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CHAPTER ONE

Instruments and Images: Subjects for
the Historiography of Science

IN THE second aphorism of the Novum Organum Francis Bacon argued that
“neither the naked hand nor the understanding left to itself can effect much.
It is by instruments and helps that the work is done, which are as much
wanted for the understanding as for the hand. And as the instruments of the
hand either give motion or guide it, so the instruments of the mind supply
either suggestions for the understanding or cautions”! In this aphorism
Bacon identified two wants of natural philosophy—a new method for inves-
tigating nature, and new instruments for carrying out that investigation. He
succeeded in elaborating a method, but his suggestions about instruments
were vague, going little beyond the insistence that real knowledge of nature
lay in the hands of the craftsman and not the philosopher.

From our perspective Bacon could not help but be vague, because in
1620, when he wrote, the instruments that made the experimental philoso-
phy possible were just beginning to arrive on the scene. Of course instru-
ments to measure those things that Aristotle called quantities—that is, dis-
tance, angle, time, weight—are as old as recorded history. These include
rulers, balances, clocks of different kinds, and instruments for surveying,
navigation, and astronomy. In the early modern period they were called
“mathematical” and were manufactured and employed by “mathematical
practitioners.”? But in the seventeenth century a different kind of instrument
made its appearance. The most important of these instruments was the tele-
scope that Galileo used successfully in astronomy for the first time in 1609.
Other new instruments in the seventeenth century were the microscope and
the air pump—instruments that were to transform natural science. Instead
of just measuring length, weight, or time, these instruments distorted na-
ture in some way, either by magnifying it as in the case of the telescope
and microscope, or by producing an unnatural condition as in the vacuum
created in an air pump. Experiments performed with these instruments
were called “elaborate” and were performed in an “elaboratory” or “labo-
ratory.” They were called elaborate because they went beyond mere ob-
servation and “tortured” nature in order to reveal her secrets.®> They
were also called “philosophical” (as opposed to mathematical) and they
were employed by philosophers, whose interests were more intellectual than
practical.

Such devices as the telescope and the microscope had existed before the
seventeenth century, but not as philosophical instruments. They were in-



4 CHAPTER ONE

stead part of what was called “natural magic.” The purpose of the instru-
ments of natural magic was to produce wondrous effects. Natural magic
differed from black magic in that the effects were natural rather than super-
natural even though they may have appeared to be miraculous. As Giambat-
tista Della Porta explained in 1558:

There are two sorts of magic; the one is infamous, and unhappie, because it hath
to do with foul spirits, and consists of inchantments and wicked curiosity; and this
is called sorcery; an art which all learned and good men detest; neither is it able to
yeeld any truth of Reason or Nature, but stands meerly upon fancies and imagina-
tions, such as vanish presently away and leave nothing behinde them. ... The
other Magick is natural; which all excellent wise men do admit and embrace, and
worship with great applause; neither is there anything more highly esteemed, or
better thought of by men of learning. . . . I think that [natural} Magick is nothing
else but the survey of the whole course of Nature.*

The natural magician reveled in his ability to trick the senses of his audi-
ence and to conceal the causes of the effects he produced, and he did it with
instruments. Della Porta’s Natural Magick (1558) was loaded with trick
mirrors, secret speaking tubes, and automata of all kinds along with recipes
for removing spots from clothes, curing diseases, removing pimples, making
seeds grow, and other such “secrets.”® But among his tricks were the germs
of the telescope, microscope, barometer, and air pump. It is not coincidental
that the earliest known sketch of a telescope is by Della Porta, that Galileo
probably got the idea for his thermometer from Cornelis Drebbel’s famous
perpetual motion machine at the court of James I, that Robert Boyle learned
of the air pump from reading the Mechanica hydraulico-pneumatica (1657)
of the natural magician Gaspar Schott, and that even Newton got his prisms
at a fair where they were sold as instruments of natural magic.® Most of the
“philosophical” instruments, which were the foundation of the experimen-
tal philosophy as it developed during the Scientific Revolution, had existed
in an earlier version in natural magic.

Experimental philosophers like Robert Boyle and Robert Hooke put their
instruments to new and different uses. But one cannot conclude that an en-
lightened experimental philosophy simply replaced a baleful natural magic
in the seventeenth century. In the first place natural magic did not disappear.
Athanasius Kircher (about whom we will have much to say in the following
pages) happily compiled his enormous Latin tomes completely oblivious to
the radical new methods of his contemporaries Descartes, Boyle, and New-
ton. Nor was Kircher by any means the last of the practitioners of natural
magic. Instruments in the natural magic tradition continued to be invented
well into the nineteenth century, even though they ceased to be called magi-
cal. Natural magic never really disappeared. It was merely subsumed under
new categories such as entertainment, technology, and natural science.

One reason for the persistence of natural magic was its practicality. We
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tend not to think of magic as a practical art, certainly not in a utilitarian
sense, but many of the goals of natural magic—creating realistic images
where there is no substance, communicating instantly around the globe, im-
itating and preserving the human voice, revealing hidden sources of power,
traveling under the sea, and flying through the air—are technologies we now
take for granted. We no longer consider them magic, but in the seventeenth
century they were, and their modern “inventors” such as Charles Wheat-
stone, David Brewster, and Alexander Graham Bell had more than a toehold
in natural magic. One can ask, for instance, why Brewster wrote his Letters
on Natural Magic Addressed to Sir Walter Scott in 1832.7 In the letters
Brewster extols the triumph of modern science over dark superstition, but he
is nonetheless captivated by the instruments of the magician, as his own
invention of the kaleidoscope demonstrates. Or we can ask whether Wheat-
stone’s telegraph and stereoscope were that far distant from his “enchanted
lyre” and “concertina,” or Bell’s telephone so very different from the speak-
ing machines of von Kempelen and Faber (chapters 7 and 8).

A second reason for the persistence of natural magic comes from its em-
phasis on instruments. If we approach the Scientific Revolution through a
study of experimental method, we recognize an important divergence be-
tween the aims of natural magic and those of experimental philosophy—the
goal of natural magic was to emulate the wonders of nature and glorify their
“wondrousness”; the goal of the experimental philosophy was to establish
“matters of fact.” If, on the other hand, we study instruments, we see a
continuity. Historians and philosophers of science have traditionally de-
bated the relative roles of observation, experiment, and theory in science
with the assumption that instruments are made and used in obvious ways in
response to the demands of observation and experiment. More recently they
have begun to recognize that instruments are much more problematic. In-
struments have a life of their own. They do not merely follow theory; often
they determine theory, because instruments determine what is possible, and
what is possible determines to a large extent what can be thought.? In this
book we consider a number of instruments that came from the natural magic
tradition but also became subjects of debate by experimental philosophers.
Because they are part of both traditions, they raise questions about what
counts as a scientific instrument, what is the proper method for studying
nature, and ultimately, what is natural science.

Rather than trace out a sharp boundary between natural science and
other human activity, we show how these instruments moved easily from
natural philosophy to art and to popular culture; our investigation will fol-
low the same paths. In so doing, we will use these instruments to consider
such problems as the purpose of natural magic, the nature of demonstration,
analogies between the senses, distortion versus duplication of the senses,
language and signs, images of sight and sound, and alternative views of
nature.
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INSTRUMENTS AND THE SENSES

With the exception of the sunflower clock, all the instruments discussed in
this book were used to replicate or investigate in some way the phenomena
of sight and sound. To those who believed, as Robert Hooke did, that instru-
ments were extensions of the senses, this would not have been surprising.’
Sight and sound were privileged senses in art, literature, and science. There-
fore an instrument was often something with which to see or hear. What was
seen or heard, of course, required interpretation, especially if the instrument
intentionally magnified or in some other way distorted the image or sound.
These were problems of which seventeenth-century investigators were well
aware. Francis Bacon, for instance, assumed the existence of four mental
faculties in order to explain how the mind learned about nature. These were
sense, memory, imagination, and reason. According to Bacon, information
coming from the senses had to be organized into images before the reason
could operate on it, and this was the function of imagination (see fig. 1.1).1°
The imagination was not limited to the senses, because it could also call up
images that had been stored in the memory and could combine parts of
images to create new ones. Thus the imagination was the creative faculty,
because it had the ability to create entirely new images from old ones, even
fantastical images as in dreams. It could also draw comparisons between
them. In the Advancement of Learning Bacon wrote, “For the mind of man
is far from the nature of a clear and equal glass wherein the beams of things
should reflect according to their true incidence; nay, it is rather like an en-
chanted glass, full of superstition and imposture, if it be not delivered and
reduced.”!! In this analogy Bacon compared the imagination to a favorite
instrument of natural magic and found both of them unreliable. Both instru-
ments and the imagination were essential for creativity in natural science,
but both could distort as well as create.

As Bacon planned his project for the reformation of all knowledge, he
recognized that the images produced by instruments needed to be “de-
livered and reduced,” just as did the images formed by the imagination.
Natural magic produced wonders by tricking the senses, but it was, accord-
ing to Bacon, “full of error and vanity,” and thus he sought a new use for
instruments that would correctly “deliver and reduce” the images that they
created.'?

In certain cases a distorted image could be an advantage. The telescope
and microscope distorted the image by magnifying it in order to make hid-
den things visible. But Bacon doubted the usefulness of these instruments,
because their application seemed to him to be severely limited. He admitted
that Galileo had, indeed, made “noble discoveries” with the telescope, but
added that Galileo’s “experiment stops with these few discoveries, and
many other things equally worthy of investigation are not discovered by the
same means.”!® The air pump created a space that might or might not be a
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Fig. 1.1. In this drawing by Robert Fludd the faculty of the imagination is seen medi-
ating between the senses and the reason. From Fludd, Tomus Secundus De Super-
naturali. Courtesy of the University of Washington Libraries.

vacuum, but certainly it was a distortion of ordinary atmospheric space.
This question of whether instruments should duplicate human perception
exactly or distort it to the philosopher’s advantage was not limited to the
Scientific Revolution. It was argued as vigorously in the nineteenth century
with respect to the stereoscope as it had been in the seventeenth with respect
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to the telescope, and it remains a question for all instruments that make
visual images (chapter 7).

Likewise the substitution of one sense for another, or synesthesia, was an
important issue raised by the instruments that we discuss. In some cases,
such as graphical recording in acoustics, the only way to analyze sound “sci-
entifically” rather than musically was to represent it visually by an instru-
ment that made a graphic trace (chapter 6). It was not clear how far this
substitution of one sense for another could be taken. Louis-Bertrand Castel,
the inventor of the ocular harpsichord, and William Jones, the popularizer
of the Aeolian harp, wanted to carry it very far indeed, as did the romantics
who employed the Aeolian harp in their poetry (chapters 4 and 5).

INSTRUMENTS AND LANGUAGE

The reduction from the imagination that Bacon required the reason to per-
form needed to be done carefully. He was particularly concerned about the
reduction from images to words. Bacon complained that words often re-
placed substance altogether. Philosophers, who dealt only with words, lost
contact with the objects of sense and built philosophical systems that did not
correspond to experience.!*

Bacon’s objection was, in part, a reaction against the methods of natural
magic. In natural magic, words and things were bound closely together.
Words were more than arbitrary symbols for things; they contained hidden
signification, so that through the word one could learn about the thing. A
good example is the emblem, which employed both words and images to
create an allegory with a hidden meaning. It was a kind of secret language
that signified more than the images and words taken by themselves could
mean. It was also secret in the sense that only those learned individuals who
had been initiated into the meaning of the images and words could under-
stand it,

The natural magician shared this tradition. He operated by allegory and
analogy, because that was the only way that he could operate. He believed
that real causes were unknowable; they were occult and could not be ob-
served directly, but through analogy he could discern them indirectly. He
believed that both words and instruments pointed to the concealed essences
of things. Thus Athanasius Kircher’s sunflower clock (chapter 2) was more
than a timepiece. It was emblematic of (and therefore revealed and made
manifest) the occult cosmic magnetic force that was the cause of all change.
Because the method of analogy willingly conflated words with things, natu-
ral magicians were entranced by both instruments and language.

The “new philosophy” of Bacon, Descartes, Boyle, and Locke turned
against this way of looking at the world. If natural philosophers were to use
instruments that they found in natural magic, they would have to get rid of
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the hidden sympathies and antipathies associated with them.! Just as they
called for a reformation of language, they also called for a reformation in the
use of instruments—that is, a new experimental method.!® This created a
dilemma for philosophers like John Locke. Locke was especially vigorous in
his condemnation of figurative speech. “All the art of rhetoric,” he wrote,
“all the artificial and figurative application of words eloquence hath in-
vented, are for nothing else but to insinuate wrong ideas, move the passions,
and thereby mislead the judgment; and so indeed are perfect cheats.”!” Like
Bacon before him, Locke vigorously attacked the confusion between words
and things. He believed that the major source of error in our study of the
natural world could be found in this misuse of language.

But how should one consider philosophical instruments? Are they more
like words, or more like things, or are they halfway in between? They are
certainly things, but things whose purpose it is to help us analyze and reason
about other things. They are things that we construct to represent and inter-
pret nature. In these capacities they act more like words. If figures expressed
in words—that is, analogies like metaphor, simile, comparison, and so
forth—are perfect cheats, are the figures presented by instruments cheats
also? Would it not be better to depend on our direct unaided senses, rather
than allow distorting instruments to come between us and the objects that
we observe? Locke finally concluded that the microscope, while not exactly
a cheat, would be of little use in studying nature.'® His criticism of figurative
speech was directed especially against the figure of analogy, and to the ex-
tent that instruments were used as analogies to nature they were suspect.
Not all were convinced, however. Throughout the eighteenth and nineteenth
centuries, those seeking alternative approaches to the study of nature at-
tempted to reinstate the magician’s identity between words and things, and
to reestablish the analogical and symbolical character of instruments (chap-
ters 4 and 3).

The association between instruments and language took a new twist at
the beginning of the nineteenth century with the introduction of recording
instruments—instruments that wrote down their results in their own “lan-
guages.” Two new sciences, acoustics and experimental physiology, were
made possible or greatly aided by instruments that could detect and record
phenomena beyond the reach of the human senses. The new languages of
recording instruments (or the new signs that substituted for language) were
experimental graphs. The experimental graph first appeared in the second
half of the eighteenth century but did not become common until around
1820. Early graphs were often called languages. Edouard-Léon Scott de
Martinville designed his phonautograph to assist sound to “write itself in
the air.” Etienne-Jules Marey called his graphs a new “universal language”
to be employed in physiology. The appearance of graphical recording instru-
ments and the rise of the graphical method were for them a new visual lan-
guage. The study of signs was formalized in the second half of the nineteenth
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century as semiotics, but it had an important harbinger in J. H. Lambert,
who, a century earlier, had created his own semiotics and was the first to
make consistent use of experimental graphs (chapter 6).

Whether one wants to call these systems of signs new languages or alter-
natives to language depends on whether one believes language holds a privi-
leged position among signs—whether words are, on the one hand, mere con-
ventions or, on the other hand, pointers to secret connections with things.
The signs recorded by instruments lead us back to the question of the natural
magician. What do instruments tell us? Do their inscriptions, like the magi-
cian’s words, reveal nature’s secrets, or do they, like Locke’s words, merely
state conventions that we have designed into the machinery (chapter 6)?
This question was implicit in many of the debates over the validity of philo-
sophical instruments.

Historians of science, who have for the most part been trained either with
a strong mathematical orientation, or, like the majority of historians, with a
decided literary bent, do their research in libraries filled with words rather
than in laboratories filled with instruments. Thus they have not, until re-
cently, really confronted Bacon’s problem of the confusion between words
and things.!® Scott and Marey wanted to create instruments that would re-
duce phenomena to language automatically. To some extent they achieved
their goal, but the problem of language still haunts us and we historians
continue to live with the tyranny of words that Bacon warned against.

INSTRUMENTS AS MEDIATORS

Just as the imagination mediates between sense and reason (according to
Bacon), so instruments mediate between the objective external world and
the subjective mind. Some investigators, such as Louis-Bertrand Castel, be-
lieved that instruments and their makers quite literally inhabited a world of
artifice that mediated between the world of nature and the world of spirit
(chapter 4). One could approach this world from either direction. In the case
of the telescope, for instance, one could consider it as an extension of the
sense of sight (that is, as a way to “see better”), or one could regard it as a
revealer of what is “out there” (as a producer of better objects to be viewed).
Which way one regards an instrument will depend to some extent on the
instrument. We say that we “see through” a telescope or microscope, but we
“look at” the output of a mass spectrograph. The general tendency among
scientists has been to take the latter position: to regard a scientific instrument
as a physical object that produces phenomena which are “detected” by other
instruments or by the senses directly. The instrument manipulates nature but
not our senses.

Many of the instruments that we discuss seem strange, because they be-
long to the subjective side of this divide; that is, they were built to explore
and imitate human functions—namely, sight, hearing, and speech. This imi-
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tative function of instruments is possible because the human organs of sense
can themselves be regarded as instruments.?® Galileo thought of the human
eye in this way. He treated it as an optical instrument, and an imperfect one
at that.?! Imitating the senses was a common goal of natural magic; the
books of Kircher and Schott are replete with speaking heads, ear trumpets,
magic mirrors, and magic lanterns. Natural magicians used their knowledge
of these instruments in large part to entertain and to mystify, but through the
eighteenth and nineteenth centuries, the quest for ways to imitate human
hearing, vision, and speech produced both practical instruments of commu-
nication and the “serious” sciences of acoustics and the physiology of vision.
While the new instruments lost much of their “magic,” they still retained
their ability to entertain, as attested by the stereoscope, the cinema, and
audio and video recording and display {chapters 7 and 8).

In the history of science, instruments have played manifold mediatory
roles. In addition to improving the existing senses, instruments have been
called upon to measure things, produce images, model phenomena, and alter
the state of nature. In each case the instrument allows the observer to ap-
proach nature in a way that would be impossible with only the unaided
senses. Although some of these functions have been ascribed solely to the
early modern period, they were, in fact, all still active through the nineteenth
century. In order to investigate the relationship between nature and its stu-
dents, we examine instruments as they mediate between the object and the
observer.

INSTRUMENTS AS DEMONSTRATORS

As mediators between objects and observers, instruments often performed
the function of display. They “showed” something, or “demonstrated”
something to the observer or observers. This “showing” could be on several
different levels. On the first level, the instrument itself could be an object of
display. During the seventeenth century, the cabinet of a wealthy collector
would contain instruments alongside natural history specimens, rare manu-
scripts, paintings, and antiquities; alternatively, the instruments would be
part of a more specialized cabinet de physique (chapter 3). Potential patrons
received such instruments from would-be clients. The instruments them-
selves were objects that conferred status and acknowledged rank.

On a second level instruments displayed phenomena. They created effects
that did not occur naturally. This was the major purpose of the instruments
of natural magic. The instruments “showed” phenomena the causes of
which were hidden. In the experimental philosophy instruments established
“matters of fact.” These were events or deeds performed by or with instru-
ments and testified to by men. As in natural magic, instruments in experi-
mental philosophy displayed unusual events the truths of which were vali-
dated by witnesses.
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On a third level, instruments confirmed or “demonstrated” theory. In this
case the “showing” was neither of the instrument itself nor of the phenome-
non that it produced, but of the cause or explanation behind the phe-
nomenon. Thus Newton’s prisms “demonstrated” his theory of colors.

The word “demonstration” still carries all three of these meanings, and
therefore its use in any particular case has to be inferred from what is dem-
onstrated, whether it be a new species of plant (display of an object), the
effects of extremely cold temperatures (display of a phenomenon), or the law
of falling bodies (confirmation of theory). The instruments that we discuss in
this book, because of their roots in natural magic, typically fall into the first
two categories of demonstration—that is, they tend to be vehicles for display
of objects and phenomena rather than agents for confirming hypotheses or
theory. This gives them more of a carnival character than the instruments
that we commonly think of as “scientific.”

Scientists may choose to dismiss them as toys, but as historians we can-
not, because they raise such issues as the distinction between teaching and
research (a distinction that did not exist until the late eighteenth century),
the origin of the demonstration lecture (a late-seventeenth-century innova-
tion that resulted in the new discipline of experimental physics), and, more
generally, the question of what counts as an experimental demonstration.
With the introduction of precision measuring instruments in experimental
physics and chemistry in the second half of the eighteenth century the em-
phasis shifted dramatically from demonstration as display to demonstration
as confirmation of theory. Ironically the demonstration lecture enjoyed a
revival at the same time and, in its most popular form, eschewed all mathe-
matics and quantitative measure (chapter 3). The instruments that we dis-
cuss here can help expose these distinctions precisely because they are not so
obviously “scientific.”

The reader of this book may feel as though he or she has entered the attic of
a very old house and has found in dusty trunks the vestments of an earlier
era. The ridiculous hats and the profusion of petticoats seem completely
unsuitable as human attire. It is difficult to conceive how such awkward
garments could ever have been in fashion.

The instruments we discuss are similarly outdated. They bear little resem-
blance to modern tools of science or, consequently, to those instruments
from the annals of science that seem to have been the most crucial. Modern
scholars are apt to view speaking heads and Aeolian harps as utterly mar-
ginal to scientific progress. They strike contemporary scientists and histori-
ans as too toylike and frivolous to merit consideration as “serious” science.
These devices have been relegated to the cellars and attics of historiography.
Yet the study of these apparently tangential objects can disclose connections
that would otherwise be invisible—such as the links between the develop-
ment of modern science and the enduring tradition of natural magic, or be-
tween the comparative roles of instruments and language. These themes may
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join other subjects in the history of science, like the role of the occult, which
was once rejected as unscientific but is now a favorite subject of study.

Perhaps it is the peculiar status of our instruments—their capacity to
bridge the gap between the rigidly scientific and the amusingly nonscien-
tific—that is the source of their alleged marginality. However, “marginality”
per se should not be grounds for dismissing an item from the field of histor-
ical inquiry. Margins, of course, indicate the penumbrae of boundaries—in
this case the boundaries of scientific legitimacy. But margins are also sur-
faces of contact and connection between and among different themes and
entities. Documents concerning the Aeolian harp or the stereoscope, for ex-
ample, confuse the historian because they present analyses and discussions
that are perfectly lucid from the point of view of modern science (the analy-
sis of fluid flow around a cylinder and the geometry of binocular vision)
alongside issues that are entirely opaque to a modern reader (the analogy
between sight and sound, and the instrumental imitation of human speech
and vision). This dualism and strangeness, however, should provide a spur
to historical investigation, rather than a cause for discarding the subject.
“Scientific instruments,” including those that seem merely quasi-scientific,
are the material indexes of the study of nature. They embody approaches to
nature—oftentimes approaches that are unfamiliar to us. The instruments
discussed below possess a full measure of this unfamiliarity. Their contex-
tual roles may not have been tailored to the expectations of modern-day
tastes. But, upon examination, these devices remind us of the diverse origins
of the vast and complex enterprise of modern science and of some thematic
threads in its fabric that historians have forgotten or ignored.
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Athanasius Kircher’s Sunflower Clock

WHEN Athanasius Kircher arrived in Avignon in 1632 he at last found some
relief from the turmoils of the Thirty Years War that had propelled him
across Europe. From Paderborn, where in 1618 he had been admitted as a
novice to the Jesuit order, he had been driven by the Protestant forces to
Kéln, Koblenz, Heiligenstadt, Mainz, Wiirzburg, and finally Avignon. His
peregrinations had not, however, prevented him from pursuing his studies,
and by the time he arrived at Avignon he was already known for his pro-
found erudition. Claude Fabri de Peiresc and his friend Pierre Gassendi were
pleased to have Kircher in their vicinity, especially because his mastery of
exotic languages promised to help them decipher the hieroglyphic and Cop-
tic manuscripts that Peiresc had acquired. Kircher also promised to be a
useful companion in the astronomical observations that Peiresc and Gas-
sendi were carrying out (see fig. 2.1).!

In addition to astronomy and hieroglyphics, Kircher’s interests included
magnets and clocks. His first book, Ars Magnesia (1631), was a study of
magnetism, and while at Avignon he wrote another on sundials entitled
Primitiae gnomonicae catoptricae (1635; dedicated May 10, 1633). Kircher
not only wrote about clocks, he also built them. He erected a square sundial
at the Jesuit College in Koblenz in 1623, and the next year he built another
at Heiligenstadt. In 1631 he made a “pantometrum” for Ferdinand I, arch-
duke of Austria, to measure “length, breadth, heights, depths, areas, of both
earthly and heavenly bodies,” and at Avignon he built the most complex of
all, an elaborate indoor sundial that employed mirrors to bring the sun’s
rays into the building.

On March 2, 1633, Peiresc alerted Gassendi to an impending visit by
Kircher at Aix. Gassendi’s presence was needed not only for his instruments,
which he, Kircher, and Peiresc would use to observe an upcoming eclipse,
but also for his influence in persuading Kircher to forsake his teaching duties
at Avignon in favor of astronomy and hieroglyphics at nearby Aix.? The
effort succeeded, at least in part, because Peiresc wrote to his friends Jacques
and Pierre DuPuy on May 21, 1633, that Kircher had been with him for four
or five days and that he and Gassendi were negotiating to keep him for an
entire year. In addition to Kircher’s knowledge of hieroglyphics, Peiresc was
taken by the many “beautiful secrets of nature” that Kircher had at his com-
mand, especially a clock that was driven by a sunflower seed, which fol-
lowed the sun just as the blossom does from sunrise to sunset. Moreover,
this clock followed the sun even indoors and when the sun was covered by
clouds. Kircher had demonstrated the clock “en bonne compagnie en pleine
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Fig. 2.1. Claude Fabri de Peiresc, scientific amateur and correspondent. Courtesy of
the Burndy Library, Dibner Institute, Cambridge, Mass.

Athanasius Kircher, natural magician and “monster” of erudition. From Kircher,
Athanasii Kircheri e Soc. Jesu China monumentis, frontispiece. Courtesy of Univer-
sity of Washington Libraries, Special Collections.

table” before the elector of Mainz, who could testify to its success. For
Peiresc this was a “great miracle of nature, which merits being seen.”?

With Peiresc’s help and that of Marin Mersenne, news of the sunflower
clock circulated rapidly.* Godefroid Wendelin at Brussels and René Des-
cartes in Deventer both responded to Mersenne’s questions about the clock.
Descartes was skeptical but did not consider it impossible:

If the experiment that you have described to me about a clock without sun is
certain, it is indeed curious and I thank you for having written to me about it; but
Istill doubt the effect, and at the same time I do not judge it impossible. If you have
seen it [ would appreciate more information about it.’

Wendelin added a new twist to the story. He reported that he had seen a
similar clock made by another Jesuit, the famous or notorious Father Linus
(Francis Hall) at Liége, who later challenged the experiments of both Boyle
and Newton. Linus’s clock consisted of a sphere filled with a liquid in which
floated a smaller sphere. This smaller sphere, with hours inscribed about its
equator, rotated under some cosmic influence, and a small stationary fish
floating beside the rotating sphere pointed out the hours.®
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On September 3, 1633, Kircher was again at Aix, and this time Peiresc
had an opportunity to see the sunflower clock put to a test. Kircher carried
out his demonstration at the Jesuit College at Aix before witnesses; Peiresc
wrote up a description of the proceedings.” Kircher first demonstrated a
magnetic clock of his own devising that consisted of a piece of lodestone,
“somewhat larger than a nut,” wedged in a groove on a circular disk of
cork, which in turn floated in a tub full of water. Around the edge of the tub
was a paper scale divided into twenty-four hours, and on the cork was an-
other paper scale also divided into twenty-four meridian lines. As the mag-
net rotated, it carried the cork around with it and the divisions on the scales
gave the time not only at Aix, but also at other major cities around the
world. After demonstrating his magnetic clock, Kircher tried out his sun-
flower clock, but in this case Peiresc could observe no effect. He wrote to
Mersenne, “As for the sunflower clock . . . we haven’t been able to obtain
one and I am of your opinion and don’t believe in it any more than you do.”?
Peiresc was disappointed by the failure of the sunflower clock to live up to
expectations, but he remained in good relations with “le bon Athanase.”

At the end of September Kircher was ordered to go to Trieste, much to
Peiresc’s annoyance and chagrin. After a dangerous and adventurous jour-
ney he reached Rome, where he found that Peiresc had arranged for him to
stay there at the Collegium Romanum and for Father Christoph Scheiner to
make the trip to Trieste in his stead. Kircher’s hasty departure from Avignon
bothered Peiresc, not only because he lost a valuable colleague, but also
because he had not had time to set up a safe conduit for correspondence.’
The problem of communication is illustrated by the fact that a letter from
Peiresc to Galileo written January 26, 1634, did not reach its destination
until after March 18 of that year. It was accompanied by a letter from Gas-
sendi and was transmitted via G. G. Bouchard at Rome and Raffaello
Magiotti, both of whom added letters of their own in which they announced
to Galileo the arrival of Kircher at Rome. Magiotti wrote:

There is now at Rome a Jesuit, long in the Orient, who, besides knowing twelve
languages and being a good mathematician etc., has with him many lovely things,
among them a root which turns as the sun turns, and serves as a most perfect clock.
This is affixed by him in a piece of cork, which holds it freely on the watet, and on
this cork there is a needle of iron that shows the hours, with a scale for knowing
what hour it is in other parts of the world.'®

Apparently Kircher’s demonstration was more successful in Rome than in
Aix, or else Magiotti was more easily persuaded than Peiresc.!!

THE MAGNETIC CLOCK OF FATHER LINUS
In December 1634 Peiresc received a visit from the papal nuncio of Kéln,

Pierluigi Caraffa, accompanied by his confessor, Father Sylvester Pietra-
sancta. Pietrasancta brought with him his recently published De symbolis
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Fig. 2.2. The magnetic clock of Father Francis Linus as depicted in Sylvester Pietra-
sancta’s De symbolis heroicis (1634), from the workshop of Peter Paul Rubens. From
Pietrasancta, De symbolis heroicis libri IX, p. 146. Courtesy of the University of
Washington Libraries, Special Collections, neg. no. 15408.

heroicis, which contained a description of Linus’s clock, the one that Wen-
delin had mentioned to Mersenne more than a year earlier (see fig. 2.2).
Pietrasancta wrote in De symbolis:

Recently at Liege, P. Franciscus Linus, a mathematics instructor in the English
College of our Society, devised most successfully this orb, which is placed inside a
glass phial, which orb stays in the centre of the surrounding water (just as the
Earth stays in the centre of surrounding air) by a secret balancing of its mass. But
the orb by an arcane force and as if by a certain love strives after the conversion of
the sky from east to west and is driven around altogether in the space of 24 hours.
A little fish is placed inside as indicator, and like an expert swimmer, its weight
poised, watches the fleeting hours and designates them with its snout, its eyes
gazing intently on them. When the phial is moved, if impetus is given to the water,
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soon by its own will it regains the path of its orb; and the calculation of time will
be wholly unaltered after tranquillity is restored. . . . It will hasten [to the sun] ever
so quickly since love knows no delay; and although it may leap back and forth
several times, finally it will obtain that position to which, as a comrade and fellow
traveller of the Sun, it will return without fail.12

Peiresc saw the book, but apparently had not immediately noticed or had
not been impressed by what Pietrasancta and Caraffa had told him.

However, further confirmation of the magnetic clock was on its way. The
painter Peter Paul Rubens wrote to Peiresc from Antwerp to supply what
Peiresc had missed:

I enclose here a folio from the Reverend Father Sylvester de Pietra Sancta’s De
Symbolis Heroicis, on the mysterious clock (or glass globe) in a decanter filled
with water. You will see it reproduced in the engraving and described in the
text. . . . You need not doubt the authenticity of the thing (the mystery consists in
a certain attraction and magnetic power); I have talked with men of ingenuity who
have seen and operated it with ease, and have the greatest admiration for it.!?

Here was more direct evidence that the clock actually worked, and Peiresc
now wished that he had queried Pietrasancta and Caraffa more specifically
when he had had them at Aix. Rubens had drawn the frontispiece for Pie-
trasancta’s book, and his workshop was almost certainly responsible for the
other illustrations, including the drawing of Linus’s magnetic clock.!*

Peiresc wrote Galileo about the clock and said that Pietrasancta and
Monsignor Caraffa had both assured Rubens that they had observed the
clock themselves; Caraffa had even had it at his house for two days, and it
was reliable.!> A month later Wendelin sent a letter to Gassendi (which was
also intended for Peiresc) to say that he had insinuated himself into friend-
ship with Linus and had asked him what was in the sphere that made it go
around. Linus had merely shrugged his shoulders, indicating annoyance at
Wendelin’s uncivil curiosity. Mersenne—apparently having overcome his
earlier doubts about the efficacy of the sunflower clock—suspected that it
was driven by a sunflower seed. When asked how long the clock would keep
going, Linus told Wendelin only three or four hours, which led Wendelin to
suspect that the wax ball floating in the liquid became waterlogged after that
time.!® These reports encouraged Peiresc, who continued to write enthusias-
tically about the clock.

But it was Galileo himself who dampened Peiresc’s enthusiasm. He wrote
on May 12, 1635:

The water-clock [of Linus] will truly be a thing of extreme marvel if it is true that
the globe suspended in the middle of the water goes naturally turning by an occult
magnetic force. Many years ago I made a similar invention, but with the aid of a
deceptive artifice, and the machine was this. The little globe with 12 meridians for
the 24 hours was of copper, hollow within, with a little piece of magnet placed at
the bottom, and almost in balance with the density of water; so that placing in the
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vessel some salt water, and then on that some sweet water, the globe stayed be-
tween the two waters, that is, in the middle of the vessel, which vessel had a
wooden base in which there was concealed a clock made expressly in such a way
as to rotate a piece of magnet that was fitted upon it, making one revolution in 24
hours, which motion the other magnet placed in the little globe obeyed, making it
turn and show the hour. Thus far went my speculation; but if this one of Father
Linus without any artifice makes his globe obey the motion of the heavens, truly
it will be a celestial and divine thing, and we shall have a perpetual motion. Your
excellency, by those means which you recite, will easily be able to come to a
knowledge of the whole matter; I, meanwhile, have wished to indicate my thought
in order to have a witness beyond all exception that I have not usurped the inven-
tion from Father Linus—if indeed his machine does not have any more to it than
mine.!”

Meanwhile Peiresc waited for a firsthand description of the clock from
someone who had actually seen it, either Rubens, who offered to go to Liége
to witness its operation, or his friend Dormalius.!® It was Henri Dormalius
who finally came to Aix and on June 18, 1635, delivered an eyewitness ac-
count of the clock. As Peiresc informed DuPuy, “We have had the pleasure
of hearing from his [Dormalius’s] mouth a description of the machine of
P. Liny, but the particular details that he has told us about its horizontal
movement make me suspect an artifice which would not be natural, and
would therefore greatly diminish the admiration of the instrument.”?®

We do not have the report of Dormalius, but probably the fact, reported
by Pietrasancta, that the sphere would occasionally move erratically led
Peiresc to suspect a hidden mechanical contrivance. Galileo’s doubts and
Dormalius’s report reduced Linus’s clock from an important discovery to a
curiosity.?’ The suspicion of a “concealed artifice” was greatly strengthened
in 1641 when Kircher described an identical clock in his Magnes (although
claiming it as his own invention) and revealed that it contained a mechanism
concealed in its base, as Galileo had suspected (see fig. 2.3). The Magnes also
contained a description of Kircher’s sunflower clock, but for this clock
Kircher did not admit any artifice.

Descartes, however, was tired of such tricks. After looking at the Magnes
he wrote to Constantijn Huygens:

The Jesuit has lots of tricks [farfanteries]; he is more charlatan than savant. He
speaks among other things of a substance that he says he purchased from an Arab
merchant, which turns day and night toward the sun. If this were true, it would be
curious; but he doesn’t explain what this material is. Father Mersenne wrote me
about it approximately eight years ago, and said it was the seed of a heliotrope;
which I don’t believe unless this seed has more power in Arabia than it does here,
because I tried it when I had some free time and it didn’t work.?!

Descartes was not prepared to accept any clock driven by an occult celestial
sympathy.
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Fig. 2.3. Kircher reveals the secret of the magnetic clock in his Magnes, sive de arte
magnetica (Rome, 1641). From Kircher, Magnes, sive de arte magnetica, p. 311.
Courtesy of the University of Washington Libraries.



KIRCHER’S SUNFLOWER CLOCK 21

THE CLOCKS AS INSTRUMENTS

So much for the story of the clocks. How are we to make sense of such
strange instruments? Were these clocks hoaxes? Did Linus and Kircher in-
tend to deceive their audiences? And if so, why were they not exposed? Why
were they treated with such tolerance? Also, how could Kircher demonstrate
his sunflower clock in Mainz, Avignon, Aix, and Rome, and still convince
himself and others that it worked? The late-nineteenth-century historian
Georges Monchamps, in his analysis of the story, concluded that although
“it is fashionable among a number of authors to deny the truth of certain
extraordinary claims of Father Kircher . . . it seems incontestable that one
cannot reasonably doubt [his claims].”?2 Monchamps accepted Kircher’s ac-
count! But unfortunately magnets and sunflower seeds do not rotate by
themselves, at least not for anyone but Kircher.

We can also ask how Linus, Galileo, and Kircher all came up with the
same magnetic clock independently. Or were they independent? It is appar-
ent that these instruments and their demonstrations in the seventeenth cen-
tury were not being judged as we would judge them today. We need to ask,
“What was the purpose of these clocks, and what was the purpose of similar
instruments in the seventeenth century?”

THE MAGNETIC PHILOSOPHY

One can make a convincing argument that during the first half of the seven-
teenth century there existed a natural philosophy that was neither scholastic
nor “mechanical,” but magnetic.?? It took its lead from William Gilbert’s De
Magnete of 1600 and continued Gilbert’s effort to explain natural phe-
nomena in terms of the single fundamental force of magnetism. Gilbert had
made magnetism real. It remained the paradigm of an occult cause, that is,
a cause that was known only by its effects, but in Gilbert’s hands it was also
a natural cause, not a Hermetic or spiritual one. Also Gilbert’s experiments
were a model for a new empirical approach to natural philosophy. Kepler
and Galileo both took great interest in magnetism, and when Kepler argued
that he worked with “real physical forces,” not just imagined orbs and epi-
cycles, he meant magnetic forces, which he believed controlled the motions
of the planets.?*

Magnetism was also a popular part of natural magic, which sought to
produce prodigies or “wonders” through hidden causes, and there was no
cause more hidden than magnetism. One of Della Porta’s favorite magnetic
tricks had been to move lodestones beneath a table that had been covered
with fragments of another crushed lodestone. The fragments would stand up
and march around with no visible cause. Della Porta used his magnetic table
to imitate armies maneuvering on the field and locked in combat.?®
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The magnetic philosophy also included the study of medicinal herbs and
other plants that were believed to operate by magnetic influence, the prime
example being heliotropism.2¢ The ability of a flower to follow the sun was
ascribed to the same cosmic magnetic influence as that which moved the
planets and caused the rotation of the earth. Other characteristics of plants
suggested polarity like that of a magnet. The root and shoot from a seed
always grow in the proper directions no matter how the seed is oriented. A
cutting must be grafted to a branch by the correct end; otherwise it will not
grow.?” A willow wand used in dowsing is attracted like a magnet to water.
Transplanted shrubs grow better if their north-south orientation is not
changed. So Kircher’s sunflower clock was not as odd an idea as it might
initially seem. If the sunflower was moved by the sun’s magnetic influence,
there was no reason why it should not move as well at night as during the
day. The sunflower added drama to his demonstration because it was a
striking plant and had the added mystery of having come relatively recently
from the New World.?® In keeping with the magnetic philosophy, Kircher
believed that magnetism was the universal occult cause behind all motion, so
it is not surprising to find him trying to construct clocks driven by that mys-
terious force.

GALILEO’S TRIAL

Galileo’s trial caused problems for Kircher and his fellow Jesuits. While
Kircher seemed inclined to accept the Copernican system in 1632, he most
definitely rejected it after it was condemned by the Holy Office.?’ In his
Magnes of 1641 Kircher led the way in criticizing Gilbert, Kepler, Stevin,
and any other philosopher who might employ magnetism to account for a
moving earth. In fact, Kircher and his fellow Jesuits argued that magnetism
was responsible not for moving the earth, but for keeping it stationary, while
the celestial sphere turned about it.°

Peiresc, on the other hand, was a convinced Copernican and a great ad-
mirer of Galileo. Linus’s clock was for him a heaven-sent demonstration of
the earth’s motion, for if the little sphere inside the liquid-filled glass globe
rotated by magnetic influence, then by analogy the sphere of the earth at the
center of the celestial sphere would likewise rotate by its magnetism as
Gilbert had claimed. The irony of such a demonstration’s having been dis-
covered by a Jesuit did not escape Peiresc, as he mentioned to Galileo, and
he bent every effort to persuade Cardinal Barberini, the pope’s nephew, to
use it as a reason for reconsidering the sentence against Galileo.3! Likewise
the sunflower clock was further evidence that there existed a cosmic mag-
netic influence which rotated objects with a diurnal motion. Kircher’s exper-
iments at Aix with a magnet and a sunflower seed were two attempts to
detect the same force. Not wishing to contradict his friend and patron,
Kircher would not openly oppose Peiresc, but after Peiresc’s death in 1637
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he inserted in his Magrnes of 1641 a cutaway drawing of Linus’s clock reveal-
ing a hidden mechanism in the base and thereby undermining the argument
for a moving earth.3?

TriaLs AND TESTIMONY: PEIRESC’S REPORT OF THE TRIAL AT AIX

We can get some insights into the clocks by looking closely at contemporary
descriptions of their use. Peiresc’s account of Kircher’s demonstration at Aix
is a traditional case of “witnessing” wherein the validity of an experiment
or instrument is established by a trial before witnesses (usually noble-
men), whose word can be trusted and whose patronage can be expected (see
fig. 2.4). The manuscript is titled “1633, 3 Sept. at Aix THE CLOCK of
P. ATHANASE Kircher made with the Seed or flower of the sunflower or
with the lodestone,” and the text is as follows:*?

The Reverend Father Athanase Kircser, Jesuit, has shown us this third of Septem-
ber 1633 at the Jesuit College the trial that he has made with a clock which shows
the hours in a darkened closed chamber by the magnetic virtue alone. Having put
in a clay pot full of water . .. a round piece of cork larger than the palm of the
hand and as thick as one finger in the middle of which he had made a groove to
hold a piece of lodestone larger than a nut, which he had carefully adjusted to its
pole and therefore also to the proportion of its true declination from the meridian
line. He then attached this piece of cork at the center on the underside to a thread
the other end of which was attached to the center of the bottom of the pot in such
a way that the cork could turn horizontally to and fro departing scarcely at all
from the center of the water surface. . . . He next covered the edge of the clay pot
with a circle of paper divided into twenty-four equal parts, and he covered the
piece of cork with another circular piece of paper, also divided into twenty-four
equal parts on which he marked the names of cities situated on all the meridians
in relation to the meridian of the city of Aix, to which he had adjusted a paper
pointer [dent] which reached to the outside circle and served to show the time. He
afterward adjusted a little movable cardboard Alidade (for finding} the required
proportion of departure from the meridian line for his geography paper and situ-
ated his pot on the true meridian line, which he marked on the table where it was
situated.

He then moved the cork and allowed it to return to its natural position. The
little marker that was on the meridian for the City of Aix stopped itself exactly at
one-third of an hour after two in the evening or afternoon, and at the same time
the same paper showed by a definite relation what the time was at Rome, Con-
stantinople, Jerusalem, Babylon, the Indies, China, America, Peru and the Ca-
narys, and also other places.

But it was without doubt necessary for him to turn his vase or the circle
mounted on it in order for it to mark other hours. Because the little paper marker
that was supposed to give the time [for Aix] ought to remain immobile since its
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Fig. 2.4. Peiresc’s testimony of the trials of Kircher’s magnetic and sunflower clocks
at Aix on September 3, 1633. Bibliothéque inguimbertine, Archives et Musée Munic-
ipal, Carpentras, Peiresc MS 1864, fol. 215. Courtesy of the Archives Communales,

Carpentras.
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position is relative to the pole or to the local declination of the magnet. And for
[the magnet] to follow the course of the sun, it would be necessary that the circle
of hours be moved, which movement could not be regulated unless he had pre-
viously marked the principal points on the table or on the edge of the vase, and
in fact he admitted to me that in order to prepare his instrument it was necessary
for him to be with it for several hours in advance in order to adjust his appara-
tus [son faict] to { } hour, so that he had a way of moving the circle and stop-
ping it at all the points of the hours that he wished to examine with his magnet.
Which is not only tiresome, but also useless, since this proportion is what one
seeks with the instrument and not what one accommodates to the instrument {at
each trial.}

No wonder Peiresc was disappointed: what Kircher had demonstrated
was a compass! The floating cork carried a piece of lodestone, which, not
surprisingly, lined up with the north and south magnetic poles. The circle of
hours around the outside of the pot corresponded to the hours marked on
any twenty-four-hour clock, and the small cardboard pointer on the cork
(fixed on the meridian line representing Aix) corresponded to the hour
hand—except that in this case the hour hand did not move by itself; it stayed
fixed on magnetic north. Before the trial began, Kircher had to rotate the pot
or the circle of hours, so that during the trial, magnetic north would coincide
with the hour that the trial was to take place. During the trial Kircher would
move the cork, and as the spectators watched, the cork with its pointer
would slowly swing back to precisely the correct time. The hope was that the
spectators would be gullible enough not to realize that it was actually indi-
cating not an hour but a direction. Of course, a lodestone is not a magnetic
needle, and the line of the poles on a lodestone “slightly larger than a nut”
would not be obvious to an observer. Therefore it would not be immediately
apparent that the lodestone was seeking magnetic north.

The fancy alidade and meridian lines telling the time at all the major cities
of the world were designed to impress the spectator. The relationship be-
tween local time at Aix and time anywhere else in the world is a simple
matter of the difference in longitude—one hour for every fifteen degrees, just
as we understand from our time zones. Kircher was following the tradition
of elaborate clocks: the more complex, the more impressive—a tradition
that he had followed in building ever more complicated sundials.>* It was
also a way of increasing the wonderment his instrument caused, and it had
the added advantage of drawing attention away from the fact that the lode-
stone always pointed in the same direction.

But Peiresc was not taken in, if, indeed, that had been Kircher’s intention.
Peiresc had been trained in the law and served as senator in the parlia-
ment at Aix. He knew how to examine and take testimony. Note that he
describes the instrument in great detail, the date and place of the trial are
carefully noted, and he did not hesitate to put Kircher on his word. He
forced Kircher to admit that his clock would tell the correct hour only if it
were adjusted ahead of time so that the pointer would come out in the right
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place, which, of course, defeated the purpose of the clock. The report of the
trial continues:

He [Kircher] said that he had demonstrated his instrument at Mainz before the
elector, then living, and at Avignon before three fathers of his company where he
had put on his cork in a little hollow canal a quantity of sunflower seed [solanum
montanum) of the kind that is { } while the seed used in the experiment at Avignon
was from the Alps. And that this material followed the sun by a sympathy similar
to that followed by the flower both east and west as well as meridional. . . .

But what made me doubt the certitude of his experiment and of his words was
the fact that he would not swear that the sunflower seed alone was sufficient for
the demonstration; thus, without actually saying it, he left me with the under-
standing that he required some other unknown ingredient that he did not wish to
declare, and which I guess to be his magnet. Now I do not find this to be a miracle
of any kind or even a useful convenience because it is necessary to assure oneself
of the position of the instrument in advance in order to make 1t seem that it finds
the correct time, in order to trick the spectators.

In this version of the experiment Kircher used a sunflower seed in place of
the magnet and a different kind of pivot for the cork float. It is not obvious
that Kircher actually demonstrated this clock before Peiresc, but Peiresc
asked the right question. He wanted to know if there was anything more
to the apparatus than Kircher had described, and from Kircher’s refusal
to swear that the sunflower seed alone made the effect, he concluded that
Kircher’s instrument contained a concealed magnet. His suspicion is
strengthened by Magiotti’s report to Galileo of Kircher’s successful trial at
Rome. At that later demonstration Kircher employed “a root which turns
as the sun turns, and serves as a most perfect clock. This is affixed by him in
a piece of cork, which holds it freely on the water, and on this cork there is
a needle of iron that shows the hours, with a scale for knowing what hour
it is in other parts of the world.”35 An iron needle has replaced the card-
board pointer, and one cannot help but suspect that it was magnetized in
order to “help” the sunflower root turn the cork float. Peiresc’s hope, as
expressed to DuPuy the previous May, that he would see a “great miracle of
nature” had been sadly diminished.?¢ But Kircher had one more instrument
to try:

He then took a piece of cork in the form of a spoon in the hollow of which he put
some white seeds of the sunflower of Mr. Robin in order to try its effect, and he
wanted to fix it to the right of the meridian of the city of Aix on his cork so that the
hollow of the spoon would face directly into the sun according to the inclination
of the ecliptic as do the flowers of the sunflower, but this was useless and without
effect.

He said further that the effect of this sunflower seed clock was more sensitive
when exposed to the rays of the sun than when covered and shadowed from the
rays.
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And that he had made this first experiment [with the sunflower seed] in Ger-
many in winter because there were no flowers and that the flowers {worked}
better.

If the trial took place at approximately 2:20 in the afternoon, which was
the time on Kircher’s magnet clock, then the sun would have been to the
right of the southern meridian line and the sunflower seeds should have had
their greatest effect if they were inclined to the horizontal by the degree of the
sun’s altitude and could thereby face directly toward the sun. The sunlight
could not strike the seeds, because the experiments were done indoors, but
the supposed magnetic influence of the sun would, of course, penetrate the
walls and the sunflower seed should turn to face it. But in this case, as Peiresc
reported, there was no effect. And in conclusion Peiresc reports:

He [Kircher] is persuaded that the flower henceforth will be capable of telling time
if one were able to keep it planted on the cork floating on water, because then it
would not require as great a force to turn itself to follow the sun as when its stem
is fixed immobile to the root and it has to twist its neck violently from sunrise to
midday to sunset. And if it can do this with some ease [when fixed to the root and
planted in the ground], it would appear that in aiding or facilitating the sympathy
or natural inclination of this plant, it would be able to produce its effect in a more
regular way and therefore be more capable of showing the hours.

Kircher reasons that if the magnetic influence is sufficient to turn the blos-
som of a rooted plant toward the sun, then it must be sufficient to turn the
plant poised on a frictionless pivot both during the day and at night.

KIRCHER’S ACCOUNT

In the Magnes (1641) Kircher has an elaborate engraving of a sunflower in
full blossom, floating on a cork and pointing out the hours by a stylus at-
tached to the center of the blossom (see fig. 2.5). Because the scale of hours
to which the stylus points is held up by mysterious hands protruding from
clouds (symbolizing, perhaps, the magnetic powers of the sun and the
moon), one is forced to conclude that the drawing is idealized. On the other
hand, there is little doubt that Kircher built some sort of clock with a com-
plete sunflower plant. As he describes it in the Magnes, the flower is sup-
ported by a cork disk, just as Kircher had described it to Peiresc seven years
earlier. He instructs anyone trying the experiment to wrap the roots of
the sunflower with bands of wool, which serve as a wick to bring moisture
to the plant. And he concludes, as Peiresc says in his report, that “since the
stem is not a resisting force that could divert the flower from the sun’s at-
traction, the sun easily causes the flower to turn with it by its force of
attraction.”¥” The logic is compelling if one believes that the sunflower fol-
lows the sun by a force of attraction. If this is so, then mounting the flower
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Fig. 2.5. The sunflower clock in full flower. From Kircher, Magnes, sive de arte
magnetica, p. 644. Courtesy of the University of Washington Libraries.
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on a frictionless pivot would make it swing to face the sun much more easily
than if it were fixed in the ground—so much more easily, in fact, that it
ought to work even where the sun’s influence is weakened, in the shadow or
at night.

Kircher tells us that the clock using an entire flower did not work well
because it was impossible to enclose it in a glass case and every breeze de-
flected it from its true position. Also “when the sunlight was weak, and it-
self was as if withered and worn out, it ran a little slow, seeking rest. Added
to this is the fact that a clock of this sort can barely last one month, even
though cared for with the greatest effort; thus nothing is perfect in every
aspect.”®® In the Magnes Kircher tells us that in his effort to improve his
clock, he was led by some divine spirit to encounter an Arab merchant at
Marseille in 1633. After talking about matters dealing with Arabia and the
Red Sea, Kircher checked his signet-ring watch to see if it was time to return
home. The Arab “appeared to derive an extraordinary pleasure from the use
of a clock so suitable and convenient. Therefore, when I asked certain perti-
nent questions concerning the clocks widely used in Arabia, he replied that
astronomers were in the habit of using various instruments to tell time;
among the others was a very famous doctor who, with the help of a kind of
material that constantly turns toward the sun, would find what time it was
both night and day. The merchant said that not only did he know about
material of this sort, but had even brought some with him among his aro-
matic wares and was prepared to exchange some of that material of his for
my signet-ring watch. No sooner said than done. I gave him my watch in
exchange for the stuff. First at Aix, then at Avignon repeating my experi-
ment with it, I ascertained that it was more genuine than I supposed.”3® The
Arab is here presented as the origin of the idea that sunflower seed or root
could tell time as well as the flower. At Aix, however, he had made no
mention of the Arab and told Peiresc that he had looked for a heliotropic
effect in sunflower seeds because in Germany, where he first tried the ex-
periment, it was winter and there was no plant available. This would mean
that the first experiment with the seed preceded his meeting with the mys-
terious Arab. One suspects the Arab was conjured up to add mystery to the
report.

GASSENDI’S ACCOUNT

One would have to conclude that the demonstration at Aix had not been a
great success. Peiresc, who hoped for much, saw little that suggested a cos-
mic magnetic force capable of moving clocks, to say nothing of the earth. It
is strange, then, that Gassendi, in his Life of Peiresc, did not mention the
failure of Kircher’s demonstrations. He wrote from firsthand knowledge,
both of Peiresc and of Kircher, and should have known Peiresc’s opinions.
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The focus of Gassendi’s account, however, was on Linus’s clock and the visit
of Caraffa and Pietrasancta to Aix in December 1634, more than a year after
Kircher’s demonstration at Aix. Gassendi reports that the information from
Pietrasancta

was confirmed to him, both by the Letters of Rubens, and the Relation of Dor-
malius, who returning into Italy towards the end of Spring, and being detained
certain daies at Aix, described the thing according as himself had seen it. Where-
fore Peireskius praised that wonderful invention; and began to cast divers waies
with himself, what power of Nature could effect such a thing. . . . But he chiefly
called to mind, that which Kircherus had told him two years before, how he had
stuck certain seeds of the Flower of the Sun into a piece of cork, which following
the course of the Sun, as the flowers use to do, did turn about the floating Cork,

and by a certain hand annexed, point out the hours, which were marked upon the
Vessels.*

Whatever doubts Peiresc had had about Kircher’s demonstration in 1633,
they were dispelled, at least for a while, by the accounts of Linus’s instru-
ment in late 1634 and 1635.*! Kircher’s instruments had not convinced
Peiresc, but others might succeed where Kircher had failed. Testimony was
strong that Linus’s clock had succeeded. Caraffa and Rubens were men of
substance whose words carried conviction. Therefore Peiresc again took
heart and believed that he had evidence for a moving earth.

It is remarkable how important the authority of witnesses was to validat-
ing or invalidating these instruments. Peiresc sought testimony from his
friends Rubens and Dormalius in addition to the testimony from Caraffa
and Pietrasancta, and he himself wrote out a detailed report of the trial at
Aix. None of them appears to have handled or operated the clocks. Their
testimony was based on observing the instruments, witnessing the trial, and
putting questions to the makers.*? Peiresc did not accuse Kircher of fraud,
although he suspected a trick behind Kircher’s clocks. Nor did he demand
a complete explanation. Kircher, in turn, was careful to respond truthfully,
if evasively, to Peiresc’s questions. Although the trial seemed to destroy
Kircher’s claims, Peiresc was not of one mind about the clocks. According to
Gassendi’s narrative, Peiresc still appreciated the “marvel” even though he
suspected that it was produced by a trick.

The trial had the character of a stage performance and a legal proceed-
ing. These are two of the areas where we still practice and experience the
art of rhetoric, while we supposedly reject it in the natural sciences. There-
fore Kircher’s magic tricks seem strange to us and totally “unscientific.”
Kircher, on the other hand, was using his instruments to make a rhetori-
cal point—that the world operates by occult forces that, though hidden
from us, can be exhibited analogically by such instruments as the sunflower
clock.
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How Many CLOCKS?

It is curious that Linus, Kircher, and Galileo all claimed to have invented the
same instrument. There was probably more than one magnetic clock. Linus
told Wendelin that the globe in his clock was made of wax, but Linus’s
tellow Jesuits said it was made of bronze or copper. Galileo’s instrument had
a copper globe floating between fluids of different density. Kircher’s copper
globe was suspended by an invisible thread.*® All of this suggests that others
besides Linus made spherical magnetic clocks. Dormalius reports that other
Jesuits were attempting to duplicate Linus’s clock, and we know that Peiresc
acquired copies of both Linus’s magnetic clock and Kircher’s sunflower
clock, because they were listed in the inventory of Peiresc’s cabinet drawn up
after his death. It is reasonable to assume that by 1635 magnetic clocks
existed in several different versions.

There was also a tactical reason for Galileo and Kircher to claim the mag-
netic clock as their own. Peiresc, a man of great prominence and a friend of
the pope’s nephew, had come to Galileo’s aid not without some danger to
himself. He had urged Cardinal Barberini to order Caraffa, Pietrasancta,
and even Linus himself to Rome in order to verify the clock, because he
thought it would decide the question of the earth’s motion in Galileo’s favor.
Galileo did not want to offend Peiresc or Linus, a Jesuit, but he also did not
want his chance for freedom to depend on a doubtful instrument. Therefore
he told Peiresc that he had long ago made essentially the same instrument,
but with the aid of a deceptive artifice. After describing his clock he con-
cluded, “Your Excellency, by those means which you recite, will easily be
able to come to a knowledge of the whole matter.”** Without accusing any-
one of fraud or gullibility Galileo had alerted Peiresc to the probability that
Linus’s clock contained an artifice.

Kircher employed essentially the same technique. In his Magnes of 1641
he placed his drawing of Linus’s clock on page 311 along with a description
of the clepsydra in the base that drove it, but did not mention Linus or
Pietrasancta. On page 739, he wrote that he had abandoned sunflower
clocks because of their corruptibility and had turned instead to magnetic
clocks, which were impervious to rot. Then he added, “I discover among the
Symbolis Heroicis of Sylvestris Pietrasancta a similar sympathetic clock put
together in a glass sphere by a certain English priest of our order, Francis
Linnius; but since I have not been permitted to know the manner and
method of its construction, I have judged that it is not fitting for me to inter-
pose my judgment.”® Like Galileo, he described how his clock worked,
thereby exposing Linus’s artifice without accusing him of fraud. He proba-
bly obtained details of the inner workings of Linus’s clock from Pietra-
sancta, who, after his visit with Peiresc, returned to Rome where he would
have been near Kircher.*® Kircher was in an awkward position. He had to
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argue that the earth was immobile, which required him to expose Linus’s
artifice, and yet he did not want to contradict members of his own order.
Describing the clock as his own invention was one way to accomplish this
difficult task (although it should be understood that Kircher frequently
claimed as his own instruments that he had only seen or heard described).

KIRCHER’S PURPOSE

One suspects that Kircher would have preferred to keep the artifice of Linus
secret, and that he exposed it only because he needed to argue against the
natural motion of the earth. Since such hidden artifices drove most of his
instruments, he would not willingly have confessed to them. By not confess-
ing to them was Kircher consciously and willingly practicing fraud? The
answer to that question is not simple. He certainly knew how his instru-
ments worked—in fact, he was annoyed at any suggestion to the contrary—
but an experiment for him was a demonstration more in the sense of an
illustration than a test. Kircher introduced his description of the mechanism
driving the magnetic clock in the following words:

All those artificers who have fitted their activities to an unchangeable model of
nature know that they have found a true key to the innumerable secrets hiding
themselves in Nature’s bosom. Therefore, since every motion has been dependent
upon some first unmoved mover—as Aristotle in Book 4 of the Physics [states]—it
is just to presuppose [the existence of] some first mover of every movement of
bodies that Nature’s ape, the artificer, with remarkable industry brings about, by
which, when moved, the remaining bodies are moved in an orderly way. We effect
things of this kind by the pouring of sand, or of water, or of another liquid, in the
following way.*

And then follows his description of the hidden mechanism.

According to Kircher, all motion in nature is caused by a mover and that
mover by a previous mover until we are carried back to the first mover,
which is undoubtedly hidden from us. As art imitates nature, the artificial
instrument must also have an artificial first mover that replicates the occult
or hidden first cause in nature. Kircher’s instruments are analogies to nature.
They mimic nature rather than test it or probe it. After describing the sun-
flower and magnetic clocks he wrote: “In the nature of things much lies
hidden that transcends all human intellectual capacity. Who would ever be
induced to believe those wonders of the magnet which we demonstrated in
the above books if we did not recognize through sensible and palpable dem-
onstrations that these things are most true?”*® An instrument for Kircher
illustrates by imitation a wondrous effect in nature whose cause is occult.
This is the purpose of natural magic. Both the wondrous effect and the artifi-
cial instrument illustrating it are “natural” in the sense that they employ no
supernatural or spiritual powers, although they may well appear miraculous
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to the untrained observer. In fact, the ability of the instrument to mimic
nature demonstrates that the phenomena of nature are not miraculous.

To reveal the hidden mechanism in an instrument would destroy the anal-
ogy between it and the natural effect that it imitated. The clocks illustrated
a supposed natural phenomenon, in this case the effects of celestial mag-
netism. Kircher and Linus built them with the conviction that celestial
magnetism really existed, even though they knew that they were using tricks
to produce the motions of their clocks. When the Holy Office pronounced
the Copernican system false, they realized that they had been wrong in as-
suming that magnetism could cause the rotation of the earth. Their clocks,
therefore, had been based on a false analogy. The trial at Aix was no exper-
imentum crucis that could be understood in one way and no other. Kircher
repudiated the moving earth and continued to demonstrate his sunflower
clock at the Collegium Romanum without any apparent conflict.*’

The fact that Kircher did not perform experiments as we understand them
does not mean that he lacked instruments. The Jesuits, and Kircher in partic-
ular, were the envy of other natural philosophers in the seventeenth century
including the English experimenters like Robert Boyle and Robert Hooke.
The Jesuits had the best cabinets of instruments and the greatest patronage
for their work.*® This was particularly true in the middle of the century
before the scientific societies at London and Paris became active.

Kircher’s books and instruments should not be regarded as “research” in
the modern sense. His work was encyclopedic in the medieval tradition. He
sought universal causes for natural phenomena, not by exploring certain
effects in detail, but by encompassing all known examples. Magnetism is a
good case. Kircher believed that magnetism was the ultimate cause of all
motion, and therefore he attempted to demonstrate his theory by describing
literally hundreds of instruments and unusual natural phenomena.’! His in-
struments served rhetorical and didactic purposes. They were instruments of
demonstration, and also instruments of patronage and education. They
added to his reputation as a “monster of erudition,” a man who knew every-
thing. Kircher was not a philosophical rebel. He rested his arguments on the
authority of Aristotle, but his use of instruments and his love for the exotic
and prodigious made him an Aristotelian of a new kind.

INSTRUMENTS AND OCCULT QUALITIES

Peiresc no doubt understood Kircher’s reasoning and shared his love of
prodigies. Descartes, on the other hand, declared him a charlatan. Descartes
understood the purpose and method of natural magic, but denied that it had
any value. The contrast between Kircher’s and Descartes’s approaches to
magnetism illustrates very clearly the different meanings of “occult” in the
seventeenth century.’? For Kircher the cause of magnetism was beyond all
human capacity to understand. He therefore made it an experiential axiom
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in his philosophy. Magnetism was an occult cause that could not be ex-
plained and was therefore fundamental. For Descartes magnetism was an
occult cause to be explained away. In his program all such supposed causes
were produced mechanically by the interaction of particles that could not be
sensed directly. Kircher, following in the Aristotelian tradition, could not
accept such an explanation, because for Aristotle, anything beyond the
range of human sense was unintelligible. One could not “imagine” such
things as atoms because there was no way that the faculty of the imagina-
tion could form an image of something that was not in the senses or in the
memory. If the imagination could not form an image, then there would be
nothing for the reason to work upon. For Kircher the occult cause of mag-
netism was both insensible and unintelligible. There was no way that it
could be approached by the intellect, and therefore it could only be taken as
fundamental.

Descartes, on the other hand, insisted that even though magnetism was
occult, it was possible for the imagination to create for it a mechanism of
subsensible particles that was intelligible. He imagined how sensible objects
might work the same effect on a large scale, and then mentally reduced the
mechanism to a subsensible scale. Like Kircher he relied on analogy to create
his particulate model of magnetism, but he limited his analogies to the par-
ticular kind called comparison.’3 By restricting his analogies to mechanical
comparisons between his particles and objects of sense he hoped to avoid the
errors caused by the loose analogies Kircher employed.

Kircher, for his part, specifically rejected the corpuscularian approach of
Descartes.>* Because they were out of the range of the senses, Descartes’s
particles could be only vain imaginings based on no evidence of the senses.
Instead Kircher followed his own “mechanical philosophy.” His mechanical
cause was the hidden mechanism of the artificer that in each instrument aped
the insensible first mover of nature. Kircher’s mechanical analogies were real
instruments, not drawings of imaginary particles streaming out into space
and screwing themselves into magnets and pieces of iron (see fig. 2.6). Des-
cartes, the mechanical philosopher, made machines only in his mind.
Kircher, the natural magician, made real machines by the hundreds—
enough to fill an entire museum.’’

There is a special significance in the fact that the instruments we have been
discussing were clocks. Otto Mayr has demonstrated in great detail the ex-
traordinary pervasiveness of the clock metaphor in the seventeenth century.
Clocks, during Kircher’s lifetime, were more models of the cosmos than they
were timepieces. The mechanical clock, like Kircher’s magnetic and sun-
flower clocks, provided an analogy to the secret workings of nature. The
poet Georg Philipp Harsdorffer wrote, “Just as we see the hand of the clock
and read the hours from its turning without having insight into the inge-
nious workings of its complex gears, so we can observe the blessings and
punishments of God without knowing and understanding their secret
causes.”® Descartes, as is well known, made extensive use of the clock anal-
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Fig. 2.6. Descartes’s mechanical explanation of magnetic attraction. Because the
magnet possesses polarity, the particles streaming out from the magnet must be
asymmetrical. Descartes imagines them to be threaded with either left- or right-hand
threads. From Descartes, Oeuvres, 8:288. Courtesy of the University of Washington
Libraries.

ogy. He sought to make the “secret causes” of nature intelligible by attribut-
ing them to the mechanical interaction of tiny particles of matter. But the
clock analogy did not necessarily imply a particulate universe. Kircher’s im-
agery was similar to that of Johannes Kepler, who stated in 1605: “It is my
goal to show that the celestial machine is not some kind of divine being, but
rather like a clock. . . . In this machine nearly all the various movements
are caused by a single, very simple magnetic force, just as in a clock all
movements are caused by a simple weight.”3” Kepler, like Kircher, empha-
sized not the mechanical linkage in the clock but the hidden first cause of its
motion.

Of course Kircher’s clocks mimicked only what he thought was a true
effect. On the basis of the authority of the ancients, the testimony of others,
and his own general experience, he believed that the sunflower followed the
sun because of some occult magnetic influence. His sunflower clock demon-
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strated what he believed to be the case, not what necessarily was the case,
and he employed a certain amount of sleight of hand in making his argu-
ments. But it is not only the magician who plays tricks on the senses. Nature
can do the same thing, and Kircher’s purpose was to demonstrate through
his artifices the wondrous workings of nature. Beyond nature was the re-
deeming power of God who, by his fathomless love drew men to him as the
magnet draws iron. God was not only like a magnet; for Kircher he was the
great archetypical magnet of the universe, and God could not be explained
by a swarm of particles.’® We see a comparable sentiment in Newton’s later
rejection of Descartes’s mechanical theory of gravity.

It is significant that three of the characters in this story, Gassendi, Mer-
senne, and Descartes, were the founders of the mechanical philosophy in
France. Kircher had some contact with each of them, and yet he repudiated
the mechanical philosophy just as he repudiated the moving earth. For a
classical scholar like Kircher, atomism was forever associated with the
atheistic philosophies of Democritus, Epicurus, and Lucretius. Gassendi’s
daring forays into atomism would have frightened him. As a true son of the
Church, he used his instruments in the way that tradition and his order had
found most valuable.
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The Magic Lantern and the Art of Demonstration

PHYSICS DEPARTMENTS possess two kinds of instruments—demonstration
instruments that are normally kept in a storage area next to the major phys-
ics lecture hall, and research instruments that are used in the department’s
research laboratories.! There are two major differences between experi-
ments using “demonstration” instruments and those using “research” in-
struments. First, a “demonstration” experiment “shows” or “exhibits” the
phenomena so that students may better understand what is being presented
in words. The “demonstration” always presents the phenomena directly to
the senses. The data from a “research” experiment, on the other hand, are
presented in a written, graphical, or digitized form, but seldom are they
“demonstrated” directly to an audience. Second, a “demonstration” experi-
ment teaches what is already known to the lecturer, while the “research”
experiment seeks to obtain new knowledge.

When we project these terms back into the seventeenth and eighteenth
centuries, however, we are at risk of committing an anachronism. Although
Robert Hooke is often called the “demonstrator” for the Royal Society, he
was, in fact, one of the “curators” of experiments and had under his direc-
tion assistants who were called “operators,” “mechanicks,” or “laborants,”
but not “demonstrators.” A “demonstration,” in its common seventeenth-
century meaning, was a rigorous proof, as in the quod erat demonstrandum
(“that which was to be proved”) that traditionally appeared at the end of a
Euclidean proof. How “demonstration” moved from rigorous proof to a
“showing” of the phenomena is a problem of considerable importance, be-
cause, as John Heilbron argues, “the chief agent in changing the scope of
physics was the demonstration experiment.”? Our purpose here is not to
explore all the byways of this linguistic journey, but to show how the magic
lantern, one of the standard instruments of the demonstration lecture, made
its way into experimental science.

DEMONSTRATION IN EXPERIMENTAL PHYSICS

The Greek word apodeixis has several meanings. It can be a proof, as in
logic or mathematics; it can be an explanation; or it can be an instruction, as
in teaching.’ The scholastic philosophers regularly translated apodeixis as
demonstratio, which also has several meanings, both common and techni-
cal, that are not entirely congruent with apodeixis.* Our word demonstra-
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tion has a comparable variety of meanings. All of these meanings, however,
carry the notion of “showing” or “pointing out” something.

Because of the variety of meanings these words bore in ancient and mod-
ern languages, one would not be surprised to find demonstration used in
different ways in scientific literature. But Aristotle had gone out of his way
to define very narrowly what he meant by demonstration or apodeixis in
science. In the Posterior Analytics he argued that a demonstration must be
a syllogism, of the first figure, with indubitable but undemonstrable prem-
ises that are prior to the conclusion. The conclusion must itself be dubitable,
that is, not obvious; otherwise there would be no need for the demonstra-
tion.> There could be other kinds of demonstration, but they would not
constitute a science. Considering the narrowness of Aristotle’s definition, it
is not surprising that his examples were almost all from geometry, and one
could question whether true demonstrations would be possible in natural
philosophy. But some of Aristotle’s own examples indicate that he did not
interpret his definition in this strictest sense. For instance, he said it could be
“demonstrated” that the lunar eclipse is caused by the earth’s coming be-
tween the sun and the moon, and that it could be “demonstrated” that the
planets are near because they do not twinkle. These demonstrations were
arguments that obviously depended upon observation.®

Medieval philosophers accepted Aristotle’s definition, almost without ex-
ception, but because of the subject’s importance they debated at length over
how his words should be interpreted. What is perhaps more surprising is
that philosophical lexicons and dictionaries retained Aristotle’s definition
into the nineteenth century. For example, Abraham Rees’s Cyclopaedia of
1819 adheres to Aristotle’s definition of demonstration as a syllogism
(against those who would say that a mathematical demonstration is not syl-
logistic) while calling on the support of such moderns as Leibniz, Wallis, and
Huygens.” The demonstration lecture as we understand it does not provide
a rigorous proof in the Aristotelian sense, which leads us to wonder why
other meanings of “demonstration” besides Aristotle’s did not find their
way into the philosophical dictionaries.?

The introduction of philosophical instruments into natural philosophy in
the seventeenth century further confused the meaning of demonstration, be-
cause instruments did not provide the kind of common, repeatable, direct
sense experience from which philosophers usually drew their premises. The
new instruments of natural philosophy went beyond common experience.
They extended the senses or altered nature in such a way that new things
were observed. The telescope and the microscope distorted the vision. Like-
wise the barometer and air pump produced “unnatural” spaces in their
receivers. From these new observations, conclusions might be drawn by
“demonstration,” whatever that might mean, but it was not obvious that the
new instrument-aided observations were sufficiently certain, or that demon-
strations using the new instruments could proceed in the traditional manner.
The use of philosophical instruments in demonstration had both a positive
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and a negative side. By going beyond common experience, they allowed
the natural philosophers to demonstrate something new; simultaneously,
however, they exceeded the ability of the senses to validate the results. What-
ever mode of inference the philosopher employed—deduction, induction,
or retroduction, or any combination of these—the use of instruments for
“showing” the phenomena altered the nature of the demonstration.’

The problems raised by the philosophical instruments of the seventeenth
century had already been anticipated to some extent in the science of medi-
cine. Physicians wished to make their science demonstrative. Aristotle gave
them some hope in the Posterior Analytics by claiming that it is for the doc-
tor to know the fact that circular wounds heal more slowly than elongated
ones, and for the geometer to know the reason why, implying that if physi-
cians were also geometers they might arrive at causes in medicine demon-
stratively.!® But demonstration came to mean something quite different in
medicine than in Aristotelian physics. In the preface to De motu cordis
Harvey writes that he is presenting his theory of the circulation of the blood,
“having now for nine years and more confirmed these views [about the mo-
tion and function of the heart] by multiplied ocular demonstrations in your
presence [multis ocularibus demonstrationibus in conspectu vestro confir-
matam], illustrated them by arguments, and freed them from the objections
of the most learned and skilful anatomists.”!! “Demonstrations” here
means direct observations through anatomical dissection, the demonstra-
tions being followed by “arguments™ as to the cause of what is observed.
Harvey calls these demonstrations “ocular” because they are validated by
direct observation rather than by logical argument. He dedicates the book to
his friend Doctor Argent, who has been a “faithful witness” to his experi-
ments and has borne out with his testimony Harvey’s “ocular demonstra-
tions [ocularibus demonstrationibus eorum).”'* Chapter 14, which contains
the conclusions of Harvey’s argument and carries the title “Conclusion of
the Demonstration of the Circulation of the Blood [Conclusio demonstra-
tionis de sanguinis circuiter]” contains the famous statement that “both ar-
gument and ocular experiment [ocularibus experimentis] show that the
blood passes through the lungs and heart by the force of the ventricles.”!* In
this case Harvey uses the word “demonstration” to refer to the entire argu-
ment, both logical and experimental, and refers to the actual dissection as
“ocular experiment.”

Medicine also contributed the “demonstrator” to natural philosophy. In
the medieval schools anatomy was taught by the physician’s reading aloud
from the text while the barber surgeon performed the dissection, but there
was also present a “demonstrator” or “ostensor” whose task it was to point
out the organs as the physician read about them (see fig. 3.1). In the seven-
teenth century at the Jardin du Roi in Paris the title of démonstrateur began
to be used more widely. From its founding in 1635 until 1718 the purpose
of the Jardin was largely medical. The professors lectured on botany, anat-
omy, and chemistry, but always as these subjects applied to medicine and
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Fig. 3.1. A medieval anatomy lecture. Note the “demonstrator” or “ostensor” point-
ing out the organs as the surgeon dissects and the professor reads. Courtesy of Yale
University, Cushing/Whitney Medical Library, Historical Library.
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pharmacology. In 1635 the botany course was taught by the intendant as-
sisted by an “under-demonstrator” (sous-démonstrateur). Medical botany
was divided among three “demonstrators”; the courses were always practi-
cal and included the showing of specimens. An ordinance of 1635, for in-
stance, stipulated that one of the three demonstrators should devote himself
to “presenting ocular and manual demonstrations of all and each of the
operations of surgery,” emphasizing again the significance of “ocular” dem-
onstrations.' In 1718 the Jardin royal des plantes médicales became the
Jardin du Roi with a concomitant reduction in the emphasis on medicine.
The “demonstrator,” whether in botany, anatomy, or chemistry, exhibited
specimens, usually from the king’s cabinet d’histoire naturelle, to an audi-
ence not limited to medical students. Guillaume-Frangois Rouelle, for
instance, who held the title of démonstrateur en chimie from 1743 to
1768, delivered a famous series of lectures on chemistry that effectively
separated French chemistry from its roots in pharmacy. The anatomical
“demonstrator” became the “demonstrator” in chemistry and experimental
physics—the one who used instruments to point out or “show” new natural
phenomena.

As the new philosophical instruments of the seventeenth century made
their way into acceptable science, they began to do more than provide prem-
ises for, or confirm the conclusion of, a “demonstration”—they became the
demonstration itself. The purpose of the experiment was to establish a “mat-
ter of fact,” an event that indubitably occurred and would occur again under
the same conditions.!® Experimenters called them “ocular demonstrations,”
because they established matters of fact but were not demonstrations in the
traditional sense. Valerio Magni’s Demonstratio ocularis. Loci sine locato:
Corporis successive moti in vacuo: Luminis nulli corpori inhaerentis (1647)
is an early example applied to the Torricellian debate. In his “ocular demon-
stration” Magni claims to give a “historical”—that is, descriptive—account
of his experiments.!6

More significantly, Robert Hooke uses the term “ocular demonstration”
at several points in his Micrographia of 1665. At the point where he conjec-
tures that the forms of things may be explained by the packing of globules in
different regular ways, he writes, “And this I have ad oculum demonstrated
with a company of bullets.”!” In this case Hooke is giving an experimental
solution to a geometrical problem, and it is natural for him to call it a “dem-
onstration,” albeit a demonstration ad oculum. His plan is to investigate all
kinds of geometrical figured bodies and then “demonstrate” which form of
geometrical packing is the most likely to produce the observed form.'® In
creating these regular figures nature “plays the Geometrician,” says Hooke,
and the experimenter meets with nothing less than the “Mathematicks of
nature, having every day a new Figure to contemplate.”

At this point Hooke argues that investigation requires a new method, “a
novum organum, some new engine and contrivance, some new kind of Alge-
bra, or Analytick Art before it can surmount” the high, difficult sides of the
pyramid of natural knowledge.!® The precise nature of this “philosophical
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algebra” has long been debated by historians, but it is clear that Hooke
wants it to be demonstrative in the Aristotelian sense, that is, indubitable,
like mathematics. He hopes, as had Bacon, to create an inductive method
that produces certitude—that with his “philosophical algebra” some day
“even physical and natural enquiries as well as mathematical and geometri-
cal will be capable of demonstration.”?? Again in his discussion of optics,
Hooke argues that he has “given proof sufficient (viz. ocular demonstration)
to evince, that there is such a modulation” of light as he has claimed.?! For
Hooke, an “ocular demonstration” is a proof of a physical phenomenon by
direct observation, but because he hopes to provide absolute certainty it also
often has the character of a geometrical proof; thus his idea of an “ocular
demonstration” is closer to the traditional Aristotelian sense of demonstra-
tion than was Harvey’s. Note that the above examples where he uses the
term “ocular demonstration” also involve geometrical forms, geometrical
analysis, and geometrical optics.??

According to Hooke a demonstration, at least as he commonly used the
word, was still a proof that established an indubitable truth. Hooke’s quar-
rel with Newton in 1672 stemmed partly from the fact that Newton claimed
certainty in his theory of colors, and Hooke could not accept that Newton
had made a real demonstration in physics.??

Hooke’s colleagues at the Royal Society did not all agree that demonstra-
tions were possible or even desirable in natural philosophy. Thomas Sprat in
his History of the Royal Society rejected demonstrations understood as rig-
orous proofs. He claimed that “Whatever they [the fellows] have resolv’d
upon they have not reported, as unalterable Demonstrations, but as present
appearances: delivering down to future Ages, with the good success of the
Experiment.”?* In describing the activities of the Royal Society he says the
fellows “made” or “performed” experiments. They “operated” the instru-
ments. In no case did they “demonstrate” experiments or instruments. Ex-
periments were “labor,” not logic, according to Sprat.?’

Boyle was even more critical than Sprat of supposed demonstrations in
experimental philosophy. In the quarrel over the air pump that Steven
Shapin and Simon Schaffer have described so skillfully for us, Boyle claimed
specifically that it was Hobbes’s “demonstrative way of philosophy” that
had led him and his followers into error and irreligion.?® And Hobbes, in-
deed, argued in his Dialogus physicus that natural philosophy was demon-
strative from the observation of common phenomena and not from artificial
experiments that distorted nature and our perception of it. Attempts to ex-
plain the properties of air from experiments with the air pump were bound
to be circular, because the experimenters “demonstrate without a principle
of demonstration.”?’

A “demonstration” could obviously mean different things in the seven-
teenth century. As with the original apodeixis it could be a proof as in math-
ematics, an “ocular inspection” as in anatomy, or a “showing” of an in-
strument as in the popular demonstration lecture of the eighteenth century.



THE MAGIC LANTERN 43

As the eighteenth century progressed, it more commonly took on this last
meaning—that is, the showing of an instrument in a formal lecture. All these
different uses had one sense in common, however. A demonstration,
whether geometrical or ocular, was not, primarily, a method of discovery—
that was the function of invention. Hooke said in the Micrographia that an
inquiry in natural philosophy begins with “a noble Inventum that promises
to crown the successfull endeavour.”?® In 1673 Huygens pointed out that
the proof of the isochronism of the cycloid by Lord Brouncker, president of
the Royal Society, was merely a “demonstration of a proposition which had
already been discovered,” to which Brouncker replied, “As to what he is
pleased to say concerning my Demonstration, I doe acknowledge that to
Invent is much more than to Demonstrate, and that likely in this case I had
never thought of or done the latter [demonstrate] if Mr Huygens had not
done and made known the former [invention], nor did I offer it but for my
own satisfaction untill he should be pleased to publish his.”*® Demonstra-
tion, however one understood the word, was a method of proof or a method
of establishing a fact and did not necessarily lead to any new knowledge on
the part of the demonstrator.’® In that sense it was like our modern demon-
stration lecture that teaches what is already known to the lecturer.

THE MAGICc LANTERN

The magic lantern was an inventum that, in the eighteenth century, became
a staple in popular scientific lectures. Its role has changed from its first ap-
pearance around 1659 as an instrument of magic to its present manifestation
as the slide projector, the overhead projector, and (with a significant amount
of added technology) the movie projector and the cathode-ray tube or tele-
vision screen. The projected image has become ubiquitous today and chal-
lenges the written word as the major vehicle for communication. We take it
so much for granted that we no longer consider it a part of “science,” any
more than writing or talking on the telephone. In the seventeenth century,
however, the projected image could be seen only in the instruments of natu-
ral magic such as the camera obscura, mirror writing, and the magic lan-
tern.3! What the magic lantern “showed” or demonstrated were devils,
ghosts, and illustrations from fairy tales. A century passed before it was used
to show scientific illustrations. Like other “magical” instruments, the magic
lantern was regarded with ambivalence by experimental philosophers in the
seventeenth century, and it is instructive to retrace its incorporation into the
“demonstration” lecture.

The invention of the magic lantern has long been attributed to Athanasius
Kircher, but that appears to be a mistake. Kircher claimed the invention (as
he did most of the gadgets that came his way) and his students reinforced his
claim.3? Because of his fame and the wide circulation of his books, it is not
surprising that he received the credit. In the first edition of Ars magna lucis
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et umbrae (1646) Kircher described a variety of mirrors that projected writ-
ing on the wall as well as a lantern that used a concave mirror to create a
beam of light, but there was no indication in the text or illustration that this
focusing lantern formed an image. In the second edition of 1671 Kircher
described what was undoubtedly a magic lantern, but his claim for priority
depends on the first edition where the magic lantern does not appear (see
fig. 3.2). And what is more, the magic lantern that Kircher described in the
1671 edition would not work! The text describing his lantern was vague in
the extreme and the accompanying illustrations were no better. Kircher
placed the objective lens berween the light source and the slide. He also
described an upright image, while the magic lantern produces an inverted
image, the same as in the camera obscura.*3 It is possible that the engravings
added to the second edition of the Ars magna lucis et umbrae were done in
Holland without Kircher’s ever having seen them, but even so, he could
hardly claim priority. By 1671 magic lanterns were showing up every-
where.*

In describing how he used his magic lantern Kircher employed the verb
demonstrare only once and then only to say that by means of slides one can
“demonstrate” anything at all. He usually used the verb exhibere; thus
Kircher saw himself “exhibiting” a natural wonder with his lantern, not
“demonstrating” a scientific principle.®

The earliest reference to the magic lantern is not in the works of any
natural magician, but in the correspondence of Christiaan Huygens, a phys-
icist of absolutely sterling reputation. Sometime in 1659 Huygens sketched
a group of skeletons that he projected optically by means of convex lenses
and a lamp (see fig. 3.3).>® When his father asked him in 1662 to send a
magic lantern, Huygens complained bitterly that such bagatelles wasted his
time.?” As an excuse, he pretended that he could not remember the proper
focal lengths of the lenses and instructed his brother Lodewijk on how to
remove a lens from the new instrument when it arrived in order to render it
inoperable.3® All this because he did not want his father to bring ridicule on
the family by showing off the lantern at the French court.

Huygens called it laterna magica, a term that he probably coined (at least
his was the first use of the term that we know of). His drawing shows the first
workable lantern, complete with parabolic reflector, light source, condens-
ing lens, slide stage, and adjustable objective composed of two biconvex
lenses. Since the optics of Huygens’s lantern was essentially identical to that
of the modern slide projector, we can credit its invention to him. But
Huygens regarded it solely as entertainment. The only uses he saw for it
were to produce ghosts and to satisfy his father.

Let us compare Christiaan Huygens’s scornful letter of 1662 about the
magic lantern with one that his father, Constantijn, had written to bis father,
Christiaan senior, forty years earlier. The Huygens family served the House
of Orange with great distinction through several generations. In 1624 Con-
stantijn succeeded his father as secretary to the stadtholder, Frederick Hen-



Fig. 3.2. The magic lantern of Athanasius Kircher. Note the erect image and the
position of the slide. From Kircher, Ars magna lucis et umbrae, 2d ed., pp. 768, 770.
Department of Rare Books and Special Collections, Princeton University Libraries.
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Fig. 3.3. The image and optics of Christiaan Huygens’s laterna magica. From
Huygens, Oeuvres, vol. 13, pt. 2, p. 786, and vol. 22, p. 197. Courtesy of the Univer-
sity of Washington Libraries.

>
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drik, prince of Orange. He had made his first trip to England in 1618 in the
company of Dudley Carleton, English ambassador to the Hague, and had
returned to England many times afterward in a diplomatic capacity. In 1621
he met Cornelis Drebbel, a Dutch engineer, architect, and natural magician
in the service of James I. Constantijn was captivated by Drebbel, who “looks
like a Dutch farmer, but whose speech reminds one more of the philosophers
of Samos and Sicily.”3 “For a whole year,” wrote Constantijn, “I had
Drebbel to myself. Me he possessed, who possessed his time, if I mistake not:
this he abundantly proved by the many hours of discussion he had with me,
favoring me above most of his friends.” Among Drebbel’s inventions must
have been something resembling a magic lantern, because in a letter of 1608
Drebbel had described how he could change the appearance of his clothes,
or appear as a lion, bear, horse, or cow, all the while standing in the middle
of a room. He could also make ghosts appear in a cloud from the earth and
giants twenty or thirty feet high.*® All of these apparitions point to some
kind of projection apparatus, although it need not have been a true magic
lantern.

Constantijn’s father was less than pleased with his son’s newfound friend
and warned him that Drebbel’s magic might come from the devil, to which
Constantijn replied: “I laughed at your letter where you chose to warn me
against the magic of Drebbel, and reproached him for being a sorcerer. But
rest assured that finding nothing beyond the natural in what he does, it
won’t be necessary to bridle me.” Constantijn came home from England
with a microscope from Drebbel and a camera obscura. The camera obscura
created an image whose beauty was “indescribable in words,” and the
microscope was “a passage to a new world by a new manifestation of
nature.”*! Constantijn considered his father’s fear of sorcery laughable, and
yet he reveled in Drebbel’s natural magic.

By the 1670s the experimental philosophy was gaining respectability in
England. Natural magic no longer carried the threat of sorcery (although
Kircher retained a cautious respect for the devil). Just as Constantijn ridi-
culed his father’s fear of sorcery, so Christiaan, the physicist, ridiculed his
father’s enthusiasm for natural magic. Christiaan’s idea of a demonstration
in physics was not a magic lantern show. In the preface to his Treatise on
Light, which he read to the Paris Academy in 1678 and published in 1690,
Huygens gave his idea of a demonstration in physics:

There will be seen in it [the Treatise on Light] demonstrations [démonstrations] of
those kinds which do not produce as great a certitude as those of Geometry, and
which even differ much therefrom, since whereas the Geometers prove their Prop-
ositions by fixed and incontestable Principles, here the Principles are verified by
the conclusions to be drawn from them; the nature of these things not allowing of
this being done otherwise. It is always possible to attain thereby to a degree of
probability which very often is scarcely less than complete proof [une évidence
entiére]. To wit, when things which have been demonstrated [démonstrées] by the
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principles that have been assumed correspond perfectly to the phenomena which
experiment has brought under observation; especially when there are a great num-
ber of them, and further, principally, when one can imagine and foresee new phe-
nomena which ought to follow from the hypotheses which one employs, and when
one finds that therein the fact corresponds to our prevision. But if all these proofs
[preuves] of probability are met with in that which I propose to discuss . . . this
ought to be very strong confirmation of the success of my inquiry.*

Huygens had a clear idea of the hypothetico-deductive method. If a hypoth-
esis allowed one to predict a hitherto unobserved phenomenon, and if by
experiment that predicted phenomenon did indeed occur, then one could be
certain to a high degree of probability that the hypothesis was correct. Here
was the kind of “demonstration” that physicists have employed ever since
Huygens stated it.

In his method Huygens had obviously gone far beyond his father and
Cornelis Drebbel, replacing the production of wonders by a recognizably
modern experimental procedure, but it did not necessarily follow that the
instruments employed in experimental physics had achieved the same de-
gree of separation from the instruments of natural magic. Physical “cabi-
nets” and popular scientific lectures continued to present nature in her odd-
est and most spectacular form, and it was not yet clear which instruments
would best serve the new experimental physics and which ones should be

discarded.

DEMONSTRATING THE MAGIC LANTERN

In the seventeenth century the primary use of the magic lantern had been
entertainment. In 1662 Huygens’s friend Pierre Petit asked him for the di-
mensions of his “lantern of fear” and the focal lengths of the lenses, because
he was having trouble making one that projected a proper “species” (espéce)
or image (see fig. 3.4).*3 In 1664 their correspondence mentioned the lantern
of Thomas Rasmussen Walgenstein (1627-1681) who was giving lantern
shows and selling instruments at substantial profit.** Walgenstein had stud-
ied at Leyden at the same time as Huygens and may well have learned about
the lantern from him.** After Walgenstein’s performances there were numer-
ous references to the magic lantern in seventeenth-century literature, but no
other regular shows that we know of. The magic lantern appeared in most
of the compendia of instruments published in the last three decades of the
seventeenth century. These were books in the natural magic, or “mathe-
matical magic,” tradition, most notably Francesco Eschinardi, Centuriae
opticae (1664), Claude Frangois Milliet Déchales, Cursus seu mundus
mathematicus (1674), Johann Christoph Sturm, Collegium experimentale,
sive curiosum (1676-1685), Johann Zahn, Oculus artificialis teledioptricus
sive telescopium (1685-1686), William Molyneux, Dioptrica nova (1692),
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Fig. 3.4. Pierre Petit’s letter to Christiaan Huygens contains the first sketch of a magic
lantern. From Huygens, Oeuvres, 4:269. Courtesy of the University of Washington
Libraries.

and Jacques Ozanam, Recréations mathématiques et physiques (1694).%
We know that the magic lantern spread quickly to England, because Samuel
Pepys recorded in his diary for August 22, 1666, that he purchased “a lan-
thorn with pictures in glasse,” from the optician Richard Reeves, “to make
strange things to appear on a wall, very pretty.”*’

In the eighteenth century the lantern was taken up by itinerant showmen
and performances were common, but the instrument also began to receive
the attention of natural philosophers. The book that established the “dem-
onstration lecture” as the proper mode for teaching experimental physics
was the Physices elementa mathematica, experimentis confirmata; sive in-
troductio ad philosophiam newtonianam (1721) of Willem Jacob ’sGrave-
sande. John Keill had already begun to use experiments in his lectures at
Oxford in 1704, at the same time that Newton and his curator, Francis
Hauksbee, reestablished the tradition of regular experiments at the meetings
of the Royal Society, but ’sGravesande’s later work had much greater
influence.*® *SGravesande began teaching at Leyden in 1717 after a visit to
England as secretary to the Dutch ambassador; in England he had met New-
ton, attended Jean Théophile Desaguliers’s lectures, and became a convinced
Newtonian.*’ His Physices elementa was the first significant defense and
exposition of Newtonian natural philosophy on the Continent. Moreover,
its importance was immediately recognized by Newton’s English supporters.
Both John Keill and his successor at Oxford, Desaguliers, translated it in
competing English editions. The book attained two more Latin editions, a
French edition, and six English editions by 1747, and Voltaire made a spe-
cial journey to Leyden to obtain help from ’sGravesande for his own New-
tonian Lettres philosophiques (1735) and Elémens de la philosophie de
Newton (1738).°° Its novelty is perhaps best exhibited by Louis-Bertrand
Castel’s negative review of it in the Journal de Trévoux. Castel found the
book “full of experiments that are rare, curious and ingenious . . . without
any of those simple, naive easy observations that nature affords abundantly
to all countries and to all minds.”>! Castel did not like sGravesande’s New-
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tonian philosophy exhibited by instruments any better than Newton’s own
version. He still believed that demonstration should be based on common
experience, not on particular experiments done with instruments that dis-
torted the senses.

The table of contents to ’sGravesande’s Mathematical Elements reveals
what “experimental physics” meant to him. The subjects covered were mo-
tion and mechanics including simple machines, fluids under pressure and in
motion, the air as an elastic fluid (including sound), fire (including heat and
electricity), geometrical optics and color, the system of the world (largely
planetary motion), and gravitation as a cause of celestial motion. Mechan-
ics, optics, hydrostatics, astronomy, and music (sound) were traditional sub-
jects that had been treated mathematically in antiquity. “Gravity” was, of
course, a Newtonian addition to the repertoire of physics. “Fire” and “air”
were brief but important additions that came not so much from Newton as
from ’sGravesande’s predecessor at Leyden, Hermann Boerhaave. Medicine,
botany, and physiology were noticeably absent.

’SGravesande not only set the style for experimental physics, he also de-
signed and described a magic lantern that became the model for all lanterns
during the subsequent century and was surpassed only by Philip Carpenter’s
Phantasmagoria Lantern in 1820 (see fig. 3.5). SGravesande’s lantern em-
ployed a four-wick oil lamp to increase the illumination along with an ad-
justable concave parabolic mirror, a condenser, and an objective consisting
of two biconvex lenses with a diaphragm stop between them. It could be
used as much as thirty feet from the screen. An instrument like ’sGrave-
sande’s could only have been the result of much practice and tinkering.

Because of the importance of *sGravesande’s book for experimental phys-
ics, it is appropriate to ask what his magic lantern “demonstrated.” In the
illustration accompanying ’sGravesande’s text, it demonstrated only a par-
ticularly horrible devil—not very enlightening as a subject of experimental
physics, but it is clear that for >sGravesande the “demonstration” of the
magic lantern was not in the image it projected, nor in the instrument itself,
but in the argument from geometrical optics that “demonstrated” how the
image was formed. The magic lantern was, for ’sGravesande, the most inter-
esting of “several machines made by the combination of mirrors and lenses
which afford useful and pleasant appearances whose explanation may be
easily deduc’d from what has been said,” and what had been said were the
laws of geometrical optics. He included the magic lantern in his experimen-
tal physics because it illustrated the laws of optics, not because of any
“show” that it was able to make. *SGravesande was consistent in his use of
the term “demonstration.” For instance, he wrote an essay describing two
camera obscuras of his own design. In the essay, which he presented in the
form of definition and theorem, the only thing that he called a demonstra-
tion was a calculation of the correct angle for a mirror that reflected the
desired scene onto the screen inside the camera. No other aspect of the in-
strument or its use was a demonstration.’?
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Fig. 3.5. Willem ’sGravesande’s magic lantern in use and cutaway. From
’sGravesande, Mathematical Elements, vol. 2. Department of Rare Books and Spe-
cial Collections, Princeton University Libraries.

’SGravesande’s intent was to expound Newtonian philosophy, but in his
constant use of instruments to illustrate Newton’s arguments, his approach
was quite different from Newton’s. Newton had wished to instruct, but not
necessarily to please. *SGravesande explained that “in order to render the
Study of Natural Philosophy as easy and agreeable as possible, I have
thought fit to illustrate every Thing by Experiments, and to set the very
Mathematical Conclusions before the Reader’s Eyes by this Method.”3
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>SGravesande was defensive about his method, because often “Mathemati-
cians think Experiments superfluous where Mathematical Demonstrations
will take Place: But as all Mathematical Demonstrations are abstracted, I do
not question their becoming easier when Experiments set forth the Conclu-
sions before our Eyes; following therein the Example of the English, whose
way of teaching Natural Philosophy gave me occasion to think of the
Method I have followed in this Work.”>* In both of these passages ’sGrave-
sande states that his purpose is to set forth “before our eyes [sub oculos]”
the conclusions of mathematical demonstrations by experiments. The first
advantage of using instruments is that it makes the demonstrations less ab-
stract and easier to grasp. The second advantage is that it confirms the con-
clusions by direct observation. Showing the instrument is not, in itself, a
demonstration, ocular or otherwise. But showing the experiment with the
instrument does confirm that the theory, expressed mathematically, gives
the correct results, whether it is the law of the center of gravity, the laws of
collision, or the laws of geometrical optics.

In an “Essay on Evidence” ’sGravesande explains the kind of evidence
that he believes is attainable in experimental physics. Matters of fact (such as
the existence of the Romans and of Rome as the capital of their empire) are
truths that we accept as indubitable even though they are not demonstrated
mathematically. Their evidence is historical and is based on “testimony.”
We also believe that the sun will rise tomorrow. This is a physical fact based
on “analogy,” meaning the accepted uniformity of nature. Other facts, such
as the phenomena observed in experiments, are perceived directly by the
senses. All three kinds of facts are known with a “moral” certitude, which,
though not deductive, can bring the same kind of conviction as that of math-
ematics. Thus sense, testimony, and analogy are the basis for moral evi-
dence.’’ In mixed mathematics, “the demonstrations are . . . grounded on a
hypothetical foundation,” and if the foundation is morally certain, so is the
conclusion of the demonstration.*

Of course ’sGravesande was attempting to follow Newton’s method,
which was mathematical. But Newton would never have admitted that he
employed hypotheses, even morally certain ones. In his most famous state-
ment on method, Newton wrote, “The whole burden of philosophy seems to
consist in this—from the phenomena of motions to investigate the forces of
nature, and then from these forces to demonstrate the other phenomena.”*’
Note that the “demonstration,” as Newton described his method, came after
the “forces of nature” had been discovered from the phenomena. From the
forces of nature one could then deduce further phenomena by mathematical
demonstration. *SGravesande took yet another step to confirm and illustrate
these “further phenomena” by experiments performed sub oculos.

The instrument maker Benjamin Martin used an argument similar to that
of ’sGravesande, although he called it an “ocular demonstration,” reviving
the term employed by Harvey and Hooke. In describing the camera obscura
he claimed that it was of importance not only for drawing and painting,
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“but the optician himself is greatly interested therein. By this grand experi-
ment he demonstrates ocularly the principles of his art. For by admitting
the sun-beams thro’ the hole of the window-shut into the darkened chamber,
he can actually shew the focus of parallel rays by reflection from concave
mirours.”%® Notice that in this “ocular demonstration” one sees not only the
image but also actual convergence of the rays. In the experiment the geomet-
rical laws of optics are visibly displayed.

By the middle of the eighteenth century, the meaning of “demonstration”
had undergone several changes as a result of the new instruments of natural
philosophy and the experimental method that employed them. Galileo used
the term ambiguously—sometimes it meant a mathematical or logical argu-
ment based on premises drawn from common experience; sometimes it
meant an observation with an instrument like the telescope that led to a
mathematical argument. Some, like Boyle and Sprat, rejected the idea of a
demonstrative natural philosophy altogether. Others, like Harvey, Hooke,
and Benjamin Martin, distinguished a new kind of demonstration that they
called “ocular,” although they disagreed as to how it should be defined. For
Harvey, ocular demonstration was a literal “showing” or “pointing out” of
bodily parts and their motions. For Hooke and Benjamin Martin it was a
visual observation that led to a geometrical argument. Newton reinforced
the importance in natural philosophy of mathematical demonstrations
based on premises that had been established by experiment. *SGravesande
continued Newton’s mathematical emphasis, but with experiments that
were meant to illustrate and confirm rather than to initiate inquiry. It was
with ’sGravesande that the “demonstration” lecture using instruments be-
came a standard method of instruction in natural philosophy. There is a
paradox in the fact that ’sGravesande’s instruments designed to illustrate
Newton’s mathematics led to a form of “demonstration” that was entirely
nonmathematical. *SGravesande’s Physices elementa established the “dem-
onstration lecture” as the proper way to teach experimental physics, but it
was also one of the last physics textbooks to employ the geometrical format
of axiom, corollary, and theorem.*® As the “demonstration” part of the
physics lecture passed from geometrical proof to the exhibition of phenom-
ena, the rhetorical geometrical form also disappeared from the textbooks.*?

THE IMAGE AS DEMONSTRATION

During the eighteenth century the magic lantern appeared regularly in books
on optics and experimental physics. Pieter van Musschenbroek’s Essai de
physique (Leyden, 1739) described a magic lantern modeled after ’sGrave-
sande’s, as did Jean Antoine Nollet’s Legons de physique expérimentale.®!
The van Musschenbroek brothers may well have been the source of these
lanterns, because ’sGravesande, in the preface to his Physices elementa
mathematica identified the maker of his machines as the “very ingenious
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Artist of this Town, and no unskilful Philosopher, whose Name is John van
Musschenbroek and who has a perfect knowledge of every Thing that is here
explained.”%? Van Musschenbroek added mechanical slides that showed
motion, including a windmill with rotating sails, a man drinking from a
goblet, a tightrope walker, and a girl curtsying (see fig. 3.6). Pieter tells us
that these slides are available from his brother Jan, who is the leading instru-
ment maker of Leiden. Nollet saw the Musschenbroek slides on a visit to
Holland in 1736, and so it is likely that the van Musschenbroeks were re-
sponsible for the improved magic lantern.®3

Lecturers during the eighteenth century were sensitive to criticism that the
magic lantern was entertainment, not science. Nollet, for instance, had been
criticized for performing experiments that were the “plaything of childhood
and the instrument of charlatanism” under the “perfidious name of experi-
mental physics”; he introduced his discussion of the magic lantern by saying
that it was one of those instruments that had been “rendered ridiculous in
the eyes of many people by its too great popularity,” the problem being that
three-quarters of those who saw it had no idea how it worked. But, asked
Nollet, was this any reason for not explaining it? After all, Newton studied
soap bubbles, which proves that nothing is too puerile for the philosopher.®*
Benjamin Martin implied that the magic lantern had been subverted from its
original philosophical purpose, which had been to magnify small objects in
a dark room, and was now used “rather to surprize and amuse ignorant
people, and for the sake of lucre, than for any other purpose.” Yet Martin
believed that “it might be applied to more useful purposes, in magnifying the
transparent parts of animal and vegetable substances, as wings of flies, mem-
branes, etc. especially if enlightened by the sun-beams in a darkened cham-
ber as I have many times experimented” (see fig. 3.7).6

In the above passage Martin described a new version of the magic lantern
called a “solar microscope” that promised to project more than just ghosts
and goblins. The solar microscope brought a shaft of sunlight into a dark
room by means of a mirror. The light illuminated a drop of pond water, a
flea, a butterfly wing, or some other natural specimen that was at least par-
tially transparent. Lenses of short focal length produced a greatly magni-
fied image. Nathaniel Lieberkuhn of Berlin exhibited the solar microscope
to the Royal Society in 1739 and he is usually considered its inventor, al-
though various kinds of magnifying lanterns using solar illumination had
been described before Lieberkuhn.®¢ The solar microscope allowed lecturers
and teachers to project something of value to natural philosophy. The pro-
jected image itself, rather than the instrument or its internal optics, could
become the subject of scientific “demonstration.” Nollet, who obtained his
solar microscope from London, prebably from John Cuff, wrote that it was,
“properly speaking, only a magic lantern illuminated by the sun,” but
“much more curious and interesting” (see fig. 3.8).4” Nollet designed his
own improved version, which he offered for sale.%® His most spectacular
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Fig. 3.6. Pieter van Musschenbroek’s mechanical slides. From Musschenbroek, Essai
de physique (1751), 2:628, table 21. Department of Rare Books and Special Collec-
tions, Princeton University Libraries.
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Fig. 3.7. The magic lantern show. Attributed to Rowlandson. In the eighteenth cen-
tury, lanternists were depicted as lower-class. Courtesy of the Science Museum/
Science & Society Picture Library.

On opposite page: Fig. 3.8. The solar microscope. From Liesegang, Dates and
Sources, p. 15. Courtesy of the New Magic Lantern Journal: Magic Lantern Society
of Great Britain.

John Cuff’s trade card. Courtesy of the Science Museum/Science & Society Picture
Library.
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experiment was showing the circulation of the blood in the mesentery of
a frog.

In 1750 Leonhard Euler designed a projecting microscope and an opaque
projector for larger objects, such as miniature paintings.®® Euler was willing
to apply his extraordinary mathematical skill to almost any subject, but it is
perhaps surprising that he should write about the magic lantern. The solar
microscope and his opaque projector, however, could project images of ob-
jects of art and natural history and not just the ghosts and goblins of enter-
tainment. In his Letters to a German Princess Euler described these inven-
tions again. The magic lantern was called magic, he explained, because “the
first inventors wished to persuade people that it involved magic or sor-
cery.””® His lantern, on the other hand, had the purpose of education.

Instruments for projecting opaque objects were continually being re-
invented throughout the following century and given various names: in En-
gland “opaque lantern,” in Germany “Wunderkamera” or “Episcope,” and
in France “megascope.” Along with the solar microscope they became stan-
dard items in every cabinet de physique.”!

THE “DEMONSTRATOR” AND THE DEMONSTRATION LECTURE

The demonstration lecture appeared to lose some of its appeal after the mid-
dle of the eighteenth century, but it recovered with a vengeance around 1780
and became ever more popular during the century’s final decades. This re-
newed enthusiasm for the demonstration lecture coincided with a striking
new turn to quantification in what we would now call the “research” part of
physics.”? Since the popular demonstration lecture carefully eschewed all
mathematics and quantitative measure, there began to be, for the first time,
a significant difference between “demonstration” instruments and “re-
search” instruments. Antoine Lavoisier’s gasometers, for instance, with
which he claimed “proofs of the demonstrative order” were very expensive
high-precision instruments. Lavoisier used them in 1783-17835 to prove that
water was a compound of oxygen and hydrogen.”? Equally precise was
Coulomb’s electrostatic torsion balance (also in 1785) with which he mea-
sured the force of electrical attraction. Neither of these instruments was, or
could be, part of the popular physics lecture because they were designed to
obtain precise numerical data, not dramatic, visible effects. This trend to
greater quantification opened an increasing divide between popular and
professional science. It also distinguished further the different meanings of
“demonstration.”

It was at this same time that one began to see the terms “demonstration”
and “demonstrator” applied to the popular lecturer. In the work of
’sGravesande, experimental physics had lost all connection with medicine
and the life sciences, but the medieval “demonstrator” migrated from anat-
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omy to experimental physics, nevertheless, when it became necessary to
specify a person who performed experiments for an audience. In the fourth
volume of the Encyclopédie (1754) under the entry “Démonstrateur” one
reads, “One gives this name particularly to those who give anatomy lessons
on the cadaver in a public or private amphitheater.””* There is no mention
of a physics “demonstrator,” even though lecturers at the Jardin du Roi had
long been given that title.”> By 1781 the demonstrator had migrated into
experimental physics. Sigaud de la Fond, “maitre de mathématiques,” was
able to announce in his Précis bistorique et expérimental des phénomenes
électriques that anyone wishing to acquire instruments like his could obtain
them from his nephew, M. Rouland, who assisted him as “démonstrateur”
and was also “démonstrateur de physique de 'Université,” a position that
the “maitre” had previously held.”® In 1760 Sigaud de la Fond had suc-
ceeded to the abbé Nollet’s chair at the Collége Louis-le-Grand after attend-
ing Nollet’s famous lecture course on experimental physics. But he also
taught anatomy and physiology and practiced medicine throughout his
career. Between 1770 and 1782 he held a chair of surgery. So it was natural
for him to refer to “demonstrators” both in medicine and in experimental
physics.”” It is certain, however, that this “demonstrator,” whether anatom-
ical or physical, was not presenting mathematical proofs. “Demonstration”
had now become the manipulation of apparatus to instruct and edify an
audience.

Physics lecturers were caught between the enthusiasm of the public for
drama and the scorn of the academic physicists, who did not hesitate to
express their distaste for the entertainers. Jean-Paul Marat (1743-1793),
after a generally successful career as a physician, decided in 1776 to devote
his attention to the study of physics. He used the solar microscope for the
first time as a research instrument and soon made what he believed to be a
revolutionary discovery. After removing one of the lenses, he found that he
could project the image of a flame on the wall of a darkened room. About
the flame and streaming above it he saw an aura of some sort (see fig. 3.9).
The same could be observed around any hot object such as a burning coal or
a red-hot iron ball. Marat concluded that the aura was igneous fluid flow-
ing out of the hot object and made visible by its interaction with the light
coming from the sun. From these and similar experiments with the solar
microscope Marat explained the nature of heat, light, and electricity. He
regretted having to disprove the theories of all previous physicists on these
subjects, especially Newton, but his honor would not allow him to conceal
the truths that he had discovered.

Marat’s “igneous fluid” was actually the heated air around the object,
which, because of its lower density, refracted the light from the solar micro-
scope and left a shadow. Marat insisted that the shadow was not caused by
the air, because he persuaded himself that he still saw the same shadows
when his experiments were performed in a vacuum.”®



60 CHAPTER THREE

VA . - P20.20 et 22,

A oy e

Fig. 3.9. Jean-Paul Marat observed “igneous fluid” flowing from a hot coal, a candle
flame, and a red-hot iron ball. From Marat, Recherches physiques sur le feu, p. 20.
Department of Rare Books and Special Collections, Princeton University Libraries.

Marat presented his discoveries to the Académie des sciences, expecting
extravagant praise and immediate election to membership, neither of which
happened. The committee appointed to review his discoveries found Marat’s
use of the solar microscope “ingenious,” but when the commissioners were
asked to review his further findings on light, which contradicted Newton,
they became cautious. They concluded that as the many experiments “ap-
peared not to prove what the author imagines that they prove, and because
they are in general contrary to the most familiar parts of optics, we believe
it would be useless to enter into the great detail that would be necessary to
explain them,” and the committee refused to give its approbation.”” Marat,
whose megalomania and poison pen were to serve him better in revolution-
ary politics than they had in natural philosophy, claimed that it was the
geometers of the academy who forced the commission to reject his experi-
ments, and he, the honest experimenter, had been destroyed by the mathe-
matical elite of an elitist institution.®® However feeble Marat’s claims were,
it was an argument that succeeded in bringing down the academy in 1793.
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Marat also had a cabinet and appealed to the public through a course of
physics lectures that he offered at the Hotel d’Aligre, rue Saint-Honoré, and
which featured his experiments with the solar microscope. Because Marat
himself was not a very successful lecturer, the actual instruction was carried
out by his “disciple” the abbé Filassier. The most successful physics lecturer
at the time was Jacques-Alexandre-César Charles (1746~1823), who pos-
sessed the most extensive cabinet de physique in France. In 1792, when he
gave his instruments to the nation, he had more than 330 pieces, most of
them very fine. In 1780 Charles invented the “megascope,” an optical in-
strument for projecting the magnified image of any object.?! He was particu-
larly proud of this instrument because it allowed him to present experiments
on a grand scale, grander than anything his competitors could stage. Charles
also used the solar microscope to advantage in his optical lectures, which he
gave in the summer when there was reliable sunlight.%?

On March 15, 1783, Marat went to the home of Charles, accused Charles
of making fun of him in his lectures, and attacked him with a sword.
Charles, who was not armed, apparently got the better of his assailant and,
with some help, threw Marat out into the street. Marat complained to the
police, who managed to prevent a duel (much to Marat’s relief, we might
suppose).®? In describing the events to friends, Charles defended himself by
saying that “if one is to be beaten [for criticizing Marat], all Europe must
arm.”®

While this contretemps is largely attributable to Marat’s pugnacity, it is
worth trying to discover what was at the bottom of the quarrel. Both men
were competing for the attention of Parisian society, both used the magic
lantern and the solar microscope prominently in their lectures, and both had
an interest in the nature of heat. Charles had begun his lectures in 1771 at
the place des Victoires and was sufficiently successful to be elected to the
Académie des sciences. In 1783 he built the first hydrogen balloon, and in
1787 he established “Charles’s Law” that the densities of all gases decrease
in proportion to the increase in temperature. We can assume that Marat’s
“igneous fluid,” observed through the solar microscope, would have been of
interest to him.

Marat told the police that Charles had compared him to “Sieur Comus”
and therefore had contemned his scientific abilities. Comus (the god of
feasts, lovers, and debauchery) was the stage name of Nicolas-Philippe
Ledru, who presented his show at the boulevard du Temple. Comus had
made his reputation as a magician. His repertoire included prestidigitation,
mind reading, and fortune-telling, along with optics and electricity.®’ But he
had also learned about the construction of scientific instruments in England,
and in 1781 Louis XVI commissioned him to build instruments and prepare
meteorological maps for the navy. Comus gained further respectability
when he began to use electrotherapy to treat epileptics at his cabinet. In
1784 Louis conferred on him the title “Physician to the King” and helped
him set up an expanded clinic.
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Comus was remarkably successful at obtaining patronage using his own
particular blend of entertainment and serious science.?¢ In 1781 Marat and
Comus had had an argument over the priority of certain electrical experi-
ments. When Charles compared Marat to Comus, it is not surprising that
Marat took offense. During the 1780s physics lecturers in Paris were com-
peting for a limited fund of support and patronage. Membership in the
Académie des sciences was the most desirable prize, but there was also much
to be gained from the public and from the nobility, whose interests tended to
be on the side of entertainment. Natural magic and experimental physics
blended completely in this love of spectacle. The Académie des sciences and
the Faculté de médecine attempted to draw a line between the two, but it was
not always easy to distinguish between, say, Comus’s electrotherapy and
Mesmer’s animal magnetism. Nowhere was this combination of science and
spectacle more attractive than in ballooning. Human flight had always been
a dream of the natural magicians. Now with the discovery of new chemical
“airs” and a better understanding of heat it became a real possibility.

The first Montgolfier balloon ascension took place in Annonay on June 4,
1783, three months after Marat’s attack. Charles sent up his first balloon on
August 27 from the Champ-de-Mars in Paris, and on December 1 Charles
himself made his one and only balloon ascent from the courtyard of the
Tuileries palace.!” The Montgolfier balloon was a hot-air balloon and
Charles’s balloon was inflated with hydrogen, but the difference between
these two substances was not obvious. In 1783 heat was as much a chemical
as a physical process. This is evident in the words of Charles’s promoter,
Barthélémi Faujas de Saint-Fond (1741-1819), who referred to the “gas or
rarified air” that the hydrogen balloon contained; similarly, Jean-Frangois
Pilatre de Rozier (1756-1785), the first human aeronaut, referred to hot air
as “igneous gas” and to hydrogen as “inflammable gas,” which indicates
that he believed some principle of fire or heat was responsible in both cases
for the lower density of the gas.®® Next to electrical experiments using large
electrostatic generators and banks of Leyden jars to produce prodigious
sparks, the most spectacular popular demonstrations employed the newly
discovered gases such as imflammable air (hydrogen) and eminently respira-
ble air (oxygen). The facts that hydrogen burns explosively and that all man-
ner of substances, such as iron, will burn in pure oxygen provided numerous
opportunities for impressive demonstrations.

Pilatre de Rozier also gave a course of demonstration lectures beginning
in 1781 at the “musée de Monsieur,” later known as the “Lycée.” He had as
many as seven hundred subscribers to his lectures, many of them women
from distinguished families.®® It was the same clientele that frequented the
lectures of Marat and Charles. The association of the physics lecturers with
ballooning emphasizes the romantic nature of the subject in the eyes of
the populace, who swarmed to witness the ascensions. Ballooning joined the
magic lantern, the solar microscope, and the electrostatic generator as the
chief scientific spectacles of the late eighteenth century.
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Another physicist turned balloonist, Etienne Gaspard Robertson, pro-
duced the most spectacular magic lantern show of the eighteenth century. He
called it the “phantasmagoria.” Robertson, whose original name was
Robert, was born in Liége in 1763 and moved to Paris shortly before the
outbreak of the Revolution. In 1792 he enrolled in the physics course given
by Charles, who inspired him to work with the solar microscope, the mega-
scope, the magic lantern, and the mirror of Archimedes. During the Terror
Robertson found it convenient to return to Liége for his health, where he
devised a mechanism for directing the Archimedean mirror, and in 1796 the
Convention granted him a laissez-passer to return to Paris and report on
the military potential of his giant mirror.’® While waiting for action from the
Institut, he refined his lantern, which he later called the “phantascope,” and
staged his first performances in the cabinet de physique of a M. de Beer.
When these arrangements proved unsatisfactory, he moved his show to the
Pavillon de IEchiquier, and finally to the abandoned Couvent des Capu-
chins, which had the proper gothic atmosphere.”* The phantasmagoria was
mostly magic with just enough physics to make it respectable (see fig. 3.10).
The audience entered through a room containing Robertson’s cabinet and
then wound its way through “a series of dark passages, decorated with
weird and mysterious paintings . . . the very door was covered with hiero-
glyphics. The chapel itself was hung with black and was feebly illuminated
by a single sepulchral lamp.”? In the pitch darkness the audience saw dim
ghosts that seemed to rush toward them to the sound of Benjamin Franklin’s
glass harmonica. The phantasmagoria was a huge success and drew large

Fig. 3.10. Depiction of a performance from Robertson’s phantasmagoria. From New
Magic Lantern Journal 4 (1986): 4. Courtesy of the New Magic Lantern Journal:
Magic Lantern Society of Great Britain.
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crowds. It was emulated first in London and then in other major cities
around Europe.

Robertson was able to present his show to a relatively large audience,
because instead of projecting his images onto a wall, he back-projected them
onto a translucent screen so that his lantern was directed toward the audi-
ence. This greatly increased the illumination, as did the new Argand lamp
that he employed in his projector. And finally, he mounted his “phanta-
scope” on wheels, which allowed him to roll the lantern toward or away
from the screen. The image would increase dramatically in size and give the
impression that it was charging the audience. In order to keep the image in
focus and the illumination constant, the “physicist” (Robertson’s name for
the projectionist) continually adjusted the focus and the light stop. After the
phantasmagoria reached England, Thomas Young devised a linkage to con-
trol the focus automatically. The program contained such presentations as
The Death of Lord Littleton, The Pilgrimage of Saint Nicholas, Prepara-
tions for the Witches’ Sabbath, Diogenes with His Barrel, The Birth of Rus-
tic Love, The Temptation of Saint Anthony, and the like. These were not
physics lectures, obviously, but Robertson did add physics experiments, es-
pecially galvanic experiments, to his show. Robertson knew Volta and was
a member of the Paris Galvanic Society. Like Charles and Pilatre de Rozier
he recognized the opportunities, both theatrical and scientific, of ballooning;
he made fifty-nine ascents, the most famous at Hamburg on July 18, 1803,
where he set a new altitude record. Robertson also employed Charles’s
megascope to project enlarged images of animated figures. His Apotheosis
of Héloise was almost certainly the projected image of a living person.”

THE MacGIc LANTERN IN EDUCATION

The divide in experimental physics between quantification and spectacle
continued from 1780 through the century, with the magic lantern obviously
on the side of spectacle. In the hands of ’sGravesande it had been an instru-
ment to be explained geometrically; in the hands of Robertson it was pri-
marily entertainment. But in both capacities the magic lantern had shown
ghosts and fairy-tale figures. It is surprising that during a century so inter-
ested in education there were not more efforts to use the lantern for in-
struction. Benjamin Martin argued in 1781 that the magic lantern should
be used for education as well as for entertainment, but with little success.**
The comte de Paroy, who claimed to have inspired Robertson’s phantas-
magoria and Charles’s megascope, persuaded Marie Antoinette to educate
the dauphin with the magic lantern. The dauphin, aged six, was too easily
distracted to learn from books, and Paroy argued that the magic lantern
would make an impression where the written word had failed. In fact he saw
a great future for the magic lantern in educating the entire world, not just the
enfant de France.”> The queen reacted with skepticism at first but was won
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over, according to Paroy, and the dauphin would have been the first pupil to
be instructed via the magic lantern if the events of the Revolution had not
intervened.

In France the lantern was first used in education in 1839 by Jules Du-
boscq, Francois Soleil, and the abbé Moigno. Duboscq and Soleil were the
first to use electrical arc light and incandescent lamps as illuminants and
designed many different kinds of projecting lanterns and microscopes.’® The
abbé Frangois-Napoléon-Marie Moigno (1804-1884) campaigned vigor-
ously for the educative use of the lantern. In 1852 he proposed the introduc-
tion of audiovisual education to the ministére de ’instruction publique, and
in his L'art des projections of 1872 he advocated free evening lectures for
workers. He finally succeeded in 1880 in persuading the Maison de la Bonne
Presse to circulate lanterns and slides for religious instruction in order to
curb the trade in licentious literature that was corrupting the country. The
Ligue francaise de I’enseignement offered an anticlerical version to compete
with Moigno’s program.”’

In England the lantern was first used in a scientific capacity to project
astronomical diagrams.”® In 1849 Henry Mayhew began publication of a
series of letters in the Morning Chronicle describing various trades, includ-
ing the manufacture of magic lanterns. Mayhew’s toy maker told him:

I have known the business of magic lantern making thirty-five years. It was then no
better than the common galantee shows in the streets, Punch and Judy, or any
peepshow common thing. There was no science and no art about it. It went on so
for some time. . . . About thirty years ago [1820] the diagrams for astronomy were
introduced. These were made to show eclipses of the sun and moon, the different
constellations, the planets with their satellites, the phases of the moon, the ro-
tundity of the earth, and the comets with good long tails. . . . This I consider an
important step in the improvement of my art. Next, moving diagrams were intro-
duced. I really forget, or never knew, who first made these improvements.”

The most important “improver” was Philip Carpenter. Carpenter had expe-
rience with optical instruments and had contracted with Sir David Brewster
in 1819 to manufacture the kaleidoscope, which Brewster had just invented.
In 1820 he began to market his Phantasmagoria Lantern, which was supe-
rior to all previous models and permitted a much higher quality of projec-
tion in the home. Carpenter also developed a “copper plate” process for
mass-producing lantern slides of high quality. In 1823 he published Ele-
ments of Zoology accompanied by 56 slides covering 256 natural history
subjects. In addition to the slides of animals, Carpenter also sold slide sets of
astronomical diagrams along with more conventional series, such as “Por-
traits of the Kings and Queens of England,” “Costumes of the Ancients,”
and the like. Moreover, Carpenter offered his slides at a cut rate if they were
to be used for “educational purposes,”1%0

One reason why the magic lantern was only gradually introduced into
education was the difficulty of getting adequate illumination. As long as the
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only source of light was a candle or smoky oil lamp, dim ghostly figures were
about all that one could see, and even then the lantern had to be close to
the screen. Carpenter’s Phantasmagoria Lantern and the Sciopticon that
L. Marcy of Philadelphia marketed in 1872 greatly improved the illumina-
tion and made the lantern more usable in the home. The introduction of
limelight made the lantern suitable for large lectures. Lewis Wright used an
oxyhydrogen mixed jet apparatus to reach an illumination of one thousand
candles and in 1884 successfully responded to the Microscopical Society’s
challenge to make a microscope that would project “the tongue of a blow-fly
six feet long.”1%!

Even more important than illumination for the success of the magic lan-
tern was photography, which made possible faithful reproductions at
greatly reduced cost. The first public show using photographic slides was
staged by the Langenheim brothers in Philadelphia in 1849. Called “Hya-
lotypes,” these slides quickly became known in Europe after they were
shown at the Great Exhibition in London in 1851.192

The lantern as spectacle reached its apogee at the Royal Polytechnic In-
stitution in London, founded in 1838 to present science to a popular audi-
ence. The Polytechnic employed large lanterns that took glass slides as large
as 8% by 7 inches (see fig. 3.11). This allowed the slide painters to include
much greater detail in their paintings, and the show used as many as six
lanterns at a time, superimposing the images to create dissolving views, mo-
tion, and other special effects.!?® The Polytechnic advertised “Lectures, Ex-
periments, and Scientific Productions,” while London guidebooks urged
that it “be visited by all when in town, who will leave it with remembrances
of electricity, oxygen, hydrogen, and the diving bell.” Another guidebook
stated that it “partakes of the quadruple character of a Lecture Room, a
Concert Hall, a Museum, and a Temple of Magic.” This was not high sci-
ence—the most popular attraction for many years was “Professor Pepper’s
ghost”—but it was the kind of setting in which the magic lantern was most
effective.

The magic lantern also quickly made its way into more serious physics
demonstrations. We can now talk about “demonstration” in its modern
sense without anachronism. The subtitle of Lewis Wright’s Optical Projec-
tion (first edition 1890) was A Treatise on the Use of the Lantern in Exhibi-
tion and Scientific Demonstration. Chapter titles are “Apparatus for Scien-
tific Demonstrations,” “Demonstrations of Apparatus in Mechanical and
Molecular Physics,” and “Physiological Demonstrations.” In Germany,
where the use of special scientific lanterns was first systematized in the
schools, the most important book was Adolf Weinhold’s Physikalische
Demonstrationen.'® It seemed that everything could be projected in the
nineteenth-century demonstration lecture—Newton’s rings, Airy’s spirals,
Marey’s pulse mirror, Ludwig’s kymograph, Lissajous figures, Wheatstone’s
kaleidophone, Koénig’s manometric flames, Tyndall’s sensitive smoke-jets,
Taylor’s phoneidoscope, Lippman’s capillary electrometer, Fresnel’s prism,
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Fig. 3.11. The Great
Hall and the “Optical
Box” at the Royal
Polytechnic Institution.
From New Magic
Lantern Journal 4
(1986): 48, 51. Courtesy
of David Henry and the
New Magic Lantern
Journal: Magic Lantern
Society of Great Britain.
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Fig. 3.12. Scientific lanterns from the nineteenth century. From Wright, Optical Pro-
jection, pp. 119, 160, 169, and 209. Courtesy of the University of Washington
Libraries.
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Atwood’s machine, ad infinitum. These lanterns projected not just pictures
on glass slides, but actual physical phenomena, especially phenomena in-
volving very small forces (see fig. 3.12). The apparatus in such experiments
was necessarily small, and a light beam could magnify the effect enormously
without interfering with the phenomenon being demonstrated.

The greatest physics demonstrator of all time was John Tyndall, lecturer
at the Royal Institution. Twenty-five prominent American men of science,
including Joseph Henry, Louis Agassiz, and Ralph Waldo Emerson, per-
suaded Tyndall to undertake a speaking tour of the United States during the
winter of 1872-1873. In each city he gave a series of six lectures on optics
assisted by two demonstrators using instruments from the Royal Institution.
Central to each demonstration was a magic lantern using a carbon arc and
powered by twenty voltaic cells. Tyndall opened his lectures by describing
how energy from the “burning” of zinc in the voltaic cells was transferred
electrically to the blinding light of the arc. Anyone reading the Lectures on
Light Delivered in the United States in 1872-73 cannot help but be im-
pressed by Tyndall’s spectacular demonstrations.!% Attendance at a single
lecture sometimes reached 1,500, and the New York Daily Tribune printed
each lecture as it was given. A special edition of all six lectures sold over
300,000 copies.'® The press referred to Tyndall’s instrument as a “magic
lantern,” but Tyndall himself called it a “camera.” Presumably he did not
want his demonstrations to be thought of as “magic.”

CONCLUSION

The magic lantern was an instrument of natural magic that kept its “magi-
cal” character longer than almost any other. It began to lose its name only
in 1872 when Marcy advertised his Sciopticon as an “optical lantern” rather
than as a magic lantern. In 1874 Edward L. Wilson of Philadelphia founded
the Magic Lantern, the first journal devoted exclusively to the instrument,
and in 1877 Pau! Liesegang founded a second entitled Laterna Magica. In
1889 J. Taylor compromised on the instrument’s name when he entitled his
new journal the Optical Magic Lantern Journal, with the word “magic”
dwarfing the word “optical” in the masthead. But when the second editor
took over in 1902, he staged a competition which resulted in a new mast-
head that magnified “optical” and shrunk “magic” into insignificance (see
fig. 3.13).

The magic of the lantern never disappeared, however. When it success-
fully incorporated motion and became the cinema, its first achievement was
not to produce art, but to put stage magic out of business. Georges Méliés’s
first film in 1896 was a version of the vanishing lady trick, and he proceeded
to the “Man with the Rubber Head,” “The Terrible Turkish Executioner,”
and “The Over Incubated Baby.” When the great Houdini visited the
Théatre Robert-Houdin in 1901, he discovered that stage magic had been
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Fig. 3.13. Masthead of the New Magic Lantern Journal. The magic lantern becomes
the “optical lantern” with just a bit of magic left. Courtesy of the New Magic Lan-
tern Journal: Magic Lantern Society of Great Britain.

completely replaced by the cinema, which continues today to work its magic
through special effects.!%”

The history of the magic lantern reveals once more the great complexity
of the rise of modern science. New instruments and new methods were an
essential part of the Scientific Revolution, but they did not always go hand
in hand. Instruments could remain the same while methods changed and vice
versa. Natural magic, experimental philosophy, and mathematics over-
lapped and were woven together in a complex, constantly changing struc-
ture. Words such as “demonstration,” “fact,” and “experiment” changed
their meanings or acquired multiple meanings. The demonstration experi-
ment and the demonstration lecture became institutionalized after a long
process of development, but they were in no way an inevitable consequence
of the rise of modern science.

The magic lantern is an especially interesting example, because it retained
its association with natural magic longer than most instruments from the
seventeenth century. The purpose of the instruments of natural magic had
been to display the wonders of nature. The purpose of the demonstration
instruments of experimental physics was the same, with the added assump-
tion that the causes of the phenomena being exhibited could be explained
by some coherent physical theory, and that the instruments assisted in
“demonstrating” that theory.!® What it meant to “demonstrate” with in-
struments remained a subject of debate throughout the Scientific Revolu-
tion. We have observed a transition in experimental philosophy from
“demonstration” as a logical argument to “demonstration” as an exhibi-
tion of phenomena. The institution of the demonstration lecture cemented
this transition, although the word has always retained its useful ambiguity.
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In the modern physics demonstration lecture, the lecturer displays the
phenomena to the audience—this is one kind of “demonstration”—but he
also claims that his experiments confirm a theory that is being “demon-
strated” in a different sense. The ambiguity is convenient, because it suggests
that one kind of demonstration or “showing” includes the other. To some
extent, this has always been the purpose of the demonstration lecture, and
the changing meaning of “demonstration” is, therefore, largely a shift in
emphasis.

We use slide projectors and overhead projectors now without thinking of
them as scientific instruments and without a thought about magic. We re-
gard them as practical instruments for presenting images and imparting in-
formation. But we should remember when we show a slide, watch television,
or go to the movies that we are experiencing the fulfillment of Kircher’s
dreams. The attempts by Kircher and his fellow natural magicians to pro-
duce wondrous effects appear ludicrous alongside the achievements of a
Galileo or a Newton, but unlike the experimental philosophy (which was
still philosophy in spite of Francis Bacon), natural magic was essentially
practical. Many of the instruments that we take for granted, not only in
scientific research, but in our daily lives, find their origin there.'%® The magic
lantern reminds us that we are connected to Kircher’s world more closely
than we realize.



CHAPTER FOUR

The Ocular Harpsichord of Louis-Bertrand Castel;
or, The Instrument That Wasn’t

In His ACCOUNT of the Great Cat Massacre Robert Darnton brings to his-
tory a lesson learned from anthropology, that one can enter an unfamiliar
culture most easily by studying those aspects that are most incomprehen-
sible. From a bizarre massacre of cats by printer’s apprentices in Paris during
the 1730s Darnton explains the apprentices’ life, their ceremonies, their be-
havior, their hatred for their master, and the peculiar significance of cats in
their rituals. The apprentices found the torture of cats hilariously funny,
while we, reading about it in the twentieth century, “don’t get the joke.”
Precisely the fact that we don’t get the joke means that we have something to
learn.!

Historians of science have traditionally ignored that which they do not
get.” If an idea, book, organization, or instrument does not make sense
from the perspective of twentieth-century science, it is ignored, and if it is
found in the writings of someone we have learned to revere, it is regarded as
downright embarrassing. The last fifteen years have seen a great change in
this regard, and historians of science have learned that they cannot study
what used to be called the “progressive element” of science in isolation with-
out doing violence to history as a whole.

One problem with studying the unfamiliar in science is that we dissolve
the disciplinary boundaries of our subject. We have no objective criterion by
which we can say whether an instrument or idea is “scientific.” This is not
altogether bad. By dissolving our own disciplinary boundaries, we can then
ask the more important historical question of how the instrument or idea
was regarded by its creator and by those who used it, and how it fit their
disciplinary boundaries.

“Philosophical” instruments like the telescope, microscope, and air pump
were new in the seventeenth century and still carried the flavor of natural
magic. As a result they were suspect and their value had to be demonstrated.
The process of determining what was acceptable practice in natural philoso-
phy also required a decision about what were acceptable instruments. And
since the new instruments were radically different from the old ones and so
important for the new experimental philosophy, the choice of instruments
helped to define the philosophy.

Not all instruments were accepted, of course. If they had been we would
be hard pressed to say what we mean by “natural science.” The telescope,
microscope, and barometer were big winners. The speaking tubes, magic

«
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glasses, and hydraulic fountains were losers. Of most interest to us as his-
torians are those instruments that were, so to speak, “on the margin”—
those instruments that caused confusion as to whether they were truly philo-
sophical.

FroM CAT P1aNO TO OCULAR HARPSICHORD

In keeping with Darnton’s methodology and subject matter we might want
to look at the cat piano. Athanasius Kircher first wrote about it in his great
Musurgia universalis of 1650, and it has reappeared occasionally since (see
fig. 4.1). In order to raise the spirits of an Italian prince burdened by the
cares of his position, a musician created for him a cat piano. The musician
selected cats whose natural voices were at different pitches and arranged
them in cages side by side, so that when a key on the piano was depressed,
a mechanism drove a sharp spike into the appropriate cat’s tail. The result
was a melody of meows that became more vigorous as the cats became more
desperate. Who could not help but laugh at such music? Thus was the prince
raised from his melancholy.? The cat piano confirms Darnton’s discovery
that most early modern Europeans found the torture of cats funny. It also
illustrates Kircher’s fascination with the relationship between the art of
music and the natural production of animal sounds. But for us it is an instru-
ment that has mercifully been forgotten.

However, the cat piano did appear once during the eighteenth century in
a place prominent enough to attract notice. Louis-Bertrand Castel described
it in 1725 in an article announcing his famous clavecin oculaire or ocu-
lar harpsichord. The ocular harpsichord was like a standard harpsichord

2 2z

Fig. 4.1. The cat piano. From La Nature, pt. 2 (1883): 519-520. Courtesy of the
University of Washington Libraries.



74 CHAPTER FOUR

except that it played colors instead of sounds. The possibility of such an
instrument depended on the analogy between the seven spectral colors and
the seven tones of the musical scale. He used the example of the cat piano to
show that sound was not beautiful by itself and that the beauty of music lay
only in the sequence and harmony of the notes. The cat piano might conceiv-
ably have produced a recognizable tune, but the effect would certainly not
have been one of harmony. It was only a joke to illustrate Castel’s important
discovery. The ocular harpsichord was a different matter. It would produce
beautiful harmonies for the eye. According to Castel, it would be the “uni-
versal instrument of the senses.”3

Whether the ocular harpsichord was a scientific instrument or not de-
pends on one’s point of view. Castel claimed in his announcement that his
harpsichord would not merely give a simple impressionistic idea of sound in
color but would really paint sounds by a precise and natural correspondence
between color and pitch, so that a deaf listener could enjoy music that was
originally written for the ear. He would demonstrate this correspondence
following reasons of fact and geometrical analysis. He would accept only
that which was proven.*

Reaction to Castel’s announcement of the ocular harpsichord was not
generally favorable, but it did cause considerable excitement—enough that
Castel could reasonably ask why his opponents were willing to spend so
much time combating what they claimed was a worthless idea.’ Part of the
problem was Castel’s independence of mind, which led him to argue with
everyone. Voltaire called him the “Dom-Guichotte des mathématiques” be-
cause of his tendency to attack the giants, including Newton, Leibniz,
Réaumur, and Maupertuis.® Voltaire could have included Rameau, Rous-
seau, Dortous de Mairan, and Voltaire himself. That Castel should have
warranted the attention of such illustrious foes is in itself remarkable.

Castel had joined the Jesuits as a novice in 1703 at age fifteen. In 1720 he
came to the notice of Fontenelle, who was instrumental in having him trans-
ferred from Toulouse, where he had been teaching rhetoric, to Paris, where
his teaching expanded to include physics, infinitesimal calculus, mechanics,
pyrotechnics, and architecture. In Paris he became the unofficial science edi-
tor for the Jesuit Journal de Trévoux and in this capacity wrote on every
conceivable subjeci from the Northwest Passage to the squaring of the circle.
In this he followed the tradition of the great Jesuit polymaths like Kircher,
who admitted no limits to their breadth of knowledge.

He announced his ocular harpsichord in 1725 at the urging of the com-
poser Jean-Philippe Rameau, who had been organist at Clermont when Cas-
tel taught there. The analogy between color and musical tone was by no
means original with Castel. Newton had stated it very prominently, as had
Kircher. Newton had studied musical harmony in 1664-1666 and through-
out his life retained a belief in the musica mundana, or universal harmony of
the world. His attention was called to the analogy between color and tone by
Robert Hooke, who mentioned it in his criticism of Newton’s first optical
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Fig. 4.2. Isaac Newton’s illustration of the color-tone analogy. From Birch, The His-
tory of the Royal Society of London, 3:263. Courtesy of Special Collections, the
University of Washington Libraries.

paper of 1672; Newton, in his second optical paper of 1675, went Hooke
one better by showing that the seven bands of color in the spectrum have
widths in the same harmonic ratios as the string lengths on the monochord
that produced the musical scale (see fig. 4.2).” Because Newton also read
Kircher it is possible that Kircher was the source for Newton’s analogy, as
Voltaire claimed, but it is also certain that Newton’s supposed discovery of
a new harmonic relation between the colors in the spectrum brought the
color-tone analogy into prominence. Newton wrote: “As the harmony and
discord of sounds proceed from the properties of the aerial vibrations, so
may the harmony of certain colours . . . and the discord of others . . . pro-
ceed from the properties of the aetherial. And possibly color may be distin-
guished into its principal degrees, Red, Orange, Green, Blew, Indigo and
deep Violet on the same ground, that sound within an eighth is graduated
into tones.”®

The most immediate stimulus for Castel was probably Nicolas Male-
branche, who in the sixteenth elucidation to his Recherche de la Verité re-
ferred specifically to the analogy between light and sound. Malebranche
used Newton’s experiments as evidence for his theory that both light and
sound were caused by vibrations propagated in media composed of small
vortices, and Castel adopted the same analogy of similar vibrations, al-
though he repudiated Malebranche’s little vortices.’

Castel’s most important patron was Charles de Secondat Montesquieu,
with whom he began correspondence soon after his arrival in Paris. For a
while he had Montesquieu’s son as a pupil at the Collége Louis le Grand and
hoped through that contact to persuade Montesquieu to publish in the Jour-
nal de Trévoux. In 1735 he wrote an extremely long and verbose account of
“new experiments on optics and acoustics” in the form of letters addressed
to Montesquieu and published in the Journal de Trévoux.!® Montesquieu’s
friendship was valuable to Castel, but it did not include any great enthusi-
asm for the ocular harpsichord.

The greatest boost for the ocular harpsichord came from Voltaire, who
devoted chapter 14 of his Eléments de la philosophie de Newton (1738) to
the color-tone analogy and to Castel’s instrument. Voltaire wrote that he
believed Kircher to be the source for Newton’s analogy between light and
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sound, and he praised Kircher as “one of the greatest mathematicians and
most learned men of his times.” Kircher had argued entirely by analogy,
and Voltaire favored instead Newton’s experimental method. Yet even Vol-
taire was willing to admit that “this secret analogy between light and sound
leads one to suspect that all things in nature have hidden connections, that
perhaps will be discovered some day.”!! In spite of his sympathy (limited, to
be sure) for Castel’s ideas, Voltaire quarreled with him and took revenge by
attacking him in the public “Letter to Rameau,” in which he also ridiculed
the ocular harpsichord.!> What disturbed Voltaire was not the idea of an
ocular harpsichord (after all, Newton had given serious attention to the
color-tone analogy) so much as Castel’s style of inquiry, which employed
analogy in place of experiment and was, therefore, very different from that
of Newton. And even though he may not have been able to follow all of
Newton’s mathematical arguments, Voltaire understood Newton’s style and
method as well as anyone in France. He concluded that Castel’s style did not
sufficiently grasp “the spirit of this century.”!® Castel was certainly not a
child of the Enlightenment.

Others examined directly the analogy between color and tone. Jean-
Jacques Dortous de Mairan criticized Castel’s ideas in 1737. In 1739 the
composer Georg Philipp Telemann wrote Beschreibung der Augen-orgel,
oder des Augen-clavicimbels, based on his observations of the instru-
ment during his visit to Paris in 1737-1738. In 1742 the Saint Petersburg
Academy also devoted a séance to the ocular harpsichord, at which Georg
Krafft expressed his doubts about the usefulness of the analogy.'* Even Jean-
Jacques Rousseau, who befriended Castel in 1741, had no use for the instru-
ment.!’ Thus one can conclude that Castel’s ocular harpsichord received
plenty of attention, but only limited acceptance.

The philosophe most willing to give serious consideration to Castel’s in-
vention was Denis Diderot, who found in it a natural theme for his Lettre
sur les sourds et muets (1751). When Diderot’s imagined deaf-mute sees
Castel’s machine, he thinks the colors are a form of speech and concludes
that the inventor must have been a deaf-mute too. Diderot’s interest in the
formation of the senses meant that he would take the color-tone analogy
seriously, but in the Encyclopédie he joined the chorus of those urging Castel
to make the instrument and demonstrate the harmony of colors directly
rather than talking about it interminably.¢

One would expect that having conceived of an instrument to exploit the
analogy between color and tone, Castel would have been eager to make the
instrument or have it made. This was not the case, however, and there is
reason to doubt that a working ocular harpsichord was ever made during
Castel’s lifetime—by him or by anyone else.

Part of the problem was the technical difficulty of making such an instru-
ment in the eighteenth century. In 1730 Castel had exhibited some kind of
device, but apparently all it did was raise colored slips of paper into view.!”
Supposedly this modest instrument created so much excitement in Paris that
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Castel was obliged to close his rooms to visitors and postpone his efforts. On
December 21, 1734, with much fanfare, he demonstrated a more advanced
instrument but admitted that it was “only a model and therefore very im-
perfect.”!® His anonymous English assistant later made an instrument that
he demonstrated in London after Castel’s death. This harpsichord contained
five hundred lamps (probably candles) and must have given off a prodigious
quantity of heat. That is probably why a manuscript note attached to the
description of the English ocular harpsichord says that it was there to be
observed in Soho, but was never played.!” All descriptions of the instrument
during Castel’s lifetime are distressingly vague. It was not that he had any
problem obtaining support for his invention. The prince de Conti offered his
support, and Castel actually accepted two thousand livres from Comte
Maillebois and a thousand crowns from the duke of Huescar, the Spanish
ambassador.?? With this money Castel was able to employ workmen to help
with the construction, but their efforts came to naught.

Yet even aside from the technical difficulty of building an ocular harpsi-
chord, Castel seems to have had no desire to build the instrument in the first
place. His response to critics after he announced his harpsichord in 1725
was, “I am a mathematician, a philosopher . . . and I have no desire to make
myself into a bricklayer in order to create examples of architecture.”?! For
Castel the idea and not the artifact was what counted. It apparently did
not occur to him that one might construct an instrument for the purpose
of testing a theory. We are confronted here with a thoroughly unfamiliar
approach to the natural world, one that we could easily dismiss as unfruit-
ful and therefore unimportant. But Castel’s disinclination to make the ocu-
lar harpsichord demands an explanation, and it is our task to try to under-
stand it.

THE HARPSICHORD AS THOUGHT EXPERIMENT

The ocular harpsichord was a kind of “thought experiment,” a realization
of an idea in an imagined instrument. Castel claimed that even if he did
actually construct an instrument, it would not and could not decide whether
there was a real analogy between light and sound. As he explained to Mon-
tesquieu, the public clamor to see the ocular harpsichord was misguided.
Montesquieu would understand that it was nobler and more scientific to
approach the problem through the mind than through the senses. And be-
sides, it would not be possible to judge color harmony immediately from the
ocular harpsichord in any case. Castel insisted that one had to become ac-
customed to any kind of music to appreciate it. “One has to learn to appreci-
ate even Homer.”??

The cat piano can assist us again in understanding Castel’s argument. In
his letters to Montesquieu he claims that animals cannot create or appreciate
music; the sounds they make are only cries. Therefore the cat piano is a
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product of human art, not cat art, and it produces music only to the extent
that the sounds are controlled by the human playing it. Animals cannot
make music at all. Music can be created and appreciated only by the human
mind, it will not “make sense” to the senses alone.?? Nor will just any mind
appreciate just any kind of music. Only a mind prepared by previous experi-
ence can respond to a new kind of music or instrument. Castel uses the
quarrel over the relative superiority of French and Italian music to illustrate
this last argument, asserting that French music portrayed the French charac-
ter in a unique way, and that a Frenchman could not immediately appreciate
Italian music.?*

This characteristic of music leads Castel to argue that the ocular harpsi-
chord is artificial, even though it is based on a real analogy in nature. In fact,
he argues that just as the best fruits and flowers are the product of the art of
agriculture, so is the best music the most artificial. The less natural the ocular
harpsichord is the better: “All of which leads me to say: 1. That the more
color-music is refined, artificial, scientific even, that is, nonhabitual, the
more beautiful and agreeable it will be, not at first, but col balsamo di cos-
tume; and thus 2. I must attempt to make it known to the taste, to the mind,
to the reason, to the internal sense in order to make it felt by the external
sense, the eye.”?> Of course the reality of the color-tone analogy must not be
denied. It exists in nature, but it must be revealed to the mind before it can
be appreciated by the senses.

Moreover, the purpose of an instrument like the ocular harpsichord is not
to test a theory or to produce a new idea. Physics is the subject of our every-
day experience: “Everyone is a bit of a physicist to the extent that he has an
attentive mind capable of natural reasoning.” Castel bases his physics, “not
on arbitrary hypothesis or particular and personal experience, but uniquely
on history and on the general observation of nature and art.”?¢ Therefore,
an instrument in physics has the purpose of confirming what we already
know to be true from reason applied to our general experience. It cannot by
itself be the basis for constructing a theory that generalizes beyond the single
phenomenon that it produces.?’

This conception of the role of an instrument explains in part Castel’s hos-
tility to Newton. Newton’s prism experiments are entirely different from
Castel’s ocular harpsichord. They rest on an experimentum crucis, a single
test of a single idea. The ocular harpsichord, on the other hand, illustrates an
analogy understood from general experience. It is not surprising, then, that
Castel dislikes Newton’s prism: “I distrust the prism and its fantastic spec-
trum. I regard it as an art of enchantment, as an unfaithful mirror of nature,
more proper by its brilliance to create flights of imagination and to serve
error than to nourish minds solidly and to draw obscure truth from deep
wells.” The prism is the apparatus of the imposter and the instrument of the
“spectre magique.”??

Castel asks what right the prism has to credence. Does its geometrical
shape prove that the colors coming from it are primitive? Why are the colors
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produced by the prism any more fundamental than the colors of the tricolor
flower? Besides, the prism provided Newton with only a single unique fact,
that is, the dispersion of the colored rays, from which Newton constructed
his entire theory. But a unique fact is a monstrosity, a single event, from
which no general conclusion or universal theory can be drawn. “My philos-
ophy ... considers only facts, but facts that are natural, daily occurring,
constant, and a thousand times repeated, habitual facts rather than facts of
the moment, facts of humanity rather than facts of one man. A unique fact
is a monstrous fact.”?® Castel uses the word fact here partly in its original
Latin meaning of something made or done. Thus the validity of a “fact”
depends on the testimony of observers and on the veracity of the person
claiming the fact. Because he depends on facts, Newton makes the error of
turning effects into causes, phenomena into principles, and experiments into
explications. While Castel does not doubt the experiments that Newton de-
scribes, he dislikes his tendency to claim as “fact”—that is, as a deed—what
is only an interpretation of a phenomenon. Moreover, Newton’s jargon is
meaningless. His notion of a “ray” of light makes no more sense than his
notions of “attraction” and “gravitation.”3°

Newton is imperious and his followers are far more dogmatic than the
Cartesians. They have to accept his arguments without question, because
Newton’s arguments demand complete assent or complete denial. At least
Descartes was modest enough to realize that his system of the world was a
hypothesis that could be modified by subsequent reasoning and experience.
Descartes’s hypotheses have flexibility. They are intelligible and his fol-
lowers can reason with him.3! But not the Newtonians. They are not al-
lowed to question. Newton transforms his readers into spectators, not par-
ticipants. The Newtonians claim that they present “facts,” not hypotheses,
and argue that the facts cannot be denied. This makes them totally unyield-
ing. Reasoning does not force consent, but facts do, and only God can claim
facts. The method of facts is emphatic and disdainful. It leads only to occult
qualities and error.3? It is a mistake to claim that a system contains absolute
truth.

Newton’s system also is difficult and inaccessible. His experiments re-
quire that he remove himself from the natural world and enter an artificial
world of prisms and rays. There is no need to shut oneself up in a camera
obscura in order to understand light. Nature is everywhere and reveals itself
constantly to our senses. The rainbow appears in the presence of the sun.3

In these criticisms we recognize an attitude toward instruments that pre-
ceded what we call the Scientific Revolution. Experiment had value only to
the extent that it confirmed experience, and reason naturally preceded ex-
periment, so that the necessity of an experimental test could be regarded
only as a sign of defeat. There could be no crucial experiment, because a
crucial experiment was only a single instance, a monstrous event.>* In fact,
experiment should be the last resort of the natural philosopher, not the first
step of an investigation, as Newton had argued.
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THE HARPSICHORD AS RHETORIC

The rhetorical form of argument was also important for Castel. He followed
his 1725 announcement of the ocular harpsichord by a “geometrical demon-
stration” of it. This geometrical demonstration, however, did not contain
any geometry as such. It was a set of propositions, followed by demonstra-
tions with an occasional scholium thrown in for good measure, and it could
be called geometrical only because it discussed musical harmony, a subject
that was traditionally part of mathematics. As Peter Dear has shown, it was
characteristic of Jesuit scientists after Christoph Clavius to use the form of a
geometrical proof in order to give universality to experiential statements,
and this was obviously Castel’s purpose.3’ He wrote that in his first publica-
tion he merely stated the question and proposed the possibility of an ocular
harpsichord. In his second article he wanted to extend his demonstration to
all the senses, because “a discovery that is fecund ought always to move
forward into a new order.” An important discovery cannot exist alone, be-
cause it will always lead to more discoveries “as one harvest provides the
seeds for a new harvest.” In fact Castel claimed that the ocular harpsichord,
or at least the idea of the ocular harpsichord, would become the universal
instrument of the senses and poets would discover in it a complete musurgie
that would account a priori for “all sounds, tones, accords, dissonances and,
what has never yet been attempted, for the pleasure of all things.” By casting
his argument in geometrical form, Castel generalized it and extended it to all
the senses (see fig. 4.3).3

Castel’s use of geometry was obviously different from Newton’s use of it.
Castel called Newton an excellent geometer, but a poor physicist (a criticism
that he probably borrowed from Malebranche), and while he praised the
geometrical method, he criticized Newton for overreliance on mathematics
in his optics. In applying mathematics to physics, Castel ascribed the greatest
value not to theorems and calculations, but to the logical form and the gen-
eralizing power of geometry.

Castel claims that analogy is the basis for discovery in natural philosophy
and that analogy reveals important connections between science, art, and
literature. While there may be many arts and sciences, there is only one
truth, which the arts and sciences express from different points of view. In
particular, philosophy and poetry have the same object, the same nature,
and the same truth—a sublime thought in poetry is equivalent to a discovery
in natural philosophy. Therefore analogy is crucial for making the transition
from one expression of truth to another: “Now it is analogy that renders
these poetic flashes fecund in discoveries. Because what one calls among the
poets and orators metaphor, similitude, allegory, figure; a philosopher, a
geometer will call analogy, proportion, ratio. All our discoveries, all our
scientific truths, are only truths of ratio. And from there often the figurative
sense degenerates into the proper sense and the figure into reality” (emphasis
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Fig. 4.3. Castel left no illustration of his ocular harpsichord. The instrument depicted
here is a variant proposed by Kruger in his “De novo musices quo oculi delectantur
genere,” p. 354. Courtesy of Special Collections, the University of Washington Li-
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added). Castel gives as his rule the following. When he encounters a poetic

or other literary statement about nature that is especially beautiful and su

b-

lime, he applies the method of geometrical analysis; that is, he assumes it to
be true and sees what consequences he can derive from it. From the truth of
the consequences he verifies the original statement, and if he is persuaded of

its truth he then attempts to demonstrate it to others.3”
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For example, Virgil “paints the night” when he writes, “Rebus nox ab-
stulit atra colores [Black night took the color away from things].” The sub-
limity of this expression lies not in tropes, figures, allegories, or metaphors,
but in its truth. It is Descartes who has shown that because colors are only
modifications of light, they cannot exist in the dark, and therefore when the
night chases the light it also chases the colors. “This thought of Virgil has all
the character of the sublime, of the grand, of the beautiful, being in the first
place true, and in addition new, marvelous, profound, paradoxical even,
and contrary to our presumption.”3#

For Castel the aesthetically pleasing and the rational are the same. It is
also the basis of his disagreement with Newton about the color-tone anal-
ogy. Newton associated the seven colors of the spectrum with the seven
notes of the musical scale by comparing the measured widths of the colored
bands with the lengths of vibrating strings that sound consonant tones, but
Castel’s argument is very different: “Among the colors, violet is a sad color
and one that takes much from black, being the color of mourning for our
kings and for the Church. . . . violet is the passage from affliction to joy; the
rainbow is a sign of joy, but of a joy which follows an affliction, and to
which the affliction serves as a contrast and as a base.”3® Therefore violet
should serve as the base for the color scale. Later, however, Castel decided
that blue was the “fundamental bass” for color harmony, because the study
of dyes and pigments convinced him that there were three primary colors—
red, yellow, and blue—that corresponded to the major triad in music. Begin-
ning with his color triad, he filled in the rest of the colors to create the
twelve-note chromatic scale. Of course he did not hesitate to point out that
these twelve tones had long been called “chromatic,” indicating that musi-
cians had recognized the analogy between color and tone long before the
seventeenth century—and that the analogy could not be purely verbal:

But why is this scientific system of half-tones called chromatic and colored? It is
doubtless a metaphor, a comparison, an analogy of discourse, and consequently,
it seems to me, of thought, of reasoning, of science. Because in the arts above all,
and in the sciences, there is no affected term, [no conceit] that does not express an
idea, and is often the result of several truths and an implied theory.*®

Not only does analogy serve as a means of scientific discovery; it is also a
valuable rhetorical tool. This is because any new truth, and especially a sci-
entific discovery, is shocking and revolts the reader. It should be enclosed in
a rhetorical “envelope” that conceals the full harshness of the new truth,
piques the curiosity of the reader, and provides only analogies to the new
idea. This was Descartes’s error. He should have presented his ideas in po-
etry and allowed the commentators to reveal his principles in full light.*!
While Descartes’s style was too direct, Newton’s was even worse, and the
plain declarative style of writing so favored by the British philosophers was,
for Castel, a detriment to the proper pursuit of science.
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We can now understand why it was a Castel and not a Newton who came
up with the idea of an ocular harpsichord, why Athanasius Kircher was
Castel’s hero, why Voltaire changed his mind so completely when he learned
what was behind the instrument, and why the ocular harpsichord was des-
tined to remain a “marginal” scientific instrument. It was an instrument
perfectly suited to Castel’s way of studying the natural world. It was based
on analogy, the analogy between color and tone, and it connected the aes-
thetic with the rational. Castel argued that man inhabited an artificial world
intermediate between the supernatural and the natural and that as an artifi-
cer he was an intermediary between God and nature.*? Instruments like the
ocular harpsichord are one means man has of illustrating the hidden analo-
gies that rule nature.

TuE HARPSICHORD AFTER CASTEL

Castel’s ocular harpsichord had much in common with other instruments in
the natural magic tradition that combined aesthetics, entertainment, and
natural philosophy in a single apparatus. Electrical instruments before 1780
had much the same character. They did not measure anything and were
designed to elicit wonder in the spectator. During the last quarter of the eigh-
teenth century, when instruments became much more quantitative, the ocu-
lar harpsichord became increasingly irrelevant to most natural philosophers.

One natural philosopher, however, did advance arguments on color simi-
lar to those of Castel: Johann Wolfgang Goethe. Most striking is Goethe’s
attack on Newton’s color theory. Both he and Castel insist that color is a
modification of white light caused by the interaction of light and dark. Both
argue that the spectrum observed by Newton does not occur at all distances
from the prism and therefore that Newton was looking at a special case.
Both claim that Newton’s prismatic colors were produced by modification
of the edges of a beam of white light, and that green is not a primary color,
but a mixture of blue and yellow rays coming from the edges of the white
beam. Castel compares the white light “shattered” by the action of the
prism—splintered into colors when bent by it—to a wooden rod that splin-
ters when it is bent.*3

Even more striking is the similarity in Castel and Goethe’s criticisms of
Newton’s method. Both locate the error of Newton’s method in his rhetori-
cal style. Both argue against the authority of fact as Newton uses it, Goethe
accusing Newton of “insufferable arrogance,” and both claim that New-
ton’s arguments assume what they set out to prove. Both deny the validity of
a single experiment and both argue that only a collection of observations
will lead to an understanding of the phenomena.**

Both Castel and Goethe insist on the subjective nature of experiment,
Goethe going so far as to argue that “insofar as he makes use of his healthy



84 CHAPTER FOUR

senses, man himself is the best and most exact scientific instrument possible”
and that artificial instruments which set nature apart from man are a great
misfortune for physics. Not surprisingly, both Goethe and Castel criticize
Newton’s abstract concept of a “ray,” and both approach the phenomenon
of color through the study of pigments and dyes, not the “adventitious”
colors produced by the prism. Goethe does not like the prism any more than
Castel does, and he insists that man can never come to understand nature by
subjecting her to torture.*’

But Goethe did not share Castel’s enthusiasm for the ocular harpsichord.
One might expect that Castel’s desire to find a truth which transcends both
science and poetry and gives validity to both would appeal to Goethe as
well.* While he sympathized with much of Castel’s theory of color, Goethe
criticized Castel’s excessive use of analogy, and since analogy was at the root
of the entire concept of an ocular harpsichord, Goethe could not accept it.*’
Because he employed analogy willingly in his own natural philosophy, we
must conclude that he was not opposed to analogy as such, but only to the
kind of analogies employed by Castel. Of course Goethe had read the criti-
cisms of the color-tone analogy by Voltaire, Dortous de Mairan, and Krafft,
and knew that it had few supporters. It is likely, however, that Goethe’s
criticism came not from the opinions of others, but from a feeling that Cas-
tel’s method represented an outdated, naive, and undisciplined search for
cosmic harmony which ignored any close study of natural phenomena.*®

Castel had frankly admitted that he did not like bothering with details
and that he preferred to grasp the truth by generalizing from daily experi-
ence. Goethe, on the other hand, described his own method in natural phi-
losophy as “concrete thinking” (gegenstandliches Denken). “My thinking
does not separate itself from concrete objects; . . . the elements of the objects
or rather my perception of them, enter into my thinking and are most inti-
mately penetrated by it; and . . . my perception itself is thinking, my thinking
perception.”* Goethe was a close observer who worried very much about
the details. In fact he described subjective color phenomena like “colored
shadows” and afterimages better than anyone before him.** He did not use
complex apparatus in his experiments, and he denied the possibility of an
experimentum crucis, but his hostility to Newton did not mean that he ne-
glected experiment. Castel’s method of grasping at analogies without worry-
ing about “the details” could only have exasperated Goethe. The ocular
harpsichord was a product of this unsatisfactory method. It was also an
artifice, an artificial way to create an analogy, which, if it truly existed in
nature, should be evident without a complex mechanism.

Although Goethe repudiated the color-tone analogy, it became an impor-
tant theme in romanticism as an example of synesthesia, the substitution of
one sense for another. Poetry, music, and painting all employed the analogy
during the nineteenth century, but in a very different way from that used by
Newton and Castel. Castel’s ocular harpsichord depended on a precise cor-
respondence between color and tone. A particular color corresponded to a
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particular musical pitch, not to a mood or emotion. While the precise corre-
spondence claimed by Castel still held for those individuals who were
“synesthetic,” that is, who could find a given pitch by associating it with a
given color, the color-tone analogy as it was used by the romantics usually
associated color with the mood of the music and not its pitch.5!

The ocular harpsichord did continue to suggest itself to inventors after
Castel, most of whom reinvented the instrument and discovered afterward
that it had been suggested long before. On June 6, 1895, Alexander Wallace
Rimington performed on his great color organ for the first time at St. James
Hall in London, and Alexander Scriabin’s symphony Prometheus (1911),
which has a part written especially for a color organ, continues to be per-
formed.>2 Thomas Wilfred toured the United States and Europe in the 1920s
with his clavilux, a modern ocular harpsichord. Performances of this sort led
Albert Michelson to exclaim in Light Waves and Their Uses:

Indeed, so strongly do these color phenomena appeal to me that I venture to pre-
dict that in the not very distant future there may be a color art analogous to the art
of sound—a “color-music”—in which the performer seated before a literally chro-
matic scale, can play the colors of the spectrum in any succession or combination,
flashing on a screen all possible gradations of color, simultaneously or in any
desired succession, producing at will the most delicate and subtle modulations of
light and color, or the most gorgeous and startling contrast and color chords!’3

As this quotation shows, the ocular harpsichord is too attractive an idea to
disappear completely, and we can expect it to reappear in one form or an-
other, although perhaps not as the instrument that Castel envisioned. So far
painting and photography appear to have been the most important media
for exploiting the color-tone analogy.**

The ocular harpsichord was one of those marginal instruments that
served science for a while and then disappeared, only to pop up again occa-
sionally in subsequent history. One cannot really say that the analogy upon
which it was based was proven false, just that it did not lead anywhere in the
form that Castel proposed, nor did it point in the direction that natural
science subsequently took. From the way that Castel looked at the world, it
made perfect sense. From the way that we look at the world, it belongs in the
same category as the cat piano. In the eighteenth century it was not obvious
where it belonged.
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The Aeolian Harp and the Romantic
Quest of Nature

IN His Edge of Objectivity Charles Gillispie ends his discussion of romanti-
cism with the statement that although “deep interests have been bound up
with the romantic view of nature, deep interests and deep feelings . . . it is the
wrong view for science.”! Any categorical statement like this one is bound
to raise our historiographical hackles. We immediately want to know for
whose “science” the romantic view is the wrong one, and why it is not per-
missible to approach nature from any methodological direction. We quickly
point out the importance of the Naturphilosophen—]Julius Robert von
Mayer, Hans Christian Oersted, Lorenz Oken—for breaking the strangle-
hold that Laplacian mechanism held over scientific explanation in the early
nineteenth century. Naturphilosophie allowed important new concepts like
energy, the magnetic field, archetypal morphology, cell theory, and evolu-
tion to emerge, ideas that were inconceivable in the unromantic Enlighten-
ment. We point out that in England and Ireland Sir Humphry Davy, Michael
Faraday, and William Rowan Hamilton, great scientists all, were sympa-
thetic to these views.

Nevertheless, we know what Gillispie means. The romantics wanted to
create a speculative physics. They were not really interested in science as we
know it, but in metascience, that is, in the fundamental relationship between
man and nature that makes science possible. They wanted to study the
whole of nature rather than its parts, because they believed that any part
could be known only after the whole was understood. They resisted the
analysis of natural phenomena. Wordsworth condemned those who would
“murder to dissect,” and Coleridge hated Locke and the other “little-ists”
who would pick the world to pieces without any concern for its unity or for
man’s place in it.? The little-ists, however, have enjoyed great success, and
we are forced to agree with Gillispie that the romantic view is not the direc-
tion that modern science has taken.

On the other hand, the word “science” has meant different things to dif-
ferent people at different times, and who is to say what is the “correct”
meaning? We historians of science need to study romanticism because it is
the most important alternative in the West to the “scientific” mode of
thought engendered by the Scientific Revolution. We have learned at consid-
erable cost that these alternative modes of thought are seldom exclusive and
that we make mistakes when we do exclude them from what we might wish
to regard as “real” science. The natural philosophy of the Scientific Revolu-
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tion may have had to “overcome” the alternatives of Aristotle and the occult
sciences, but it did so only by incorporating large parts of those philosophies
that it “overcame.” Likewise natural science “overcame” romanticism but
did not remain unaffected by it.3

We also need to reconsider the approach to romanticism which considers
it as a literary movement that later “influenced” science. Romanticism in-
cluded the study of nature at its very heart, and therefore the study of nature
should be more a guiding principle for romanticism than a subject to be
“influenced.”*

Of course it is dangerous to generalize about any group of thinkers as
diverse as those we denote as romantics. Some, like Shelley, welcomed the
accomplishments of the Scientific Revolution; others, like Keats and Blake,
condemned them. Still others, like Goethe and Coleridge, attempted to cre-
ate new philosophical pathways for science to follow. As a result, defining
“romantic science” is as difficult as defining romanticism itself. But all the
romantic philosophers struggled with certain paradoxes that defined a com-
mon approach to nature. The most important of these for science was their
attention to the particular among the universal, the single flower that spoke
for all of organic nature, the church bell that resonated to the harmony of
the heavens. They avoided abstractions like mathematics and they detested
analysis, which meant that for them, the universal had to be perceived al-
most intuitively in the particular object. Moreover, they refused to stand
apart from nature and insisted that the objects perceived could not be sepa-
rated from the subjects perceiving them. For these reasons, they allowed
little room for any mediators between sense and the transcendent.

Because the romantics wanted to move directly from sense to universal
truth, they left little room for instruments. Goethe, as we have seen, con-
demned Newton’s use of the prism to analyze light. His own experiments, of
which he did many, studied the direct perception of color without any elabo-
rate intervening instruments. The instruments that the romantics did appre-
ciate were those that revealed the unpredictability and complexity of nature,
the “grotesques and arabesques of nature” as Novalis called them.® Thus it
is not surprising that natural magic, which operated by analogy and used
instruments to illustrate the wonders of nature, provided the most important
instrument of romantic poetry.

The one instrument that was ubiquitous in romanticism and the one that
best served the needs and purposes of the romantic quest for the harmony of
nature was the Aeolian harp. Because it disappeared almost completely at
the end of the nineteenth century, it requires an explanation. The Aeolian
harp is a stringed instrument played by the wind. The most common form is
a rectangular closed box about three feet long, six inches wide and three
inches deep. Three to twelve strings, tuned in unison, are stretched the length
of the box between two bridges, and one or more sounding holes are cut in
the top of the box below the strings. The harp sits on a windowsill with the
sash drawn down just above the strings. When there is a draft through the
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window, the harp will sound one or more notes, the pitch depending on the
strength of the wind. The music has an eerie quality and is difficult to locate.
Very slight changes in the draft will bring on different notes, at first harmo-
nious and indolent, but as the wind strengthens, marked dissonances occur
until in a strong wind the music becomes more like a scream. Nothing could
better match the sentiment of the romantic soul.

Marjorie Nicolson and M. H. Abrams have taught us the importance of
scientific themes in the literature of the eighteenth and nineteenth centuries.®
They document the use of instruments as analogies to nature. In particular
Abrams uses the figures of the mirror and the lamp to depict the shift from
neoclassic to romantic criticism, illustrating a “radical alteration in the typi-
cal metaphors of critical discourse.”” The mirror is an image of the mind
reflecting nature through poetry; this is the neoclassical goal of clear pictur-
ing. The lamp, on the other hand, portrays the mind as a radiant projector
illuminating the objects perceived and actively operating on the world that
the poet inhabits; this is the romantic goal of man in nature, not man observ-
ing nature. Abrams has not chosen these metaphors arbitrarily; they are
constant themes in the poetry and criticism of the age. They are, however,
metaphors of description and therefore apply more to criticism than to the
production of poetry. The Aeolian harp, on the other hand, was an instru-
ment of inspiration.

The Aeolian harp was superior to other instruments because its music was
unpredictable and because it was played, not by man, but by the breath of
Nature herself. Shelley perhaps best illustrated the role of the Aeolian harp,
because he used it to define poetry: “Man is an instrument over which a
series of external and internal impressions are driven, like the alternations of
an ever-changing wind over an Aeolian lyre, which move it by their motion
to ever-changing melody.”® The harp corresponds to the poet’s soul waiting
to be touched by the wind of inspiration.

The Aeolian harp became such a common analogy for romantic creativity
that one wonders if it might have been more than an analogy. William Jones,
who popularized the Aeolian harp in 1781, certainly believed that it was. He
argued that “its harmony is more like to what we might imagine the aerial
sounds of magic and enchantment to be, than to artificial music. We may call
it, without a metaphor, the music of inspiration” (emphasis added).” We
wonder if perhaps Coleridge was actually listening to his harp in the win-
dow at his cottage in Clevedon when he expressed his love to Sara Fricker,
if Wordsworth was actually listening for the sound of the harp while writing
The Prelude and was frustrated when it failed to inspire, and if Melville
actually heard the harp scream like the sound of rigging in a gale when he
recalled a storm at sea.!® Abrams seems to agree when he states, “It is possi-
ble to speculate that, without this play-thing of the eighteenth century, the
romantic poets would have lacked a conceptual model for the way the mind
and the imagination respond to the wind, so that some of their most charac-
teristic passages might have been, in a literal sense, inconceivable.”!! The
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actual harps sitting in the windows and gardens of poets around the globe
inspired some of the most characteristic poetry of the romantic era. Abrams
calls the Aeolian harp a “play-thing,” dismissing the instrument itself, and
pursuing its imagery in romantic poetry. But our subject is instruments, and
therefore while Abrams pursues the image, we will pursue the instrument.

TuE ORIGIN OF THE AEOLIAN HARP

As with many of the instruments described in this volume, the Aeolian harp
goes back to Athanasius Kircher and his famous museum of curiosities at
Rome. In this particular case we can be pretty certain that he was its inven-
tor. There were, of course, numerous references in mythology to instruments
playing by themselves. The supposed discovery of the earliest musical instru-
ment, the lyre, occurred when Hermes heard the wind playing music on
dried sinews stretched across a tortoise shell. King David’s harp sang in the
wind when he hung it before his tent at night. And Saint Dunstan’s harp
miraculously played an anthem by itself around A.p. 1000. But none of these
stories suggests an instrument crafted for the purpose. Della Porta noted in
his Natural Magick (1540) that when the winds are “very tempestuous”
stringed or wind instruments will play by themselves if turned to the wind.!?
Kircher’s student Gaspar Schott tells us that Kircher made his harp on the
lines indicated by Della Porta, but this was giving Porta more credit than
was his due, because, again, Porta had not proposed a new instrument.!?
Kircher described his harp in his Musurgia universalis (1650) and again
in his Phonurgia nova (1673).'* For Kircher it was another instrument of
natural magic along with the speaking heads and echoing mirrors. “In my
Museum,” he wrote, “it is listened to with very great amazement. . . . No
one will ever suspect what kind of instrument it is, or by what hand or pump
or artifice it creates its melodious sound. This instrument will be so much the
more recherché and worthy of wonder to the extent that it is more hidden
and concealed.”?’ Schott tells with pleasure how Kircher tricked the minister
of the abbey, who sought in vain for what he thought must be an organ in
Kircher’s rooms.'® And yet Kircher’s harp was more than just a practical
joke. He discovered that it would play complicated melodies and chords
even when its fifteen strings were tuned in unison. Moreover, he discovered
that “one and the same string is able to emit infinite, diverse sounds,” often
at the same time.!” He equipped his harp with wooden doors that funneled
the air directly over the strings, and found that he obtained more sound if the
air struck the strings slightly obliquely (see fig. 5.1). He noted that the harp
did not sound the fundamental of the string, that is, the pitch produced by
plucking the strings. Rather “the string will give forth now the third, now
the fifth, now the fifteenth or the twenty-second,” a striking variety of tones
from a single string. The music was a kind of “warbling” sound (tremulum),
sometimes like a bird, sometimes like an organ or some other instrument. It
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Fig. 5.1. The first Aeolian harp. From Kircher, Musurgia, 2:352-353. Graphic Arts
Collection, Department of Rare Books and Special Collections, Princeton University
Libraries.

was very sensitive to any change in the wind. Just opening a door in another
part of the house would cause it to sing or fall silent.'® All this suggests that
Kircher spent many hours perfecting and listening to his instrument.

To Kircher it was “Machinamentum X” or a “Machinam harmonicam
automatam,” a “self-operating harmonic device.” The first person to call it
an Aeolian harp was Johann Jacob Hofmann, who in his Lexicon universale
(1698) quoted Kircher on all the details but referred to the instrument as
“ Eolium instrumentum.”!® Other mentions of the Aeolian harp were infre-
quent in the seventeenth century and the instrument dropped from view.
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THE AEOLIAN HARP IN BRITAIN

When the Aeolian harp does reemerge, it is in a most unlikely place—among
a group of Scottish poets and musicians in London. It appears, suddenly in
1748, in James Thomson’s Castle of Indolence and sets the theme for all
future poetic uses of the harp:

Each Sound too here to Languishment inclin’d,
Lull’d the weak Bosom, and induced Ease.

Aereal Music in the warbling Wind,

At Distance rising oft, by small Degrees,

Nearer and nearer came, till o’er the Trees

It hung, and breath’d such Soul-dissolving Airs,
As did, alas! with soft Perdition please:

Entangled deep in its enchanging Snares,

The listening Heart forgot all Duties and all Cares.

A certain Music, never known before,

Here sooth’d the pensive melancholy Mind;

Full easily obtain’d. Behoves no more,

But sidelong, to the gently-waving Wind,

To lay the well-tun’d Instrument reclin’d;

From which, with airy flying Fingers light,

Beyond each mortal touch the most refin’d,

The god of Winds drew Sounds of deep Delight:
Whence, with just Cause, The Harp of Aeolus it hight.

Ah me! what Hand can touch the Strings so fine?
Who up the lofty Diapasan roll

Such sweet, such sad, such solemn Airs divine,

Then let them down again into the Soul?

Now rising Love they fan’d; now pleasing Dole

They breath’d, in tender Musings, through the Heart;
And now a graver sacred Strain they stole,

As when Seraphic Hands an Hymn impart:

Wild warbling Nature all, above the Reach of Art!2°

In a footnote Thomson adds: “This is not an Imagination of the Author;
there being in fact such an Instrument, called £Aolus’s Harp, which, when
placed against a little Rushing or Current of Air, produces the Effect here
described.”?! The same year Thomson also produced an “Ode on Zolus’s
Harp” in which he gave more information, again in a footnote: “/olus’s
Harp is a musical instrument, which plays with the wind, invented by Mr.
Oswald; its properties are fully described in the Castle of Indolence.”?? The
ode appeared in Dodsley’s Collection of Poems in 1748 after the Castle of
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Idolence appeared, but was probably written earlier, because Dr. Charles
Burney claimed in his memoirs that he set the ode to music in 1747; he added
that “it was performed one morning at Lady Townshend’s to whom I had
the honour of being introduced by . . . Mr. Hume.”?* By underscoring the
harp twice and by ascribing it to “Mr. Oswald” Thomson seemed to be
doing Oswald a favor, and sure enough in October 1751 the General Adver-
tiser carried the announcement: “By Authority This Day is Published Aeo-
lus’s Harp—A new-invented musical instrument, which is played by the
wind, as described by Mr. Thomson, in his Castle of Indolence. Sold only by
the Inventor. J. Oswald, at his music-shop in St. Martin’s church-yard.”?*

James Oswald was a Scottish composer, music publisher, and dancing
master who moved to London in 1741, first working as a hack composer
and then setting up his own music store and publishing firm in 1747.25 His
shop became the center for a group of Scots in London including Thomson,
Charles Burney, Tobias Smollett, and Christopher Smart. Thomson died in
August 1748, so he survived his poetic invention by only a few months, but
Oswald lived on till 1769, gaining reputation and influence. He was ap-
pointed chamber composer to George III in 1761 shortly after George’s ac-
cession to the throne. Burney moved to London from Scotland in 1744 and
was apprenticed to Thomas Augustine Arne at the Drury Lane Theatre.
There he wrote parts for music, most notably for the masque Alfred, per-
formed in 1745, which contained Thomson’s “Rule Britannia.” Burney also
wrote parts for Arne’s setting of “God Save the King” and Tobias Smollett’s
“Tears of Scotland,” both of which acquired popularity after the collapse of
the Jacobite cause at the Battle of Culloden on April 16, 1746.

Burney became a regular visitor at Oswald’s shop in 1746 and the two
joined forces to form the Society of the Temple of Apollo, which produced
music for David Garrick at Drury Lane. Scholars have speculated on the
membership of this society, proposing Thomson, David Mallett, Burney,
and other Scots in the Oswald circle, but it appears that it was a creation
of Oswald alone. Burney wrote the music, Oswald obtained a sole patent
for all the music composed by the society, and Garrick was persuaded that
the members were “gentlemen of taste and talent,” whose work was worthy
of performance.?¢ Garrick probably did not care who the gentlemen were,
because the pantomimes Queen Mab (performed 1750) and a revised
Alfred (1751), for both of which the society provided the music, were huge
successes.2’

Considering Oswald’s skill as a promoter and his willingness to stretch
the truth, it is perhaps not surprising that he claimed the Aeolian harp for
himself. His pupil William Jones gave a long account of this supposed dis-
covery in his Physiological Disquisitions of 1781. According to Jones,
Oswald heard that when Alexander Pope was translating Homer, he con-
sulted the Greek commentary of Eustathius, where he found a passage sug-
gesting that the blowing of the wind against musical strings would produce
harmonious sounds. Oswald tried to make the sounds with a lute but was
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unsuccessful and concluded that the story was fabulous. He then heard of a
harper whose instrument sounded in the wind by accident. Oswald then
persevered and finally obtained the aeolian music.?® There may be some
truth to the story, but Burney later gave what surely is a more accurate
account. After referring to Kircher’s account of the harp, Burney writes: “It
was thence that Thomson the poet took it, who wrote an ode on this aerial
instrument, which was set to music . . . Oswald, the celebrated player of old
Scots tunes on the violoncello, and composer of many new, passed for the
inventor of the Aeolian harp; but as he was unable to read the account of it
in the Musurgia, written in Latin, Thomson gave him the description of it in
English, and let it pass for his invention, in order to give him a better title to
the sale of the instrument at his music-shop in St. Martin’s Church-yard.”?
The only problem with this account is that Kircher did not call his instru-
ment an Aeolian harp, so Thomson or some associate must have read the
description in Hofmann’s Lexicon universale and been led from there to
Kircher.

The Scots continued to incorporate the harp in their poetry. Christopher
Smart composed Inscriptions on an Aeolian Harp (1750) and included it in
his Jubilate Agno (1756-1763) composed during his madness. Tobias Smol-
lett used it as an instrument of seduction in his Adventures of Ferdinand
Count Fathom (1751), but the harp does not appear to have caught on in
any major way. A description of it appeared in Gentleman’s Magazine for
February 1754 with an explanation that the author (“A. Z.”) believed it
“not to be thoroughly known.”3° Another London instrument maker began
advertising the harp in 1763, but references to it were still uncommon.3!

WILLIAM JONES ON THE AEOLIAN HARP

The period of great popularity for the Aeolian harp appears to have begun
with the Physiological Disquisitions of William Jones in 1781.32 Jones’s
book was not especially popular, but it gave a long description of the harp,
an account of its history, and a theory of how it operated. While the harp
had already emerged during the eighteenth century in poetry and song, Jones
placed it in a book on physics and used it to explain the nature of sound.
From this beginning, the harp found its way, on one hand, into the emerging
science of acoustics, and, on the other hand (with Jones’s peculiar ideas
about sound), into romantic poetry. These two different treatments of the
Aeolian harp represent two different versions of natural “science” and two
different ways in which instruments can be used to comprehend the physical
world.

William Jones, commonly known as “Jones of Nayland” (to distinguish
him from his contemporary Sir William Jones, the prominent Orientalist),
had matriculated at University College, Oxford, in 1745, was ordained in
1751, and became a member of the Royal Society in 1775. He wrote on both
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natural philosophy and theology, and joined the two to the extent that their
juncture was possible. His greatest strength in natural philosophy was
music, which he studied with Oswald. On the subject of music, at least, he
wrote from considerable knowledge. Jones also designed a harp of his own,
which was sold in London by Longman and Broderip.3? Subsequent writers
on the Aeolian harp either quoted Jones directly or drew much of their infor-
mation from him.3

To a musician the Aeolian harp presented two problems: the first was the
notes that one heard coming from the harp, and the second was the cause of
the music in the first place. Because the harp’s strings were not fretted and
were tuned in unison, one would expect to hear only the fundamental note
plus the harmonics, which are the notes produced by equal divisions of the
string. Thus when the string vibrates as a whole, one hears the fundamental;
when it divides in two parts, one hears the octave, in three the fifth, and so
forth. Without fretting the string one hears no other notes. A trained ear can
detect these harmonics in the sound from any stringed instrument. But the
strings of the Aeolian harp emitted notes other than the harmonics. “When
it plays, the unison itself is plainly heard as the lowest tone, and the combi-
nations of concords, though consisting chiefly of the harmonic notes, are by
no means confined to them, but change, as the wind is more or less intense,
with a variety and sweetness which is past description.”3’ It is very difficult
to see how the harp string could vibrate in any other way than in an integral
number of parts, and yet Jones heard other notes as well.3

It is also very difficult to see how the wind caused the harp strings to
vibrate. Kircher surmised that the wind came in “rays” that plucked the
string and that only the part of the string struck by the ray of wind would
vibrate, the rest of the string remaining still.3” How part of a string could
remain still while the rest of the string vibrated he did not explain, and his
theory was met with derision by those who, unfortunately, had no better
answer.’® Jones’s explanation was at first glance equally far-fetched. He
claimed that just as a string created music when it struck the air, so the air
created music when it struck the string. He then drew on the analogy be-
tween light and sound to explain how the harp, acting like a “sound prism,”
refracted the wind to produce music. “When any body inflects the rays of
light or refracts them, it does not give the colours that are seen, but it makes
the light give them: so a sonorous body does not give musical sounds, but
makes the air give them.” And just as light is composed of different colored
rays, so is air composed of different parts, each carrying a different pitch.
“There is no reason to suppose that air is homogeneous in its parts, any
more than light: and if air consists of heterogeneous parts, they will be differ-
ently refrangible according to their magnitudes, and excite different sounds,
as they are accommodated to different vibrations and capable of different
velocities.”% Just as white light shows no color until its heterogeneous parts
are separated by the prism, “so the air yields no particular musical tone
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without the assistance of some sonorous body to separate its parts and put
them into a vibratory motion.” Like Castel earlier in the century, Jones ar-
gues that “the analogy between sounds and colours is very strict and may be
carried very far. . . . Upon the whole, the Eolian harp may be considered as
an air-prism, for the physical separation of musical sounds.”*® Most marvel-
ous of all is the fact that a single string on the harp will sound seven or eight
different notes at the same time, suggesting that the string merely separates
the vibrations that are already present in the air.

THE AEOLIAN HARP AND THE SCIENCE OF ACOUSTICS

Jones’s theory of the Aeolian harp came from a variety of concerns, both
mathematical and musical, that were important in the eighteenth century.
While the mathematical science of harmonics was very ancient, having been
founded by Pythagoras in Greek antiquity, there was a new application of
mathematics to music during the Enlightenment in the description of the
vibrating string. The science of harmonics related pitch and consonance to
the length of the string by ratio and proportion; the new differential calculus
could describe the string’s actual motion. In 1746 Jean d’Alembert derived
and found a solution for the wave equation, which gave the motion of the
string. This was one of the very first uses of partial differential equations,
and d’Alembert soon became engaged in a three-way debate with Leonhard
Euler and Daniel Bernoulli over the proper way to mathematize the mo-
tion of the string. All the leading mathematicians of the eighteenth century
attacked this problem because more hinged on it than just a question of
music.*!

The debate over the vibrating string was part of the gradual divorce of
acoustics from music that took place in the eighteenth century. Music, as one
of the four sciences of the medieval quadrivium, was traditionally part of
mathematics. The tradition still held in the eighteenth century to some ex-
tent. The beginning of acoustics as a branch of physics is often dated from
Ernst Chladni’s Entdeckungen iiber die Theorie des Klanges (Leipzig, 1787),
but throughout the century natural philosophers raised questions about the
production and propagation of sound that were not properly part of har-
monics. Thus Jones’s theory of the air-prism was more natural philosophy
than music.

A major debate of the eighteenth century was the proper way to temper
the musical scale. It is impossible to tune a stringed instrument so that all the
intervals are true in every key. When musical practice required key changes
within a piece, it was necessary to compromise the tuning so that some of
the intervals, even if not perfectly true, were close enough not to offend the
ear. Many different systems of temperament were suggested, one of which
was favored by Jones, but none could be shown to be “scientifically” supe-
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rior, because as Jones frankly admitted, “after all the researches I have
been able to make, I am still at a loss for the physical principle of musical
consonance.”*?

Also musicians discovered in the middle of the century that two loud sus-
tained tones relatively close together in pitch would produce a third note an
octave lower than the lower of the primary tones. Jones knew it as the
“Tartini tone” after the violinist Giuseppe Tartini, who gave the most im-
portant, but by no means the first, announcement of the phenomenon.*® The
best explanation of these “combination tones,” as they were later called,
appeared to be that they were notes at the beat frequency. The beats created
by the two primary tones were rapid enough to be perceived as a third tone
rather than as separate beats.** It was possible that the nonharmonic tones
coming from the Aeolian harp were Tartini tones. Jones recognized, how-
ever, that they did not seem to be the proper pitches and therefore called
them “secondary harmonics,” but he had no physical explanation for
them.*

Three years after Jones’s investigation of the Aeolian harp, Matthew
Young at Trinity College, Dublin, concluded from his experiments that a
strong wind sounded the higher harmonics rather than the fundamental
tone, because it exerted enough force on the string to prevent it from vibrat-
ing as a whole and to force it to vibrate in smaller parts.*

In 1830 Charles-Emile Pellisov again took up the problem of the Aeolian
harp and poured scorn on Young’s explanation, but still he could not ex-
plain how the string could vibrate in frequencies other than harmonic.*’
Especially when the wind was dying, the harp would slide from one har-
monic to another in a glissando, totally inexplicable in the theory of har-
monics (see fig. 5.2). Pellisov concluded that the vibrations producing the
sound were longitudinal in the wire and that “the tone that a string gives or
is able to give is, in general, completely independent of the transverse vibra-
tions in the string.”*® Longitudinal vibrations could not transmit energy into
the air directly, but acting through the bridge they could cause the sounding
board to vibrate, which in turn would create the compression waves in the
air that we hear as sound.

A new solution came only in 1878 when V. Strouhal proposed a third
way in which a string could make a tone in addition to transverse and longi-
tudinal vibrations. He called these tones “frictional sounds” and said they
were made whenever an air current passed over a thin wire or a sharp edge.*’
It had been known since Galileo that the pitch of a vibrating string is a
function of its length, tension, and mass density, but the pitch of Strouhal’s
frictional sound was dependent only on the velocity of the air and the diam-
eter of the string, factors totally unrelated to the pitch of a string that is
plucked or bowed.’? Strouhal guessed that the cause of his frictional tones
was the production of a turbulent wake behind the string, a guess that
proved to be correct.



THE AEOLIAN HARP 97

PHENOMENES ACOUSTIQUES. 143
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Fig. 5.2. Georges Kastner attempted to capture the sounds from the Aeolian harp and
reproduce them with an orchestra. From Kastner, La harpe d’Eole, p. 145.
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Fig. 5.3. Air flowing past the cylindrical string produces eddies that drive the string
from side to side. From Tietjens and Prandtl, Applied Hydro- and Aerodynamics, pp.
279-303. Courtesy of the University of Washington Libraries.

At low velocities the air passes over the string in streamlines and does not
cause it to vibrate. As the air velocity increases, two symmetrical eddies form
behind the string (characteristic of fluid flow around any cylindrical body).
At higher velocities the eddies break away, first on one side and then on the
other, forming what is called a Von Kdrman trail (see fig. 5.3). As each eddy
breaks away, it causes lift on that side of the string. The string is thus driven
from side to side at the frequency that the eddies break away. Even if the
string were rigid and could not vibrate, the eddies breaking away would
produce a tone, but it would be soft. If, however, that tone corresponds to
one of the harmonics of the string, the string will also begin to vibrate
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strongly and the sound will be greatly increased. This is why Strouhal’s fric-
tional tone became louder when it approached one of the natural harmonics
of the string and died away as the wind velocity increased. According to this
explanation, the Aeolian harp can produce tones other than the harmonics,
even glissandos from one harmonic to the next.’!

The science of acoustics finally explained why the Aeolian harp is unlike
any other stringed instrument. The fact that it is played by the wind rather
than by being plucked, hammered, or bowed is more than symbolical. The
tone production is unique, and therefore the sound is unique, and while the
romantic poets did not have, and probably did not want to have, a mechan-
ical explanation of what they heard, they knew that the Aeolian music af-
fected them deeply. This is how it affected Hector Berlioz:

On one of those sombre days which sadden the close of the year, read Ossian and
listen to the fantastic harmony of an Aeolian Harp hung at the top of a tree
stripped of its leaves, and I defy you not to experience a deep feeling of sadness, of
surrender, a vague and boundless yearning for another existence, an immense
loathing for this one; in a word, a sharp attack of spleen linked to a temptation
toward suicide.*?

METAPHYSICS AND THE HARP

William Jones’s description of the Aeolian harp lent itself to two different
kinds of “natural science.” One employed experiment and mathematical
analysis to describe the motion of a string vibrating in the wind; the other
was more subjective and explored the color-sound analogy suggested by
Jones’s theory of the “air-prism.” It was this second kind of question that
attracted the romantic poets to the Aeolian harp.

To understand Jones’s theory of the air-prism we must look at his broader
philosophical position, for Jones was a “Hutchinsonian,” a follower of John
Hutchinson (1674-1737), author of Moses Principia (1724). Hutchinson
argued that the Bible gave information about the natural world through
analogy, and that without the aid of the Bible, natural philosophy was im-
possible. These analogies between man and nature had been covered up by
corrupt translations from the original Hebrew Scriptures, especially the in-
troduction of “points” assigning vowel sounds to the text. Without points,
many of the original Hebrew words in the Bible had two interpretations, one
spiritual, the other natural. Thus khoved could mean both “glory” and
“gravity.” Light, which Hutchinson believed was the cause of gravitational
attraction, was “emblematically” (in Hutchinson’s words) also the glory of
Christ.*3 More important, shem (a name) and shamaim (the heavens) in their
unpointed form are very similar and therefore must have the same root
meaning. The materials composing the heavens should, therefore, properly
be called “the names” and so Hutchinson designated them. The names were
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capable of three modifications, fire, light, and spirit {or air), which were
related by analogy to the three parts of the Trinity. Just as the Trinity was
unity, so the heavens were a single substance appearing in three different
manifestations. The “names” were distinct from the gross matter composing
the earth and the seas, and because our senses can give us information only
about the gross matter, we must learn about the names through revelation.’*

Hutchinson’s system was mechanical, because he rejected any powers,
principles, or souls inherent in natural objects. Any such powers would take
away from the single omnipotent power of God. The names did act to move
and alter the gross bodies, but not as independent agencies, only as agents of
the Creator. Hutchinson’s entire system had a strong Cartesian flavor, but
with a very un-Cartesian justification. Hutchinson was critical of Newton,
whose philosophy he believed led to materialism and pantheism. Newton’s
greatest methodological error was his dependence on mathematics, which
Hutchinson abhorred, and his ignorance of Scripture.

Hutchinsonianism should have died an early death by all rights of reason,
but it had remarkable permanence. While the natural philosophy was ab-
surd, the biblical support for it appealed to those High Church Anglicans
who opposed the latitudinarian leanings of the Church of England in the
wake of the Glorious Revolution. Centered at Oxford University, Hutchin-
sonianism was biblical, Trinitarian, and apostolic. Its followers claimed that
the analogical method it employed, linking nature and the Bible, was the
method of the early church fathers.’* Newton’s secret Arianism—which was
not so secret among his associates, Samuel Clarke, Edmond Halley, William
Whiston, and John Toland (who coined the term “pantheism”)—raised
Hutchinson’s suspicions, and he tarred Newton’s religion, philosophy, and
friends all with the same brush.’¢

William Jones was prepared to adapt the teachings of his master to fit the
changing needs of natural philosophy. He recognized that Hutchinson’s dia-
tribe against Newton was ill-founded; in the Physiological Disquisitions, he
asked that his own ideas not be identified with Hutchinson lest they be re-
jected out of hand.’” There was no doubt about Jones’s religious position,
however. From his years at Oxford he was a close associate of George
Horne, president of Magdalen College, vice-chancellor of Oxford, and
bishop of Norwich. Jones and Horne published numerous tracts defending
the High Church position, and the Tractarians Pusey, Keble, and Newman
constantly quoted Jones and Horne as authorities on episcopacy and the
sacraments. Jones’s Essay on the Church became a standard reference for
the principles of the Oxford Movement.® Thus Hutchinsonianism was
given credit, in some circles at least, for keeping alive in the Church of En-
gland the doctrines and practices of the early church.

Jones may not have followed Hutchinson in all of his natural philosophy,
but he did follow him in making the “divine analogy” the foundation of all
natural knowledge. He wrote:
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Scripture is found to have a language of its own, which doth not consist of words,
but of signs or figures taken from visible things. It could not otherwise treat of
God, who is spirit, and of the spirit of man, and of a spiritual world, which no
words can describe. Words are the arbitrary signs of natural things; but the lan-
guage of revelation goes a step farther, and uses some things as signs of other
things; in consequence of which, the world which we now see becomes a sort of
commentary on the mind of God, and explains the world in which we believe.*

While he did not talk about “the names,” Jones did ground all of natural
philosophy on one law: “the natural agency of the elements.” He was partic-
ularly interested in the agency of fire and air, the two active elements of
nature.®®

When Jones says that the analogy between sounds and colors is “very
strict and may be carried very far,” it is because he believes that in some
sense they are the same thing and may be expected to act in the same way.
The sound is not in the gross bodies of atmospheric air, but in a subtler,
more spirituous fluid like electricity, which moves quickly through the pores
of solid bodies.®' And of course this spirituous substance finds profound
sympathy in the human spirit. “This effect of music upon the human mind
is most elegantly alluded to by the Royal Psalmist, that great musician of the
Hebrews: Awake then lute and harp; I myself will awake right early: by
which it is signified, that the mind of man is excited to devotion by the same
art which excites the harp to musical sounds, and that when the one is
touched the other will answer it.”%?

William Law, the Anglican mystic and contemporary of Hutchinson, ar-
gued in A Serious Call to a Devout and Holy Life (1728) that private devo-
tion should always begin with a psalm. “Imagine to yourself that you saw
holy David with his hands upon his harp and his eyes fixed upon heaven,
calling in transport upon all the creation, sun and moon, light and dark-
ness, day and night, men and angels, to join with his rapturous soul in prais-
ing the Lord of Heaven.”®* Among the Oswald circle, Christopher Smart,
who studied both Law and Hutchinson, carried this injunction to the ex-
treme and was twice confined to an asylum for “religious mania.” When
seized by illness he would burst forth in praise in the street, at the dinner
table, and at other inappropriate occasions. During his confinement Smart
wrote in his Jubilate Agno:

For oD the father Almighty plays upon the HARP of stupendous
magnitude and melody.

For innumerable Angels fly out at every touch and his tune is a work
of creation.

For at that time malignity ceases and the devils themselves are at peace.

For this time is perceptible to man by a remarkable stillness and serenity
of soul.

For the Zolian harp is improveable into regularity.5
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Smart wrote the poem in the form of an antiphon after the model of Hebrew
poetry. In “A Song to David” he returned to the Aeolian harp as an instru-
ment of adoration: “For Adoration on the strings / The Western breezes
work their wings, / The captive ear to sooth.”®’ This passage illustrates how
the Aeolian harp combined two powerful images of inspiration: the harp of
David, and the wind as the sign of the Holy Spirit.®¢

The association by Jones and Smart of the Aeolian harp with the Psalms
coincided with the rediscovery of the oracular poetic voice in the second half
of the eighteenth century. It was reasonable to seek to understand the mys-
tery of poetic inspiration by emulating the poetry that was most certainly
inspired by God. Also the great antiquity of the Psalms meant that they were
closer to the time of Creation and were, therefore, more directly inspired
than the later books of the Bible.” Nor was the oracular voice limited to the
Bible, for the Greek poets as well as the Hebrews made use of the harp.
Smart insisted that “the story of Orpheus is of the truth. / For there was such
a person a cunning player on the harp. / For he was a believer in the true God
and assisted in the spirit. / For he playd upon the harp in the spirit by breath-
ing upon the strings. / For this will affect every thing that is sustained by the
spirit even everything in nature.”®® The Aeolian harp told not only of God,
but also of his Creation, and it spoke with the voice of the psalmist.

THE HARP IN ROMANTIC LITERATURE

When the Aeolian harp reached the romantic poets, it arrived (thanks to
Jones) with considerable philosophical baggage. The Germans were first in-
troduced to the English version of the harp in 1789 and 1792 by H. Lichten-
berg’s Gottingen Taschen-kalendar, which carried articles drawn from
Jones.®® At the same time that Jones was publishing his observations on the
Aeolian harp, it acquired new scientific importance as a meteorological in-
strument. In 1782 the mathematician Jakob Bernoulli reported on a “baro-
metric harp” that announced changes in the weather, and the following year
the abbot Giulio Cesare Gattoni of Milan built a giant “Armonica Meteoro-
logica” consisting of wires stretched from his house to a fifty-two-foot tower
150 paces away.”® In 1787 another “Gigantic Meteorological Eolian Harp”
went up near Basel.”! The creators of these meteorological harps thought
that the music was caused by atmospheric electricity that changed with the
weather, although they soon found that the harps were not as effective in
predicting the weather as they had at first thought.

These meteorological harps were the obvious source for E.T.A. Hoff-
mann’s giant “Wetterharfe” that appeared in “Automata” and again in
“Opinions of Tomcat Murr.” He described the harps as “thick cords of
wire, which were stretched out at considerable distances apart, in the open
country, and gave forth great, powerful chords when the wind smote them.”
Hoffmann wrote, “I truly feel that some hostile power has forced itself into
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my deepest inwardness, smiting all my hidden strings, and making them
resound at its arbitrary will, even if I should perish as a result.””?

From the time of Lichtenberg’s announcement Aeolian harps more mod-
est than the giant weather harps proliferated throughout Germany. By 1796
Friedrich Schiller was honoring woman by comparing her to the Aeolian
harp:

Alive, as the wind-harp, how lightly soever

If wooed by the zephyr, to music will quiver,

Is woman to hope and to fear;

Ab, tender one! still at the shadow of grieving,

How quiver the chords—how thy bosom is heaving—
How trembles thy glance through the tear!”?

The following year Goethe opened Faust by identifying his poetic utterance
with the Aeolian harp.

And I am seized by a long forgotten yearning
For that kingdom of spirits, still and grave;

To flowing song I see my feelings turning,

As from aeolian harps, wave upon wave;

A shudder grips me, tear on tear falls burning,
Soft grows my heart, once so severe and brave;
What I possess, seems far away to me,

And what is gone become reality.”

The Aeolian harp’s significance in England differed from its significance in
Germany. The Germans heard in the harp’s music a melancholy longing for
another world, a yearning for the transcendent, while the English romantic
poets heard the wind of inspiration.” They also used their harps in different
ways. The Germans placed their harps in gardens, or even better in romantic
ruins, while the English placed them in their windows (see fig. 5.4).

The first poetic use of the harp in England after Jones’s Physiological
Disquisitions of 1780 was Coleridge’s “The Eolian Harp” of 1795. M. H.
Abrams has analyzed the philosophical background to this poem in detail.”®
Coleridge wrote “Effusion 35. Clevedon, August 20th, 1795” at his cottage
with Sara Fricker whom he was engaged to marry. His poem followed so
closely the themes of Thomson’s Castle of Indolence that one cannot doubt
Thomson’s influence. Coleridge was also reading the poetry of Erasmus
Darwin at this time, especially the “Loves of the Plants.” He spoke favor-
ably of Darwin’s poetry until 1817 when he and Wordsworth turned against
Darwin’s “contrived couplets” in the Lyrical Ballads. Darwin was an in-
veterate inventor and gadgeteer. It is no surprise that he incorporated the
Aeolian harp in his poetry, but his use of it was like Thomson’s. Five swains
waiting on the fair Chondrilla (a flower) sigh when she sighs: “So tuned in
unison, Eolian Lyre! / Sounds in sweet symphony thy kindred wire.”””

When Coleridge published his poem the following year, he greatly ex-
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Fig. 5.4. Continental harps. From La nature, pt. 1 (1993): 44-45. Courtesy of the
Unversity of Washington Libraries.
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panded it and added more philosophical verses. In 1803 he changed it again,
and again in 1817 when he titled it The Eolian Harp and published it in his
Sibylline Leaves. Abrams uses Coleridge’s changes to chart his metaphysical
journey from his early stance as a disciple of Hartley and a necessitarian to
his later position as a follower of Schelling and the sixteenth-century mystic
Jacob Boehme.

The first important philosophical addition to the poem occurred in 1796:

And what if all of animated nature

Be but organic Harps diversely fram’d,

That tremble into thought, as o’er them sweeps
Plastic and vast, one intellectual breeze,

At once the Soul of each, and God of all?

Whereupon Sara upbraids him in the poem for succumbing to such “shap-
ings of the unregenerate mind.” Coleridge’s image of animated nature de-
rives undoubtedly from the “plastic natures” of Ralph Cudworth, but it also
reflects Coleridge’s recent infatuation with Hartley’s associationist psychol-
ogy, which he was in the process of rejecting.”® Coleridge’s fear of pantheism
turned him from his early flirtation with Hartley and brought on the scold-
ing from Sara.
The second important addition came in the Sibylline Leaves of 1817:

O! the one Life within us and abroad,

Which meets all motion and becomes its soul,

A light in sound, a sound-like power in light,
Rhythm in all thought, and joyance every where—
Methinks, it should have been impossible

Not to love all things in a world so fill’d;

Where the breeze warbles, and the mute still air

Is Music slumbering on her instrument.”

Abrams points out that this new quatrain was composed at the same time
Coleridge was writing his most important philosophical works—the Bio-
graphia Literaria, Theory of Life, two Lay Sermons, the revised Friend,
and the Philosophical Lectures—all of which contain references to the anal-
ogy between light and sound. The immediate source was Friedrich Schelling,
whom Coleridge began to study in 1808 and whose Naturphilosophie he
absorbed into his own philosophy. In September 1817 he wrote to C. A.
Tulk that “Color is Gravitation under the power of Light . . . while Sound
on the other hand is Light under the power or paramountcy of Gravitation.
. .. The two Poles of the material Universe are Light and Gravitation.”®° It
is the interaction, or conflict, of these two poles that produces the phenom-
ena of color and sound; thus color and sound are generated from the same
action and differ only in degree.

Coleridge had earlier run across the idea that phenomena are produced by
the tension between polar opposites in Jacob Boehme’s Aurora (1612),
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which he says he had “conjured over” as a schoolboy.?! Boehme claimed
that the creation of the world was effected by two elements, sound and
light—light, because in Genesis that was the first thing God created, and
sound, because, according to the Gospel of John, “In the beginning was the
Word.” In an alchemical allegory light becomes the “Salitter” (niter, or po-
tassium nitrate), a union of all the divine powers. “The second Form or
Property of Heaven . . . is Mercurius, or the Sound, as in the Salitter of the
Earth there is the Sound, whence there grows Gold, Silver, Copper, Iron, and
the like; of which Men make all Manner of Musical Instruments for sound-
ing, or for Mirth, as Bells, Organ-Pipes, and other Things that make a
Sound: There is likewise a Sound in all the Creatures upon Earth.” To which
Coleridge remarks: “[This] is admirable—the Messenger or Mercury of the
Salitter is indeed Sound, which is but Light under the paramouncy of Gravi-
tation. It is the Mass-Light. The Granit-blocks in the vale of Thebais still
send forth sweet Sounds at the touch of Light—a proof the Granit is a metal-
lic composition.”$? Here Coleridge is referring to the statue of Memnon in
the Valley of Thebes that supposedly resonated with song when struck by
the first rays of the rising sun. The statue of Memnon had been associated
with the Aeolian harp ever since Kircher because both instruments made
music without human intervention, and because there was a mistaken as-
sumption among eighteenth- and nineteenth-century English poets, proba-
bly owing to Kircher, that the statue held a harp or lyre from which the
music issued. Often the harp of Memnon and the harp of Aeolus were used
interchangeably.??

The sound-light-air Trinity of Boehme had obvious similarities to the
“names” of John Hutchinson and may have been one of Hutchinson’s
sources. He was certainly a source for William Law and Christopher Smart.
But Coleridge was less than enthusiastic about Hutchinsonianism. In more
charitable moments he recognized it as a serious attempt to obtain the cor-
rect literal meaning of the Bible. In less charitable moments it was “the
dotage of a few weak-minded individuals.”?* Coleridge approved of the bib-
lical foundation that Hutchinson gave to natural philosophy, but strongly
opposed his mechanism.?* We know, however, that a philosopher or a poet
often takes the most from whomever he despises the most, and Coleridge
was, if nothing else, an enthusiastic borrower. His reading of Hutchinson
may well have reinforced the imagery that he drew from Boehme and
Schelling.

I have found no evidence that Coleridge read Jones directly, but by 1817
he could have encountered the Aeolian passages from the Physiological Dis-
quisitions in Bloomfield’s Nature’s Music and a number of other sources.
Whether or not there was any direct borrowing, we can see common harp
themes in both Jones and Coleridge, especially in the lines that Coleridge
added in 1817. Coleridge linked the Aeolian harp to the sound-light analogy
in the lines “A light in sound, a sound-like power in light, / Rhythm in all
thought, and joyance every where—" an analogy that Jones argued could be
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“taken very far.” Also Coleridge echoed Jones’s description of the Aeolian
harp as a passive instrument that merely actuated the music which lay dor-
mant in the air, just as a prism actuated the colors that lay hidden in white
light. For Coleridge, “the mute still air / Is music slumbering on her instru-
ment,” music that can be heard only when the wind carries the air through
the “sound prism” of the harp.

In that same year of 1817 Shelley also used the sound-light analogy in his
poetry and illustrated it with the Aeolian harp. At least one scholar claims to
recognize a direct influence of Jones’s “air-prism” in Shelley’s Alastor,
where the analogy returns relentlessly, the sounds of the harp blending with
the multicolored hues of the rainbow.3¢

. .. its music long,

Like woven sounds of streams and breezes, held

His inmost sense suspended in its web

Of many-coloured woof and shifting hues. (Lines 154-157)

By 1817 the Aeolian harp was everywhere in England, both in poets’ win-
dows and in their poetry. So was the sound-light analogy that had attracted
so much attention in the eighteenth century. Assigning a specific source for
Coleridge or Shelley is probably beside the point, because they undoubtedly
encountered the harp in many different ways, in natural philosophy, in po-
etry, and in their drawing rooms and gardens. Like Castel’s ocular harpsi-
chord, it was an obvious emblem of synesthesia. Unlike the ocular harpsi-
chord, it actually existed, producing its own unique harmony and providing
inspiration for the listening poet.

There was uncertainty, however, as to how the Aeolian harp inspired the
poet. In the Eolian Harp it was a passive instrument stirred to life by the
wind. In Dejection: An Ode (1802) it announced a coming storm, a storm
that raged in the poet’s soul. Deserted by his “shaping imagination” Cole-
ridge heard in the Aeolian harp the cry of a “little child / Upon a lonesome
wild, / Not far from home, but she hath lost her way: / And now moans low
in bitter grief and fear, / And now screams loud, and hopes to make her
mother hear” (lines 121-125). The harp voiced the poet’s agony at being
lost in a spiritual desert.

In Dejection the Aeolian harp was far from passive, far from the “mute
still air . .. slumbering on her instrument” of The Eolian Harp (lines 32-
33). Instead Coleridge made the poet’s creative power a force of nature. He
had discovered that nature could not be understood “objectively” apart
from the sensing subject; he wrote, “We receive but what we give, / And in
our life alone does Nature live”(Dejection, lines 47-48, emphasis added).?”

The difference between these two poems illustrates Abrams’s distinction
between the “mirror” and the “lamp”—between the neoclassical imitation
of nature and the romantic voice of the subject in nature. But it also illus-
trates the ongoing debate over the nature of divine inspiration. The rediscov-
ery of Hebraic poetry raised anew the question of whether the poetry in the
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Bible was the word of God speaking through the poet (the so-called dicta-
tion theory) or the work of the poet’s creative imagination, inspired by God,
but not dictated by him. In his posthumous Confessions of an Inquiring
Spirit Coleridge denied that the Bible could be the work of a “superhuman
ventriloquist,” and insisted that the prophets and witnesses in the Bible re-
mained human. In fact they were only fully human when God moved them
to speak.®® Coleridge related how he submitted himself to the “royal
Harper” as a “many-stringed instrument [Coleridge’s emphasis], for the fire-
tipt fingers to traverse, while every several nerve of emotion, passion,
thought, that thrids the flesh-and-blood of our common humanity, re-
sponded to the touch.” According to Coleridge the poetry of the Bible is
inspired, but it is also totally human. When the Aeolian harp speaks for the
poet, it can no longer be a passive instrument.?’

THE AEOLIAN HARP IN AMERICA

The Aeolian harp inevitably came to Concord and inspired Ralph Waldo
Emerson and Henry David Thoreau, both of whom wrote harp poems to the
sounds of their own instruments.”® Emerson was tone deaf and claimed that
in place of a musical ear he had “musical eyes,” but while he could not
appreciate music that was artificially composed, he was not deaf to the
sound of the Aeolian harp.”! As had Coleridge, Emerson described the Aeo-
lian harp as a passive instrument, waiting to be stirred by nature. But when
it did speak, it spoke truly, more truly than any music of human creation.”
In his essay “Education” Emerson wrote, “As every wind draws music out
of the Aolian harp, so doth every object in Nature draw music out of [a
man’s] mind.””* And in his poem “The Harp” he tells us how this drawing
out occurs.” The harp is “One musician sure” whose “wisdom will not
fail.” It is the “chief of song where poets feast,” speaking with the voice of
Merlin from “the casement by my side.” No poet, not even Homer, could
match the sounds of nature that Emerson had heard as a boy wandering
through the hills in spring. “These syllables that Nature spoke, / And the
thoughts that in him woke, / Can adequately utter none / Save to his ear the
wind-harp lone.” The Aeolian harp opened a window on the panorama of
Emerson’s youthful memories. In his Journal he recalled with nostalgia his
college life: “The thought, the meaning, was insignificant; the whole joy was
in the melody. ... What joy I found, and still can find, in the Zolian
harp!”®5 Emerson, who demanded direct inspiration and could brook no
artificial intermediaries between his soul and that of nature, heard in the
voice of the Aeolian harp—which was no more than “a couple of strings
across a board and set . .. in your window”—tidings from nature more
authentic than any that poets could bring.*

Thoreau had a better ear and wrote about music all the time. In fact, he
claimed that a man’s entire life “should be a stately march to an unheard
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music.””” It was music that could be better heard out of doors in cadence
with the step of the solitary wanderer. On September 3, 1851, Thoreau took
his daily walk along the new railroad track between Boston and Concord
and returned to record in his journal: “As I went under the new telegraph-
wire [ heard it vibrating like a harp high overhead. It was as the sound of a
far-off glorious life, a supernal life, which came down to us, and vibrated the
lattice-work of this life of ours.”%® The telegraph was a new source of Aeo-
lian sounds to conjure with; as it spread across the continent, it became
everybody’s Aeolian harp. Here was Hoffmann’s Wetterharfe restrung a
thousand times.

Thoreau described his first encounter with the telegraph harp in his A
Week on the Concord and Merrimack Rivers.”® There was a “faint music in
the air like an Aeolian harp,” which he suspected of coming from the tele-
graph wire. Applying his ear to one of the posts he confirmed that the sound
was indeed coming from the wire. It was a message “sent not by men, but by
gods.” It recalled the statue of Memnon and “the first lyre or shell heard on
the seashore—that vibrating cord high in the air over the shores of earth.”1%0
Thoreau returned to the telegraph harp over thirty times in his journal. He
noticed seasonal change in the telegraph’s song and linked it to his own
mood:

The heat to-day (as yesterday) is furnace-like. It produces a thickness almost
amounting to vapor in the near horizon. The railroad men cannot work in the
Deep cut, but have come out on to the causeway, where there is a circulation of air.
They tell with a shudder of the heat reflected from the rails. . . . I have scarcely
heard one strain from the telegraph harp this season. Its string is rusted and slack-
ened, relaxed, and now no more it encourages the walker. I miss it much. So is it
with all sublunary things. Every poet’s lyre loses its tension. It cannot bear the
alternate contraction and expansion of the season.

But the cold winds of winter restored tension to the wire, and in January
Thoreau wrote:

The telegraph harp again. Always the same unrememberable revelation it is to me.
It is something as enduring as the worm that never dies. . . . I never hear it without
thinking of Greece. How the Greeks harped upon the words immortal, ambrosial!
They are what it says. It stings my ear with everlasting truth. It allies Concord to
Athens, and both to Elysium. It always intoxicates me, makes me sane, reverses my
views of things. I am pledged to it. I get down the railroad till I hear that which
makes all the world a lie. When the zephyr, or west wind, sweeps this wire, I rise
to the height of my being. A period—a semicolon, at least—is put to my previous
and habitual ways of viewing things. This wire is my redeemer.!®*

The music of the telegraph harp spoke for Thoreau and measured his mood.
He did not miss the irony. As electrical messages darted back and forth
along the wire transmitting the business of the day, the harp telegraphed to
Thoreau a message from God. “Thus I make my own use of the telegraph,
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without consulting the directors, like the sparrows, which I perceive use it
extensively for a perch. Shall I not go to this office to hear if there is any
communication for me, as steadily as to the post-office in the village?” 102
And in A Week on the Concord and Merrimack Rivers the telegraph harp
brought him “fairer news than the journals ever bring.” It told of “things
worthy to hear, and worthy of the electric fluid to carry the news of, not of
the price of cotton and flour, but it hinted at the price of the world itself and
of things which are priceless, of absolute truth and beauty.”!%

The Aeolian harp was an instrument of inspiration for Emerson and
Thoreau as it had been for Wordsworth and Coleridge, but for the Ameri-
cans it was more than an “intellectual breeze.” It was also a voice from that
transcendent world which they so wanted to reach. It seems strange that a
man-made instrument could equal or maybe even surpass the direct sensual
contact with nature. This instrument, however, was an intermediary of a
different kind from most scientific instruments. It was sensitive—listening
and responding to nature, rather than invading and dissecting nature. Its
appeal was quasi-magical. Its music brought to the senses a wonder or har-
mony of nature that was not otherwise perceived. Thoreau, quoting from
the Neoplatonist lamblichus, explained that Pythagoras heard the harmony
of the spheres, not through any instrument or voice, but by means of “a
certain ineffable divinity” that allowed him to fix his intellect “in the sub-
lime symphonies of the world.”1%* Thoreau, who despised abstractions,
heard the “sublime symphonies” through his ears and was redeemed by a
telegraph wire that served bis purpose, not that of the railroad.

THE AEOLIAN HARP AS AN INSTRUMENT

Instruments could be used to heighten the sensual experience of nature and
enhance the poetic vision, whether it was the instrument of opium or the
instrument of the Aeolian harp. Nor was this discovery the exclusive prop-
erty of the romantics. Thomas Gray, on his walking tour through the Lake
Country in 1769, constantly used his “Claude Lorraine Glass” to miniatur-
ize and intensify the landscape and to add the hazy patina so admired in
the paintings of Claude Lorraine.!% But optical instruments, which satisfied
the poetic needs of the eighteenth century, objectified nature too much for
the romantics. Coleridge, whose poems were often visionary in both senses
of the word, condemned the “slavery of the eye” that reduced “the conceiv-
able . .. within the bounds of the picturable.”'% Poetic visions needed to
come from within rather than from without the mind, and however much
optical instruments like the telescope, the microscope, and the Claude Lor-
raine Glass heightened the images of nature, they still produced images of
physical objects.

Sound was a more subjective sense, often not localizable in any physical
object and closer to the actual vehicle of poetry, which was, after all, spoken
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words. Poetry was a kind of music, traditionally sung to the lyre. What
better instrument to speak nature’s poetry than the Aeolian harp?

One might argue that the Aeolian harp in the hands of the romantic poets
was more of an antiscientific instrument than a scientific one, but that would
misinterpret the romantics’ intent. Blake certainly despised science, and
Keats, at the famous dinner given by Benjamin Haydon on December 28,
1817, proposed a toast to the confusion of Newton.'®”” Wordsworth, how-
ever, refused to drink the toast. Shelley and Coleridge would also have de-
murred if they had been there. The romantics were not opposed to the study
of nature, just to the way that study was commonly carried out.

To Gillispie’s verdict that romanticism is “the wrong view for science,”
they would respond that it depends on what you mean by “science.” Cole-
ridge was prepared to devote his life to explicating the proper meaning of
“science.” For him, science was “any chain of truths which are either abso-
lutely certain, or necessarily true for the human mind, from the laws and
constitution of the mind itself.” 1% His notion of “science” had nothing to do
with experiment and analysis. Science was lodged in the faculty of Reason,
which he defined as “the power of universal and necessary convictions, the
source and substance of truths above sense, and having their evidence in
themselves.”'% The “faculty judging according to sense” was the Under-
standing, and it was this faculty, masquerading as science, that had unjustly
usurped the proper province of Reason and true “science.” He warned his
countrymen that “in no age since the first dawnings of science and philoso-
phy in this island have the truths, interests, and studies which especially
belong to the reason, contemplative or practical, sunk into such utter ne-
glect, not to say contempt, as during the last century.”''9 Central to this
moral collapse was the corruption of natural philosophy.

For the romantics, science was primarily a spiritual and moral quest—
a search for those truths, ordained by God, that direct our lives and his
Creation. Instruments were of value to the extent that they aided in this
quest. Seconding Coleridge, Wordsworth made it clear that he was not op-
posed to science that “raised the mind to the contemplation of God in
works.” 11!

.. . Science then

Shall be a precious visitant; and then,

And only then, be worthy of her name:

For then her heart shall kindle; her dull eye,
Dull and inanimate, no more shall hang
Chained to its object in brute slavery;

But taught with patient interest to watch
The processes of things, and serve the cause

Of order and distinctness.!!?

Just as the child on the beach in Wordsworth’s allegory listened to the sound
of the sea in a shell, so the poet listened to the Aeolian harp in order to hear
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the “authentic tidings of invisible things, of ebb and flow, and ever-during
power.”!13 The Aeolian harp was made by human hands, but played by
nature’s fingers. It was emblematic of that unity of man in nature which the
romantics so earnestly sought. Because it expressed the sublimity of nature
directly, it was the romantics’ scientific instrument.



CHAPTER SIX

Science since Babel: Graphs,
Automatic Recording Devices, and
the Universal Language of Instruments

INSTRUMENTS have a rhetorical purpose. They teach, explain, persuade, and
even command. Instruments have authority, they speak for nature, but how
they speak and in what language is far from obvious.

Instruments are like languages because they mediate between the observer
and what is being observed—between the subjective mind and the objective
natural world. Both languages and instruments give us signs for things. In
the case of language the signs are words; in the case of instruments the signs
are images, sounds, numbers, graphical traces, or other representations.

In the seventeenth century the same debate arose concerning instruments
that arose concerning language. Is the instrument telling us anything about
the real essences of the objects being observed or is it merely a convention by
which we, rather than nature, assign meaning to the representations that the
instrument produces? The major criticism of the new instruments of experi-
mental philosophy was that they presented distorted images and played
tricks on the senses. The tricks might be “natural” as in natural magic, but
they were products of human artifice and thus did not fairly image nature.

Words also could misrepresent nature, because they, like instruments,
were constructed by humans. John Locke, because he did not believe that we
could ever know essences, took an extreme conventionalist position and
held that words were completely arbitrary. They could have no meaning
beyond what we assign to them. Thus he opposed the use of analogy and
other figurative language, which, to his mind, confused words with things
and suggested real correspondences in nature that existed only in language.!
Because of this parallel between words and instruments, it is, perhaps, not
surprising that Locke, in spite of his empiricism, doubted the validity of the
microscope, and that Thomas Hobbes, who also saw danger in the misuse of
language, condemned the air pump, calling it a dangerous chimera.? Just as
words could misrepresent nature, so could instruments. They could con-
vince the observer that a natural phenomenon was real when, in fact, it was
only an artifact of the instrument.

Others, however, like Athanasius Kircher and Gottfried Wilhelm Leibniz
believed that real correspondences between words and things did exist, or
could exist if words could be made to correspond to the essences of things.
If they did exist, these correspondences would be found in the original lan-
guage given to Adam by God and since corrupted at the Tower of Babel, but
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Fig. 6.1. The Tower of Babel and the confusion of tongues. From Kircher, Turris
Babel, p. 40. Courtesy of the University of Washington Libraries.

still shadowed in the languages that we speak today. If they could be made
to exist, they would be in a universal language that could become the com-
mon language of the whole human race (see figs. 6.1 and 6.2). The instru-
ments of natural magic supposedly shared this same secret correspondence
with the essences of things.

There was a real difference, however, in the ways that natural magicians
like Kircher and experimental philosophers like Robert Boyle saw the con-
nection between instruments and language. For Kircher, instruments and
language operated by analogy to reveal the secrets of nature. His instru-
ments produced wonders analogical to the wonders of nature. For the exper-
imental philosophers of the seventeenth and eighteenth centuries instru-
ments operated analytically, taking nature apart to reveal the rules by which
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Fig. 6.2. Athanasius Kircher’s table of characters from the original angelic language
to Latin. From Kircher, Turris Babel, p. 157. Courtesy of the University of Washing-

ton Libraries.

it operated. This difference can also be exemplified by the kinds of pictorial
representations that they used to describe correspondences in nature. The
kind of pictorial representation that Kircher preferred was the emblem, a
recognized trope of rhetoric that described through symbols and allegory the
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Fig. 6.3. Instrument as emblem: Kircher’s great celestial organ of the Creation, each
day represented by a separate register. From Kircher, Musurgia, 2:366. Courtesy of
the University of Washington Libraries.
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Fig. 6.4. An early example of a universal language was that of John Wilkins. This
essay on “pocket watches” by Robert Hooke was written in Wilkins’s universal
characteristic. From Robert Hooke, “A Description of Helioscopes and some other
Instruments,” table 3, reprinted in Gunther, Early Science in Oxford, vol. 8, facing
p- 152. Courtesy of the University of Washington Libraries.

meaning of the natural world. It was a kind of figurative language, which
used both images and words.?> Many of Kircher’s emblems were drawings of
real or imagined instruments represented allegorically (see fig. 6.3). His il-
lustration of the sunflower clock is a good example. The sunflower is the
emblem of constancy, because it follows the sun faithfully. The emblem acts
like the instrument to expose a hidden meaning in nature.

In the wake of the Enlightenment’s fascination with analysis there ap-
peared a new analytical pictorial representation, and that was the graph.
The graph did not develop from the emblem-—its origins were quite sepa-
rate—but it served a similar purpose. Graphs and emblems were both mani-
festations of the way that instruments and language mediated between the
observer and nature. They were symbolic images revealing an order and
meaning in nature that were concealed from the immediate senses.

Most of the earliest graphs were either drawn by instruments directly—
these were the first recording instruments—or they represented numerical
data from instruments.* They appeared in conjunction with the new empha-
sis on quantitative measure at the end of the eighteenth century and with the
renewed search for an analytical language (see fig. 6.4).

The graphical method was born of two strains that merged in the nine-
teenth century. One of these was analytical geometry, in which a functional
relationship between two variables was described by a curve. The other was
automatic recording instruments.® Both kinds of graphs were often referred
to as scientific languages. It is the connection between graphs and language
that we explore in this chapter.
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GRAPHS AND THE EXACT SCIENCES

Graphs are so ubiquitous that we take them for granted, but the historian
will naturally ask when and why they first appeared. We can find a partial
answer to the question when by searching back through the scientific litera-
ture.” There is some ambiguity in the answer, because it is not clear what is
to count as a graph (do we include maps, mathematical diagrams, and illus-
trations of experiments?). Graphs, unambiguously recognizable as such, ap-
peared in the last quarter of the eighteenth century, probably independently,
in three places——in the indicator diagram of James Watt, in the lineal arith-
metic of William Playfair, and in the scientific writings of Johann Heinrich
Lambert.

Why graphs appeared when they did is not so certain, but the coincidence
between their appearance and the new enthusiasms for quantitative measure
and universal language schemes leads one to suspect a connection. In this
regard Lambert is the most obvious source, because he thought deeply and
wrote extensively about method in natural philosophy.

In that portion of his Neues Organon (1764) entitled Semiotik Lambert
emphasizes the importance of symbols and signs in our formation of con-
cepts. Like other language reformers he declares that common language is a
“tyranny” that is forced on us by those uneducated persons who create it.?
And yet “symbolic perception” (symbolische Erkenntniss) is absolutely es-
sential for the clarification of concepts. According to Lambert, concepts can
be retained and clarified only by a renewal of the sensations through which
they were first formed. Because we seldom can repeat the events that led to
the concepts in the first place, we substitute signs for them. We can do this
because the moving hand, eye, or other organs of sense can distinguish the
outlines or shadows of things that serve as signs for them. Such signs include
gestures (the deaf can communicate entirely through gestures), articulated
tones (such as music and the chimes of clocks), and visual images including
numbers, words, emblems, heraldry, maps, and metaphors. These “sym-
bolic perceptions” are absolutely indispensable for thought.’ If we cannot
attach signs to our concepts, we cannot use them.

If the impressions of objects on our senses were the same at all times and
for all people, then we would have a single natural language. But this is not
the case, and any attempt to discover a universal root language will be
fraught with difficulty. We need to reform language, but in some cases it
might be better to use symbols other than words. There is the danger that
our language may become empty “word stuff” (leeren Wortkram), as hap-
pened in Scholasticism.!® Therefore there is the need to control language or
substitute for it more “scientific” signs. If we could obtain proper scientific
signs, then we could free ourselves from the ambiguous words of common
language and express all knowledge by a demonstrative figurative method.!!
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This was the dream of a universal characteristic that Lambert took up from
Leibniz and Christian Wolff and hoped to carry to a new level of perfection.

According to Lambert, signs of concepts and things are “scientific” when
“in the narrow sense, . . . they not only represent the concepts and things,
but also reflect such relations that the theory of the matter and the theory
of the signs can be interchanged.”!? Lambert’s prime example of scientific
signs is, of course, mathematics, but he begins with less abstract examples
such as musical notes, the signs for choreography, and for the directions of
the wind. These signs are “scientific” because they fully correspond to the
concepts that they represent (e.g., ENE completely determines a certain wind
direction).!3

Lambert argues further that concepts have extension (Ausdehnung) and
can therefore be represented by lines.!* The individua from which a concept
is composed are represented by points, while the entire species, composed of
many individua, is a line. Moreover, the individua have degree.'> Lambert
uses his lines to create a symbolic logic somewhat akin to set theory in which
the relative lengths and positions of the lines indicate how and to what de-
gree one concept may be included in another.! In this effort Lambert contin-
ues Leibniz’s search for a new symbolic logic that would bring together
mathematical logic and syllogistic logic in a new, more extensive method of
reasoning.

Lambert obviously believes that scientific knowledge can be represented
with greatest precision by signs other than common language, and when he
turns to the physical sciences experimental graphs do indeed appear. Lam-
bert’s scientific method is highly mathematical, because he believes that
physical law can be expressed only quantitatively. He does not favor mathe-
matical hypotheses, however. He argues instead for the collection of quanti-
tative data with precise measuring instruments, followed by the identifica-
tion of the regularities in those data that reveal natural law.

His own experimental researches were very wide-ranging, including
photometry, hygrometry, and pyrometry, that is, the measurements of the
intensities of light, humidity, and heat. Some of Lambert’s data came from
the work of other researchers, but he recorded many of the measurements
himself using instruments that he made. In 1759 he met and lived in the
house of the famous instrument maker Georg Friedrich Brander, who spe-
cialized in the manufacture of “mathematical” measuring instruments, so he
was completely familiar with the problems of compiling and analyzing data
from experiments. It was in the processing and presentation of these quanti-
tative data that experimental graphs first appeared.!”

Lambert’s most elaborate graphs are in his Pyrometrie oder vom Maasse
des Feuers und der Wirme, published posthumously in 1779. Because they
are posthumous, it is difficult to establish when he first formulated the idea
of expressing his data graphically, but one can, nevertheless, get some idea
of the sequence of his thoughts.
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In the third and fourth chapters of the Pyrometrie Lambert considers the
amount of heat from the sun reaching any part of the earth during a day,
month, or year. If one discounts the absorption of heat by the atmosphere,
this is a mathematical problem, because it depends only on the length of the
day and the elevation of the sun. The sixth chapter, however, is on the appli-
cation of his mathematical theory to observations, and here one sees the
discrepancies between theory and observation caused by the action of clouds
and by the variable absorptivity of the earth’s surface. Lambert tabulates
data on temperatures at different latitudes collected by René Réaumur and
others, but some of these tables have an unusual aspect. For instance, one
table shows the distribution of temperatures at Algiers for each month from
June 1735 through November 1736.'® Lambert gives the number of days
during each month that the thermometer reaches any given degree. The ver-
tical columns of the table represent different degrees on the Réaumur scale.
The result is a snakelike series of numbers that moves from higher to lower
temperatures as the months move through the seasons. It is a table, but it
looks very much like a graph. Most striking is a similar table for the temper-
atures at Pondicherry. Again the numbers snake back and forth with the
changing seasons in a most graphlike manner (see fig. 6.5).!” The block of
numbers in the table takes on a geometrical form irrespective of the magni-
tudes of the numbers themselves. Finally Lambert includes actual graphs of
the heat reaching the earth’s surface throughout the year at different lati-
tudes, and graphs showing the temperature fluctuations throughout the year
at the earth’s surface and at different depths below the surface (see figs. 6.6
and 6.7). The graphs show in striking fashion the decreased amplitude and
the delay in temperature fluctuations as one moves below the surface.

Lambert uses graphs not only for presenting experimental data, but also
for correcting observational errors. In his “Theorie der Zuverlissigkeit der
Beobachtungen und Versuche” he describes how one should draw a curve
through data points in such a way that the points fall equally on either side
of the line with no point outside the range of experimental error (see fig.
6.8).20 In graphs, Lambert finds a new method of symbolic representation
for experimental results. Graphs not only display data “figuratively,” but
also, by showing smooth curves averaging the data, they reveal the mathe-
matical regularities in a mass of data, in spite of the errors of observation.

Lambert’s graphical method did not catch on immediately, which may be
attributed in part to the obscurity of much of his writing and in part to the
unfamiliarity of graphs themselves. We do not have any contemporary re-
actions to Lambert’s graphs, but the graphs of William Playfair, which be-
came much better known than Lambert’s, brought forth the criticisms that
they “lacked rigor,” that they were mere “plays of the imagination” and
“without importance” outside of pedagogy.?! The concept of a graph is ab-
stract, and its meaning will seem obvious only to those who are familiar with
it. Those who were used to working with tables of numbers could persuade
themselves that in drawing graphs one lost the precision of the numbers
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Fig. 6.5. Johann Heinrich Lambert’s tables of temperatures. The tables record the
number of days in each month that a given temperature is reached. The smaller tables
are for Algiers and Madagascar; the larger table is for Pondicherry. Note how the
figures snake back and forth. From Lambert, Pyrometrie, pp. 350-353. Courtesy of
the Science and Technology Research Section, Science, Industry and Business Li-
brary, The New York Public Library, Astor, Lenox and Tilden Foundations.

themselves. It is probably for these reasons that experimental and statistical
graphs did not become popular uatil the 1830s.

Although Lambert searched for a universal characteristic for all of sci-
ence, he did not draw any direct connection between his logical symbols and
his experimental graphs. He referred to his graphs, both logical and experi-
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Fig. 6.6. Lambert’s graph of solar warming throughout the year at different latitudes.
From Lambert, Pyrometrie, fig. 35. Courtesy of the Science and Technology Re-
search Section, Science, Industry and Business Library, The New York Public Li-
brary, Astor, Lenox and Tilden Foundations.

mental, as “figures” (Figuren). One would think that as an exponent of “fig-
ured” and “extended” concepts he would have associated his semiotics di-
rectly and unambiguously with his use of experimental graphs. We can only
conjecture as to why he did not make the connection.

One possible explanation is that Lambert, like all of his predecessors, saw
the search for a universal characteristic as a problem of logic. It was a prob-
lem of identifying the objects of knowledge and assigning appropriate signs
to them so as to get them in the right categories with the proper headings and
subheadings; it was a problem of creating the correct arrangement of pi-
geonholes and putting each object of knowledge in the correct one. In pursu-
ing this taxonomical effort the projectors of universal languages created nu-
merous tables. In the words of Mary Slaughter:

Tables abound in the literature of the seventeenth century, from the tables of topoi
and commonplaces to those of mnemonic systems, to those of the logic books,
to those of anatomies, isogoges, natural histories, and so on. Many will recall here
the innumerable tables of Ramus. The table is the graphic representation of taxo-
nomic discourse, just as written words are the graphic representation of spoken
discourse; and just as writing/printing are graphic representations of speech, so
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Fig. 6.7. Graphs of variation in soil temperature. From Lambert, Pyrometrie, figs. 38
and 39. Courtesy of the Science and Technology Research Section, Science, Indus-
try and Business Library, The New York Public Library, Astor, Lenox and Tilden
Foundations.

the table is the graphic representation of classification and of the taxonomic
structure.?

These traditional tables were all taxonomic systems of the pigeonholing
variety.

However, tables are not all alike. Seventeenth-century books also con-
tained tables of numbers, most notably astronomical tables. Tables of num-
bers were typically predictions based on theory—predictions of planetary
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Fig. 6.8. Lambert’s graphs from observed data. Fig. [ is the variation in the seconds
pendulum plotted against the square of the cosine of the latitude (theory indicates
that the graph should be a straight line). Fig. IV is a plot of the variation of the
compass declination with time, and Fig. V is a plot of the mortality rates in Lon-
don between 1753 and 1758 as a function of age. The latter two graphs cannot be
predicted from theory and must be drawn through the given data points. From
Lambert, “Zuverlissigkeit der Beobachtungen und Versuche,” in Beytrdge, vol. 1,
table 5. Courtesy of the Science and Technology Research Section, Science, Indus-
try and Business Library, The New York Public Library, Astor, Lenox and Tilden
Foundations.

positions, predictions of the tides, predictions of the length of the seconds
pendulum at different latitudes, and the like—and they expressed some func-
tional relationship between variables.

A third kind of table was quantitative data from experiments performed
with measuring instruments. In this kind of table one looked not for the
numbers themselves, but for some regularity or anomaly in the table that
would reveal an unknown rule or functional relationship between the mea-
sured quantities. It was in this search for regularities or anomalies that ex-
perimental graphs were most useful.

Lambert’s failure to describe a connection between his semiotics and his
graphs indicates the conceptual difficulty of moving from a taxonomic ap-
proach to a functional approach, or, put in another way, from tables of the
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pigeonholing variety to tables that could be expressed as linear graphs. Al-
ways alert to the possibilities for extending mathematics into new areas,
Lambert attempted to create a new mathematics of ordered systems. In his
“Essai de taxéometrie” he proposed to measure by a fraction the extent to
which any collection of items departed from an ordered system.?3 Thus Lam-
bert carried his mathematical ideal even into taxonomy and systematics.

One can argue that a growing admiration of mathematics during the sev-
enteenth and eighteenth centuries was the major spur to systematics and
taxonomy during the same period. If this is true, the difference between the
taxonomical and the functional approaches did not necessarily depend on
whether one used mathematics. The difference came from contrasting ways
of defining order.?* Although Lambert was unable to resolve this contrast,
his belief in the mathematical method and the universality of signs led him
to express his results graphically, both in logic and in experiment.

William Playfair was more explicit in connecting graphs with language.
His graphs first appeared in his Commercial and Political Atlas; Represent-
ing, by Means of Stained Copper-plate Charts, the Exports and General
Trade of England at a Single View (1785). The book contained beautiful
graphs of British trade over the previous twenty years (see figs. 6.9 and
6.10). The advantage of graphs as Playfair saw it was not that they gave a
more accurate statement than tables, but that they gave “a more simple and
permanent idea of the gradual progress and comparative amounts, at differ-
ent periods, by presenting to the eye a figure, the proportions of which corre-
spond with the amount of the sums intended to be expressed.”? Playfair
called his method “lineal arithmetic” and considered it an application of
“the principles of geometry to matters of Finance.” It was, therefore, a math-
ematical method, but he also recognized it as a universal language that made
it possible to record and comprehend a great deal of information in a single
diagram. He lamented that the ancients had not mastered the method, for
“had records, written in this sort of shape, and speaking a language [em-
phasis added] that all the world understands, existed at this day, of the com-
merce and revenue of ancient nations, what a real acquisition would it not
have been to our stock of knowledge?” Playfair claimed that his graphs were
drawn for posterity, written in a language that any person might understand
“even though a native of another country.” They exhibited “the most exten-
sive mercantile transactions that ever took place in the world, in a manner
the most simple, easy, and comprehensive,” and thus they preserved a finan-
cial record of the British Empire the like of which was, regrettably, unavail-
able for the only comparable empire, that of the Romans.?¢

In the above quotations Playfair referred to two important aspects of pre-
vious language schemes. One was the search for a figurative language, like
Chinese or Egyptian hieroglyphics, that used figures instead of syllabic
words. Pictures, or more abstract pictographs, could be “read” in any lan-
guage and would thus be truly universal. The other aspect was the substitu-
tion of numbers for pictographs. Robert Boyle noted that numbers had the
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Fig. 6.9 Wllliam Playfair’s graph of the British national debt from 1699 to 1800

From Playfair, The Commercial and Political Atlas, pl. 20, opposite p. 83. Courtesy
of the University of Washington Libraries
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Fig. 6.10. William Playfair graph of England’s balance of payments during the eigh-
teenth century. From Playfair, The Commercial and Political Atlas, pl. 1, opposite
p- 1. Courtesy of the University of Washington Libraries.

same meaning for all humans. Numbers could be used as signs, which could
then be translated through a code book or dictionary into any language.?’
Robin Rider points out that the only universal language which was ever
actually adopted was this kind of numerical language. It was used in sema-
phore systems that appeared in the last decade of the eighteenth century, first
in France and then in England.?® Playfair, who was in Paris during the early
days of the Revolution, claimed to have brought the semaphore to England,
although that honor is usually credited to Richard Lovell Edgeworth.?
Playfair also claimed to have searched for graph-drawing predecessors; he
concluded that he was the first, at least for matters of finance. Others had
constructed charts of weather data and chronologies, but nothing compara-
ble to his lineal arithmetic, which would indicate that he had no direct
knowledge of Lambert’s earlier graphs. He may have had indirect knowl-
edge of them, however, because he said on occasion that his older brother,
John, had taught him that whatever could be expressed in numbers might be
represented by lines, and had made him keep a temperature record that rep-
resented degrees by lines on a divided scale.’® John Playfair was a mathema-
tician, who is better known for his Hlustrations of the Huttonian Theory of
the Earth (1802). It is quite possible that he was familiar with Lambert’s
Pyrometrie, because Lambert’s graphs were also temperature data. More-
over, William Playfair had had a career as a machinist and had worked as a
draftsman for Bolton and Watt beginning in 1780. He may have taken the
idea of graphs from Watt, although this seems unlikely, considering the
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early date (1785) of Playfair’s Commercial and Political Atlas.>* William
Playfair was a shadowy (one might even say shady) character, and it is diffi-
cult to find any definite connections between his graphs and his many other
enterprises. Perhaps it took someone with his peculiar combination of inter-
ests—that is, in universal languages, mathematics, mechanical recording in-
struments, and finance—to come up with the notion of statistical graphs.

GRAPHS AND AUTOMATIC RECORDING DEVICES

Automatic recording instruments have a long history, but made no signifi-
cant impact on natural philosophy until the nineteenth century. James
Watt’s indicator diagram was the most significant example of this technique
in the eighteenth century, but Watt and Boulton kept it secret as long as they
could and it was not widely known.3? The indicator card moved in one
dimension by linkage to the piston of a steam engine. Therefore its motion
was proportional to the volume of steam in the cylinder. A pencil attached
to a spring manometer, which measured the pressure in the cylinder, moved
at right angles to the motion of the card (see fig. 6.11). The area of the figure
drawn by the pencil on the card was proportional to the work done by the
steam on each stroke of the piston. Watt’s first “indicator” was a simple
pressure gauge with which he noted the pressure in the cylinder when the
piston was at different positions. He recorded this information in the form
of tables. When he (or John Southern, to whom the invention is usually
credited) devised the indicator card as an automatic recording instrument,
the information was of necessity graphic, and the table gave way to a
graph—a very important graph, since the pressure-volume diagram was at
the heart of Emile Clapeyron’s elaboration of the new thermodynamics.?? In
this case the use of a recording instrument required the transition from ta-
bles to graphs.

Around 1800, recording instruments became recognized as more than
convenient ways of accumulating data. The automated weather stations of
the seventeenth and eighteenth centuries relieved the tedium of taking obser-
vations, but they did not reveal any new information. The new recording
devices of the nineteenth century revealed “secrets” that could not be ob-
tained in any other way—certainly not by direct observation.>* Automatic
recording instruments appeared in two renovated sciences at the begin-
ning of the nineteenth century and, to a large extent, created them. These
were acoustics and experimental physiclogy. Instruments in both of these
fields produced graphs, but the graphs produced by recording instruments
differed from the graphs of Lambert and Playfair. Lambert and Playfair
used their graphs to reveal relationships between two variable quantities,
while recording instruments gave a figure that was not in the first place a
mathematical relationship. As the nineteenth century progressed, these two
graphical methods became less distinct and merged into a single method in
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Fig. 6.11. James Watt’s indicator diagram. Courtesy of the Science Museum/Science
& Society Picture Library.
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the hands of Etienne-Jules Marey, as we shall see. Additionally, as the value
of these techniques for modern science came to be appreciated, numerous
critical investigators and inventors of recording devices conceived this brand
of experimental data as a new scientific language—a language inscribed by
nature.

Galileo authored the most famous appraisal in the history of science of
the sort of text that nature offered its students. “Philosophy,” he wrote in
The Assayer,

is written in this grand book, the universe, which stands continually open to our
gaze. But the book cannot be understood unless one first learns to comprehend the
language and read the letters in which it is composed. It is written in the language
of mathematics, and its characters are triangles, circles, and other geometric fig-
ures without which it is humanly impossible to understand a single word of it;
without these, one wanders about in a dark labyrinth.*

Galileo has also been credited with the earliest attempt to create an auto-
matic record of an acoustic phenomenon. In his Discourses Concerning Two
New Sciences, Salviati (the character serving as Galileo’s spokesman) de-
scribed how “scraping a brass plate with a sharp iron chisel” occasionally
produced a “whistling” sound and formed on the plate “a long row of fine
streaks parallel and equidistant from one another.”3¢ However, Galileo did
not regard these chisel marks as the true language of the phenomenon. Their
importance in his discussion was the countability of the streaks and the
relationship between their number or density and the particular pitches of
whistles with which they were associated. Unlike Galileo’s example, the
novel characteristic of later researches in acoustics (and in physiology) was
the intrinsic value attached to the shapes that inscriptional apparatus could
produce. In addition to the measurements that recording devices could yield,
their images and inscriptions offered a qualitatively different type of scien-
tific information.

The work of Ernst Florens Friedrich Chladni is often considered the start-
ing point of modern acoustics. His principal discovery—his sand figures (an-
nounced in 1785)—marked the start of a sustained tradition in which the
visual representation of sound became a ubiquitous feature in acoustical
research. Chladni’s Klangfiguren were formed on variously shaped glass or
metal plates that had sand spread over their surfaces. When the experi-
menter set the plates in vibration, by running a violin bow against their
edges, the sand would be thrown off the quivering areas and deposited along
stationary nodal lines. These sand patterns, which could become quite com-
plex and visually stunning, became a popular demonstration throughout the
following century (see figs. 6.12 and 6.13).37

Chladni conducted his experiments in Wittenberg, where he wrote sev-
eral works on acoustics, including his compendious Die Akustik (1802). He
hit upon his technique while trying to find an acoustic analogue to Georg
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Fig. 6.12. Making a
Chladni figure. From
Deschanel, Elementary
Treatise on Natural
Philosopby, p. 787.
Courtesy of the
University of
Washington Libraries.
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Fig. 6.13. Chladni figures. From Chladni, Traité d’acoustique, pl. 6. General Collec-
tions, Princeton University Libraries.
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Lichtenberg’s electrostatic figures—patterns of dust particles that collected
on a charged cake of resin.?® Such an aim coincided with a naturphiloso-
phische search for symmetries and signs of hidden relationships among nat-
ural forces. This very problem was explored in 1806, when the prominent
Naturphilosoph Hans Christian Oersted—who would become famous for
his discovery of electromagnetism in 1820—used Chladni’s technique in a
further effort to disclose a connection between sound and electricity.>® Both
Lichtenberg’s and Chladni’s figures intrigued another romantic physicist,
Johann Wilhelm Ritter. In the Klangfiguren, Ritter saw nature’s own form of
script—ur-images and hieroglyphs that constituted the true alphabet of the
“Book of Nature.”* Ritter wrote to Oersted: “Each sound has a letter asso-
ciated with it, and we wonder if we do not hear writing—read when we hear
... and is not every seeing with an inner sight hearing, and every hearing a
seeing from within! ... Let us ask ourselves, how do we transform our
thoughts, our ideas, into words; and do we ever have a thought or an idea
without its hieroglyph, its character, its script?”*! He held the opinion that
material images, like Chladni’s figures, entailed the true language—a picto-
rial language—of science. Ritter reveled in the pure multiformity of the
Klangfiguren, their symmetry, and their relationship to other forms in na-
ture. While the mathematical approach to sound was by no means excised,
it was this respect for the image and the attitude that pictures could give
meaningful signs of phenomena that excited the Naturphilosophen.

The gifted British natural philosopher, Rosetta stone sleuth, and undula-
tory optical theorist Thomas Young embraced the pictorial approach to the
study of sound. In 1800, Young introduced a new technique for obtaining a
visual image of the motion of a vibrating string.

Take one of the lowest strings of a square piano forte, round which a fine silvered
wire is wound in a spiral form : contract the light of a window, so that, when the
eye is placed in a proper position, the image of the light may appear small, bright,
and well defined, on each of the convolutions of the wire. Let the cord be now
made to vibrate, and the luminous point will delineate its path, like a burning coal
whirled round, and will present to the eye a line of light, which by the assistance
of a microscope, may be very accurately observed. According to the different ways
by which the wire is put in motion, the form of this path is no less diversified and
amusing, than the multifarious forms of the quiescent lines of vibrating plates
discovered by Professor Chladni.*?

Young also pioneered a means for creating permanent inscriptions of sonic
vibrations, which he described in his natural philosophy textbook of 1807:

The situation of a particle at any time may be represented by supposing it to mark
its path, on a surface sliding uniformly along in a transverse direction. Thus if we
fix a small pencil in a vibrating rod, and draw a sheet of paper along, against the
point of the pencil, an undulated line will be marked on the paper, and will cor
rectly represent the progress of the vibration.*?
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In the nineteenth century, Wilhelm Weber and Guillaume Wertheim, as well
as many other investigators, devised related ways to preserve the traces of
styluses attached to sounding bodies, such as rods and tuning forks.*

The British physicist Charles Wheatstone came from a family of musical
instrument makers, and his early scientific writings dealt exclusively with
acoustics. He created images of vibration with an instrument that, like
Young’s piano wire, required the persistence of vision of a lustrous point.
Wheatstone’s “kaleidophone”—its name an homage to David Brewster’s
kaleidoscope—consisted of silvered glass beads, and other reflective objects,
fixed to the ends of prismatic or circular rods. When set in vibration, the tips
of these rods produced “a great variety of pleasing and regular forms,” thus
providing a “combination of philosophy with amusement,” a feature found
in many of Wheatstone’s creations.*’

While Young and Wheatstone did not expressly identify their “graphs™ as
languages, their acoustic techniques coincided with and informed their stud-
ies in language, speech, and vision. Young began his career with an attempt
to understand the physiology of vision and the nature of vowel sounds; it
ultimately embraced his effort to decipher Egyptian hieroglyphics.*® Wheat-
stone also studied cryptography and invented communication devices in-
cluding the telegraph. Their creation of instruments to give visual represen-
tations of sound was part of a much broader investigation into the nature of
language, speech, vision, and hearing. It is worth noting that if one wants to
measure and record the quantitative features of sound, one must employ a
visual image. The ear detects pitch, loudness, and timbre, but not the fre-
quency, amplitude, and shape of sound waves. Recording instruments give
us this information by representing the sound visually.

One of the most important instruments of nineteenth-century acoustics
was the phonautograph of Edouard-Léon Scott de Martinville. This device
was conceived in an attempt to fuse instruments, language, and mechanical
inscriptions. Scott was a typographer who became interested in the preserva-
tion of speech written in its own natural language, rather than in the artifi-
cially constructed characters that appear on a printed page. A manifest
expression of his passion may be seen in his 1849 book Histoire de la sténo-
graphie, which traced the development of conventions for shorthand and
bespoke his initial efforts to create a precise and universal inscription of
speech sounds.

In his introduction to the Histoire, Scott mourned the loss of the multi-
tude of spoken words that never become fixed on the printed page—a loss
that must have seemed especially sharp to a typesetter.

What more beautiful satisfaction could indeed be offered to the savant, to the man
of letters, than that he would receive a means of recalling instantaneously that
which strikes him in a discourse, in an improvisation, in a scenic representation—
a means that would permit the poet, the dramatist, the novelist, to fix at will his
inspirations, brilliant but always so fugitive, which sometimes come to illuminate
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his mind, and which he is unable to relocate in his memory in their first color. To
fix these thoughts as quickly as they are presented would be for him a means of
making himself their master and of increasing the activity of his imagination. If
one adds to this the fact that stenographic writing occupies little space and can be
used as a secret writing, one will understand why the creation of such a precious
instrument has been found worthy of study by our greatest savants, such as Leib-
niz, Porta, Condorcet, etc., sustained perhaps by the hope of resuscitating a skill
formerly so flourishing.*”

Scott supposed that a reformation of the stenographic art would allow for
the instantaneous preservation of one’s thoughts and observations.

As his subtitle indicates, his goal was to create a means of writing words
as rapidly as they were spoken. The guiding principle of this program was
that “the pen should not have to make more movements to trace the words
than the vocal organ does to pronounce them.”*® Scott would eventually
make this ambition a reality.

In a later book Scott’s efforts are closer to linguistics and philology than
to acoustics. Les noms de baptéme et les prénoms (1857) reviewed the his-
tory of personal first names as an exercise in history and ethnography. Yet
Scott also entertained the hoary philosophical notion of a relationship be-
tween the essence of one’s individual character and one’s name. Plato’s the-
sis, presented in the Cratylus, that names have a prophetic power in dictat-
ing the course of an individual’s life, would be, Scott explained, “without
doubt little in harmony with the doctrines of our century, and we will be
careful not to support it. Nevertheless, we believe that there is in the choice
of the name one bears an imperceptible influence, which has its source, not
in philosophical mysticism, but rather in the profound and secret order of
things and in the very constitution of our moral self.”*’ Scott did not purport
to unravel the question of a fundamental connection between names and
personalities or between words and things, and yet he did believe that words
had a special significance that went beyond mere convention. As a stenogra-
pher and typesetter he saw as his task the rapid and precise recording of
these precious spoken words in an unambiguous written form.

Since 1854, Scott had been planning the construction of a device to auto-
matically transcribe vocal sounds. He had produced a functioning model by
the beginning of 1857, and he submitted a discussion of his results in a
sealed packet to the Académie des sciences on January 26 of that year. The
packet contained his essay “Principes de phonautographie,” which de-
scribed his researches on ’écriture acoustique. His comments echoed the
earlier poignant plea for the preservation of speech. “Is it possible,” he

asked,

to achieve for sound a result analogous to that atrained presently for light by
photography? Can one hope that the day is near when the musical phrase escaping
from the lips of the singer will come to write itself . . . on an obedient page and
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leave an imperishable trace of those fugitive melodies that the memory no longer
recalls by the time that it searches for them? Between two men joined in a quiet
room, could one place an automatic stenographer that preserves the conversation
in its most minute details. . .. Could one conserve for future generations some
traits of diction of our eminent actors, who now die without leaving after them the
feeblest trace of their genius? The improvisation of the writer, when she rises in the
middle of the night, could she recall the day after with all her freedom, that com-
plete independence of the pen so slow to translate an ever-fading thought in her
struggle with the written expression?*°

That the air carried the vibrations of articulate sounds was no mystery to
physicists. However, the problem at hand was, according to these principles,
“to construct an apparatus that reproduces by a graphic trace the most deli-
cate details of the movement of sonorous waves. . . . [and] with the help of
mathematics, to decipher this natural stenography.”s!

Scott’s invention achieved this inscription by mimicking the structure of
the human ear—a model that occurred to him while he was proofreading
a plate of drawings of auditory anatomy for a physics textbook.’? The
phonautograph consisted of a paraboloid collecting chamber, one end of
which was open, while the other was covered with a thin elastic mem-
brane—his surrogate tympanum. The acoustic stimulation of this dia-
phragm activated a system of ossicle-like levers and a stylus whose motion
would be traced on a steadily moving paper, wood, or glass surface coated
with lampblack (see figs. 6.14 and 6.15).53

Describing his invention to the Société d’encouragement in November
1857, Scott explained his ambition “to force nature to constitute herself a
general written language of all sounds.”>* He knew that phonautograph
traces did not translate easily to readable words, but he did believe that he
had made an important first step. “I saw the book of nature open before the
gaze of all men and, as small as I am, [ believed that I would be able to read
it.”%5 He ultimately realized that these traces would not provide the “natural
stenography” that he sought, yet he thought the instrument and its represen-
tations could be used in the study of sound and in the analysis of timbre.*¢
The scientific utility of the phonautograph increased when the acoustic in-
strument maker Rudolph Kénig contributed some improvements to the col-
lecting horn, membrane, and recording drum. In the study of vowel sounds,
the phonautograph came to be widely used by many scientists, including
E C. Donders, Heinrich Schneebeli, and René Marage.’” The phonauto-
graph also spawned a new generation of imaging tools for acoustical analy-
sis, such as Koénig’s manometric flame, which guided his investigation of
timbre.*

The only “natural stenography” that approached the ultimate goal of
Scott’s work was the phonograph recording. Edison contrived the phono-
graph in 1877, twenty years after the introduction of the phonautograph,
and the American inventor was undoubtedly familiar with the older device.
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Fig. 6.14. Scott’s phonautograph. From Pisko, Die neuren Apparate der Akustik,
p. 73. Courtesy of the University of Washington Libraries.

Fig. 6.15. Schneebeli’s
phonautograph vowel

: traces. From Schneebeli,

: < 5 s “Expériences avec le
2 NN PSRN phorrl)autographe,” p- 81.
7 Courtesy of the

A P e S  University of
Washington Libraries.

However, Edison conceived the phonograph in a slightly different techno-
logical context—his aim was the preservation of incoming telegraphic mes-
sages.”” Not surprisingly, Scott viewed Edison’s “invention” as technologi-
cal plagiarism. Although his patents had expired, Scott defended his priority
in a book he published in 1878, Le probléme de la parole s’écrivant elle-
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méme—a collection of his publications on the phonautograph. In his embit-
tered introduction, Scott insisted that he, as well as another French inventor,
Charles Cros, had presented the essential pieces of the phonograph before
Edison had.

Furthermore, Scott’s criticism of Edison was marked by an enduring ob-
session with writing. According to Scott, Edison’s work failed to attain its
self-described goal. Although named a “phonograph,” the device merely re-
produced sound—it was not a sound-writer.® “The impression produced by
the stylus of the phonograph,” Scott argued, “is a singular hieroglyph that
will wait a long time for its Champollion. I propose to call these microscopic
traces phonéglyphes.”®! Scott’s mind was still fixed on his belief that the
printed transcription of speech—not the reproduction of sounds—would be
the greater benefit to civilization.

Recording instruments became important in experimental physiology and
medicine at approximately the same time that they became important in
acoustics. Instruments such as the microscope, the thermometer, and the
stethoscope had already replaced or augmented the judgment of the human
sense organs in the practice of medicine. The reliance on artificial probes
into the nature of living things increased during the course of the nineteenth
century with the addition of devices to record what was being found. As in
the case of acoustics, these instruments produced graphs.

The application of graphical techniques in physiology stems from Carl
Ludwig’s kymograph of 1846—an instrument that replaced the trained fin-
gertips of physicians in the study of the pulse.5? With this device, a mercury
manometer attached directly to the artery of a dog would rise and fall ac-
cording to the arterial pressure. A stylus attached to a float on top of the
mercury column traced the undulations on a rotating smoked drum.? Sub-
sequently, noninvasive techniques were developed for the study of the pulse,
beginning with Karl Vierordt’s sphygmograph in 1855.5% In 1859, the
French physiologist Etienne-Jules Marey greatly improved this device. His
sphygmograph was small and was strapped to the patient’s arm. Its central
feature was a spring that rested on the radial artery and transmitted move-
ments to a light recording arm, which inscribed the motion on a moving
glass plate (see fig. 6.16).5° Marey’s sphygmograph was reliable and conve-
nient enough to be used as a tool in clinical medicine. These devices consti-
tuted the first technological steps in a sustained tradition of recording graph-
ically the motions and phenomena of circulation—efforts that included the
development of the electrocardiograph.®® Researches on other physiologi-
cal questions also resorted to graphical recording devices. Within a decade
of the appearance of the kymograph, Carlo Matteucci and Hermann von
Helmholtz (with a device he dubbed the myograph) each began to use in-
scription techniques in their studies of muscular contractions.®”

As the case had been in acoustics, the introduction of recording devices
did not simply provide quantitative data that had once been inaccessible.
The graphic trace presented this information in a new guise—one whose
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Fig. 6.16. Etienne-Jules Marey’s sphygmograph recording the pulse. From Marey, La
méthode graphique dans les sciences expérimentales, p. 560. Courtesy of the Univer-
sity of Washington Libraries.

meaning was embodied in its shape. Furthermore, recording devices in
physiology, like those of acoustics, were often viewed as the mediators of a
newly discovered scientific language. In 1867, John Burdon-Sanderson and
Francis Edmund Anstie, British physicians who modified the sphygmograph
and helped to promote its clinical utility, described in the following way
problems involved in using the instrument: “The difficulty lies in the fact
that the record is written in a language which we are only beginning to
understand. Without a proper knowledge of the physiological facts, of
which they are the transcript, the oscillations of the lever are quite as mean-
ingless as the vibrations of the telegraphic needle to one who is not furnished
with a proper alphabet.”¢3

Etienne-Jules Marey gave the most notable description of the traces of
recording instruments as a new language.®® He was also the nineteenth cen-
tury’s most strident advocate of their use. Marey began his work with the
study of circulation but later extended his field of inquiry to include all
human and animal motion. The technologies he helped to develop took him
from graphical inscription to the beginnings of cinematography. The fullest
articulation of Marey’s scientific goals was spelled out in the introduction
to his voluminous 1878 survey of this burgeoning new technology, La
méthode graphique dans les sciences expérimentales et principalement en
physiologie et en médecine.

According to Marey, two factors impeded the development of science.
The first of these was the fallibility of the human organs of sense and their
lack of subtlety for detecting truths about nature. The second was the in-
sufficiency of language for expressing and transmitting this knowledge.
Through the approach he called the graphical method, Marey confronted
both of these obstacles at the same time.”®

Instrumentation, he explained, had disclosed and corrected the limits of
the human senses, but precision instruments still could not follow rapid dy-
namic processes. “Movements, electric currents, variations of gravity or
temperature,” Marey wrote, “such is the field to explore.”
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In this new enterprise, our senses, with perceptions that are too slow and con-
fused, can no longer guide us, but the graphical method substitutes for their in-
sufficiency; in this chaos, it reveals an unknown world. Inscription apparatus
measure the infinitely small pieces of time; the most rapid and the most weak
movements, the slightest variations of forces cannot escape them. They penetrate
the intimate function of organs where life seems to express itself by an incessant
mobility.”*

With instruments that recorded their own inscriptions, it was possible to
follow the faintest and fastest changes in the organs of living things. The
graphical method also could solve the problem of communicating this new
information unambiguously. Marey claimed that language has been a
source of confusion in the practice of science. “Born before science and not
having been made for it,” he wrote, “language is often improper for the
expression of exact measures, of well defined relationships.””* An advanced
level of civilization was marked by its use of “graphic expression.” With this
term, Marey was not referring simply to writing, which fixed the signs of
language on stone or paper. He was also concerned with “natural writing {le
graphique naturel): that which, in all epochs and among all peoples, has
represented objects in the same manner, which allows us to follow on the
stelae of Egypt the scenes of a civilization that has disappeared. This graphic
representation, if it were applied to the representation of ideas as to the
figuration of objects, would constitute the true universal language.””?

The graphical method provided precisely the sort of clear, accurate, and
unambiguous communication that Marey’s universal language demanded.
With the graphical method, the heuristic value of graphs was combined with
the painstaking exactness and sensitivity of automatic recording devices.
Thus, Marey wrote, the graphical method “translates” natural phenomena
into “a striking form that one could call the language of phenomena them-
selves, as it is superior to all other modes of expression.””*

Marey recognized that many would criticize his attempt to substitute ma-
chines for human intelligence.”> For Marey, however, ordinary language—
no matter how elegantly employed—could not match the scientific utility of
his new idiom: “Let us reserve the insinuations of eloquence and the flowers
of language for other needs; let us trace the curves of phenomena that we
want to know and compare them; let us proceed in the manner of the geom-
eters whose demonstrations are not discussed.””®

In the tracings of recording instruments, Marey discerned the fulfillment
of Scott’s dream of a “natural stenography.” The rolls of paper and the
pieces of smoked glass may not have contained a perfected form of human
language, but they promised something greater. Etched on these surfaces
were signals from nature more accurate than human senses could detect, and
in a new universal, unambiguous, and precise language of science.

Of course Marey was overly optimistic. The images produced by instru-
ments are thoroughly constructed and mediated through the skills and con-
ventions incorporated in the design of the apparatus. Marey presumed that
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both pictorial and graphical representation entailed a perfect correspon-
dence between the object or phenomenon and its resultant image. Like es-
tablished instrumental techniques, styles of depiction, or the nonuniversal
languages that humans speak and write, the language of the graphical
method is embedded in a network of conventions. The signs and images
produced by these means can be neither automatically understood nor eter-
nally meaningful. Their intended value can be grasped only when one pos-
sesses, as Burdon-Sanderson and Anstie insisted for initiates to the sphyg-
mograph, “a proper alphabet.”

GRAPHS AND SEMIOTICS

At the same time that Marey was attempting to establish a nonverbal graph-
ical method for the natural sciences, Charles Sanders Peirce in the United
States was creating a new philosophy called “semiotics” that saw all of
human experience as a system of signs. According to Peirce, “the woof and
warp of all thought and all research is symbols, and the life of thought and
science is the life inherent in symbols.””” Like Lambert, Peirce emphasized
that the signs used in communication were not limited to language. Ges-
tures, cries of alarm, lightning before thunder, pictures—ali are signs that
have significance for the individual perceiving them. In Peirce’s view, logic in
its general sense, that is, the method by which we reason on our perceptions,
“is . . . only another name for semiotic (onueiwtixij), the quasi-necessary, or
formal, doctrine of signs”; it is “quasi-necessary” because semiotics also
covers reasoning that is not deductive.”® During the twentieth century
semiotics has grown into a major field of study that has focused primarily on
linguistics, cultural anthropology, and literature. For its founder, however,
its major value was in logic, mathematics, and the method of the natural
sciences.

Central to Peirce’s semiotics is his system of logical diagrams or “existen-
tial graphs.” He calls it “my chef d’oeuvre.””” In a brief historical introduc-
tion, he credits Lambert with having created the first system of logical
graphs in the Neues Organon, which was followed eight years later by Leon-
hard Euler’s similar and better-known system. Peirce owned a copy of Lam-
bert’s Neues Organon, which included the Semiotik, and it is probably from
Lambert that he took the name and at least some of the inspiration for his
new philosophy.®® Peirce and Lambert had much in common although their
lives were separated by a century. Both studied logic and language as a sys-
tem of signs, and both were familiar with instruments and precise measure-
ment. Beginning in 1872 Peirce directed gravimetric measurements for the
U.S. Coast and Geodetic Survey, which meant making extremely precise
pendulum measurements throughout the United States and Europe. He also
undertook photometric measurements at the Harvard Observatory in order
to determine more precisely the magnitude of important stars. In both cases
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he made measurements with delicate instruments and used his mathematical
skill to improve the underlying theory.?! It was precisely this kind of mea-
surement, especially photometry and its mathematical reduction, that had
occupied Lambert.

Peirce was one of the first to call his diagrams “graphs.” The word
“graph” was apparently coined by the mathematician J. J. Sylvester in 1878
in peculiar circumstances. Sylvester drew parallels between diagrams of
chemical bonds in molecules and graphical representations of mathematical
invariants and covariants of binary quantics (see fig. 6.17). The idea came
originally from W. K. Clifford, but it was Sylvester who named these alge-
braic-chemical diagrams “graphs.”%? In 1906 Peirce stated, “By a graph (a
word overworked of late years), I, for my part, following my friends Clifford
and Sylvester, the introducers of the term, understand in general a diagram
composed principally of spots and of lines connecting certain of the
spots.”83 These “spots and lines” were obviously not Playfair’s “lineal arith-
metic” or Whewell’s “method of curves.” “Graphs,” as that word was used
in the late nineteenth and early twentieth centuries, referred to chemical dia-
grams, logical symbols, and the mathematical forms that became known as
“graph theory.”84 Peirce’s complaint that the word was “overworked of
late” meant that by 1906 its use had begun to spread beyond its original
meaning to include experimental and statistical graphs.

Peirce’s own mental processes must have been extremely graphic, because
he concludes that in all reasoning, the mind forms diagrams in the imagina-
tion that are then “experimented” on through the addition of new construc-
tions until the diagram represents a conclusion to the proposed problem:

We form in the imagination some sort of diagrammatic, that is, iconic, representa-
tion of the facts, as skeletonized as possible. The impression of the present writer
is that with ordinary persons this is always a visual image, or mixed visual and
muscular. . . . This diagram, which has been constructed to represent intuitively
or semi-intuitively the same relations which are abstractly expressed in the
premisses, is then observed, and a hypothesis suggests itself that there is a certain
relation between some of its parts—or perhaps this hypothesis has already been
suggested. In order to test this, various experiments are made upon the diagram,
which is changed in various ways. . . . and it is seen that the conclusion is com-
pelled to be true by the conditions of the construction of the diagram. This is called
“diagrammatic, or schematic, reasoning.”%’

Peirce refers to Kant’s schemata as examples of this kind of reasoning, but it
is apparent that Peirce’s own semiotics most closely describes it.®¢ According
to Peirce, experiments on diagrams “take the place of the experiments upon
real things that one performs in chemical and physical research. Chemists
have ere now, I need not say, described experimentation as the putting of
questions to Nature. Just so, experiments upon diagrams are questions put
to the Nature of the relations concerned.”®” Thus Peirce sees all reasoning as
a kind of mental “experiment” with diagrams.
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Peirce believes that any diagram is primarily “iconic” and therefore dif-
ferent in kind from language, which is primarily “symbolic.”®® He defines
a diagram as “a representamen which is predominantly an icon of rela-
tions and is aided to be so by conventions. Indices are also more or less
used. It should be carried out upon a perfectly consistent system of represen-
tation, founded upon a simple and easily intelligible basic idea.” What we
have been calling an experimental graph is, for Peirce, a diagram, not a
graph.

Peirce uses experimental graphs as would be expected of any working
scientist in the late nineteenth century, but never to our knowledge does he
analyze them in terms of his semiotics. This is the same unexpected disparity
that we saw in the case of Lambert. Peirce, like Lambert, probably saw ex-
perimental graphs as being obvious compared to the logical problems raised
by his existential graphs. Both men regarded semiotics as a new approach to
logic and epistemology. Their major quarry was the operation of the mind,
not the proper method of expressing experimental or statistical data.

Practicing scientists, however, know nothing of Peirce’s existential
graphs, while experimental and statistical graphs have become a major, if
not the major, mode of scientific communication. In fact experimental and
statistical graphs have become the hallmark of “scientific” explanation and
are often used rhetorically to bring the authority of natural science to any
argument, just as, in the seventeenth and early eighteenth centuries, argu-
ments stated in the form of geometrical proofs benefited from the authority
of geometry.?? Experimental and statistical graphs appear regularly in news-
papers and popular literature because they are easy to understand and be-
cause they purport to present “fact.”

While the significance of a graph is easy to grasp (once the convention has
been mastered), the semiotic structure of a statistical or experimental graph
is complex. Its purpose is to expose a lawlike relationship, or an anomaly, in
the midst of a cacophony of complex signs. It makes one sign stand out
above all others. This is true for graphs made by recording instruments as
well as for experimental and statistical graphs. The physician listening to the
patient’s heartbeat detects a telltale murmur—a sound that he knows from
his experience is a “sign” of illness. He calls for an electrocardiograph. An
instrument draws a trace on paper. The shape of the graph is an “indexical
representamen” of the illness. The physician does not draw the graph. An
instrument draws it. Nor does the physician know in detail how the instru-
ment operates. And yet he knows what the sign drawn by the electrocar-
diograph is telling him. The signs that made his diagnosis possible include
words and diagrams in the physician’s textbooks in medical school, words
communicated between the physician and the patient, electrical signals in
the patient’s body and in the electrocardiograph itself, and marks on the
strip chart coming from the machine, but the physician need focus only on
the graph and see how it differs from a given norm. Rather than penetrate



144 CHAPTER SIX

into the labyrinth of signs that led to this graph, he notes the anomaly and
completes his diagnosis.

In applying semiotics to language, literature, myth, and kinship one may
conclude with many modern critics that these structures are human crea-
tions and that any attempt to find an objective reality at the heart of the
labyrinth of signs is an exercise in futility. It is like unrolling a ball of string.
The string is a sequence of signs, all of which signify other signs by conven-
tions assigned to them. At the end of the string one hopes to find the object
that is being signified, but when one comes to the end of the string there is
nothing. It is string all the way down, and the ball is gone.

The argument that our world is of our own construction raises the ques-
tion “Does a recording instrument write its own signs, or does it write only
what the operator tells it to write?” When I write a letter I use an instru-
ment—a pen. The pen lays the ink on the paper, but we say that I am doing
the writing. A draftsman uses a pair of compasses to inscribe a circle of a
particular radius. The instrument allows the draftsman to draw a more per-
fect circle than he could otherwise draw. The instrument adds something to
the sign, but the draftsman knows that it is circles that he wants. He has
circles “in mind,” and therefore it is he who draws the circles. If one seeks
the objects signified by these signs, they are to be found in the mind operat-
ing the instrument. These signs are reflexive in the sense that the instrument
presents the operator with a sign that signifies an object in his mind. The
object being signified and the idea created in the mind by the sign (the “inter-
pretant” in Peirce’s nomenclature) are in the same place. Logical diagrams,
like Peirce’s existential graphs, are also reflexive in that they indicate to the
mind (and to other minds) how the mind works.

Experimental graphs and the instruments that produce them are quite
different. The natural scientist can accept the notion that our experience is
all signs. He can even accept the possibility that the relations between the
object and the sign representing it are largely human conventions, but he
cannot accept the argument that they are all convention. The electrocar-
diograph is a human construction; the theory that allows it to be built is also
a human construction; the concepts that make its graph intelligible are
human constructions; and yet the telltale anomaly in the trace drawn by the
instrument points to an object that is not a human construction. In fact the
purpose of the instrument is to signify that external object as clearly and
unambiguously as possible and to “black-box™ all the man-made structure
in between.

Peirce liked to draw mazes that mirrored the complexity of semiotic sys-
tems. In his drawing of the labyrinth of signs the Minotaur stands at its heart
(see fig. 6.18). The literary critic or cultural anthropologist may conclude
that the Minotaur is another human creation—part of the structure of myth.
But a scientist will argue that if the labyrinth represents the semiotic system
behind an experimental graph, the object that the Minotaur signifies is be-
yond our ability to construct or deconstruct.’
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Library, Harvard University, MS CSP 1537.

THE AESTHETICS OF GRAPHS

The word “graph” became increasingly common as a suffix in the nine-
teenth century as it served to complete the names of more and more record-
ing instruments, such as the kymograph, telegraph, seismograph, phonau-
tograph, phonograph, photograph, and stereograph. After Marey, the
identification of recording instruments and graphs with language became
less obvious, but the association was not entirely lost. For example, German
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philosophers such as Friedrich Nietzsche, Walter Benjamin, and Theodor
Adorno carried the pursuit of graphical “ur-languages” from Chladni and
Ritter into the aesthetics of recorded music. In a 1934 essay entitled “The
Form of the Phonograph Record” Adorno describes the phonograph record
as “covered with curves, a delicately scribbled, utterly illegible writing.”!
The language that is automatically inscribed on the record is a secret one,
decipherable only by another instrument. The lifeless art of the machine
preserves the art that would otherwise die. The justification of the phono-
graph is that it “reestablishes by the very means of reification an age-old,
submerged and yet warranted relationship: that between music and wriz-
ing.”%? For Adorno, the mechanical reproduction of music reverses the pro-
cess of turning signs (the musical score) into music and instead turns music
into language:

This occurs at the price of its immediacy, yet with the hope that, once fixed in this
way, it will some day become readable as the “last remaining universal language
since the construction of the tower,” a language whose determined yet encrypted
expressions are contained in each of its “phrases.” If, however, notes were still the
mere signs for music, then, through the curves of the needle on the phonograph
record, music approaches decisively its true character as writing, Decisively, be-
cause this writing can be recognized as true language to the extent that it relin-
quishes its being as mere signs: inseparably committed to the sound that inhabits
this and no other acoustic groove.”*

The phonograph record has the advantage over the musical score in that it
has written on it a language, not “mere signs.” There is irony in the fact that
the reification of music by machine in a most inhuman manner brings it
“mysteriously closer to the character of writing and language.”** The ma-
chine avoids the trap of semiosis—the “mechanical” assignment of mere
signs to music—and preserves its aesthetic value in a new language. For
Adorno, music and language retain a mysterious connection with the es-
sences of things that is missing in “mere signs.” Although he detests the
“machine age,” Adorno admits that an instrument like the phonograph can
preserve this mysterious connection. There is no doubt about the source of
Adorno’s argument, because he immediately attributes it to Chladni and
Ritter, who first saw the possibility of “inscribing music without it ever
having sounded.”

All of this takes us back to the dilemma of the language projectors of the
seventeenth century. Can words, or signs, or graphs, or instruments, or even
phonograph records get at the essences of things? For the natural philoso-
pher the answer must be a qualified “yes.” We can never know essences in
the sense of Kant’s Ding an sich, but we do believe that our experience is not
all of our own making and that when we use our instruments to interrogate
nature, nature talks back to us; we are not just talking to ourselves.

The graph produced by a recording instrument goes beyond the pure phe-
nomena to reveal, by a sign, relationships within the phenomena. If it does
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not reveal such relationships, we say that the graph does not “signify”—it is
not “significant”—which means (following Peirce’s terminology) that it cre-
ates no interpretant in the mind beyond the pure phenomena that it de-
scribes. If the graph is significant, we can use the relationship that it reveals
to construct theory and sometimes to assign causes.

In creating graphs, instruments almost seem to reason. This is especially
true of computer-constructed graphs that reduce large amounts of informa-
tion and create images far different from our direct experience.’ In the nine-
teenth century Marey had already anthropomorphized even his simple in-
struments: “Patient and exact observers, endowed with more numerous and
more perfect senses than our own, they work by themselves for the edifica-
tion of science; they accumulate documents of an irrecusable fidelity, that
the mind grasps easily, for which the comparison is easy and the memory
durable.”¢

For both Marey and Peirce the graph is a superior scientific language,
because it “speaks” diagrammatically in a way that most closely approxi-
mates the operations of human reasoning. Linguists may contest this claim.
One can never know whether or not instrumental mediation can effect per-
fect correspondences between the signs of things and their essences. To
achieve this would effectively undo the damage wrought at Babel, by re-
capturing the lost primordial language and healing the rift between man and
nature. This is too much to ask from even the entire enterprise of natural
science. Graphical expression does, like any language, depend upon a sys-
tem of conventions in order to function. But this dependence does not reduce
scientific results to mere illusions of meaning. Rather, the reliance effects the
possibility of meaning that could not be gained in any other way. Thus, one
has to concede that the graph has become an indispensable means of reason-
ing and communicating in modern science.



CHAPTER SEVEN

The Giant Eyes of Science: The Stereoscope
and Photographic Depiction in the
Nineteenth Century

In 1838, Sir Charles Wheatstone published his “Contributions to the Physi-
ology of Vision.”! This paper announced his explanation of the significance
of the interocular discrepancy for binocular space perception. Prior to
Wheatstone’s researches, a number of individuals had observed an essential
component of Wheatstone’s innovation: in binocular vision, the two eyes
receive slightly different images.? Kepler and Descartes had surmised that
the muscular sensations arising from the convergence of the eyes in binocu-
lar vision might play a role in measuring the distances of objects.® But
Wheatstone was the first to propose that the sensorium fathoms visual space
by combining the information from a pair of two-dimensional, monocular
pictures. “It being thus established,” Wheatstone wrote, “that the mind per-
ceives an object of three dimensions by means of the two dissimilar pictures
projected by it on the two retinae, the following question occurs: What
would be the visual effect of simultaneously presenting to each eye, instead
of the object itself, its projection on a plane surface as it appears to that
eye?”*

Wheatstone’s paper introduced an instrument that facilitated this test.
The apparatus employed two mirrors mounted in a right angle in order to
present the reflection of one perspectival drawing to each eye, thus creat-
ing a single perception of marked relief (see figs. 7.1 and 7.2). Wheatstone
called his device “a Stereoscope, to indicate its property of representing solid
figures.”’

Since its invention, the stereoscope has served as a tool for the study of
vision. In this capacity, Wheatstone’s investigation of the mental aspect of
depth perception offered a fundamental contribution to experimental psy-
chology, a field that became prominent in American and European uni-
versities in the late nineteenth century.® Yet, despite its crucial role in the
laboratory, the stereoscope is perhaps more immediately recognized as the
consummate Victorian amusement. The stereoscope belonged to the class of
“philosophical toys” such as the kaleidoscope and the zoetrope that pro-
vided entertainment but also illustrated scientific principles.” The stereo-
scope occupied a curious cultural position during the second half of the nine-
teenth century. As Robert Hunt, a British photographic chemist, noted in
1856, “The stereoscope is now seen in every drawing room; philosophers
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Fig. 7.1. Wheatstone’s reflecting stereoscope. Front and top views. From Wheat-
stone, “Contributions to the Physiology of Vision—Part the First. On some Remark-
able, and hitherto Unobserved, Phenomena of Binocular Vision,” Philosophical
Transactions of the Royal Society 128 (1838): 371-394. Courtesy of the University
of Washington Libraries.

talk learnedly upon it, ladies are delighted with its magic representations,
and children play with it.”® The aim of the London Stereoscopic Company,
founded in 1854—<“A stereoscope for every home”—was nearly realized.”
Several years later, an American source claimed that “a home without an
instrument and a collection of views is almost an anomaly.”!® The instru-
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Fig. 7.2. Stereoscopic drawings. From Wheatstone, “Contributions to the Physiology
of Vision—Part the First. On some Remarkable, and hitherto Unobserved, Phenom-
ena of Binocular Vision,” Philosophical Transactions of the Royal Society 128
(1838): 371-394. Courtesy of the University of Washington Libraries.
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ment was discussed in newspapers and magazines, in art journals, and in
scientific treatises. The whole range of society peered through its oculars.

The widespread prominence of the stereoscope creates advantages as well
as difficulties for the historian. Although contemporary discussions of the
instrument are plentiful, one may doubt the seriousness and forthrightness
of some of these accounts. Many of these writings intended to sell stereo-
scopes and to excite curiosity about their dazzling spectacles. Exaggera-
tions of the stereoscopic performance were quite common, and one may
be tempted to dismiss such items as mere puffery. Nevertheless, historians
are challenged to assess this verbiage and to try to use it to learn about the
past. Evaluating the contemporary opinions about the stereoscope becomes
a part of the larger problem of deciphering the hyperbolic rhetoric of nine-
teenth-century popular writing about science. Furthermore, in the case of
the stereoscope and photography, the terminology and argumentation
found in this literature remained surprisingly consistent. Both the “popular”
and the “scientific” judgments of the stereoscope shared a coherent nexus of
ideas about representation, visual physiology, and the philosophy of human
perception.

In the nineteenth century, the tenets of “natural theology” defined the
terms for arguments concerning the machinery of vision, photography, and
stereophotography. This conception exalted the perfect design of the human
sense organs as the basis for a truthful representation of nature. The best-
known work in this tradition is William Paley’s Natural Theology (first edi-
tion 1802), which regarded the eye as the ideal optical instrument, as well as
the supreme piece of evidence that the universe and its inhabitants were de-
liberately designed by God.!!

Many works of the period contained this theme. The argument was re-
stated vigorously in the fifth Bridgewater Treatise, Animal and Vegetable
Physiology Considered with Reference to Natural Theology (1834) by Peter
Mark Roget, later of Thesaurus fame. Roget wrote:

On none of the works of the Creator, which we are permitted to behold, have the
characters of intention been more deeply and legibly engraved than in the organ of
vision, where the relation of every part to the effect intended to be produced is too
evident to be mistaken, and the mode in which they operate is at once placed
within the range of our comprehension. Of all the animal structures, this is, per-
haps, the one which most admits of being brought into close comparison [with]
the works of human art; for the eye is, in truth, a refined optical instrument, the
perfection of which can never be fully appreciated until we have instituted such a
comparison; and the most profound scientific investigations of the anatomy and
physiology of the eye concur in showing that the whole of its structure is most
accurately and skilfully adapted to the physical laws of light, and that all its parts
are finished with that mathematical exactness which the precision of the effect
requires, and which no human effort can ever hope to approach,—far less to
attain.!?
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Although not all writers on visual themes stated natural theological argu-
ments as stridently as Paley or Roget, such a teleological conception of the
human body and its function was held widely in the nineteenth century, and
it provides a crucial piece of the intellectual context required for the histori-
cal estimation of the stereoscope.

In this chapter, stereoscopic photography will be considered as a means of
depiction—a role that cuts across the boundaries of this instrument’s uses as
either a plaything or a tool in the psychological laboratory. As art historians
such as Michael Baxandall have shown, past methods of making pictures
raise an intricate problem in cultural history, one requiring the modern stu-
dent to learn to “read” the various ways that pictures, like texts, can gener-
ate meaning.!® For example, the conventions and devices of quattrocento
painting—the gestures, facial expressions, and pigmentation—that were tac-
itly understood in their own cultural context cannot be understood today
without historical effort. However, the present ubiquity of photographs may
lead one to believe that the photographic process offers an unambiguous
pictorial style—a technique unburdened by intellectual constraints that pro-
vides a perfect mirror of the present, as well as a clear window on the past.
Therefore, the purpose of the present exploration of mid-nineteenth-century
photographic—and especially stereographic—theory and practice is to re-
capture the richness of the cultural and scientific assumptions involved in
this form of picture making.

The central feature of nineteenth-century stereography was its relation-
ship to human binocular vision. Pictorial “realism,” however, had been
based on vision since Alberti’s fifteenth-century articulation of linear per-
spective.'* Svetlana Alpers’s The Art of Describing argues that the style of
picture making illustrated by Kepler’s theory of the retinal image—in which
the eye is treated as a camera obscura—provided the model of scientific de-
piction for Dutch artists in the seventeenth century.!s Artists have also ex-
plored the vicissitudes of this tradition. Baxandall describes how Chardin’s
paintings may have incorporated the subjective visual phenomena investi-
gated by eighteenth-century Lockean writings on perception.!® Explicitly
“impressionistic” works can also appeal to the experience of vision as a
standard.!” The nineteenth-century photographer P. H. Emerson, for exam-
ple, employed soft focus to simulate actual vision.!®

The network of natural theological presuppositions, which informed
both popular and scientific accounts of the stereoscope, established the
human eyes as the ideal instrumentation for visual representation. This led
photographers, scientists, journalists, and art critics to evaluate the appara-
tus of stereoscopic depiction as a substitute for the innate fidelity of the eyes.
Nineteenth-century writers also debated the merits of using this instrumen-
tation to surpass the capacity of the human eyes. This discourse embodied
contemporary attitudes toward the role of instruments in science and their
value as a means of studying nature.



THE GIANT EYES OF SCIENCE 153
Tae HUMAN MODEL OF REPRESENTATION

The tremendous popularity of the stereoscope would have been impossible
without the aid of photography. The advent of stereoscopic double photo-
graphs, called “stereographs,” dramatically extended the range of stereo-
scopic subjects. These had previously been limited to simple drawings, like
those contained in Wheatstone’s paper. Living in an age when photographic
images are ever-present, the modern observer can scarcely appreciate the
amazement produced by the first photographs. This new medium created
permanent images by a purely mechanical process whose detail and accu-
racy surpassed any effort of art. Daguerre’s camera successfully froze reality
on its chemically sensitized plates in 1839—the year after Wheatstone intro-
duced the stereoscope. Another photographic pioneer, William Henry Fox
Talbot, invented the calotype technique in 1840 and demonstrated the pro-
cess in his book The Pencil of Nature (1844-1846). This title echoed the
contemporary attitude that photography was nature revealing herself at hu-
manity’s behest.!” Stereoscopic photographs shared this fidelity, but they
added the sensation of depth and solidity.

Soon after Daguerre’s announcement, Wheatstone considered the possi-
bility of photographic stereoscopic pictures. He called on Talbot and his
associate, Henry Collen, to produce some stereoscopic calotypes for the ste-
reoscope. The difficulty involved in aligning photographs in Wheatstone’s
cumbersome mirror arrangement, along with the cost of the instrument, di-
minished any chance of popular interest in the reflecting stereoscope.?’ But
in 1849, the Scottish natural philosopher and steadfast opponent of the
wave theory of light Sir David Brewster came up with a convenient and
inexpensive lenticular stereoscope (see fig. 7.3).2! George Lowden of Dundee
constructed several models based on this design for Brewster. After a dis-
agreement with Lowden—a common event in many of Brewster’s profes-
sional relationships—he unsuccessfully searched for another British manu-
facturer. During the spring of 1850, Brewster took one of Lowden’s models
with him to Paris, where he showed the device to the opticians Frangois
Soleil and Jules Duboscq. Within a short time, they began producing Brew-
ster’s stereoscope and accompanying stereoscopic daguerreotypes.?

The Soleil-Duboscq version of Brewster’s lenticular stereoscope created a
sensation at that celebration of Victorian progress, London’s Great Exhibi-
tion of 1851. Queen Victoria herself praised Brewster’s work, and the craze
ensued. An [llustrated London News correspondent at the Crystal Palace
marveled at the utter precision of the stereoscopic productions and contem-
plated their value for the artistic field.

We may have in future galleries of portraits no fictions of painters, but the people
as they were—not flat and framed, and hung along the walls, nor in cold marble,
but round and real as they looked in life: and so with buildings and scenery, we
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Fig. 7.3. Brewster’s lenticular stereoscope. From Brewster, The Stereoscope, p. 67.
Personal copy.

may have, at a cheap rate, our hall of antiquities—Pompeii as it is, Ninevah as
Layard sees it—scenery in foreign lands, in our own, in all the minuteness, gran-
deur, and beauty of nature. Neither Claude nor Turner could have given any more
than half such physical or aerial perspective. The artist may carry in his stereo-
scope the immortal works of the genius-inspiring masters of every age and coun-
try, and wherever the highest living beauty is to be found he may have in an instant
his models, subject to no errors of his pencil, but in the full rich roundness of
reality.??

One day, the accurate sunbeam might replace clumsy human fingers and
re-create its subjects in their natural solidity and depth.

The first glimpse through the stereoscope lenses startled many viewers.
The twin pictures did not produce the sensation of staring into a box but
rather the feeling of actually witnessing the captured spectacle. “The stereo-
scopic view of a city shows not a mere drawing; the real city itself seems
presented to the sight. So, too, with the portrait: the flat outline disappears,
and the living subject seems to stand before the eye.”?* Stereographs, drawn
through the aid of the mathematically precise camera lens, by the “unerring
hand of Nature,” could neither add to nor detract from the visible scene.?®

But so long as mere drawings by hand were used, it might be held that the effect,
however wonderful, was but some trick of art by which the senses were cheated.
But the Daguerréotype admits of no trick: the silvered plate has neither line, nor
light, nor shade, but such as the sun gives it: the two plates in the two cameras
stand truly for the two eyes, and receive each just such picture, no more, no less,
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Fig. 7.4. Holmes’s handheld stereoscope. From “The ‘Holmes’ Stereoscope,” Phila-
delphia Photographer 6 (1869): 24. Courtesy of the University of Washington
Libraries.

as each eye receives. There is, therefore, no further room for doubt as to the need
for two eyes: we have taken by the Daguerréotype the very picture from each, and

have made them tell their secret. Our double vision is but perfect vision.?

Based on sturdy Victorian scientific principles, the stereoscope re-created
three-dimensional perception with perfect fidelity.

In the United States, the author and physician Oliver Wendell Hol