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Abstract
This is a report of a studio experiment to explore how images from the camera obscura could have
been used directly by artists of Vermeer’s era. It has a pragmatic and practical approach, bringing a
painter’s eye and experience to the problems of transferring images from the lens to a canvas, using
the primitive technology and unrefined materials available then. It addresses how an artist could
use the condensed, flattened images from camera obscura projections in his painting process, when
the subject could appear reversed and inverted on the screen or on the wall. It considers how the
limitations of the materials that make transfers possible might affect studio practice, and ultimately
the stylistic qualities of the work produced.

This paper outlines a simple printing method that would enable the seventeenth-century painter to
transfer monochrome images, corrected in orientation, from the lens to a canvas with relative ease,
for use as the painting progressed in the stages prescribed at the time. Prints made on the ground
layer could form the basis of underpainting, while those on top layers could transfer highlights and
optical effects, not seen with the naked eye. This technique would allow the painter to be in the light
of his studio, facing his motif, when working in colour. Reference is made to art historical literature
and contemporary workshop treatises, and all materials used are authentic. The results obtained using
this process are consistent with the visual evidence of the way in which Vermeer applied his paint,
and with recent scientific examination of his work. The findings suggest possible causes for some of
the unusual qualities of Vermeer’s work, in particular the strong tonal polarity in the underpainting
with no evidence of drawing, his choice of material in the ground layers, and the qualities of variable
focus.
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1. Preface

The arrival of the camera obscura in seventeenth-century Holland caused a
sensation. The images projected through the lens seemed to show ‘life itself’
(Kemp, 1990).

At that time, the Dutch laid great store by the qualities of ‘houding’: the
achievement of a harmonious realistic illusion in painting, which mimicked
the real world (Taylor, 1992). But would it be possible or even desirable for
images shown in an optical projection to be transposed into paint (Wester-
mann, 2003)? Would painters fear that their abilities might be eclipsed by the
magic of the lens and challenge its seeming supremacy; or might they try to
harness the fleeting moment in their pictures?

There is very little documentation as to how a painter of the seventeenth
century could actually have used a camera obscura in practice. Contemporary
paintings betray evidence of the use of lenses by Dutch painters of the time,
in particular by Vermeer (Steadman, 2001), but how could a projection have
been traced and transferred to a canvas, using the primitive technology and
unrefined materials of the time?

In order for images to be clearly seen from such an optical device, the
subject has to be brightly lit, producing deep shadows (Hockney, 2012). The
subjects appear smaller than life but have an unchanged clarity and depth of
colour. The monocular lens makes the space recede, and ‘flattens’ the motif
(Kemp, 1990; Wheelock, 1995). How could an artist respond to a moving,
condensed, two dimensional ‘reality’ and use it directly to help in the painting
process, especially if the subject could appear reversed and inverted on the
screen or on the wall?

This paper outlines an experiment which brings a painter’s eye and experi-
ence to bear on these practical issues, and has a pragmatic approach. It looks
at the equipment available to the seventeenth-century artist who wanted to use
projections directly in his work. It questions whether there are any possible
advantages in being presented with reversed images, and also considers how
the limitations of the materials that make transfers possible might affect studio
practice, and ultimately the outcome of any images made from a lens. A work
of art made with paint on canvas, is first and foremost a painting, whatever its
significance or iconography. It follows that an appreciation of the mechanics
of its making could be important in explaining some of the stylistic qualities
of the painter.

In trialling methods of transfer from a lens to a canvas, reference was made
to scientific and art historical literature, and also to contemporary workshop
treatises. It became clear that instructions from the latter were invaluable, and
also that painters of the seventeenth century would have been at liberty to
experiment with ways of working within the strictures of the time, and the
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prescribed order of creating a painting. Exactly how individual artists used
their materials may never be known. As David Hockney (2001) has shown,
painters did not always want to broadcast their methods in the past and often
kept their techniques secret (Fels, 2010).

The direct use of the camera obscura would have allowed painters to work
in a different manner than hitherto. The difficulties of transposing effects from
the lens would have conferred some limitations. However, the use of such an
optical ‘aid’ would have provided new possibilities. In the particular case of
Vermeer, some experts do not find this a challenge to his extraordinary ability.
Alejandro Vergara (2003) sees the camera “not as a substitute for Vermeer
but rather (as) an instrument at the service of his creativity”. Martin Kemp
(1990) considers that the use of a camera ‘in no way prescribes’ artistic choice.
However, others seem to fear that Vermeer’s stature might be diminished by
the proximity of a lens. This anxiety is perhaps partly due to a belief that
using a camera obscura is as easy as taking a picture on a mobile device today.
This is very far from the case. The camera obscura bears limited comparison
to a photographic camera. Although both project an image through a lens,
the effort required to use these is very different. The photographic version
provides a positive picture with film or digital technology, but the image from
the camera obscura is merely a projection. The only way to transfer and fix the
images of arrested movement that we see in Vermeer’s pictures would be by a
slow, painstaking manual process.

In order to see the image from a camera obscura, the artist has to work in
semi-darkness, possibly in a confined space. This experiment found that trac-
ings could only be made in monochrome, as colour cannot be judged or traced
in these conditions. This corresponds with some of the rare documentation we
have of the contemporary use of such a device. Jean-François Nicéron, writing
in 1652 says: “. . . if a painter imitates all the shapes that he sees, and if he ap-
plies the colours that appear so vividly, he will have a perspective as perfect as
one could reasonably desire” (Steadman, 2001). It seems that Nicéron is sug-
gesting that colour is a second step in the procedure, which also corresponds
with the careful process of building up a painting in stages, as recommended
at the time.

One of the compelling qualities of Vermeer’s pictures is the feeling of ‘re-
ality’ they convey. Do we actually see detail or is it that we think we do?
The way we understand the world visually is partly the result of our knowl-
edge from previous experiences. The maps, furniture and framed paintings in
Vermeer’s pictures are precise in scale but not in detail. Maybe this feels like
verisimilitude because we do not expect to see everything sharply at once.

The qualities of variable focus in Vermeer’s paintings could possibly be the
result of a recognition by the artist of the way we see, or the result of the use
of a lens employed in an optical device (Fink, 1971). Practical experiments
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in the studio led to the conclusion that the blurred look and underlying tonal
polarity of Vermeer’s images could also be a function of a number of variables
in a transfer process from a projection to a canvas.

This experiment demonstrates that the camera obscura would be useful at
particular times for the artist and not at others; and does not preclude the use of
alternative techniques. This corresponds with the view of Vergara (2003), and
also Robert Wald (2010). The camera can help at all stages of the painting,
particularly with planning, underpainting and the transfer of optical effects;
but most of the work can be done using direct observation in the full light of
the studio. There is no reason why perspective cannot be used in conjunction
with the camera, nor why images from the lens cannot be cropped, altered, or
used as reference drawings. Information for painting is cumulative: it can be
taken over a long period, at varying times of day, or from different viewpoints.
Optical inconsistencies in Vermeer’s paintings are therefore to be expected, but
are not evidence that a lens was not employed at some point in the production
of the painting.

The experiment below shows a simple method that would enable an artist
of Vermeer’s time to use the camera obscura and transfer information from
projections directly to the canvas with relative ease. The results obtained us-
ing this conjectural process are consistent with the visual evidence of the way
in which Vermeer applied his paint, and also with the recent scientific exami-
nation of his work.

There has been much recent research into the quality of lenses in the sev-
enteenth century, which shows that images from a camera obscura would have
been good enough for copying to be readily done (Cocquyt, 2007; Groen,
2007; Lefèvre, 2007; Molesini, 2007; Staubermann, 2007; Wald, 2010; Wirth,
2007). The assumption throughout this article is that this is the case.

It appears that no practical experimentation like this has been attempted
before, and although the methods used in this hands-on approach are unproven
and suppositional, they can be reliably repeated.

2. Introduction

The discussion of Vermeer’s painting method is contentious. Scholars are
deeply divided about the methods he used to achieve his luminous, highly
constructed works. And in no place is there more vigorous argument than in
the discussion about his possible use of the camera obscura (Pénot, 2010).

Vermeer’s paintings have some unusual features, which have been exam-
ined in detail by many scholars. But despite much research, several questions
remain. Scientific analysis of the Girl with a Pearl Earring has revealed that
Vermeer appears to have applied his underpainting ‘without correction’ show-
ing, as Lawrence Gowing (1952) comments, “an almost solitary indifference
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to the whole linear convention”. As yet there has been no explanation as to
why Vermeer would have begun his pictures in such a manner, or how he
could have achieved monochrome underpainting of such sharply contrast-
ing dark and light without outlines or guide marks, and with such assurance
(Groen, 2007; Steadman, 2001; Wheelock, 2010). Vermeer’s paintings are
also strangely blurred (Arasse, 1994). Quentin Williams (1995) describes his
pictures as having a “particular, atmospheric, feathery quality. . . found hardly
anywhere else in painting”, and Wadum (1998), and Groen (2007) both com-
ment on Vermeer’s use of sfumato.

Vermeer’s paintings seem to share some characteristics of photography
(Clark, 1961; Fink, 1971; Schwarz, 1949; Steadman, 2001): the focus seems
to vary (Wheelock, 1995); and on the top layers, some of his paintings fea-
ture effects of light visible only through a lens, optical phenomena which are
not seen with the naked eye (Hyatt Mayor, 1946; Kemp, 1990). These include
‘circles of confusion’ (Seymour, 1964); areas that are distorted or out of focus
(Nash, 1991); and also specular highlights, as seen dancing on the water in the
View of Delft (Wheelock, 1995; Wheelock and Kaldenbach, 1982).

There is no suggested solution as to how Vermeer could have transferred
optical effects straight onto his canvas, and no agreement amongst scholars
that he did so. There is some consensus that Vermeer would have been able to
view his motif through a lens (Wheelock, 1995); but was he just influenced by
such effects (Liedtke, 2001), or would he have worked on his painting using a
camera obscura projection directly?

Philip Steadman (2001), who has done a great deal of research on Vermeer’s
possible use of the camera obscura, puts forward some compelling evidence to
suggest he did use such a device. He found that a great number of the objects
depicted, such as the paintings, maps (Welu, 1975), and pieces of furniture,
actually exist; and are rendered accurately and at their true sizes. When Stead-
man calculated the size of Vermeer’s studio and the viewpoint of his pictures
(and hence the position of a lens), he found in a high number of cases that the
size of the images that would have been projected on the back wall precisely
matched the size of the corresponding canvases.

Steadman proposes that the apparatus that Vermeer is most likely to have
used would project an image onto a wall in a curtained-off space at the back
of the studio. However, the image given by this ‘room camera’ is not only
upside-down but is also reversed left to right (Hammond, 1981; Wald, 2010).
The disadvantage of this for the painter is that should he trace this directly onto
a canvas, when the tracing is rotated and compared with the motif in front of
him, it is still mirror-reversed (see Figs 1 and 2).

How can these projected images be transferred onto a canvas and corrected?
One solution is that charcoal dust could have been pounced through holes
made in a tracing on paper (Cennini, 1398; Kemp, 1990; Steadman, 2001),
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Figure 1. Original view. Figure 2. Image as seen in a
room camera obscura.

but no physical trace of such a method has been found in Vermeer’s pictures
(Groen, 2007). Other theories suggest the use of a pantograph (Fink, 1971),
or that multiple mirrors could have been cunningly employed (Wirth, 2007).
Steadman (2002) also proposes that the projection could be viewed on a screen
situated in a room beyond the studio, although he acknowledges a counter-
argument that studies of the topography of Vermeer’s house suggest that there
would not have been enough space for an extra room to have existed.

In order to see the camera image properly, the painter has to work in near
darkness (hence ‘camera obscura’, meaning darkened chamber). In these cir-
cumstances the light coming from the projection illuminates the palette, and so
it is very difficult for the painter to mix paint to match the colour he perceives
(Mollon, 1995).

Any colour apart from white applied on the work under the projection im-
mediately upsets the tonal balance of the image, and is also coloured by the
light falling on it (Stork, 2003). How can the painter judge what colour he is
applying to the canvas, or know how it will look when it is removed from un-
der the projection? Although Carsten Wirth (2007) has painted in colour inside
his Experimental Historical Camera Obscura, he increased the ambient light
level in order to do so.

It seems unlikely that Vermeer could have painted in colour straight onto
his canvas under a projection. This concurs with the view of Jørgen Wadum
(1998): “No painter would ever sit with his palette full of bright colours in a
dark room painting an upside down-image”.

The results of the practical experiment below address some of the problem-
atic questions about Vermeer’s technique, including that posed by Karin Groen
(2007): “Is there something extra in Vermeer’s underpainting that would make
the use of the camera obscura feasible?”.
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3. Outline of Technique

The clue to the method used to transfer images from a camera obscura to
a canvas, came from the orientation of the images themselves. The upside
down/mirror reversed images of the room camera is actually a ‘printing rever-
sal’ of the motif. What if a tracing is made not on the canvas, but first on some
form of paper? Then the tracing could be turned the right way up and printed
onto a canvas. After some experimentation, this offset method proved suc-
cessful in the studio, and monochrome images from a projection were printed
directly onto prepared canvases, using only manual pressure.

The ‘something extra’ needed to make these prints is paper saturated with
oil. Oil paint tracings made on this surface can be transferred. The advantage
of using oiled paper is that it is transparent, meaning that prints can be made
on any layer of the painting, and can be lined up with previous ‘landmarks’ in
the picture, using registration.

Using this method, the painter has no motivation to try to trace colour mod-
ulations from the camera obscura projection, not because it would be difficult,
but because he does not need to do so. This simple method corrects the ori-
entation of the image as it is printed onto the canvas, enabling the artist to do
the majority of his painting conventionally in the light of his studio, directly
facing his subject (Fink, 1971).

The first prints on the ground of the canvas can be used as the basis for the
underpainting, and then subsequent transfers onto further layers of paint can
be used as notations to mark figures, objects or highlights. The method allows
for effects seen only through a lens to be directly transferred to the canvas onto
top layers of paint. The only proviso is that the surface receiving the print has
to be dry for the oiled paint tracing to transfer successfully.

A bonus of this technique is that once the tracing on transparent paper is
turned over, and its image viewed from the correct side, it becomes a useful
reference tool in its own right as a preparatory or reference drawing, which
can be cut or cropped.

It has been argued that Vermeer used perspective rather than an optical de-
vice to compose his pictures (Wadum, 1995, 1996a, b), but it would be possible
to trace a projection from the camera, and then correct this using perspective
techniques (lines curve at the edges of an image seen through a lens) (Huerta,
2005; Wirth, 2007). The correction could be made either on the oiled paper,
or on the canvas. An oiled paper tracing can be laid over a canvas and a pin
can be inserted right through them both, to correspond with a vanishing point.
In this manner tracings from a camera obscura projection can help provide the
‘composition machine’, that Philip Steadman (2001) imagines. Large images
can be built up using registration, as the projection itself does not vary.
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Looking at the lack of underdrawing in Vermeer’s painting, Groen (2007)
wonders if “a material was used that evades detection by the available exami-
nation techniques”.

Should a tracing and transfer technique using oiled paper have been used by
Vermeer, there would be no physical trace of its presence on the painting itself,
apart from the effect it produces. There is another reason why there can be no
tangible evidence that it was used: once oiled, paper degrades, and eventually
becomes brittle and useless (Kühn, 1986). Any tracings would have a limited
use and a limited lifespan (Cook and Dennin, 1994). Maybe this is why no
drawings of Vermeer’s have ever been found (Groen, 2007; Montias, 1989;
Swillens, 1950).

4. Historical Feasibility

A painter of the seventeenth century worked in a predetermined order, and
would have built his colour up in layers painstakingly, grinding his paint as
needed. There were distinct stages in the painting process in Vermeer’s time:
the ‘inventing’, the ‘dead colouring’, and the ‘working up’ and ‘finishing’
layers (Costeras, 1998; van de Wetering, 1995; van Eikema Hommes, 2004;
Wadum, 1998). It is likely his palettes were small: he would have been careful
not to waste materials, putting out just enough paint for the day’s work, and
he would have kept his most expensive paints for the very top layers, laying
down the dead layer in the cheaper pigments such as earths and indigo (Fels,
2010; van de Wetering, 2009; Wallert, 1999).

The technique described in this paper conforms to this order, and allows for
the judging, mixing, and application of colours to be done in a conventional
manner.

Oiled paper has long provided a material on which to trace, and in Ver-
meer’s time it had many uses (Fahy, 2003–2004; Hicks, 2007; Martin, 1905),
including as the material for the screen of the box camera obscura (Hammond,
1981; Seymour, 1964). Cennino Cennini (1398) gives a recipe for its prepara-
tion, and valued it for its transparency.

A number of tracing techniques would have been known to artists of the
seventeenth century. Vermeer may have heard of Dürer’s drawing machines,
which the master used to transfer images in around 1525 (Hyatt Mayor, 1946).
Pieter Jansz. Saenredam (1597–1665), living close by in Haarlem, routinely
transferred information from drawing to painting surface, without reversals,
by blackening the back of his drawing paper and using a hard stylus (Fels,
2010; Wadum, 1995).

It is clear that Vermeer would have been easily familiar with the technology
of printing. The many maps he depicted in his paintings were produced by the
use of up to four different printing methods, as Svetlana Alpers (1983) has
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pointed out. Vermeer may have taken advantage of others’ technical knowl-
edge (Wadum, 1995); certainly he would have mingled with printers and
booksellers at the Guild of St Luke where he was a member and also Headman
(Montias, 1989).

The main bookseller and printer in Delft, ‘The Golden ABC’, was on the
market square, a stone’s throw from Vermeer’s house, and was owned by the
Dissius family, who were subsequently to inherit some of Vermeer’s pictures
(Montias, 1981, 1989). There was a weekly book market in the nearby town of
Leiden (Levy-van Halm, 1998) and we know that Vermeer had a ‘respectable
little collection’ of books, and ‘three bundles with all sorts of prints’ in his
possession at the time of his death (Montias, 1989).

Also, to live in Delft was to live with reflections and reversals from the
many watery surfaces around.

5. The Transfer Method

The successful transfer method illustrated below results from many attempts
in the studio to find the best balance of materials. Tracings were made from
projections of a number of Vermeer’s paintings onto handmade oiled paper,
and the images were transferred to dry canvases prepared with a variety of
grounds. These grounds and all materials were matched as closely as possible
to those used by Vermeer himself, as indicated in literature concerning the
scientific examination of his paintings (Costeras, 1998; Gifford, 1998; Groen,
2007; Groen et al., 1998; Kühn, 1968; Wadum, 1995; Wadum et al., 1995).
Reference was also made to workshop treatises available in Vermeer’s time
in order to use materials as authentically as possible. Very detailed scientific
examination of all layers of paint has been done of Vermeer’s Girl with a
Pearl Earring, and this is the reason that this image was chosen above others
for preliminary experimentation (Fig. 3).

The image was projected onto a non-absorbent board on an easel at ac-
tual size, and in the orientation it would be seen in the room camera obscura
(Fig. 4).

The prepared oiled paper was cut and fixed onto the board. Using hand
ground bone black paint, and a hand-bound brush, a tracing was made on the
oiled paper (Figs 5 and 6). The tracing gave an indication of the tonal balance
of the image, but because it was necessary to use a medium size brush in order
to hold enough paint to transfer, the marks themselves were relatively crude
and imprecise.

Once the tracing was complete, the oiled paper was immediately lifted
from the projection board, turned over (Figs 7 and 8), and with the paint side
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Figure 3. Johannes Vermeer, Girl with a Pearl Earring, c. 1665, Oil on Canvas 44.5 × 39 cm,
Royal Cabinet of Paintings, Mauritshuis, The Hague.

downward, placed onto the slightly dusty canvas lying flat on the table. Us-
ing the back of a wooden spoon the tracing was rubbed down (Fig. 9), and
when the paper was lifted (Fig. 10), a clear print was made on the canvas
(Fig. 11).

The tracing on the oiled paper retained its image, even after three further
proofs were printed onto separate canvases. The second printed proof was used
for further work.

The image transferred particularly strongly where the spoon had been
pressed down hard, and showed some brush marks from the tracing on the
oiled paper (Fig. 11). The majority of the print surface appeared grainy and
mottled rather than painterly, and lacked a feeling of line. The print was left to
dry.
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Figure 4. Measuring the
projection.

Figure 5. Tracing on oiled pa-
per under the projection.

Figure 6. The finished trac-
ing on oiled paper.

Figure 7. Lifting the paper
from the board and turning it
over.

Figure 8. The turned tracing
with the painted side down.

Figure 9. Tracing placed on
canvas being rubbed with a
spoon.

6. Working Up

Thin layers of paint and glaze were applied to the canvas one after the other,
allowing the surface to dry between each application (Fig. 12).

First, using the same brush as had been used for the tracing, the print was
corrected on the canvas using more bone black. Then some dark areas were
strengthened with lamp black. Once dry, opaque blue (a mixture of lead white
and lapis lazuli ground in linseed oil) was applied to the headdress of the girl.
A thin layer of ochre was applied to some parts of the coat, and oil glazes
of lapis lazuli and massicot (lead yellow) to the head-dress. The dark under-
paint still showed through under the glazes and became an integral part of the
picture.
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Figure 10. Removing the tracing from the canvas after printing.

Figure 11. First printed proof on canvas.
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Figure 12. Second studio proof with some added colour.

Where the print was too dark to be used with just a single glaze on top (for
example on the nose of the girl), a lighter opaque layer (a mixture of ochre,
bone black and white) was added before glazing. The face was then glazed
with a very thin layer of ochre, white and red lake (cochineal) (Bailey, 2001;
Butler Greenfield, 2005; Feller, 1986). A weld glaze (a yellow organic lake)
was painted over an indigo layer in a small portion of the background (Groen
et al., 1998).

7. Transferring Highlights

The original tracing was put under the projection once more and highlights
near the girl’s mouth and on the earring were traced and transferred in thin
white paint. These were then strengthened with thicker paint.
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8. Transferring Information Using Registration

The method described above has many advantages for a painter wanting to
make corrections. Not only is it possible to erase and change tracings as they
are being made on the oiled paper, but also wet transfers can be rubbed off the
canvas easily, either with oil, or with a thinner such as oil of spike lavender.
Dry transfers can be removed with a pumice stone. New tracings can be made
either in whole or in part from the same projection, onto a new piece of oiled
paper, and then transferred to the dried area where the previous image has been
erased. Registration marks can be made using stick charcoal, which will only
transfer when rubbed, or using ink, which will not transfer at all once dry.

An example of registration is shown below. A print was made from a tracing
of Vermeer’s Young Woman with a Water Jug (Fig. 13). The image of the map
had been very roughly traced and transferred, and so this was rubbed off the
canvas (Fig. 14), and a new tracing was made of this area, on a smaller piece of
oiled paper. This was then transferred (Fig. 15) using registration marks made
with stick charcoal (Fig. 16).

9. Further Print Transfers

A further number of Vermeer’s images were traced and transferred success-
fully, including a detail of The Music Lesson (Fig. 17) and Woman with a
Balance (Fig. 23).

To establish that the texture and tone of the transfers achieved by printing
tracings from oiled paper onto canvas was the result of the process itself, and

Figure 13. Print from Young Girl with Water
Jug.

Figure 14. Print with the map rubbed off.
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Figure 15. Print with new tracing in place showing registration marks.

Figure 16. Print with the new tracing transferred.
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Figure 17. Print from a tracing of a detail of The Music Lesson at actual size. The tracing on the
right is reversed with paint side on top. Note the imprecision of the brushstrokes on the tracing,
and the softening of these when printed onto the abraded ground of the canvas on the left.

Figure 18. Photograph. Figure 19. Print on canvas. Figure 20. Detail of print.

was unaffected by the content of the images, other transfers were made using
exactly the same method, from a projection of a modern, digital, medium res-
olution photograph (Figs 18–20) onto canvases with a chalk and lead white
ground.

The print on canvas (Fig. 19) displays similar tonality and texture to the
print made in the studio from a tracing of the Girl with a Pearl Earring (see
Fig. 11).
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10. Details of Materials and Techniques

10.1. Canvas and Ground

Fine linen canvas of weight 265 g/m2 and with a thread count of 17/15.4
threads warp/weft was prepared on modern stretchers with one layer of glue
size made with about one part rabbit skin glue to twenty parts water (Massey,
1968; Mayer, 1951; Seymour, 2003). The traditional test, to achieve the right
proportions, is to make the glue up, and when it has cooled to a jelly, see if
it just breaks apart in the hand. Different dilutions were tried until this was
achieved.

Chalk was detected in the lower layers of Vermeer’s canvases, although sci-
entific analysis does not make it clear whether this was put into the glue layer
or the ground layer (Groen, 2007). One very thin coat of gesso was applied
over the glue layer allowing the canvas still to flex without cracking (Herring-
ham (1930) in Cennini, 1938; van de Wetering, 2009; Saitzyk, 1987).

One trampoline canvas was rolled and threaded with linen string onto a
wooden frame (see Fig. 17) (Kirby, 1999; van de Wetering, 2009; Wheelock,
1995). This gave equally good results to the canvases on stretchers.

After the gesso layer, the canvas was rubbed with a pumice stone as in-
dicated in Cennini’s treatise (1398), and by de Mayerne (Fels, 2010; van de
Wetering, 2009).

There are conflicting views as to the exact composition of the ground in Ver-
meer’s Girl with a Pearl Earring, and all the variations described were hand
ground in oil and applied with a knife on different canvases (Costaras, 1998;
Groen et al., 1998; Kühn, 1986; Mayer, 1951; Swillens, 1950; van Eikema
Hommes, 2004; Wadum et al., 1995). The proportion of chalk to pigment in
the ground was not specified in any of the analyses, and so various ratios were
tried and noted. All the mixtures worked equally well but varied slightly in
tone and warmth. When tracing other images, the grounds for the canvases
were matched with the known base of the paintings (Costeras, 1998).

De Mayerne illustrates a primer’s knife in his manuscript (Fels, 2010), and
notes in the margin that the blade was about ‘a foot long’ (van de Wetering,
2009). In the absence of such an implement, the grounds were applied to the
canvas with a large culinary spatula. The direction and pressure of the priming
knife, spreading the ground ‘in large arcs’ can be seen on the canvas Vermeer
used for the Girl with a Pearl Earring (Groen et al., 1998; Wadum et al.,
1995). Care was taken to apply the ground as smoothly as possible and in the
same manner. It is possible that Vermeer may not have prepared all his own
canvases, and could have bought some of them ready made and primed. Then
he could have moderated them to his liking, and could have transferred them
to smaller strainers (Costaras, 1998; Kirby, 1999; Levy-van Halm, 1998).
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After about three months, the grounds on the canvases in the studio were
dry, and the surface was smooth, skin-like and impervious. The small ridges
left by the trails of the priming knife were rubbed down with a pumice stone,
and the ground was abraded all over. It was found that this dusty surface helped
in the transfer of the image, absorbing some of the oil and giving a clearer
print.

10.2. Oil, Tracing Medium and Paint

Cold-pressed linseed oil was used for this experiment throughout, which cor-
responds with the analysis of the medium used in Vermeer’s paintings (Fels,
2010; Groen et al., 1998; Kühn, 1986).

Where a glaze was required, small amounts of pigment were ground finely
into the linseed oil.

The paint for tracing needed to act like printing ink. This paint needed to be
slow drying, to allow time to do the tracing and transfer, but also thick enough
not to run when tracing on a vertical surface (Harley, 1982; Seymour, 2003). It
could be any colour, but in order to be visible under the projection, it needed
to be slightly darker than the area being traced. It also needed to be darker than
the ground on the prepared canvas, in order to show on transfer.

A number of experiments were made with umber and black pigments
(Berrie, 2007), hand ground into cold pressed linseed oil, after which bone
black was chosen for its superior properties for tracing and transfer.

There were several sources for bone black in Vermeer’s time. Cennini
(1398) recommends old chicken bones, ‘found under the table’, but Rosamund
Harley (1982) suggests that old ivory objects such as a broken comb, fan han-
dle or knife shaft could have been burnt for a superior pigment (Seymour,
2003). The bone black used in this experiment was not real ivory black, but
the less expensive pigment made from bones.

Bone black has a pigment particle that is about 10 microns in size, ten times
larger than lamp black (Harley, 1982; van Eikema Hommes, 2004). When bone
black is ground in linseed oil it produces a weak and gritty paint, which lacks
body (Mayer, 1951; de Mayerne in Fels, 2010). This pigment worked much
better than lamp black, which made a strong and oily paint, resulting in insen-
sitive tracings that became smudged on transfer. In Vermeer’s time, the painter
would have been keen to follow the ‘fat over lean’ principle of painting, and
would not have wanted the lower layers of paint on the canvas to have much
oil in them (Mayer, 1951; Metzger).

After the bone black print had been made on the canvas, lamp black could
be brushed on top to emphasise any areas that needed to be very dark, a tech-
nique used in the past to achieve deep tones (Fels, 2010; van Eikema Hommes,
2004).
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10.3. Paper

Old French legal documents were acquired for this experiment. These must
have been made before 1684, the date written in script on the paper (Fahy,
2003–2004). The tracings made on this worked extremely well, despite the
age of the paper. Since there were few antique sheets, most of the tracings had
to be made on new, laid, handmade paper, made of a cotton and flax mixture,
which is internally sized, unbleached, and of a similar weight (RM 1790s laid,
65 gsm). In Vermeer’s time sheets of paper would have been sized individually,
in gelatine, size, or starch (Kühn, 1986). Cennini (1398) states that paper made
of cotton can be oiled.

Paper can be quickly and easily oiled with a brush, and becomes very trans-
parent; so much so, it is possible to read something placed beneath it (see
Figs 21 and 22). The transparency of oiled paper is reduced slightly once dry.

Experiments in the studio showed that in order to transfer images success-
fully, this paper should not have much oil sitting on the surface. This is because
during the process of transfer, the pressure applied pushes excess oil out of the
paper, as well as transferring the oil paint tracing. If there is too much oil in
the paper then small puddles of oil sit on the surface of the canvas, making the
print blurred and unstable. Blotting the oiled paper while wet, or using dried
oiled paper, solves this problem. This is consistent with Cennini’s (1398) rec-
ommendation that oiled paper be left to dry ‘for the space of several days’ for
it to be ‘perfect and good’. Whether wet or dry, oiled paper can be easily cut
to size with scissors or a knife.

10.4. Tracing Technique

It is difficult to trace an image under a projection. As soon as any mark is made
it affects the balance of tone, masking some of the image. It is then difficult
to judge the tone of the adjacent area. For this reason it is easier to trace from
the darkest areas to the lighter ones. A further difficulty is that it is necessary

Figure 21. Oiling a 17th century legal document
using a hand-bound brush.

Figure 22. The Times seen through the oiled
paper.
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Figure 23. The same oiled paper as illustrated above, with a tracing of a detail of Woman with
Balance at actual size (with the painted side underneath).

to work from the side; otherwise the painter’s shadow blocks the projection.
Even then the hand and the brush cast a shadow of their own.

10.5. Print Quality

It took some time for this print transfer method to become reliable in quality.
There were many variables to be taken into account. These included how much
the surface of the ground was abraded, the strength and consistency of the
paint, the size of the brushstroke, and the pressure exerted when transferring
the tracing.

11. Possible Evidence for Print Transfers in Vermeer’s Work

There seem to be some interesting parallels to be drawn between the prints
made in the studio and some observations made by art historians about the
qualities of Vermeer’s paintings.

The biggest surprise was that the prints made in the studio onto prepared
canvases (see Figs 11, 16 and 17) had a significant resemblance to Vermeer’s
own underpainting. The effect was striking: the motif appeared sharply lit (see
Figs 24 and 25). The prints were loose, grainy images of high tonal polarity
with no contours: just dark shapes against the light of the ground, with some
transferred brushstrokes visible. The handmade paper, with its surface incon-
sistencies, did not transfer a perfect image onto the dusty surface of the ground
layer. The oil paint had spread and softened, and had been partly absorbed by
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Figure 24. First proof in the studio (de-
tail).

Figure 25. X-ray of the Girl with a
Pearl Earring © KIK-IRPA, Brus-
sels, in Vermeer, Lawrence Gowing,
Giles de la Mare Publishing, 1997.

the slightly abraded chalk and lead white ground, so there was little evidence
of line.

Monochrome underpainting is known to be beneath many paintings by Ver-
meer (Groen, 2007; Steadman, 2001), but art historians have found it difficult
to reconcile Vermeer’s careful planning with the appearance of confident and
rough underpainting (Gifford, 1998; Laurenze-Landsberg, 2007).

However, a print from a tracing as made above has to be transferred all at
once, and so not only does it appear to have been applied in an assured manner,
but it also appears extreme in tone because gradations are almost impossible
to achieve.

The use of a medium size brush required to transfer adequate paint to the
tracing surface, and the bone black tracing paint, which needed to be subse-
quently fortified in some areas with the darker lamp black, corresponds with
recent scientific analysis. Claudia Laurenze-Landsberg (2007) was astonished
to find Vermeer’s underpainting was done with the use of ‘different blacks’
and with a ‘quick sketchy stroke. . . with a rather broad brush’ (Groen et al.,
1998; van Eikema Hommes, 2004).

The dusty ground surface, required to absorb the oil from the transfers, is
also consistent with methods contemporary with Vermeer. De Mayerne and
Cennini both suggest that to increase the tooth of drawing surfaces, bone dust
or pumice should be rubbed into the surface (Cennini, 1398; Fels, 2010).

The homogeneous quality of these prints can partly be explained by the
necessity to trace everything in the projection in the same way, because the
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connecting shapes are not identifiable when reversed and inverted (Gowing,
1952; Hockney, 2001).

12. The Impact of the First Print on Later Layers

Wheelock (1995) deduced that Vermeer applied a thin glaze straight over the
imprimatura layer of the turban of the Girl with a Pearl Earring (Fig. 26),
leaving the underpainting visible (Franits, 2001; Gifford, 1998; Groen, 2007).

If this part of his painting is compared with the turban of the girl printed
and painted in the studio (Fig. 27), there seem to be textural similarities where
the quality of the grainy black print shows through a single ultramarine glaze
and helps define the form.

A first printed layer could affect the finished texture as well as the tone
in a painting. Is it possible that the blurred look peculiar to Vermeer’s work
(Arasse, 1994; Williams, 1995) could be the consequence of a transferred print
on the ground of the canvas? If this showed through subsequent thin layers
of paint, such a highly tonal, grainy image, lacking edge or contour, could
influence the final outcome (Costeras, 1998; Gifford, 1998; Groen et al., 1998;
Wheelock, 2001).

Very little paint was needed over the prints in the studio to give an impres-
sion of colour, and it was surprising how much information the print appeared
to convey. Compare, for example, the girl’s coat in Vermeer’s painting (Fig. 3)
and in the painted print made in the studio (Fig. 12), where a single thin ochre
layer was applied on top of the print. Scientific evaluation has revealed that

Figure 26. Johannes Vermeer, Girl with a
Pearl Earring, 1665 (detail). Oil on Canvas
44.5 × 39 cm, Royal Cabinet of Paintings,
Mauritshuis, The Hague.

Figure 27. Studio print from the Girl with a
Pearl Earring with some paint applied (de-
tail).
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Vermeer used few layers of paint on the Girl with a Pearl Earring. The most
recent analysis counted only four, including the ground (Groen et al., 1998).

Once the initial prints were put down in the studio, they could be easily
moderated with impasto once dry. In the careful process of putting on an
opaque layer on top of the studio print, a small edge or ‘halo’ of the dark paint
was left. This effect may have some relevance to the observations of junctions
of paint in Vermeer’s pictures, made by Hubert von Sonnenburg (1973), by
Wald (2010), and by Gifford (1998).

13. Prints on the Dead Layer

Where further prints were made on top of dried previously painted areas, it was
found that these did not transfer as successfully as those made onto a rubbed,
dusty layer. This was because the unabsorbent surface allowed the paint to run.
Obviously the painter would not want to abrade areas of paint he had worked
on in order to receive a print, because that would be destructive to his picture,
but such late prints, even if imperfectly transferred, could provide a way to
add or strengthen the accuracy of a line or shape, or to try out an alteration in
composition.

There may be evidence that Vermeer did this. The autoradiographs of A
Maid Asleep show some grape leaves in the 4th layer (Fig. 28), under the
tablecloth on the right hand side (Wheelock, 1977), possibly painted in azu-
rite (Ainsworth, 2000). These have very uneven pigment distribution, and the
well-defined edges of the leaves make the images look very like prints. Some
of the trial transfers in the studio on unabsorbent surfaces had a texture similar
to this (Fig. 29).

14. Highlights

This experiment showed that whereas tracings of thick paint would not transfer
without puckering or distortion, it was easy to transfer thin guide marks to in-
dicate the position of highlights onto top layers of paint. Double paint marks,
thick over thin, have been observed in Vermeer’s paintings (Wadum, 1995;
Wheelock, 1995). Might Vermeer immediately have painted over guide marks
with the ‘heavily loaded spots of pigment’ that Charles Seymour Jr. (1964) ob-
serves? Vermeer’s total painting output suggests he was a slow worker (Mon-
tias, 1989), but passages of wet-in-wet painting commented on by Costeras
(1998) and Gifford (1998) indicate that he sometimes worked at speed (Bai-
ley, 2001; Wheelock, 1996). Although there is much argument about whether
or not the pointillés seen in Vermeer’s painting actually came directly from the
lens (Arasse, 1994; Franits, 2001; Wheelock, 1995), this tracing and transfer
process makes this more than a theoretical possibility.
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Figure 28. Detail of vine leaves from
the 4th autoradiograph of A Maid
Asleep, The Metropolitan Museum of
Art, Bequest of Benjamin Altman, 1913
(14.40.611). Image © The Metropolitan
Museum of Art, in: Art and Autoradiog-
raphy, edited by M. W. Ainsworth, Yale
University Press, New Haven, CT, USA
(2000).

Figure 29. Detail of sleeve from a
trial print of Young Woman with Wa-
ter Jug on an unabsorbent surface.

Seventeenth-century painters were used to the waits between layers of im-
pasto and glaze (van Eikema Hommes, 2004), but this stop–start printing
technique would slow the process even further, because the whole surface of
the picture has to be dry to receive a print. It was found that if oiled paper is
applied to wet paint, it can pull paint already applied off the surface. In the
damp cool climate of Delft, paint may have taken some while to dry com-
pletely (Kuhn, 1986; Massey, 1968).

15. Conclusion

“We are in the presence of the real world of light, recording, as it seems, its own
objective print.” Lawrence Gowing (1952)

Within the prescribed limits of his time, it seems possible that Vermeer
would have experimented as far as he was able, adapting materials and tech-
nology to suit his working method.

Should Vermeer have made use of a camera obscura, then oiled paper
could have provided a convenient and simple ‘offset’ method of transferring
monochrome images, from the projection straight onto the canvas. Because
the image is corrected as it is transferred, he could have then worked using
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colour, in the light of his studio, facing his subject, taking information from
the lens as and when required.

This method is as far from pressing the button on the shutter of a modern
camera as we can imagine it to be. It will neither provide an instant coloured
image, nor a complete transcription of the motif. But the strength of this pro-
cess lies in the fact it is incomplete, and that the painter’s individuality and
means of expression remain unfettered. The painter can use his judgement to
decide what elements of a projection to use on the canvas, and how to enmesh
these in a painting.

This process of transfer provides plausible explanations for outstanding
puzzles about Vermeer’s painting, not least the extraordinary tonal polarity
and lack of line in his underpainting, the blurred effects, and the manner in
which optical phenomena seen only through a lens could have been translated
directly onto the top layers of paint. Possibly, it could explain some aspects of
Vermeer’s style.

Little is known about Vermeer’s life or his working practice. Much is sur-
mise, and the same could be said of the technique outlined here. However, this
simple studio method is consistent with what is known of Vermeer’s paint-
ing methods, and also reconciles some current theories that are presently at
variance.

As an innovator, might Vermeer not have made direct use of the camera
obscura, the new technology of his age?
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