
THE CROWD IN THE CAMERA OBSCURA.–Ah, there! 

AT T H E BEACH. 
A c a r t o o n f rom P u c k magaz ine (August 3 0 . 1 8 9 0 ) . (Photo 
c o u r t e s y of J a c k and Bever ly W i l g u s of Bright B y t e s Studio.) 

The Sc ien t i f i c Life 
Of the Camera Obscura By Brian S. Baigrie 

Technological innovation enjoys great cur­
rency in scholarly accounts of the rise of 
modern science, particularly for the light 
it sheds on those extraordinary periods of 
creativity known as scientific revolutions. 

Technology can be manipulated to bring about new 
discoveries: it makes results repeatable and hence 
exportable in standardized configurations to other des­
tinations. When a research front has been thoroughly 
technologized, it offers scientists a veritable "discovery 

machine," stimulating novel techniques that further 
accelerate the pace of innovation. The scientific 
progress that results can be so breathtaking that what 
appears to scholars at a distance as revolutionary fer­
ment is actually a massive acceleration in the produc­
tion of knowledge. 

When familiar instruments are manipulated to 
make discoveries, new techniques that accelerate the 
pace of innovation are sometimes the result. The elec­
tro-magnetic effect, first detected in 1820 by Hans 
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Christian Oersted (1777-1815) with a magnetic nee­
dle and a current passed through fine platinum wires, 
is an illustration of familiar technology being put to 
new and spectacular ends. 1 Oersted ushered in a new 
electrical age that led, in short order, to the electro­
magnet, the transformer, and the dynamo—the bui ld­
ing blocks of the industrial revolution. 

Our enthusiasm for new research technologies can 
make us forget the fact that, as often as not, the seeds 
of revolut ion are sown by scientists work ing with 
humble instruments that have been around for a very 
long time. For the same reason, bursts of innovation 
frequently stem not from any particular use to which 
these instruments are put, but rather from scientists 
thinking about them in unexpected ways. Instruments 
occasionally possess an intellectual dimension that far 
overshadows their intrinsic value, carrying with them 
the eclipse of an entire way of life and the dawn of a 
new, revolutionary narrative. 

T h e intel lectual s igni f icance o f inst ruments is 
nowhere more apparent than in the role played by the 
humble camera obscura in the scientific revolution of 
the seventeenth century. When some of the light rays 
reflected from a bright subject pass through a pinhole 
in thin material, they do not scatter but cross and 
reform as an upside-down image on a flat surface held 
parallel to the hole. The camera obscura (from the 
Latin 'dark room') exploits this fact (Figure 1). If a 
small hole is made in the window cover of a darkened 
room on a bright day, an inverted image in full color 
and movement o f the scene outside the window is 
produced on the opposite wall of the room. 

The fact that a pinhole could form this type of 
image has been known since the very dawn of science. 
The ancient Chinese were aware of the fact as early as 
the fourth century B C . Outside C h i n a , the Arabian 
scholar Alhazen (Abu ali Al-Hassen ibn al Haytham) 
(c. 965-1038) first described it in about 1030. A clear 
description of the formation of images using a small 
hole in a darkened room is contained in the manu­
scripts of Leonardo da V inc i (1452-1519) in the fif­
teenth century. 

The camera obscura has enjoyed two lives, one that 
has been fully documented by art historians, and a 
second, comparatively unknown, as an object of sci­
entific speculation. In its first incarnation, the camera 
obscura served as a tool of visualization, first in the 
emergence of the naturalistic style of representation 
that historians identify with Renaissance art, and then 
in photography . F o l l o w i n g the lead o f G i o v a n n i 
Battista della Porta (1538-1615), by the mid-sixteenth 
century, artists had begun to exploi t the camera 
obscura as an aid to drawing and perspective. The 
first generation of camera obscura were always creat­
ed in rooms in houses. By the seventeenth century, 
however, portable versions were being widely used by 
artists for sketching in the f ield. T h e device most 
commonly used for this purpose was the reflex box: 
after reflection by an inclined mirror, the lens formed 

an upr ight image on a sheet o f translucent paper. 
Though there is evidence that many recognized artists 
used the camera obscura, few would acknowledge the 
practice because they felt that in some way it d imin­
ished their artistry. 

By the t ime the first photographic experiments 
were taking place at the beginning of the nineteenth 
century, the camera obscura had evolved into three 
distinct forms. One was a darkened room with a lens 
and mirror in the roof. Furnished with improved lens­
es that could cast larger and sharper images, this type 
of camera obscura, which flourished at seaside resorts 

Figure 1. A tab le top c a m e r a o b s c u r a . 

Figure 2. A n Engl ish box c a m e r a o b s c u r a . F o c u s is a c h i e v e d by sl id ing the inner 
s e c t i o n of the box in and out. (Photo c o u r t e s y of J a c k and Beverly W i l g u s of 
Bright B y t e s Studio. ) 

1 O e r s t e d ' s privately c i rcu la ted memoi r of 1 8 2 0 is t i t led 
Exper imenta c i r c a e f f e c t u m conf l i c tus e lec t r i c i in a c u m m a g ­
ne t icum. He w a s awarded the Cop ley M e d a l by the Royal Soc ie ty 
and a large monetary prize by the Institut de F r a n c e . Optics & Photonics News/February 2000 19 



and other picturesque sites, produced an image on a 
table. A second type was in the form of a portable tent: 
featuring a lens and mirror at the apex of the tent, it 
produced an image on a horizontal desk inside. The 
third form was the portable box camera obscura that 
produced an image on light-sensitive material. It was 
this type of camera obscura that eventually lead to the 
development of the photographic camera.2 

The second life of the camera obscura began, in the 
manner of the vast majority of scientific instruments, 
as an aid to observation. The great observational 
astronomer Tycho Brahe (1546-1601) found that the 
camera obscura produced a wonderful image during 
eclipses. In 1600, however, when Brahe was using the 
camera obscura in lunar observations, he discerned 
that the lunar diameter as formed by the rays in the 
pinhole camera appeared smaller during a solar 
eclipse than at other times. Brahe's observation gener­
ated a curious intellectual puzzle that seemed to 
admit only two solutions: either the moon itself 
changed sizes or moved further away from the earth 
during the solar eclipse; or Brahe was somehow being 
deceived by the camera obscura. 

This puzzle awakened the interest of Brahe's assistant, 
Johannes Kepler (1571-1630), now chiefly remembered 
for the three laws of planetary motion enshrined in Isaac 
Newton's celestial dynamics (Figure 3). The first solution 
presumed that the puzzle was astronomical in nature. 
Kepler rejected this out of hand. The puzzle, Kepler sub­
mitted in his Ad vitellionem paralipomena (1604), 
involved the optics of the visual images (which he called 
pictures) formed behind the small apertures in the pin­
hole camera.3 The changing diameter of the moon was 
caused by the intersection of the optical mechanism with 
the rays of light. The deception detected by Brahe, Kepler 
reasoned, was built into the pinhole camera itself. 

It was this thesis that transformed the camera 
obscura from a mere instrument into a scientific object 
of inquiry in its own right. It is true that scientists are 
often so taken with instruments that their interest in 
them transcends any connection with theory. Though 
instruments may come to enjoy a great deal of autono­
my from theoretical concerns, their value as instru­
ments is frequently tied to their ability to generate use­
ful measurements. With Kepler's pioneering work in 
the science of vision, the camera obscura became an 

intellectual object in its own right. 
An unpalatable consequence of 

Kepler's hypothesis was that naked-eye 
observation was somehow superior to 
instrument-mediated observation. 
This consequence was congenial to the 
Scholastic natural philosophy that 
dominated intellectual life in and 
around the universities. A central doc­
trine of Scholastic accounts of knowl­
edge was that there is nothing in the 
mind which is not first in the senses. 
Equivocating the scientific with the 
sensible, these same scholars would 
soon oppose Galileo's startling tele­
scopic observations with the common 
sense refrain that such things as 
Jupiter's moons and the craters of the 
moon are not available in ordinary 
sensation and so must be artifacts of 
Galileo's instrument. Anticipating this 

Figure 3. Johannes Kepler (1571-1630). (Photo courtesy of the 
Smithsonian Institute, Washington, DC, Dibner Library, Special 
Collections.) 

Figure 4. A print from Frank Leslie's Popular Monthly (1877) showing a scene inside 
the Central Park camera obscura. (Photo courtesy of Jack and Beverly Wilgus of 
Bright Bytes Studio.) 

2 See Helmut Gernsheim, The History of Photography from the 
Camera Obscura to the Beginning of the Modern Era. London: 
Thames & Hudson. 

3 For a discussion of Kepler's involvement in the camera obscura, 
see Svetlana Alpers, The Art of Describing: Dutch Art in the 
Seventeenth Century. Chicago: The University of Chicago Press. 
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objection, Kepler fatally undermined the Scholastic 
account of knowledge and the authority traditionally 
conferred on ordinary vision by pointing out that 
deception is also built into the human eye, which, he 
demonstrated to great effect, is an optical mechanism 
furnished with a lens that has focusing properties. 

A startling consequence of Kepler's claim that our 
optical mechanism mediates the world is that the 
world must be seen differently through the eyes of 
other animals. Thanks to the Copernican system, nat­
ural philosophers were already furnished with a philo­
sophical objection to the anthropocentrism of the 
received geocentric cosmology. With Kepler's pioneer­
ing work in vision science, the anti-anthropocentrism 
implicit in Copernicus' treatment of the earth as just 
another celestial body was now bolstered by science. 
As Kepler's views gathered momentum during the 
course of the seventeenth century, it is easy to see why 
natural philosophers became consumed with studying 
the eyes of other animals and in reconstructing the 
world as pictured by their optical mechanisms. 

The most striking example of the anthropocen­
trism of the day was the celebrated illustration of the 
eye of a grey drone fly (Figure 5), which appeared in 
the enormously popular Micrographia (1665), com­
posed by the English experimentalist Robert Hooke 
(1635-1703). Hooke numbered the hemispheres of 
the fly's eye at fourteen hundred. The sheer complexi­
ty of the fly's visual system reinforced Kepler's rejec­
tion of conventional wisdom, which placed a premi­
um on unaided human observation. Indeed, the fact 
that the fly's visual mechanism was a more sophisti­
cated contrivance than the human eye gave shape to 

an entirely new conception of sophistication in terms 
of minuteness of structure—a conception reflected in 
the enthusiasm for the new pocket watch that trans­
formed business practices in the late seventeenth cen­
tury, and that is still with us today in our quest to pro­
duce ever smaller and faster computers. 

Kepler's demonstration that the human eye is a 
modified camera obscura—a picture-making 
machine—changed the practice of science forever. 
Mechanical analogy, and the mechanical models that 
are generated by analogous reasoning, are among the 
handful of tools in the scientist's toolkit. Kepler's 
demonstration was the first concrete scientific realiza­
tion of an analogy between things that exist in a pure 
state of nature and mechanical contrivances fashioned 
by hammer and tongs. 

The mechanization of the human eye proved to be 
the first in a long series of mechanical analogies that 
fill the pages of the sciences of the early modern peri­
od. In short order, the English anatomist William 
Harvey (1578-1657) argued that the heart is a 
mechanical pump, the principal function of which is 
to violently propel blood into the arterial system. 
Kepler applied his mechanistic hypothesis to one par­
ticular organ, the eye, leaving its functioning in rela­
tion to the entire system of the body untouched. The 
French natural philosopher Rene Descartes 
(1596-1650) took the additional step, in a number of 
scientific treatises, of treating the entire living animal 
body as an inanimate machine. By focusing exclusively 
on the one question that had guided Kepler in his 
optical research—what physical motions follow from 
each preceding motion—Descartes created a method­
ological template for the mechanistic style of explana­
tion so characteristic of modern science. 

Perhaps the most dramatic illustration of the 
importance of the mechanization of nature is fur­
nished by the microscopist studies carried out by 
Antoni Leeuwenhoek (1632-1723). Reasoning that 
organisms are merely mechanical devices that transfer 
motion, Leeuwenhoek explicitly identified life and 
mobility.4 This insight guided his discovery of para­
sitic protozoa in 1674, though Leeuwenhoek had no 
idea what they actually were. 

References 
1. Hooke, Robert. 1665. Micrographia or Some Physiological 

Descriptions of Minute Bodies.... London: Printed for the 
Royal Society by Martyn and Allestry. Reprinted by Dover 
Publications, New York, 1961. 

2. Gernsheim, Helmut. 1966. The History of Photography from 
the Camera Obscura to the Beginning of the Modern Era. 
London: Thames & Hudson. 

3. Alpers, Svetlana. 1983. The Art of Describing. Dutch Art 
in the Seventeenth Century. Chicago: University of Chicago 
Press. 

4. Leeuwenhoek, Antoni van. 1681. "A Letter of Mr. 
Leeuwenhoeck to Dr. G," Philosophical Collections, 2, 
pp. 3-5. 

Brian Baigrie is Associate Professor at The Institute for History and Philosophy of 
Science and Technology, The University of Toronto. He can be reached at 
balgrie@attcanada.net. 

Figure 5. Illustration of the eyes of a grey drone fly, which 
appeared in Micrographia in 1665. (Photo courtesy of the 
Smithsonian Institute, Washington, DC, Dibner Library, Special 
Collections.) 

4 See Leeuwenhoek's letter of 1681 (Philosophical Collections, 2, 
p. 4): "the semen of a Cock about a year old, which had been kept 
alone in a coop for five days, I found exceeding full of those 
Animals, at least 50,000 in the bigness of a Sand... [they] seem'd 
to have life by their motion..." (Leeuwenhoek 1681:4). Optics & Photonics News/February 2000 21 
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