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Aim: to study the relationship between Kepler’s efforts to
improve astronomical observation and the manner in which he
theorizes about the functioning of the eye

Certain modern commentators have drawn negative
epistemological consequences from his theory of vision. It is
alleged that by treating the eye like an instrument no different
in essence from an artificial one, Kepler introduced anxiety about
the certainty of our perceptions.







The Naturalist Interpretation: In contrast with the tradition that preceded
him, Kepler was responsible for naturalizing vision, in the sense of purging
the theory of vision of any essential role for human agency.
My goal is not to refute this interpretation, but to suggest a different one
that accentuates a more positive epistemological moral.

A “Metrological” Interpretation: Kepler subordinates his theorizing about
vision to the requirements of accurate measurement, which does retain a
role for human agency.
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The Perspectivists

Ibn Al-Haytham (965-1040/41)
 Roger Bacon (ca. 1214-1292)
 John Pecham (ca. 1230-1292)
 Witelo (ca. 1230-after 1280)
Kepler’s Optics has the partial Latin title Ad Vitellionem


Paralipomena (Supplement to Witelo)

The Perspectivists

Kepler’s account
of vision

Kepler’s account of vision

The Perspectivists on Eyeglasses






Key mechanism for sight: the passage of the visual spirit from the brain to
the lens
Unless the eye was physically damaged, loss of visual acuity was explained
by insufficient flow of visual spirit to the lens
Convex lenses thought to compensate for myopia by making objects appear
larger and closer than they really are




Hence the effect of eyeglasses was explained as a
form of deception rather than correction
Problem: concave lenses correct myopia, but
diminish rather than magnify the image

Kepler on Eyeglasses






The eye is nothing more than an optical system. Therefore loss of visual
acuity must be explained by a deformation of the organization of its material
parts

Eyeglasses correct rather than deceive by compensating for the deformation
Presbyopia and myopia explained as caused by late (presbyopia) or
premature (myopia) focusing of light vis-à-vis the retina due to structural
deformations





Convex lenses correct presbyopia by bringing the
focus forward to the retina

Concave lenses correct myopia by driving the
focus back to the retina
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The Naturalist Intepretation




“in the 17th century the human observer gradually disappears from optical
treatises … the observer disappears from optics because of the evolving
understanding of the eye as a natural, material optical instrument. It is the
naturalization of the eye that begets the estrangement of the human
observer from nature. The naturalized eye no longer furnishes the observer
with genuine re-presentations of visible objects. It is merely a screen, on
which rests a blurry array of light stains, the effect of a purely causal
process, devoid of any epistemological signification.”
—Gal & Chen-Morris, Baroque Science, 2013
“By disjoining the physics of light from the psychology of sight, both
domains subject to wholly different laws, Kepler brought the problem of
correspondence into stark relief. How can we be sure that our internal
impressions of external objects match them in a meaningful way? Kepler’s
model of retinal imaging destroys all hope of establishing such certainty
because physical cause and perceptual effect are nothing like each other.
—Smith, From Sight to Light, 2015

The Naturalist Intepretation


“Kepler has essentially replied [to the question how the retinal picture is
cognitively processed and interpreted], ‘That’s not my department;’ the
philosophers will have to worry about that. We should recognize, however,
that such disdain is one mark of the New Science of the 17th Century; one
might as well ask Galilei, or, indeed, Newton, for the cause of gravity as to
try to insist that Kepler tell us the nature of visual perception from a human
perspective. …. Both [Kepler and the artists he emulated] are estranged
from the actual having of a visual experience, and as a result of that
estrangement, we find encouraged a visualisation of seeing in which,
paradoxically, the seer is seen as a passive, optical receptacle. The soul,
which in an earlier view actively participated in the seeing of things that are
seen, is now pushed back behind the eye where it resides in severe danger
of absolute eviction.”
—Straker, “The eye made ‘other’: Duerer, Kepler, and the
mechanisation of light and vision”, 1976

The Naturalist Intepretation




“It is impossible to go on studying a science which completely abstracts
from human eyes, and still call it optics: this would be optics also valid for
blind men. What happens in front of the retina is not optics , but just
physics.”
—V. Ronchi, 1963

“It is a fundamental step toward that banishing of man from the great world
of nature and his treatment as an effect of what happens in the latter,
which has been a pretty constant feature of the philosophy of modern
science, but bringing in its train the big metaphysical and especially
epistemological problems of modern philosophy. Till the time of Galileo it
had always been taken for granted that man and nature were both integral
parts of a larger whole, in which man’s place was the more fundamental
—Burtt, 1932, The Metaphysical Foundations of Modern

Physical Science







Gal & Chen-Morris claim that Kepler’s account of vision comes at a “steep
epistemological price:” “ if the instrument is not prone to error more than
the eye, it is immediately implied that the eye is as vulnerable to error as
the instrument.”

“In the Aristotelian paradigm, errors are created by the intervention of the
human imagination; the visual data are indubitable. With the new optics,
the doubt is directed at the very images perceived … errors follow ‘from the
very structure of vision’ [Kepler]. The ‘illumination’ of optics and the
naturalization of vision warded off the epistemological challenge to
astronomy only to have a deeper, more fundamental doubt emerge.”
“instead of guaranteeing the veridicality of our visual knowledge in general,
[Kepler’s optics] aims at supporting the empirical underpinning of his new
astronomy, and of long-distance instrumental observation in particular. More
crucially, it fulfills this immediate task at the expense of the general
epistemological assuredness provided by traditional optics.”
—Gal & Chen-Morris, Baroque Science, 2013
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What “Error”?








There are different kinds of error that can affect observation, depending on
the kind of observation.
Ordinary visual observation can be misled, e.g., by hallucination or nonnormative viewing conditions
This is not the kind of error that is usually of concern to scientists
When scientists speak of error, they usually have in mind the kinds of error
that affect measurement. 3 basic kinds:
1. Non-systematic, random measurement error
2. Systematic measurement error
3. “Real” error—true physical deviations from theory

What “Error”?


Thus the distinction between ordinary observation and scientific observation
reveals two general epistemological problems concerning “observation”:
1. How to achieve certainty in our perceptions
2. How to achieve certainty in our measurements







The two problems are not equivalent
Empirically: Many kinds of measurement in science that do not depend on
perception, e.g., those employing artificial detectors, or direct-reading
instruments. In such cases, the role of human perception amounts to
reading processed results
Philosophically: How is this lack of dependence possible?

Characteristics of measurement










An approximate characterization:
i. A physical interaction, which is used to
ii. Selectively represent the entity in terms of the value of some physical
parameter that characterizes the entity
iii. In order to obtain information about the entity

The representation is itself material, generally taking the form of locating
the entity on a scale.
In general, the physical process of interaction with, and representation of,
the entity can be carried out by an instrument as well as a human.
On this view, measurement is inherently “instrumental” or “nonanthropocentric” in that the physical interaction and production of the
representation need not be carried out by a human or involve human
perceptual faculties.
In contrast, ordinary observation is “egocentric,” providing information
relative to the perceiver’s state “here and now”

Measurement and Visual Knowledge





“instead of guaranteeing the veridicality of our visual knowledge in general,
[Kepler’s optics] aims at supporting the empirical underpinning of his new
astronomy, and of long-distance instrumental observation in particular. More
crucially, it fulfills this immediate task at the expense of the general
epistemological assuredness provided by traditional optics.”
—Gal & Chen-Morris, Baroque Science, 2013
But measurement is not related to vision as a particular kind to a more
general category. They belong to different categories of activity:
a) Vision belongs to the category of ordinary sensory observation, which
has its own criteria of certainty and error
b) Measurement is a process of material representation, which has
different criteria of certainty and error
c) Systematic error arises from the contributions of the process to the
result, which may cause the latter to deviate from the true value
d) Certainty can be approached, but only a posteriori, by identifying those
contributions and accounting for the difference they make to the result
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The problem of the Optics






The key epistemological problem for the perspectivists was: how is it that
humans can have perceptions of the world that correspond to the way it
truly is, or in other words how is veridical perception possible?
Kepler’s conceptualization of the eye as an instrument is aimed at a
different problem than veridical perception: how to achieve accurate
measurements by means of vision
If that were the case, then one would expect:
1. That the errors Kepler is interested in are errors specific to
measurement
2. That at least some of the specific sources of error dealt with would be
neutral with respect to differences between theories of vision
3. That certainty is achieved not by an a priori guarantee of
correspondence between the world and our perceptions of it but a
posteriori, by identifying and correcting for sources of error

1. Errors specific to measurement






See “Kepler’s Optical Part of Astronomy (1604): Introducing the Ecliptic
Instrument” (2009, with Y. Zik ), and references therein.
Example: Kepler considers a “theorem” introduced by Aristotle and later
John Pecham: “the ray of the eclipsed sun [is] similarly eclipsed when it is
taken through a small hole.”
Principle underlying measurements of the lunar and solar diameters during
eclipses using the camera obscura.



Kepler criticizes his predecessors for “believing in the theorem without
restriction” or proof.

In his criticism, Kepler
(i)
identifies the method and assumptions underlying astronomers’
observation reports
(ii)
criticizes an improper application of the principle underlying the
measurements
(iii) reveals how the improper application causes the astronomers to ignore an
important respect in which the principle idealizes the process of image
formation by leaving out the contribution of the instrument


Kepler does not question his predecessors on the grounds of honesty,
veridical perception, normative viewing conditions—criteria for assessing
ordinary observation reports

2. Theory neutrality


In the Preface to the Optics, Kepler writes that the optical part of astronomy
arises as a response to the “mediatedness” of the human observer’s
relationship to astronomical objects:

“But because all celestial observation takes place through the mediation of light
or shadow, and because the media between the stars and the eye have a
variety of modifications, and because those things that we observe in the
heavens are either motions (whose kinds include retrogradation, station, and
so on), or arcs (that is, angles at the observer), or luminous bodies; and
because all these are considered in optical science hence arises the third,
optical, part of astronomy.”


the “mediatedness” of the observer’s relationship to astronomical objects
affects both Kepler and the perspectivists. The problems of the apparent
retrograde or stationary motion of the planets, or the interference of the
media between the stars and the eyes, are problems that affect
astronomical observation on any theory of vision





Example: determining the speed of a planet. If motion is eccentric with
respect to the observer, some parts of its orbit will be farther away than
others. Consequently, the planet will appear to pass through unequal arcs in
equal periods of time, and will therefore appear to slow down where the
arcs appear small and speed up where the arcs appear large.

More on relative motion: “there exists no way to grasp motion visually
except by comparison to some things at rest … [For various reasons why we
can be deceived about what is at rest] it follows that even if someone were
to carry us across to the moon … nonetheless the moon is going to appear
to be at rest along with us, while the sun and whatever heavenly bodies are
at the right distance are all going to be thought to be moved with those
motions which were proper to the moon itself alone, in addition to their own
motions. Therefore, the optical writers [esp. Witelo] do not have anything to
produce from their arsenal against Copernicus when he maintained that our
home, the earth moves.”

3. Identifying and correcting For
sources of error






Kepler makes an understanding of the eye central to the task of identifying sources
of observational error: “The occasion of looking into error in vision must be sought in
the formation and functions of the eye itself.”
Treats the organ as an instrument analogous to the camera obscura: “For the pupil
takes the place of the window, the crystalline takes the place of the panel opposite.”

Is not pessimistic about ocular measurement: “I shall explain the deceptions of
vision arising from the construction of the instrument, and shall accommodate them
to astronomical use.”





Kepler explains how the quality of pictures obtained with the camera
obscura can be altered by manipulating the experimental set-up. Various
parameters (e.g., the size of the aperture, the distance of the latter from
the wall on which the picture is projected) can all affect the quality of the
picture.
Kepler derives theoretically that the image of the eclipsed sun in the picture
will be augmented by a penumbra because the shape of the aperture will be
mixed in with the shape of the sun. Without correction for the size of the
aperture, then, the calculation of the apparent diameters of the sun and
moon will systematically overestimate the diameter of the sun and
underestimate the diameter of the moon (relative to the apparent diameters
in the sky)





Kepler demonstrates that knowing how the eye works is also useful for
identifying and even correcting observations

The effect of the position of the eye upon the accuracy of angular
measurements between pairs of stars, the apparent enlargement of bright
objects, the dependence of lunar diameter measurements on the quality of
observers’ vision, the multiplication of images among the near-sighted, the
obscuring of nearby objects by brighter neighbors, all explained in terms of
deformations of the eyes.

Example: Measuring the angle between a pair of
stars from the point at which the observer is
located.
 An accurate measurement requires that the
point at which the lines connecting each star to
the observer be correctly located.
 If one were to locate it at the point of contact
between the eye and the instrument one would
introduce a systematic error into the
measurement and obtain too large an angle.
 The straight lines from each star to the
corresponding points on the retina will intersect
at the center of the eye, not the point of
contact.
 Kepler discusses attempts by Archimedes,
Brahe and others to correct the error.
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Accentuating the Positive
1.

The Naturalist Interpretation focuses on the uncertainty introduced by
evacuating human agency from the process of ocular image-formation

2.

On the Metrological Interpretation, the instrumentalization of the eye
“merely” amounts to a recognition of the non-anthropocentric nature of the
physical process of measurement, which mediates human informationgathering

3.

This recognition is epistemically empowering, insofar as it shifts the focus
of research onto the identification and correction of sources of error, thus
leading to progress.

4.

My interpretation of the Optics is that Kepler’s instrumentalization of the
eye on the one hand, and his awareness of experimental error on the
other, are related and non-accidental: both stem from the nature of
measurement.

Accentuating the Positive
5.

So while Kepler’s theory of ocular image-formation may have provided
grounds for epistemic anxiety concerning ordinary observation, it provides
grounds for epistemic optimism concerning measurements employing the
eye.

Pensez printemps, mes amis !

geb43@pitt.edu
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Back-up

Kepler on eclipse measurements
“… they [Aristotle and Pecham] afforded Reinhold, Gemma, and my teacher Maestlin,
the opportunity to apply the theorem to a use that is no less noble [than explaining the
shape of light rays cast through small holes]. For these authors I have named had
taught astronomers how to use a compass to measure (dimetiri) the magnitudes of
solar eclipses, the ratios of the diameters of the sun and moon, and the inclinations to
the vertical of the circle drawn through the centers of the luminaries, avoiding the
inadequacy of the eyes, and avoiding the error which generally occurs in a bare
estimation. And so, from that time, however many solar eclipses were documented by
eminent mathematicians, it is likely that they were observed (obseruatas) in the way
just now described …
It is indeed well worth while here to see how much detriment would result
from the ignorance of the proof of this theorem. For since it escaped a number of
authors, the result was that in believing in the theorem without restrictions they fell
into a large error. For however many eclipses were observed in this way, they all had
come out much greater in the sky than it appeared in the ray: all showed a much
greater lunar diameter in the sky than in the ray. Hence it is that that Phoenix of
astronomers, Tycho Brahe, in his wonder, was driven to such straits as to pronounce
that the lunar diameter is always a fifth part smaller in conjunctions than it appears to
be in oppositions, even though it is the same distance from us in both instances …
It is my hope in these pages to remove these considerable difficulties, which
wall off our entry to the prediction of eclipses and to an exact reconstruction of the
moon’s motion, by a straightforward demonstration of the theorem, and by laying bare
the sources of the errors which displayed themselves for me to examine through a
careful consideration of the solar eclipse that occurred in 1600”

