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Readers' comments offering substantial theoretical and practical contributions to issues that have 
been raised in texts published in Leonardo are welcomed. The editors reserve the right to edit 
and shorten letters. Letters should be written in English and sent to the Main Editorial Office. 
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COMMENTARY ON "LYGIA 
CLARK AND HILIO OITICICA: 
A LEGACY OF INTERACTIVITY 
AND PARTICIPATION FOR A 
TELEMATIC FUTURE" 

Within Anti-art . . . the artist under- 
stands his/her position not any longer 
as a creatorfor contemplation, but as 
an instigator of creation. 

-Hilio Oiticica, Position and Pro- 
gram (1966) 

Over 20 years have passed since Hilio 
Oiticica made the above claim. Today, if 
the work of artists like Oiticica and 
Lygia Clark is read predominantly in 
the context of the electronic arts (see 
the Historical Perspectives article by 
Simone Osthoff in Leonardo Vol. 30, No. 
4, 1997), the full impact of the thought 
on which it is founded (or to which it 
gave rise) becomes veiled, and possibly 
pre-empted. 

In the realm of anti-art, art becomes 
interactive. At its best, interactive art 
engenders freedom, the choice of ac- 
tion or inaction and contemplation as 
well as use, abuse, even destruction; in 
short, it is a space allowing-but not 
coercing or forcing-the viewer's 
meeting with him/herself and others. 
Interactive art can be a realm of inten- 
sified experience, functioning as a 
chorus or forum and thus evoking 
ritual, politics and ethics. If the artist 
succeeds in opening a ground truly 
available to the viewers as participants, 
foregoing claims to hierarchy, then 
freedom is attained. To achieve this, 
the artist needs to redefine his/her 
own role. Clark spoke of (and prac- 
ticed) healing; Oiticica determined 
the attitude of giving as crucial. The 
artist's role is open to be shaped yet 
again. As I see it, this challenge is 
Clark's and Oiticica's true legacy. 

Technology can provide excellent 
means in the search for options, but 
popular communication technology is 
predominantly applied in the service of 
entertainment, with its inherent escap- 
ism, and proponents inevitably have to 
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work within this context. Furthermore, 
technology in art is eagerly financed by 
industry-might this inhibit discussion 
and application of the truly democratic 
implications and possibilities of 
interactivity? Finally, discussions on 
electronic art tend to focus on the ap- 
plications of technology, limiting the 
viewer to the role of a user in need of 
instruction, to the exclusion of consid- 
erations of the role of the artist. This 
approach, as could be observed at the 
Total Museum Conference in Chicago, 
cements the status quo and threatens 
to render the challenge mute. 

ADELHEID MERS 
2517 W. North Avenue 
Chicago, IL 60647 
U.S.A. 
E-mail: <ampm@tezcat.com> 
WWW: <http:// 
spaces.org.mers.htm/email> 

RESPONSE BY SIMONE 

OSTHOFF 

Adelheid Mers' critical response to my 
article aims at preserving what she con- 
siders Clark's and Oiticica's "true 
legacy." She does not see how their work 
is relevant to electronic art, which she 
views as an artistic practice focusing on 
"applications of technology." Mers' gen- 
eral opinion of electronic art is mostly 
negative, only pointing out its limita- 
tions and shortcomings. A closer exami- 
nation of electronic art, however, 
suggests a long history with rich and 
complex aesthetic issues (as has been 
documented in Leonardo). The issue of 
interactivity, for instance, ranges from 
closed systems of navigation in databases 
to open systems that are truly dialogical, 
thus raising radical questions and pro- 
moting new forms of consciousness. 

My intention with the article was to 
bridge this perceived distance between 
technology and contemporary art by 
examining Clark's and Oiticica's inter- 
active legacy to artists working in the 
field of electronic art. I believe that to 
read Clark's and Oiticica's heritage in 
the context of electronic art, rather 
than perverting its meaning, is to ac- 

work within this context. Furthermore, 
technology in art is eagerly financed by 
industry-might this inhibit discussion 
and application of the truly democratic 
implications and possibilities of 
interactivity? Finally, discussions on 
electronic art tend to focus on the ap- 
plications of technology, limiting the 
viewer to the role of a user in need of 
instruction, to the exclusion of consid- 
erations of the role of the artist. This 
approach, as could be observed at the 
Total Museum Conference in Chicago, 
cements the status quo and threatens 
to render the challenge mute. 

ADELHEID MERS 
2517 W. North Avenue 
Chicago, IL 60647 
U.S.A. 
E-mail: <ampm@tezcat.com> 
WWW: <http:// 
spaces.org.mers.htm/email> 

RESPONSE BY SIMONE 

OSTHOFF 

Adelheid Mers' critical response to my 
article aims at preserving what she con- 
siders Clark's and Oiticica's "true 
legacy." She does not see how their work 
is relevant to electronic art, which she 
views as an artistic practice focusing on 
"applications of technology." Mers' gen- 
eral opinion of electronic art is mostly 
negative, only pointing out its limita- 
tions and shortcomings. A closer exami- 
nation of electronic art, however, 
suggests a long history with rich and 
complex aesthetic issues (as has been 
documented in Leonardo). The issue of 
interactivity, for instance, ranges from 
closed systems of navigation in databases 
to open systems that are truly dialogical, 
thus raising radical questions and pro- 
moting new forms of consciousness. 

My intention with the article was to 
bridge this perceived distance between 
technology and contemporary art by 
examining Clark's and Oiticica's inter- 
active legacy to artists working in the 
field of electronic art. I believe that to 
read Clark's and Oiticica's heritage in 
the context of electronic art, rather 
than perverting its meaning, is to ac- 

work within this context. Furthermore, 
technology in art is eagerly financed by 
industry-might this inhibit discussion 
and application of the truly democratic 
implications and possibilities of 
interactivity? Finally, discussions on 
electronic art tend to focus on the ap- 
plications of technology, limiting the 
viewer to the role of a user in need of 
instruction, to the exclusion of consid- 
erations of the role of the artist. This 
approach, as could be observed at the 
Total Museum Conference in Chicago, 
cements the status quo and threatens 
to render the challenge mute. 

ADELHEID MERS 
2517 W. North Avenue 
Chicago, IL 60647 
U.S.A. 
E-mail: <ampm@tezcat.com> 
WWW: <http:// 
spaces.org.mers.htm/email> 

RESPONSE BY SIMONE 

OSTHOFF 

Adelheid Mers' critical response to my 
article aims at preserving what she con- 
siders Clark's and Oiticica's "true 
legacy." She does not see how their work 
is relevant to electronic art, which she 
views as an artistic practice focusing on 
"applications of technology." Mers' gen- 
eral opinion of electronic art is mostly 
negative, only pointing out its limita- 
tions and shortcomings. A closer exami- 
nation of electronic art, however, 
suggests a long history with rich and 
complex aesthetic issues (as has been 
documented in Leonardo). The issue of 
interactivity, for instance, ranges from 
closed systems of navigation in databases 
to open systems that are truly dialogical, 
thus raising radical questions and pro- 
moting new forms of consciousness. 

My intention with the article was to 
bridge this perceived distance between 
technology and contemporary art by 
examining Clark's and Oiticica's inter- 
active legacy to artists working in the 
field of electronic art. I believe that to 
read Clark's and Oiticica's heritage in 
the context of electronic art, rather 
than perverting its meaning, is to ac- 

knowledge their agonist lesson, 
breadth of content and continuing rel- 
evance. In the last 30 years much has 
been written about the works of 
Oiticica and Clark, both by critics and 
by the artists themselves (as I point out 
in an extensive bibliography). Expand- 
ing the implications of their participa- 
tory propositions into the realm of 
telematic art does not deny or render 
irrelevant previous readings of their 
work; it only adds a new perspective to 
them. 

The democratic content that Mers 
does not find in electronic art de- 
mands a longer discussion that should 
be addressed elsewhere. I would just 
like to point out that the anti-elitism of 
many artistic movements in the 1960s 
and 1970s was not immune to the ro- 
mantic and orthodox clich6s of the 
era. The "aristocratic nature" of the 
avant-garde is to their democratic ide- 
als as the canonization of anti-art 
(their historical preservation) is to 
their living spirit. I try to be true to 
Clark's and Oiticica's lesson by bring- 
ing into research and scholarship the 
conceptual challenges raised by their 
fascinating works. I believe the best 
way to preserve their ideas is to keep 
them alive and engaged in a continu- 
ing dialogue with the present. 

SIMONE OSTHOFF 
621 Sheridan Road #1 
Evanston, IL 60202 
U.S.A. 
E-mail: <ssinsley@starnetinc.com> 

COMMENTARY ON "VERMEER 

AND THE CAMERA OBSCURA: 

SOME PRACTICAL 

CONSIDERATIONS" 

In his paper "Vermeer and the Camera 
Obscura" in Leonardo Vol. 31, No. 3, 
1998, Allan Mills presents the results of 
some simple experiments with lenses. 
He concludes that "it would not have 
been possible for Vermeer to have 
painted his interior scenes directly, at 
full size, from images produced by a 
room-type camera obscura incorporat- 
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ing the lenses of his time" [1]. Vermeer 
constructed his compositions, Mills be- 
lieves, following the standard geometri- 
cal methods set out in contemporary 
perspective manuals. Mills's arguments 
are, however, logically flawed, and 
some of the historical evidence with 
which he supports them is either de- 
batable or wrong. 

Mills begins with a discussion of im- 
ages produced by pinhole cameras and 
says that these are so dim as to be use- 
less for painting. This is true; but in a 
hundred years of speculation, it has 
never been suggested that Vermeer 
used a pinhole camera. Indeed one of 
the very earliest reasons for the belief 
that he might have been a camera user 
was that he seemed to have repro- 
duced in paint some artefacts that 
might appear with the use of slightly 
unfocussed lenses. (The room-type 
camera from Athanasius Kircher's Ars 

Magna Lucis et Umbrae [2], which Mills 
illustrates as an example of a pinhole 
camera, is not. It is a camera with a 
lens-or rather two cameras with 
lenses, back-to-back.) 

Camera obscuras equipped with 
lenses give images that are very much 
brighter than those provided by pin- 
hole cameras and can therefore be 
used by artists for tracing. Mills argues, 
however, that such instruments as 
manufactured in the seventeenth cen- 
tury had a number of defects, especially 
when compared with modern photo- 
graphic cameras. Most of them used 
single simple lenses with spherical sur- 
faces. These resulted in distortions of 
the image, including slight curvature of 
the field towards the edge of the image, 
and vignetting (loss of focus) around 
the periphery. What is more, with 
lenses of small size (for example the 
spectacle-type lenses 4 or 5 cm in diam- 
eter that Mills discusses), the resulting 
camera image would still have been 
relatively dim. Cameras of this type 
could be used for landscape drawing 
but, should Vermeer have tried to work 
with such an instrument indoors, nei- 
ther he "nor anyone else" would have 
been able to see the image clearly. This, 
then, is Mills's argument in its essen- 
tials, and it is absolutely dependent on 
the assumption that Vermeer could 
only have had access to either a spec- 
tacle lens or something similar. 

If Vermeer had been able to use a 
larger lens, however-say, one of twice 
the diameter, admitting four times as 
much light-then this leg of Mills's ar- 
gument collapses. With such a lens it 

would have been perfectly possible for 
the artist to build a cubicle-type cam- 
era and project full-size images of his 
interiors, quite bright enough to study 
and trace in detail. I say this not as a 
matter of hypothesis or speculation, 
but on the strength of practical experi- 
ment. In 1989, I oversaw the recon- 
struction of Vermeer's room for a BBC 
film, furnished as in The Music Lesson, 
in a Bristol television studio [3]. The 
room incorporated a cubicle-type cam- 
era with a lens 10 cm in diameter and 
a focal length of 75 cm (thus with an f 
number of 7.5). 

A projection screen in the room was 
made of translucent plastic to corre- 
spond to what in Vermeer's time might 
have been linen or oiled paper. The 
simple biconvex lens, of a type sold for 
school physics classes, was made of bet- 
ter quality glass than would have been 
available in seventeenth-century Hol- 
land, but otherwise was not superior to 
Dutch lenses of the period. The result 
was a bright, detailed image corre- 
sponding to The Music Lesson at actual 
size (63 x 74 cm), sufficiently bright to 
film with a television camera. The 
room was lit through its three windows 
with studio lights that were powerful, 
but by no means equivalent in bright- 
ness to a cloudless sky. In any case, 
Vermeer's room was very well-lit; ap- 
proximately 40% of the area of the 
wall visible to the left in the paintings 
is devoted to windows. 

Could Vermeer have laid his hands 
on such a large lens? Mills dubiously 
claims that the "impecunious" Vermeer 
would only have been able to afford 
spectacle lenses and that larger diam- 
eter lenses were made at that time only 
for "expensive telescopes." Biographi- 
cal information on Vermeer, though 
sparse at best, indicates that Vermeer 
was reasonably well-to-do. Perhaps 
Mills has got a contrary impression 
from the fact that Vermeer died bank- 
rupt-but that was a consequence of 
Holland's war with France and the re- 
sulting difficulties of the Dutch 
economy in general and the art market 
in particular. The economic historian 
J.M. Montias is of the opinion that, for 
most of his life, Vermeer enjoyed a cer- 
tain financial independence, albeit a 
precarious one, not least because of 
the regular help he received from his 
wealthy mother-in-law, Maria Thins [4]. 

Were lenses larger than spectacle 
lenses available in Holland in the mid- 
seventeenth century? The answer is 
yes-they were made as conventional 

hand-held magnifying glasses. One 
such glass is visible in Johannes 
Verkolje's portrait of Antony van 
Leeuwenhoek [5]; it looks to be about 
8 cm across. Magnifying glasses were 
used in the Dutch cloth trade-in 
which Vermeer's father had worked- 
for inspecting the weave of fine fab- 
rics. Otherwise, big lenses were 
manufactured, as Mills mentions, for 
use in telescopes. Indeed, Mills himself 
has published a most interesting ar- 
ticle about three surviving lenses, 
made in 1686 by Constantijn Huygens 
the younger (brother of the physicist 
Christian), with diameters of 19.5, 21 
and 23 cm-as big as dinner plates 
[6]. Telescope lenses like these were 
certainly specialized items, and those 
ground by the Huygens brothers-al- 
though not without their faults-were 
probably among the finest of their 
time. Nevertheless, the technology and 
skills clearly were available at the mid- 
century for producing lenses of the 
more modest size that Vermeer would 
have needed for an indoor camera 
obscura. Furthermore, they were avail- 
able locally: one Evert Harmensz 
Steenwijck was making telescope 
lenses in Delft as early as 1628 [7]. 
(Steenwijck's son was an acquaintance 
of Vermeer's father.) The Huygens 
brothers were in correspondence with 
another lens-maker in the city, Johan 
de Wyk, in 1664 and 1665 [8]. 

It has been suggested (although not 
by Mills) that Vermeer, as a humble 
artist, was so remote from contempo- 
rary science as to have been incapable 
of conceiving or constructing a camera 
obscura for himself. We know, how- 
ever, that other seventeenth-century 
Dutch artists built cameras, including 
Samuel van Hoogstraten, with whom 
Vermeer might well have been ac- 
quainted [9]. Beyond this, we should 
note the curious fact that three indi- 
viduals whose lives we know for certain 
touched Vermeer's were leading fig- 
ures in European optical science. The 
first, microscopy pioneer Antony van 
Leeuwenhoek, acted as Vermeer's ex- 
ecutor (although there is no documen- 
tary evidence of any other connection) 
[10]. The second, Constantijn 
Huygens the elder, visited Vermeer in 
1669 [11]. As well as sharing his sons' 
interest in telescopes, Huygens was a 
keen microscopist and patron of 
Leeuwenhoek, a friend of Descartes 
(whom he encouraged to publish his 
Dioptrique of 1637), and an enthusiast 
for the camera obscura and its poten- 
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tial in painting. Indeed, Huygens 
bought a camera from the Dutch engi- 
neer Cornelis Drebbel in London in 
1622 and demonstrated it to a circle of 
friends, including several painters, 
back home in The Hague [12]. 

The third in this trio of scientists, the 
Frenchman Balthasar de Monconys, 
called on Vermeer in 1663 and is usu- 
ally described in biographies of the art- 
ist as a connoisseur of painting. But he 
was also an accomplished experimental 
scientist who made significant improve- 
ments to the design of the compound 
microscope and who had scientific con- 
tacts across Europe (including 
Athanasius Kircher in Rome) [13]. To- 
gether, Monconys, Huygens the elder 
and Christian Huygens were all for- 
mally received by a meeting of the 
Royal Society in London in 1663 [14]. 
Although we cannot say with certainty 
from whom Vermeer might have gained 
his knowledge of optics and lenses, all 
this surely indicates the existence of 
some likely candidates close at hand. 

Vermeer was not poor; he could have 
had lenses made in Delft in sizes larger 
than spectacle lenses; he might possi- 
bly have taken specialized advice from 
some of the seventeenth century's 
most knowledgeable students of optics; 
and he could have built an indoor cam- 
era that produced clear, bright images 
the size of most of his paintings of in- 
teriors [15]. Of Mills's arguments, 
there remains the question of the vari- 
ous distortions of the image produced 
by simple lenses, which he describes 
and demonstrates experimentally. 

These points must obviously be 
taken seriously-but notice their impli- 
cations. All the various failings of the 
lenses used in camera obscuras were 
not overcome to any significant extent 
until the early nineteenth century and 
the invention of photography. Only 
then did the evident consequences of 
these failings, in plates and prints, cre- 
ate demands for all the optical im- 
provements and sophisticated 
compound lens systems that occupied 
the industry well into the present cen- 
tury. Most of the camera obscuras 
made throughout the eighteenth cen- 
tury had simple single lenses, which 
were not greatly superior, if at all, to 
those in seventeenth-century cameras. 
Setting aside for the moment any spe- 
cific question about Vermeer, the logi- 
cal conclusion of Mills's position is 
that the camera obscura would have 
been of questionable usefulness in 
tracing perspective views or observing 

fine detail for all of the thousands of 
its other users up to the 1830s. 
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the camera to make scientific or topo- 
graphical illustrations and to copy ex- 
isting prints and drawings [16], not to 
mention the many astronomers-from 
Tycho Brahe andJohannes Kepler on- 
wards-who found the instrument an 
indispensable aid to solar observation 
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ferent times. Thus, at one lens position 
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refocussing, the magnification of the 
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screen remains fixed. In this way, a 
band right across the image from one 
side to the other can be brought simul- 
taneously into sharp focus. 

Furthermore, in an image cast by a 
large lens, one is able to select just a 
central section for copying-as I be- 
lieve Vermeer did in several cases-and 
so avoid the worst effects of vignetting 
at the periphery. One can rectify by 
hand in the tracing process any slight, 
remaining curvature of what should be 
straight lines near the edges of a com- 
position. Camera obscura images are 
certainly not perfect, but they are us- 
able. To my eye at least, Mills's argu- 
ment is not greatly helped by his own 
experimental images of The Music Les- 

son. Very fine detail is visible in the ar- 
eas of sharp focus. There is negligible 
curvature of the visual field. It is worth 
remembering that most critics who 
have suspected Vermeer of using the 
camera have done so precisely because 
he appears to imitate some of its soft- 
focus effects. 

Mills calls on a recent paper byJ. 
Wadum in support of his contention 
that Vermeer used conventional per- 
spective construction methods [18]. 
But Wadum's work is both highly 
speculative and based on shaky 
grounds. No measured perspective 
drawings by Vermeer survive, and 
there are no signs of preparatory con- 
struction lines or grids under the 
painted surface of his canvases. 
Wadum suggests that a number of 
books mentioned in the inventory of 
Vermeer's estate might have been per- 
spective manuals. This is conceivable, 
but the document in question gives no 
indication of the books' subjects or 
titles [19]. Wadum analyzes the per- 
spective of several paintings and shows 
the existence of vanishing points, hori- 
zon lines and distance points. But 
when viewed frontally, these are all re- 
vealed as intrinsic features of the pro- 
jective geometry of architectural 
scenes, which occur equally in photo- 
graphs and camera obscura images. 

The only firm piece of historical evi- 
dence relating to Vermeer's technique 
that Wadum brings to bear from the 
paintings themselves is the fact that 
many of the canvases have tiny holes at 
the central vanishing points. It seems 
reasonable to infer, as Wadum does, 
that Vermeer stuck in pins at these po- 
sitions and used stretched threads or a 
straight edge to rule the images of the 
orthogonal lines that converge at the 
vanishing point. Wadum interprets this 
as positive confirmation of a math- 
ematical technique of construction, 
but it is not. If Vermeer had been 
transferring onto canvas an image 
traced on paper using a camera 
obscura, it would have been just as use- 
ful for him to have a pin at the vanish- 
ing point to rule the orthogonals as it 
would to set out the perspective math- 
ematically. 

Mills, quite unaccountably, fails to 
mention the most powerful evidence 
for the hypothesis that Vermeer traced 
camera images at full size, although he 
cites the paper in which I set this evi- 
dence out [20]. Because there is not 
enough space here to go into detail, I 
would refer interested readers to my 
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original. In summary; I have been able 
to reconstruct the shape and dimen- 
sions of Vermeer's studio and all its 
furniture with considerable accuracy 
and have plotted the theoretical view- 
points of half a dozen pictures within 
this space. Those parts of the room 
that are visible in each painting are 
contained within a "visual pyramid" 
whose apex is at the viewpoint. If the 
sloping lines that form the edges of 
this pyramid are carried back through 
the viewpoint to meet the back wall of 
the room behind the painter, they de- 
fine a rectangular area on that wall. In 
each of the six cases in question (and 
maybe more) this rectangle is the pre- 
cise size of the respective painting. 

My explanation for this extraordinary 
geometrical coincidence is that Vermeer 
had a cubicle-type camera obscura at the 
back of the room with a lens that could 
be moved to each painting's viewpoint 
(as in the 1989 BBC reconstruction). He 
used this arrangement to project the 
scene onto the back wall, which thus 
served as the camera's screen. The cam- 
era explanation is simple and natural. 
Each of Vermeer's six pictures is the 
same size as its "projected image" be- 
cause he traced it. It is extremely diffi- 
cult, on the other hand, to see how this 
strange geometrical phenomenon could 
arise from any use of conventional per- 
spective techniques. If Allan Mills has an 
explanation in these terms, I should in- 
deed be interested to hear it. 

PHILIP STEADMAN 

Faculty of Technology 
The Open University 
Milton Keynes MK76AA 
United Kingdom 
E-mail: <jpsteadman@open.ac.uk> 
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Absence of Reversal 
The real image produced on an opaque 
screen (such as paper or primed can- 
vas) by any converging lens-early or 
modern-is inverted top-to-bottom and 
reversed left-to-right, so that even if an 
image is subsequently inverted, the re- 

vas) by any converging lens-early or 
modern-is inverted top-to-bottom and 
reversed left-to-right, so that even if an 
image is subsequently inverted, the re- 

versal remains. One can correct this by 
viewing the image in a mirror or, for 
permanency, copying it on tracing pa- 
per and then viewing it from the rear. 
Many of Vermeer's interiors show the 
same room (the living room of his 
home?) in the same orientation; and, as 
maps and identifiable paintings hang- 
ing on the far wall in some of the works 
are definitely not reversed, it follows 
that none of these scenes is reversed. 
Therefore, Vermeer could not have 
sketched them directly from a pro- 
jected image. Note that Steadman's 
scheme does not allow room for the art- 
ist to stand behind an image received 
directly upon a translucent screen. 

Intensity of Illumination 
The illumination in any interior lit 
naturally from side windows is much 
less that that of the outdoors, generally 
by factors of between 30 and 100. (The 
skylights favored by artists help a lot, 
but Vermeer did not have such a stu- 
dio.) I have found experimentally that 
a direct-projection camera obscura re- 
quires a lens working at f8 or below to 
give a reasonably illuminated central 
image of such an interior scene. 

Perspective reconstructions-particu- 
larly of The Music Lesson, which is rich 
in orthogonals-give a crossing point 
for the lines defining the edges of the 
scene. If Vermeer had used a cubicle- 
type camera obscura in the manner 
proposed by Steadman, then he would 
have had to fix the lens at this point in 
real space. It would have required a fo- 
cal length of about 60 cm to fit the de- 
rived object and image distances and 
the known size of the picture. 

In order to fulfill the intensity re- 
quirement of f8, such a lens would 
have to be at least 7.5 cm in diameter. 
Steadman's letter mentions that his re- 
construction for television employed a 
modern lens of 75 cm focal length and 
10 cm diameter, giving an f number of 
7.5. In the seventeenth century, a lens 
of this specification would be neither a 
spectacle lens nor a magnifying glass, 
but rather more like the objective for a 
refracting telescope [I]. I agree with 
Steadman that such a lens could have 
been custom-made for Vermeer by the 
more skilled opticians of the time, but 
it would certainly have cost a lot more 
than spectacle lenses of less than half 
its diameter produced in batches. 
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Aberrations 
Galileo proved that a combination of 
two simple lenses can produce an ep- 
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