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Abstract 
Tim’s Vermeer is a recent documentary film about one man’s effort to “paint a Vermeer” by 
viewing a reconstruction of Jan Vermeer’s studio through a mirror setup. Inspired by David 
Hockney’s thesis that painters used optical devices to achieve their compelling quality, neophyte 
painter Tim Jenison developed a double mirror version of the camera lucida and spent 130 days 
recreating an essentially perfect replica of Vermeer’s Music Lesson, reaching the conclusion that 
that this double-mirror technique is a plausible explanation for Vermeer’s uniquely realistic 
painting style. Careful analysis, however, reveals a number of inconsistencies in the story that 
raise question about the claim that Vermeer could have used such a technique in his own 
paintings. 

 
 
Introduction 
Tim’s Vermeer1 is a recent documentary film available on Youtube about one man’s effort to “paint a 
Vermeer” by viewing a reconstruction of Vermeer’s studio through a mirror setup. The issue of optical 
projection was developed in the book by contemporary artist David Hockney, Secret Knowledge: 
Rediscovering the Lost Techniques of the Old Masters (2001).  The argument of Hockney’s book, known 
as the Hockney-Falco thesis, is that the notable transition in style for greater precision and visual realism 
that occurred around the decade of the 1420s is attributable to the artists’ discovery of the capability of 
optical projection devices, specifically an arrangement using a concave mirror to project real images. The 
evidence is based largely on the characteristics of the paintings by great artists of later centuries, such as 
Ingres, Van Eyck, and Caravaggio. Inspired by David Hockney’s thesis that painters may historically have 
used optical devices to achieve their compelling quality, neophyte painter Tim Jenison takes us through 
the process of developing a double mirror version of the camera lucida and spends 130 days recreating 
an essentially perfect replica of Vermeer’s Music Lesson. The movie is available on Blu-Ray and it is 
reprised by the author at: http://boingboing.net/2014/06/10/vermeers-paintings-might-be.html. It was 
compelling viewing overall, although some parts were, as Tim himself said, like watching paint dry!    

This documentary is of particular interest to perception researchers in view of the claim it 
presents that human perception does not permit the perception of luminance gradients, which were a 
specialty of Vermeer’s that has often led to his being called a “painter of light”. However, in terms of a 
case for artists’ use of optical aids, the story had a number of inconsistencies and disingenuities: 
Commentary 
Camera lucida. The fact that the double-prism camera lucida was already invented two centuries ago 
(Wollaston, 1807), and was extensively employed for David Hockney’s book Secret Knowledge, 
somewhat detracts from the novelty of the mirror version of this device developed by Tim. 
Nevertheless, camera lucidas were historically used for drawing by overlaying the image of the scene on 
the view of the image surface, as in their early use by the French artist Jean-Auguste-Dominique Ingres 
in the 1800s and in Hockney’s own recapitulation of the technique.  As Tim points out, in the transparent 
overlay approach of the camera lucida, the only way to match the colour of the image with that of the 
projected painting would be (self-defeatingly) to use white paint!  Hockney himself says that this kind of 
optics is only really useful for drawing rather than painting, and uses it this way in his book (Hockney, 
2000). 

Tim’s updated approach of a) using his mirror device for painting rather than drawing, and b) 
juxtaposing the scene adjacent to the painting at the mirror boundary, solves this perceptual/optical 

	
1 Tim's Vermeer, 80 min, Documentary; Released: 3 October 2013 (USA);  Director: Teller; Writers: Penn 
Jillette, Teller; Featuring : Tim Jenison. https://www.youtube.com/watch?v=q0pxP8PUIKU 
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matching problem, leaving only the issue of obtaining the appropriately subtle gradations of colour and 
form to match those in the scene. It thus represents a conceptual advance on Hockney’s optical 
hypothesis. Nevertheless, there was an abrupt transition from an initial rough match in the copying of 
the initial photograph to the smooth perfection of the finished piece that looked a little glib in the 
movie. Indeed, the fact that Tim’s painting took 130 days of full time painting suggests that it was not 
exactly a labour-saving device. 

 
 
 
Fig. 2. Work in progress on a 
preparatory drawing of a black-
and-white photograph projected 
in the mounted mirror, showing 
the quality of Tim’s initial 
roughing-in. 
 
 
 
 
 
 
 

 
For the real scene, Tim initially added the camera obscura proposed by Phillip Steadman in his 

book Vermeer’s Camera (2001) in order to provide a flat image against which to juxtapose the painting 
that he was making of the scene. However, he found that, even with the strong Texas sunlight through 
the windows, the available light was insufficient to work effectively with the camera obscura approach. 
He therefore replaced it with a concave mirror system (in addition to his plane mirror), which was 
strikingly effective in raising the light level and bringing the level of detail to what was needed to match 
Vermeer’s. 
 
Parallax issues. In aligning objects at two different distances, there are parallax shifts from a stable 
alignment as the viewing location varies. For the initial example of the photograph shown in the movie, 
the painting and the original could be placed to be at the same distance from the artist’s viewing 
location. Under this condition, there would be no alignment parallax with changes in viewing location. 
As long as the mirror was stable, the alignment would be immune to the natural shifts in the artist’s 
position. For the alignment of a nearby canvas with a distance scene layout, however, the alignment 
would be excruciatingly sensitive to parallax shifts, requiring a superhuman ability to keep the head in 
one stable position throughout the execution of a painting. Moreover, the small head movements 
required to track a scene contour with the edge of the mirror would introduce progressive distortion in 
its projected location on the canvas. 
 A second parallax issue is the long-range integration of details across the painting. For a 45° 
mirror angle, the effect of translation of the mirror across the canvas image is orthogonal to the effect of 
translation across the scene image. That is, moving the mirror to a new canvas position would not 
change the projected scene location, but would maintain the same scene location (in the plane of the 
45° angle). The mirror would need to be either changed in distance from the canvas or rotated in order 
to obtain a corresponding shift of the projected scene location.  This orthogonality would make it very 
hard to maintain a coherent global alignment across the canvas. 
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 A final parallax issue is the perspective parallax within the 3D scene as the eye is moved to 
encompass the whole scene. Unlike a flat photograph, the 3D scene projected via the concave mirror 
will reconfigure itself through the translocation of the vanishing point as the eye moves to different 
positions, continuously distorting the image to be copied. Only if the eye is held in a constant position 
will the perspective be stable. This could in principle be achieved by simultaneously moving and rotating 
the mirror with an appropriate trajectory to achieve the desired projective overlay, but it does not seem 
plausible that it could be done accurately by hand without a sophisticated mechanical device. 

 
 
 
 
 
Fig. 1. A. The Music Lesson by Jan 
Vermeer (1662-3; National Gallery, 
London). B. Vertically expanded view 
of the virginals to reveal the 
curvature in the particular regions of 
the decorated panels, but not in 
other areas of the image. 
 
 
 
 
 
 
 
 
 
 

 
Underdrawing lines. The mirror version of the camera lucida technique depends on the idea of 
matching the painted surface seen adjacent to the mirror edge to the virtual image of the scene within 
the mirror, such that the mirror edge becomes “invisible”. Progressive regions of the scene are nulled in 
this way by rocking the head back and forth to align nearby regions across the optical boundary of the 
mirror edge. It is evident that the process of tracking a straight line by means of this optical boundary 
would require unusually fine control of head movements while drawing the line.  It may be guessed that 
this is the reason that Tim resorted to ruling the straight lines. However, since infrared examination 
shows no underdrawing lines in Vermeer’s paintings (Liedtke, Plomp & Rüger, 2001; Billinge, 2013), their 
necessity in Tim’s optical approach casts doubt on the idea that Vermeer could have used something 
similar in his practice. Indeed, the whole issue of the use of ruled lines in Tim’s approach seriously 
undermines the credibility of the movie as a meaningful exploration of Vermeer’s praxis. 
 
Line curvature. Once he had built a room (in Texas) to match Vermeer’s studio setup, Tim found that 
there was not enough light coming in from the windows to allow effective use of the mirror technique 
that he had developed. This difficulty was solved by the use of a shaving mirror to concentrate the light 
on a smaller area (similar to the concave mirror technique for image projection described by Hockney, 
2001). The one clear piece of evidence offered to support the idea that Vermeer might have also used a 
curved mirror in this way was that the patterns within the two front panels of the virginals show a subtle 
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curvature when viewed obliquely (Fig. 1B). However, there is no curvature in any other parts of the 
painting, including the outline trim surrounding the same front panels or the open lid just above them.  
 

Fig. 2.  The original painting and two photographic reconstructions of a detail region from Vermeer’s The Music Lesson. 
 

Tim was able to correct the curvature of the outline trim and the floor tiling by the use of ruled 
underdrawing lines, yet there are no underdrawing lines in the Vermeer, so how can he explain the local 
regions of curvature, and, conversely, the lack of any curvature in the floor tiling?  One point that can 
definitely be made on basis of these observations is that, if Vermeer did use optical projection devices, it 
must have been only in a few local regions, using some other system for the correct global configuration 
of the majority of the lines in the painting.  A second point is that there would be no particular reason to 
use optical projection for these panels, since they are viewed face-on in the painting with no perspective 
distortion, and hence could have been copied with a simple overlay if it seemed too challenging to do 
them freehand. 

 
Vermeer’s Implausible shadows. Tim gets the curious double shadow beside the mirror, and It is similar 
to Vermeer’s, with two narrow shadows of approximately equal width with sharp boundaries, although 
their angle is slightly steeper than Vermeer’s (Fig. 3). At first sight, this seems non-problematic, but the 
issue takes adifferent cast when it is compared with a prior reconstruction of the same room by Phillip 
Steadman in his book Vermeer’s Camera (2001). This study reveals what should have been obvious 
considering the extended light sources of the windows generating the shadows – that the shadows from 
such extended light sources should have been substantially blurred, as is evident in the photograph 
taken of Steadman’s model room (Fig. 2). We even see a double shadow horizontally from the trace of 
the two window bays and a double shadow vertically from the separate vertical mullions. (Note that 

! !!!Vermeer ! ! ! !Steadman’s!Vermeer!photograph!!!!!!!!!!!!!!!!!!!!!!Tim’s!!Vermeer! !
! !!
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Vermeer’s studio and both reconstructions were explicit that the windows were north-facing, as is 
typical for artists’ studios, and hence there was no direct sunlight to cast sharp-edged shadows 
anywhere in the room.)  

 
 
 
 

Fig. 3.  Detail of the mirror 
reflection. A: Vermeer’s 
original. B: Photograph of 
Tim’s reconstruction. 
 

 
 
 
 
 
 
 
 
 
 

In Steadman’s photograph, all three objects cast blurred double shadows with the closer one 
narrow and the further one broad. (The further one is expected to be lighter than the closer one 
because its light is blocked from only one window.)  In Vermeer’s painting, all three objects cast 
sharp(ish) double shadows of about equal width. Steadman’s shadows have a graded character, 
although with more extreme angles and the differential widths already mentioned.  Tim’s shadows, on 
the other hand, have a different character than Steadman’s being sharper than Vermeer’s.  While this is 
consistent with the notion that Tim had reproduced Vermeer’s working technique, it is not consistent 
with the claim that he had reproduced the precise image structure of the graded shadows. We therefore 
have the situation of a) an artist producing a painted image to his liking by unknown means, b) a 
computer technician claiming to be reproducing an exact painted image of a room he constructed to 
match the structure of the painting, and c) a photograph of an equivalent constructed room.  On the 
face of it, Steadman’s photograph and Tim’s mirror-reproduced image should have the identical shadow 
structure, since they are explicitly based on the same lighting geometry. It is therefore something of a 
puzzle that there is such a dramatic mismatch between Tim’s painted shadows and Steadman’s 
photographed shadows cast by the mirror. 

It is difficult to assess the geometry of shadows from extended sources, such as the double (or 
quadruple) window structure of Vermeer’s studio, because the large light source regions create 
illumination gradients into the shading regions of the objects in the scene.  To gain insight into the 
shadows, I set up a cardboard box to form a window divider for a large bay window and took a 
photograph of a slanted framed picture on a wall at right angles to it. The painting was slanted forward 
at an angle of about 5°. This photograph (Fig. 4) illustrates the graded nature of the oblique shadows 
formed by the slanted picture frame. They have the same character as Steadman’s photograph, but with 
an angle matching Vermeer’s (and Tim’s). There is a perceptual Mach band of apparent brightening 
between the darker and lighter shadow regions that makes it difficult to perceive the graded nature of 
the shadow regions, but they are in fact continuous gradients. This leaves us with the anomaly that Tim’s 

!A !B!
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supposed exact reproduction technique does not reproduce the graded shadow appearance. (Note that 
an argument could be adduced that the projected shadows would have been subject to the movement 
of the sun over time. This is not a plausible scenario due to the north lighting of Vermeer’s windows, 
which would give a fixed pattern of diffuse illumination over time. Even if there were some variation 
from differential reflections, it would only tend to blur the shadows further, no sharpen them.) 

 
 

 
 

Fig. 4.  A home check on the 
shadow structure from a slanted 
picture on a wall at right angles to a 
double window. Note the graded 
shadows around the picture and 
the table due to the diffuse light 
entering the windows. 

 
 
 
 
 
 
 
 
 

Mirror Reflection. Looking more closely at the mirror reflection in the Vermeer (Fig. 3A), we see a 
remarkable discrepancy with the objects it is reflecting. In the mirror, the woman’s head is angled as 
though she is looking at the music teacher, although it is very clear that the actual head is being viewed 
straight on from the back.  This is not an error the Vermeer could have made while transcribing the 
whole scene, although it could have occurred if the woman had two different poses, one for the direct 
view and the other for the mirror reflection. The forward angle of the mirror looks about right for the 
vertical displacement of the head, implying that Vermeer had indeed angled the mirror to obtain this 
displacement. (If it had been angled forward by 45°, for example, the mirror view would have been 
directly down on the top of the head.) It would be possible to obtain the reflected head rotation by 
rotating the mirror about a vertical axis, but the mirror frame has no hint of perspective distortion and is 
evidently painted in a straight on view, flat to the wall. 

Phillip Steadman had analysed this problem in his book Vermeer’s Camera (2001). He says “[The 
mirror] must be at this angle in order for the relevant parts of the room to be reflected. Vermeer’s 
rendering is therefore inconsistent. He wanted perhaps both to show a reflection of his own vantage 
point by having the mirror lean forwards and to have the mirror appear to hang in a more normal, near-
vertical pose – requirements that are obviously not compatible in reality (although they are made to 
look so in the painting).” Steadman, 2001 , p. 122. 

It is difficult to imagine that Vermeer would have included this change in angle between the head 
and its reflection by mistake. Assuming that it was intentional, therefore, it seems to be a trope with a 
metaphorical purpose, slyly indicating that the girl’s interest in the music teacher is for more than a 
professional relationship, even as she is intent on her keyboard technique.  Accurate mirror optics have 
often been adapted for such pictorial tropes in the history of painting (Miller, 1998). 
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Stability of the human figures. Unlike Tim’s initial copy of a static photograph, the live girl had to have 
her head propped up with a retort stand in order to maintain sufficient stability of her posture for the 
technique to work. Is Tim suggesting that Vermeer would have used a retort stand to support his models 
while he painted? This may be one thing for the small figures in this painting, but what about those 
where the figure dominates, such as his Kitchen Maid pouring milk?  Did she pour milk for a month while 
Vermeer painted in her details? How would the jug have been continually refilled? Obviously, the 
answers are in the negative; the jug could perhaps have been painted with optical projection, although it 
would have required a very steady hand, but the milk itself would have to have been filled in from a 
perceptual impression.  
 
Blur circles.  The initial evidence offered for Vermeer's use of optics was the observation of the blur 
circles in Vermeer’s painting Girl with the Red Hat (see Fig. 5, leftmost panel). Indeed, Hockney has made 
the same point in his book, Secret Knowledge, so it deserves fuller scrutiny. Yet Tim’s technique provides 
super crisp detail in his painting.  So how can he explain why Vermeer had blur circles?  
 

 
Fig. 5. The soft-focus style of the women’s faces in Girl with the Red Hat, The Art of Painting, The Letter, The 
Balance and Girl with a Pearl Earring. 
 

In Hockney’s Secret Knowledge, his team reconstructed the optics of projection with the kind of 
simple lens that would have been available in the fifteenth century. The reconstruction showed that 
such projection would have a narrow depth of field, with one plane of the image in good focus and 
regions nearer and further progressively more out of focus.  This is an interesting and powerful visual 
effect, and one would have expected that, if fifteenth century artists had set it up in their era, one or 
more of them would have elected to adopt this style renditions in their paintings (Tyler, 2004). Close 
examination of Girl with the Red Hat painting (which is in the National Gallery, Washington DC) shows, 
however, that there are no such optical gradients anywhere in the painting.  It is uniformly blurry at all 
different scene depths. We must conclude that it could not have been painted by means of an optical 
system with a single focal plane (such as a lens or concave mirror) and that there was some other source 
of the blurring in this work.  

There is, in fact, nothing unusual about the blurriness of the face in the Girl with the Red 
Hat.  Vermeer used a similar degree of blurriness in many of the women depicted in his works (see Fig. 
5), even those (such as The Art of Painting) in which other details (such as the chandelier at the same 
distance as the woman above and to the right of her head) are depicted in sharp focus. In fact, Vermeer 
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seems to have been the artist who invented the concept of soft focus for enhancing the allure of a 
woman’s face that has been so widely used in Hollywood movies. The examples in Fig. 5 have different 
qualities of shadowing and highlights, but their degree of soft focus (or high spatial frequency 
attenuation) is strikingly uniform across the diverse works. 

 
	
 
 
 

Fig. 6. A luminance gradient 
(upper) compared with a step 
sequence for the same 
luminance range (lower). The 
illusory scalloping known as 
the Chevreul Illusion. 
 
 
 
 
 
 
 
 
 
 

Tim’s hypothesis for the subtle blurriness of Vermeer’s paintings is that the hand-ground 17th 
century lenses available to artists of the time would have had a limited quality relative to the precision 
of modern optics. When such a lens was used in a camera obscura, therefore, it would have introduced 
a degree of blurriness in the projected images. In some sense, however, this is the opposite of Hockney’s 
argument, which is that the detailed impression conveyed by early camera obscuras was the impetus for 
the incredible precision of the 15th century works of van Eyck, in particular. (Effective reproduction of 
Van Eyck’s Ghent Altarpiece has been estimated to require a precision of as much as 100 billion pixels; 
Abraham, 2012). Tim’s own testimony on viewing The Music Lesson is that the its precision of detail was 
so great that could not be seen with the unaided eye, but required his optical telescope to appreciate it. 
He does not offer a suggestion to resolve the discrepancy with the limited quality of the optics of the 
15th or 17th centuries. If Vermeer had access to such precision, why then did he use soft focus for all the 
faces? 

 
Luminance gradients. There is an element of contradiction in the claim made in the film that we cannot 
see luminance gradients. Although it is true that luminance gradients are substantially underestimated 
in human perception, it cannot be said that they are not perceived. Indeed it is the viewer’s appreciation 
of the warmth of the luminance gradients that gives Vermeer’s painting style much of its appeal. 
 This issue can be appreciated by viewing a full-range luminance gradient in the kind of context in 
which it might be found in a Vermeer painting (upper panel, Fig. 6). While there may be a certain sense 
of floating haziness in its impression, we have no difficulty in seeing the gradient of luminance from light 
to dark. Breaking the same luminance range into steps of uniform luminance (lower panel of Fig. 6) gives 
the illusory sense of scalloping in the luminance profile within each step (Chevreul 1861, p. 4), but the 
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perception of the overall luminance range is not appreciably different. The scalloped appearance may be 
attributed to the action of lateral inhibition to reduce the perceived gradient (and, in fact, to reverse it 
locally within each step), giving a measure of the degree of reduction, but the step version gives a no 
stronger sense of the overall luminance gradient than does the pure gradient alone. There is thus no 
obvious reason why a careful painter therefore could not readily capture the look of a luminance 
gradient, and match the painted appearance to that of the wall in the room itself. 
 
Italian painting. Referring to the use of optical projection, Hockney says something to the effect that 
"The idea that the Italians did not use something like this is absolutely childish!". Although Italians such 
as Leonardo da Vinci and Caravaggio certainly took advantage of the lustrous quality of oil paint, just as 
had the Dutch masters, a large proportion of Italian paintings were frescoes of imaginary scenes on the 
walls and ceilings of chapels 10-20 m wide, two centuries before Vermeer. The accuracy and power of 
such fresco works cannot be attributed to optical projection of the mock-up of a physical scene. The idea 
that Michelangelo might have hoisted a crew of models up the scaffolding to hold such poses and 
project them with optics is unsupportable.  The Renaissance masters learnt their craft through decades 
of training, painting areas the size of a Vermeer painting in wet plaster in half a day while it was drying! 
It seems a serious disservice to the skill of these artists to suggest that they needed recourse to such a 
mechanical approach to image capture. 
 
Conclusion. Detailed analysis of the optical and other qualities of the painting produced by Tim Jenison, 
with the mirror technique he developed, reveals a number of discrepancies either with the 
characteristics of Vermeer’s The Music Lesson or with a strict photographic reproduction of the optical 
projections of the corresponding room structure.  This analysis does not support the idea that Vermeer 
used a strict optical reproduction technique to achieve his pellucid painting style, and suggests that he 
was, as in the original consensus, an unusually acute observer of fine details and luminance gradients.  
(It should be noted that, given the complete lack of documentary evidence for the use of optical 
projection in painting before the 18th century use of the portable camera obscura by Canaletto 
(Hockney, 2001), the burden of proof is on the proponents of an early adoption of such techniques. 
Merely to say that the paintings were unusually precise is not a convincing argument for the use of 
optical aids.) 

This assessment leaves the issue of how the perspective of Vermeer’s paintings could have been 
so accurate without the use of underdrawing lines, since Tim found that he needed to use them to 
overcome the inaccuracies in his mirror projection method. In general, one-point perspective is not a 
difficult problem, and it is generally understood that the Renaissance perspectivists often used a nail in 
the wall and a string saturated with powdered chalk to delineate the perspective construction of their 
large-scale frescos without recourse to construction lines.  Nail-holes in the plaster bear testimony to 
this technique in the works of Masolino, Masaccio, Leonardo da Vinci and others 600 years ago. Raphael 
seems to have modified this approach with the use of ruled lines (in his School of Athens, for example), 
which would be more suitable for use with oil paint. There are further issues with oblique perspective, 
but these are also soluble by similar methods.  The problem of the large-scale coherence of the 
perspective, which does not seem to be solved by Tim’s mirror camera lucida technique, is therefore 
amenable to traditional solutions without recourse to either the camera obscura or camera lucida forms 
of optical projection. 

On the whole, one feels that any painter who was told that this newfangled technique would 
take over 130 day's work to complete a painting would not be encouraged to adopt it, particularly one 
with Vermeer’s concurrent responsibilities as breadwinner for a large family, as an innkeeper and as an 
art dealer (Liedtke, Plomp & Rüger, 2001). 
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