



In conclusion, we discovered evidence in the painting that contradicts the optical explanation: lack in kinks in
slats traversing a purported line of refocussing and a set ofkinks aligned into the depthof the picture. Moreover,
we found that all such visual evidence|perspective \breaks ," kinks and their alignments|could easily and
naturally be explained by Campin using a minutely kinked straightedge or mahl stick. This rejection of the
optical explanation comports with an analysis of the perspective in the rest of the triptych, as well as with a
close reading of the documentary record of history of optics8, 11 and artists's praxis in the early Renaissance. Even
art historian Martin Kemp, who provided support for Hockney 's book, is not persuaded optical projections were
traced by artists as early as claimed by Hockney and Falco, such as by Campin: \I have been sceptical from the
�rst about the 15 th -century examples..." and \[m]y own view is that Campin and van Eyck may well have been
inspired by optically generated images|the camera obscurawas well known to mediaeval natural philosophers|
but probably did not actually use them directly at any stage in the making of their pictures." [12, pp. 243, 257]
His scepticism transfers,a fortiori , to Hockney's explicit and central claim: that the emergence of an \optical
look" circa 1430 was due to some artists directly tracing such purported projected images.

In light of our current results, Kemp's early scepticism would seem not merely justi�ed but also prescient.
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