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BOOK ONE OF ALHACEN'S
DE ASPECTIBUS

Topical Synopsis

CHAPTER 1: That Light Affects Sight ...........................

[4.1-4.7] The creation of afterimages by bright light and color shows
that light and illuminated color affect sight.

CHAPTERS 2-5: How Light Affects Visual Perception ..............

[4.8-4.17] Bright light interferes with proper visual perception. [4.18-
4.19] Dim light interferes with proper visual perception. [4.20-4.26]
Perception of colors depends upon quality of light shining upon
them. [4.27-4.28] All visual perception therefore depends upon light
and its quality.

CHAPTER 6: The Physical Structure oftheEye ....................

[5.1-5.3] Origin of optic system in the brain; connection through hol-
low optic nerves. [5.4-5.5] Description of sclera. [5.6] Description of
uvea. [5.7] Description of pupil. [5.8] Description of cornea. [5.9-
5.11] Description of glacial sphere; division according to glacial and
vitreous humors. [5.12-5.13] Succession of albugineous, glacial, and
vitreous humors, all transparent. [5.14] Origins of visual spirit. [5.15-
5.17] Eye as a whole constructed to rotate within eyesocket. [5.18-
19] Cornea concentric with eye as a whole and intersects uveal sphere
toward its front. [5.20] Center of uveal sphere anterior to center of
eye as a whole. [5.21-5.23] Visual axis passes through both
centerpoints and through middle of hollow optic nerve. [5.24-5-30]
Anterior surface of glacial sphere concentric with surface of the cor-
nea and thus with eyeball; visual axis therefore passes through eye’s
centerpoint. [5.31-5.36] None of the component parts of eye moves
with motijon of the eye. [5.37] Both eyes symmetrically disposed
with respect to one another. [5.38] Attachment of eyes within the
eyesockets along with lids and lashes. [5.39] Concluding statement.
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CHAPTER 7: The Selection of VisualImages ......................

[6.1-6.6] Forms of light radiate commingled in all possible directions
through transparent media to affect sight; nature of transparency is
to accept and transmit such forms. [6.7-6.12] Problem: Since each
and every point on visible object’s surface radiates its form to each
and every point on eye’s surface, then how does the eye get a dis-
tinct, coherent impression of individual objects? [6.13-6.23} Resolu-
tion: Anterior surface of glacialis—i.e., lens—accepts only forms
reaching it orthogonally. [6.24] Justification in fact that perpendicu-
lar effects are naturally stronger than oblique ones. [6.25-6.26] Con-
sequent formation of cone of radiation, its vertex at the center of the
eye, its base in the object-surface. [6.17-6.32] Point-by-point image
formed where cone of radiation cuts anterior surface of glacialis will
therefore be in perfect correspondence to object-surface generating
it. [6.33-6.39] If those images were formed by oblique rays, they
would be inverted and reversed after refraction at the corneal sur-
face. [6.40-6.42] Consequently, anterior surface of glacialis must share
centerpoint with eyeball. [6.43-6.44] Such privileging of perpendicu-
lar rays has counterparts in other natural phenomena, such as free-
fall. [6.44-6.46] Summary of salient points. [6.47-6.50] Further justi-
fication for previously described model of image-selections. [6.51-
6.58] Arguments in favor of intromissionism and against visual ray
model. [6.59-6.61] Although imaginary, rays provide a crucial ana-
lytic device and a means of reconciling the approaches of mathema-
ticians (visual-ray theorists) and natural philosophers (intro-
missionists). [6.62-6.64] Recapitulation of salient points. [6.65-6.68]
Reception of radiated forms by glacialis is not merely physical, it is
also sensitive; hence, glacialis feels impingement of perpendicular
forms as a low-level pain that is passed through the visual spirit
pervading hollow optic nerve to the final sensor. [6.69-6.74] In bin-
ocular vision image-fusion occurs at the optic chiasma where final
sensor apprehends it; under normal circumstances, final sensor per-
ceives one rather than two images. [6.75-6.76] Inductive demon-
stration that visual sensation is conveyed through optic nerves. [6.77]
Images appear double because of improper fusion at optic chiasma.
[6.80-6.81] Final sensor senses not only the initial pain of visual im-
pression on the glacialis’ surface, but also the color-effect of that im-
pression. [6.82-6.89] Radiated forms of light and color do not mingle
or interfere with one another in air or other transparent bodies. [6.90-
6.94] Glacialis not actually tinged by the impinging light- and color-
forms, so it is not physically altered by them. [6.95-6.115] How vi-
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sual perception of a given object’s color and luminosity is affected
by intensity of light and color shining upon it and also depends upon
quality of ambient light or color. [6.116] Concluding statement.

CHAPTER 8: The Functional Structure of theEye .................

[7.1-7.2] Protective function of cornea. [7.3] Protective function of
albugineous humor. [7.4] Shading effect of uveal tunic. [7.5] Func-
tional characteristics of glacial humor. [7.6] Protective function of
aranea enclosing glacial humor. [7.7-7.8] Functional design of optic
nerves. [7.9-7.10] Functional reasons for doubling of eyes. [7.11-
7.13] Reasons for sphericity of eye and its component tunics. [7.14]
Protective function of sclera. [7.15] Roundness of eye conduces to
its mobility. [7.16-7.17] Protective function of eyelids and eyelashes.
[7.18] Concluding statement.

CHAPTER 9: The Preconditions of Sight . .........................

[8.1-8.2] Introductory summary. [8..3-8.5] On the need for physical
separation between eye and object. [8.6] On the need for light. [8.7]
On the need for the visible object to be of perceptible size. [8.8] On
the need for a continuous transparent medium between eye and
object. [8.9] On the need for opacity in the visible object. [8.10]
Opacity as color [8.11] Concluding statement.
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[BOOK ONE]

[CHAPTER 1]

[4.1] We find that when our sight fixes upon very strong light-sources it
will suffer intense pain and impairment from them, for when an observer
looks at the body of the sun, he cannot do so properly because his vision
will suffer from its light. By the same token, when he looks at a polished
mirror flooded with sunlight, and his eye is placed at the spot to which the
light from that mirror is reflected,? his vision will also suffer from the re-
flected light reaching his eye from the mirror, and he cannot open his eye to
look at that light.’

[4.2] Furthermore, we find that when an observer stares at a pure white
body illuminated by sunlight, and keeps staring for awhile, then shifts his
focus from it to a dark, dimly lit location, he can scarcely make out the
visible objects at that location. Instead, it will seem to him as if there were a
screen between himself and them. Then, after awhile his vision will clear
up and return to its normal state. So too, when an observer looks at a strong
fire and continues to stare at it for a long time, if he then shifts his focus to a
dark, dimly lit location, he will experience the same visual effect.

[4.3] We also find that, when an observer looks at a pure white body
illuminated by intense daylight, even though there may be no [direct] sun-
light, if he continues to look at that body for awhile and then shifts his focus
to a dark location, he will see the form of its light, along with its shape, in
that dark location. If he then closes his eyes and stares for a time, he will see
the form of that light in his eye. In time this effect will wear off, and his
vision will return to its normal state. The same thing will happen to his
vision when he stares at an object illuminated by sunlight.*

[4.4] Likewise, if he looks at a bright white body illuminated by strong
firelight and continues to stare at it, then refocuses on a dark location, he
will experience the same visual effect. So too, when an observer is in a
room with a large window open to the sky and continues to stare out at the
sky during daylight, then shifts his focus to a dark spot in the room, he will
see the form of the light that he perceived through the window along with
the shape of the window in that dark spot. And if he closes his eye, he will
also see that form in it.
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344 ALHACEN'’S DE ASPECTIBUS

[4.5] All of these occurrences therefore indicate that light may affect vi-
sion in some way.

[4.6] And we also find that when an observer looks at a thickly planted
garden illuminated by sunlight and continues to stare at it, then shifts his
focus to a dark location, he will see the form of that light tinged by the green
of those plants in that dark location. Afterward, under the same circum-
stances, if he stares at white objects lying in shadow or in a weakly illumi-
nated location, he will see those colors mixed with green. And if he closes
his eye and stares, he will see the form of the light as well as the form of
green in his eye.® In time this effect will clear up and disappear. Likewise,
if he looks at an object that is colored azure or red or any other bright hue
illuminated by sunlight and continues to stare at it, then shifts his focus to
white objects lying in a dimly lit location, he will find their colors mixed
with the original hue.

[4.7] These instances therefore indicate that illuminated colors may af-
fect vision.

[CHAPTER 2]°

[4.8] In addition, we see the stars at night but do not see them in day-
light; and the only difference between the two times is that the intervening
air between our eyes and the sky is illuminated during the day and dark at
night. Hence, while the air is dark, we see the stars; but when the interven-
ing air between our eyes and the stars is illuminated, the stars will be invis-
ible to us.”

[4.9] Likewise, suppose that an observer looks during the night toward
alocation illuminated by the light of a fire and that the firelight shines upon
the ground; suppose also that there are tiny objects or objects with subtle®
features in that location and that they lie in shadow that is not too intense;
and suppose that the fire is not interposed between the observer’s eyes and
those objects and, accordingly, that the observer makes those objects out as
well as the subtle features possessed by them. Let him then move from his
[original] position until the fire is situated between his eyes and those ob-
jects. In that case, neither the objects [themselves], if they are tiny, nor the
subtle features possessed by them will be visible to him, and he will scarcely
make them out when the fire lies between his eyes and those objects. If,
however, the fire is screened from his line-of-sight, he will immediately make
out those objects that had been invisible to him; but if the screen between
his eyes and the fire is lifted, those objects will again be invisible to him.

[4.10] These situations therefore indicate that intense lights that shine
upon the eyes and upon the air lying between the eyes and the visible ob-
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ject prevent the sight from making out certain objects that are dimly illumi-
nated.

[4.11] Furthermore, when an observer looks at a polished body on which
there are subtle engravings that are not of a different color but rather of the
same color as the body, and when the observer is in a moderately lit place,
and this place faces the sun or some walls that are illuminated by intense
light, then, when that object faces the sky or the illuminated wall, some
light will be reflected from it to the eye, and the observer will find the light
that appears on the body’s surface, as well as at the spot where the light
reflects, to be quite intense and brilliant. Moreover, if the observer looks at
that polished body under these circumstances, he will see none of the en-
gravings in it where the intense, brilliant light is. Afterward, if the observer
inclines that body away from the [original] location so that the reflection
takes place to another spot outside the location of his eyes, and if in this
case a moderate light shines upon that body, then the observer will make
out the engravings in it that he had not made out when the light was re-
flected from the body to his eyes.

[4.12] By the same token, when light reflects to the eyes from a smooth
page with subtle tracings on it, sight will not discern those tracings, nor will
it perceive them distinctly as long as the light is reflected from that page to
the eyes. But if the surface of the page is slanted so that its position is changed
and the light no longer reflects from it to the eyes, then the visual faculty
will make out those tracings and will perceive them distinctly.’

[4.13] Likewise, when there is a low fire in a dimly lit place, it will be
visible and will be made out by sight, but when it lies in sunlight, the object
that is on fire will appear as a solid body that is colored with a very bright
hue.

[4.14] And if a bright white body is placed next to that [burning] body,
and if that [white] body lies in shadow or is dimly illuminated, the color of
the [burning] body will appear on it, as we discussed earlier.”® Then, if that
white body is brought out into sunlight, the color that shines upon it will
disappear, but if it is brought back into the shadow, that color will appear
shining upon it. And if the white body lies in strong light so that the [color
of the other] body no longer appears upon it, but if that [white] body is
shaded by a solid body and remains in place while the light that shines
upon it is attenuated, the color that shines upon it will [reJappear. And if
the shading body is removed so that the light shining upon the white body
intensifies, the color shining on it will disappear.

[4.15] Likewise, when we bring a brightly colored, transparent body
next to a roaring fire and place a white cloth in the shadow of that body, the
color of that transparent body will shine upon that cloth, as we pointed out
earlier.”! Then, if we bring another fire next to that cloth so that its light
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shines upon that cloth, the color that appeared upon the cloth will disap-
pear, and only the white of the cloth will be seen. But if we remove that
second fire, the color will [re]appear upon the cloth.

[4.16] Also, certain marine animals have shells or membranes that will
appear incandescent when they are in a dark location without light; but if
an observer looks at them in daylight or in firelight, he will perceive them
but will see no light or fire in them. By the same token, when the animal
that is called a “firefly” flits about at night, it looks like a lamp, but when an
observer examines it in daylight or in firelight, the animal will appear with-
out fire'?

[4.17] Accordingly, all of the situations that we have detailed indicate
that intensely luminous objects sometimes occlude features possessed by
various visible objects, whereas feeble illumination sometimes reveals cer-
tain features possessed by various visible objects.

[CHAPTER 3]

[4.18] Oftentimes several characteristics of subtle tracings or tiny writ-
ing are invisible to sight when they are in dimly lit or dark locations, whereas,
when they are brought out into intensely illuminated locations or are placed
in sunlight, those features of theirs that were invisible in the dark or in feeble
light will appear. Likewise, sight is incapable of making out subtle tracings
in dark places or in feeble light; but when they are brought out into strong
light, they are made out by sight.

[4.19] It is therefore shown by this example that strong light reveals many
features of visible objects and that feeble light occludes many visible fea-
tures.”

[CHAPTER 4]

[4.20] Furthermore, we find that many solid bodies that are tinged with
such bright colors as azure, wine-red, or sky-blue appear of a dull color
when they are in dark or dimly lit locations.!* But when they lie in strong
light, their colors will appear bright and clear, and the more intense the
light shining upon them, the brighter and clearer their color will be. And
when any of these bodies is placed in a dark location with very little light,
that body will appear dark, sight will not discern its color, and it will ap-
pear black. But when it is brought out into intensely illuminated locations,
its color will appear and will be discerned by sight.

[4.21] We also find that, when strong light shines upon bodies whose
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colors are dull, their colors brighten; and we also find that when strong
light shines upon solid white bodies, their whiteness and brightness will be
sensibly increased.

[4.22] So too we find that, when intensely colored transparent objects,
such as robust wines of deep redness that are in transparent vessels, are in
dark or dimly lit locations, they will appear black and dark, as if they were
not transparent. But when they are in strong light or flooded by sunlight,
their colors will brighten, and their transparency will become apparent.

[4.23] Likewise, when transparent colored stones are in dark locations,
their colors will appear dull and dark; but when intense light shines upon
them, or when they are placed against a light-source so that its light shines
through them, their colors will appear bright, and their transparency will
be revealed by the passage of light [through them)].

[4.24] Furthermore, when colored transparent objects are put against
the light and a white object is placed [facing them] on the side opposite the
light, then, as we described it above,” if the light is intense, the form of that
color will appear in the shadow cast upon the facing white object. But if the
light shining on the transparent object is feeble, only its shadow, not its
color, will appear on the facing white object.

[4.25] In addition, we find that peacock feathers and the cloth called
“amilialmon”* vary in color according to sight at different times of the day,
depending on how the light shines upon them.

[4.26] These phenomena involving color therefore indicate that the way
the colors of tinted bodies are perceived by sight depends entirely upon the
light that shines upon them."”

[CHAPTER 5]

[4.27] And since strong light [shining] from visible objects at times oc-
cludes certain features possessed by some visible entities and at times re-
veals certain features possessed by some visible entities, and since feeble
light [shining] from visible objects at times reveals certain features possessed
by some visible entities and at times occludes certain features possessed by
some visible entities, and since the colors of tinted objects are sometimes
altered by variation in the light that shines upon them, and since strong
light shining upon the eye sometimes prevents sight from making out cer-
tain visible objects, and since in all these instances sight nonetheless per-
ceives nothing about visible objects unless they are illuminated, the form of
the visible object that sight perceives depends entirely upon the light pos-
sessed by that visible object, as well as upon the light that shines upon the
eyes when that visible object is perceived, and upon [the light that illumi-
nates] the aerial medium between the eyes and the visible object.
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[4.28] Why, however, strong light prevents sight from perceiving cer-
tain visible objects will be shown by us when we discuss the way in which
vision is carried out.™

[CHAPTER 6]*

[5.1] The eye is in fact composed of various membranes and bodies, and
its origin and wellspring lie at the front of the brain.

[5.2] For two matching hollow® nerves emerge from the front [of the
brain], each arising from a spot on one of the two sides of the anterior part
of the brain. And it is said that each of them has tunics and that they both
arise from the two membranes of the brain and reach the middle of the
outer surface of the front of the brain. They then intersect and form a single
hollow nerve, after which this nerve splits, and they again form two match-
ing and equal hollow nerves. Finally, these two nerves continue until they
reach both cavities of the two eyesockets that contain the eyeballs.”

[5.3] In the center of both of these eyesockets lie two openings of equal
size, each one similarly disposed in relation to the common nerve. The
[two] nerves therefore pass through these two openings and come out into
the cavity of the two eye sockets where they expand and enlarge, and the
endpoint of each of them forms something like the utensil used for pouring
wine into jars. And each eye is attached to this endpoint on the nerve, which
is like a funnel—i.e., the aforementioned utensil—and it forms a whole with
it; and the location of each eye is the same in relation to the common nerve.

[5.4] And each eye as a whole is composed of several tunics.

[5.5] Accordingly, the first of these tunics is a white fat that fills the cav-
ity of the bone, and it forms the majority of the eye and is called the sclera.??

[5.6] And inside this [outer tunic of] fat is a round, concave sphere that
is generally black, but green® or grey in some eyes, and the body of this
sphere is thin yet nonetheless solid rather than loosely textured. And its
outer surface is attached to the sclera, while its inner surface is concave;
and on its concave side there is a sort of roughness. The sclera surrounds
all but the anterior part of this sphere, for the sclera does not cover the front
of this sphere but encircles it. And this tunic is called the uvea because it is
similar to the [skin of] a grape.

[5.7] In the center of the anterior surface of the uvea is a round opening
that passes into its hollow, and it lies opposite the end of the hollow of the
nerve to which the eye is attached.”

[5.8] This opening and the entire front part of the uvea that the sclera
encircles are covered over by a tough, white, transparent tunic called the
cornea, because it is like white, clear horn.
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[5.9] Toward the front of the uvea’s cavity lies a small, white, moist sphere
that retains moisture, and, instead of a [perfectly] clear transparency it has
some consistency. Its transparency, moreover, is like the transparency of
ice, and therefore it is called the glacialis; and it takes this name because its
transparency is like that of ice.”* It is attached to the endpoint of the hollow
[optic] nerve, and in the anterior part of this sphere there is a slight flatten-
ing of the surface, and it is like the flattening of the surface of a lentil. Thus,
its anterior surface is a section of the surface of a sphere that is larger than
the spherical surface containing its two openings, and its flattened section
faces the opening that lies at the front of the uvea, and it is equally situated
with respect to it.”

[5.10] This humor is divided into two parts of different transparency:
one of them toward the front and the other toward the back. The transpar-
ency of its rear part is like that of ground glass,” and this part is called the
vitreous humor. The two parts together are surrounded by an extremely
fine membrane called the aranea, because it is like a spider’s web in texture.

[5.11] Furthermore, toward the front of the uvea’s hollow there is said to
be a round opening, and it lies upon the endpoint of the hollow of the nerve.
The glacialis is affixed in this opening, and the circumference of this open-
ing (which is formed by the extremity of the nerve) encompasses the mid-
point of the sphere of the glacialis; and the uvea is conjoined with the glacialis
by the circle forming this opening. And it is said that the uvea arises from
the inner tunic of the two tunics forming both hollow [optic] nerves and
that the cornea arises from the outer tunic of the two tunics forming this
nerve.”

[5.12] A serous, white, clear, transparent humor fills the hollow of the
uvea, and it is called the albugineous humor because it is like the white of
an egg in its fluidity, whiteness, and transparency. And this humor fills the
hollow of the uvea, and it is contiguous with the front surface of the glacialis,
and it fills the opening in the front of the uvea, and it is contiguous with the
concave surface of the cornea.®

[5.13] Now the sphere of the glacialis is affixed to the hollow of the [op-
tic] nerve, and it is succeeded within that hollow by the vitreous humor.
Thus, the cornea, the albugineous humor, the glacial humor, and the vitre-
ous [humor] will lie one behind the other in that order, and all these tunics
[and humors] are transparent. And the opening in the front of the uvea lies
directly opposite the opening of the hollow of the [optic] nerve. Hence,
between the surface of the cornea and the opening at the front of the hollow
of the [optic] nerve there will be many straight-line connections since [all
the intervening tunics and humors] are transparent and contiguous.*

[5.14] And it is said that visual spirit emanates from the front of the
brain and fills the two hollows of the two nerves that are first joined with
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the brain; and this spirit extends to the common nerve, fills its hollow, and
continues to the two secondary hollow nerves. It then fills them and con-
tinues to the glacialis to endow it with the power of seeing.*

[5.15] Between the circumference of the glacialis that is connected to the
uvea and the opening in the hollow of the eye socket from which the nerve
issues there is some space, and the nerve fills this space, from the very open-
ing to the circumference of the glacialis as it expands and funnels outward.
The farther from the opening it gets, the more it expands until it reaches the
circumference of the sphere of the glacialis, and it is affixed to its circumfer-
ence.

[5.16] The body of the sclera encompasses this expanded portion of the
nerve, and it encompasses the uveal sphere, but the uveal sphere lies in
front of the midpoint of the sclera toward the [front] surface of the eye. The
body of the sclera is joined with the uveal sphere as well as with the end-
point of the expanding nerve and keeps it fixed in place. Hence, when the
eye moves, it will move as a whole. And thus the nerve to which the eye is
affixed will follow its movement and will flex at the opening in the hollow
of the eye socket, because the hollow of the eye socket contains the entire
eyeball, and the eyeball moves as a whole within this hollow.®

[5.17] The sclera is also connected to the part of the nerve that lies to-
ward the front [of the eye] as well as to the rest of the tunics, so it holds
them [all] firmly in place. Thus, the flexing of the nerve with the motion of
the eye occurs only at the back of the eye; so it happens at the opening in the
hollow of the eye socket. Likewise, when the eye is still and the nerve is
flexed, that flexing will occur only at the opening in the hollow of the eye
socket. For the parts of the whole eye do not shift with respect to each other
either when it is in motion or when it is still. Thus, the flexing of the nerve
to which the eye is attached only happens at the opening in the hollow of
the eye socket, whether the eye is moving or is still.

[5.18] The outer surface of the cornea is spherical and is therefore con-
tinuous with the surface of the entire eye and with the whole eyeball.* The
eye as a whole forms a sphere larger than the uveal sphere, which is one of
its parts. However, the outer surface of the cornea is continuous with the
surface of the entire eye, which is larger than the surface of the uveal sphere.
Its radius is therefore larger than the radius of the uvea.

[5.19] The inner surface of the cornea that is positioned over the open-
ing in the uvea is a concave spherical surface parallel to its outer surface,
for this section of the eye is of equal thickness. The center of this concave
surface is therefore the same as the center of the outer, convex surface, and
this concave surface intersects the surface of the uveal sphere at the circum-
ference of its opening. Therefore its center lies deeper in the eye than the
center of the uvea, for this follows inexorably from the properties of [inter-
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secting] spheres.

[5.20] In addition, since the uveal sphere is not concentric with the sclera
but lies in front toward the outer surface of the eye, and since the outer
surface of the eye forms part of a sphere that is larger than the uvea, the
center of the outer surface [of the eye] will lie deeper in the eye than the
center of the uvea.

[5.21] Moreover, when it is extended, the straight line that connects the
two centerpoints—i.e., the center of the cornea’s [outer or inner] surface
and the center of the uvea—passes through the center of the opening at the
front of the uvea as well as through the midpoints of the two parallel cor-
neal surfaces. For the concave surface of the cornea and the convex surface
of the uvea are intersecting spherical surfaces. Now the line that joins their
centers passes through the center of the circle of intersection, and it will be
perpendicular to its surface, for a line dropped to the center of [such a]
circle and perpendicular to its surface passes through the centers of the two
[intersecting] spheres.®

[5.22] The concave surface of the cornea is contiguous with the surface
of the albugineous humor at the front of the uveal opening, and it covers it.
Thus, the surface of the albugineous humor is also a spherical surface whose
center coincides with the center of the surface that covers it. So the outer
surface of the cornea, as well as its inner surface, and the surface of the
albugineous humor contiguous with the concave surface of the cornea are
parallel spherical surfaces. Moreover, their centers form a common point
that is deeper inside [the eye] than the uvea’s center.

[5.23] When the line passing through the center of the uvea, the center
of the cornea, and the center of the opening at the front of the uvea is ex-
tended rectilinearly, it will pass through the middle of the hollow of the
nerve to which the eye is attached, for the opening at the front of the uvea
lies opposite the opening within the body of the uveal sphere that forms the
extremity of the hollow of the nerve [where its expanded end attaches to
the uveal sphere].

[5.24] The anterior surface of the glacialis is also a spherical surface, and
it intersects the uveal sphere; so its center lies deeper [in the eye] than the
center of the uvea. And the straight line connecting these two centerpoints
passes through the center of the circle of intersection, so it is also perpen-
dicular to it. But the circle of intersection between the surface at the front of
the glacialis and the surface of the uveal sphere forms either the circle de-
fining the boundary between glacialis and uvea or a circle parallel to that
one. For the surface at the front of the glacialis is opposite the opening at
the front of the uvea, and it is uniformly positioned with respect to it. Thus,
the boundary of this surface—which is the circle of intersection between
the two surfaces of the glacialis—is either the circle of attachment itself or a
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circle parallel to that circle.*

[5.25] Accordingly, if the circle of intersection between the two surfaces
of the glacialis is the circle of attachment itself, then this circle forms the
circle of intersection between the anterior surface of the glacialis and the
[inner] surface of the uvea. But if the circle of intersection between the two
surfaces of the glacialis is parallel to the circle of attachment connecting the
sphere of the glacialis and the uvea (which is certainly the case if the attach-
ment occurs at the rear portion of the glacialis), then, if it is imagined to
enlarge beyond its present spherical limits, the anterior surface of the glacialis
will intersect the uveal sphere to form a circle parallel to that circle—i.e.,
the circle of intersection between the two surfaces of the glacialis—on ac-
count of the uniform placement of this circle with respect to the circumfer-
ence of the uveal sphere. And this circle is parallel to the circle of attach-
ment. Hence, the circle of intersection between the front surface of the
glacialis and the uveal sphere will be either the circle of attachment itself or
a circle parallel to it. Accordingly, if this circle is the circle of attachment
itself, then the straight line passing through the center of the anterior [sur-
face] of the glacialis and the center of the uvea will pass through the center
of this circle and will be perpendicular to it, because this circle will be the
circle of intersection between two spherical surfaces. But if this circle is
parallel to the circle of attachment and is parallel to the circle of intersection
between the two surfaces of the glacialis, then it lies on the same spherical
surface as the circle of intersection between the two surfaces of the glacialis—
i.e., the anterior surface of the glacialis—and it is parallel to it. Consequently,
the line that passes through the center of the uveal sphere and the center of
the surface at the front of the glacialis passes through the center of the circle
of attachment in all situations. And it will be perpendicular to that circle
whether the circle of attachment is the [actual] circle of intersection between
the front surface of the glacialis and the uveal sphere or whether it is paral-
lel to that circle.?”

[5.26] Also, the anterior surface of the glacialis and the surface of the
rest of the glacialis are two intersecting spherical surfaces. Thus, the center
of the front surface lies deeper [within the eye] than the center of the rear
surface;® and the straight line connecting these two centers passes through
the center of the circle of intersection, and it will be perpendicular to it.
And it has already been shown that this line passes through the circle of
attachment and is perpendicular to it, for this circle [of intersection] is ei-
ther the circle of attachment itself or is parallel to it. Thus, the line passing
through the center of the uvea, as well as through the center of the anterior
[surface] of the glacialis and the center of the circle of attachment (this line
being perpendicular to this circle) passes through the center of the remain-
ing portion of the glacialis.
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[5.27] And since this line passes through the center of the remaining
portion of the glacialis as well as through the center of the circle of attach-
ment, and since it stands at right angles to the surface of the circle of attach-
ment, then it extends through the middle of the hollow of the nerve to which
the eye is attached, because the circle of attachment coincides with the ex-
tremity of the hollow of the nerve.

[5.28] And it has already been shown that the line passing through the
center of the uvea, the center of the cornea, and the center of the opening
which is at the outer or front [surface] of the uvea extends through the middle
of the hollow of the nerve.* The line, therefore, that passes through the two
centers of the surface[s] of the glacialis, as well as through the center of the
uvea, is the very line that passes through the center of the cornea, the center
of the uvea, and the center of the opening at the front of the uvea. So this
line passes through the center of the cornea, the center of the uvea, the two
centers of the surface[s] of the glacialis, the center of the opening at the
front of the uvea, and the center of the circle of attachment. It also passes
through the two centers of all the tunics facing the opening in the uvea,®
and it is perpendicular to the surfaces of all the tunics facing the uvea’s
opening. It is perpendicular as well to the surface of the uvea’s opening
and to the circle of attachment, and it extends through the middle of the
hollow of the nerve to which the eye is attached.

[5.29] And since it has been shown that both the center of the cornea
and the center of the anterior surface of the glacialis lie upon this line and
that both lie deeper [in the eye] than the center of the uvea, it is perfectly
appropriate for the center of the anterior surface of the glacialis to be the
same as the center of the cornea, so that the centers of all the surfaces facing
the opening in the uvea form a single, common point. Hence, all the lines
projected from that centerpoint to the surface of the eye will be perpendicu-
lar to all the surfaces facing the [uveal] opening.®! Accordingly, we will
later show in our discussion of how vision takes place that the center of the
corneal surface and the center of the anterior surface of the glacialis form a
single, common center. Thus, the surfaces of the tunics of the eye that face
the opening in the uvea form spherical surfaces that share a single, com-
mon centerpoint.*

[5.30] In addition, because this centerpoint forms the center of the outer
surface of the eye that is continuous with the surface enclosing the whole
eye (and the entire eye is round save for the bit that the sphere of fat form-
ing the sclera lacks at the front of the eye, and this shortfall makes no differ-
ence in the eye’s motion since it is not in contact with the cavity in the eye
socket), this centerpoint will be the centerpoint for the entire eye. Hence, it
lies inside the eye as a whole. The centerpoint of the surfaces of the tunics
of the eye facing the uveal opening therefore lies inside the eye as a whole.
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[5.31] When the eyeball moves, then, the point within the eye that forms
the center of the surfaces of the tunics of the eye will not shift [in relation to
the eye socket], nor will it shift in relation to those surfaces. On the con-
trary, it stays fixed, for when the eye moves it moves only as a whole, and
the parts of that whole do not move in relation to one another when it moves.
But this centerpoint lies within [the eye as a whole], so it does not move
with the motion of that whole. Likewise, the tunics of the eye do not move
with the motion of the eye as a whole—i.e., with the motion of the eye it-
self—so this centerpoint does not move in relation to the surfaces of the
tunics, whether [the eye is] in motion or at rest.

[5.32] And it has already been shown that the flexing of the nerve when
the eye moves or when it is immobile occurs only at the opening in the
cavity of the eye socket, because it only takes place at the very back of the
eye.® It follows that the flexing of the nerve when the eye is moving or at
rest only takes place behind the eye’s centerpoint.

[5.33] Nor do the parts of the eye move with respect to each other whether
[the eye is] in motion or at rest. Thus, the centerpoints of the eye’s tunics do
not move with respect to the eye as a whole, whether the eye is in motion or
at rest. Accordingly, the straight line passing through the centerpoint does
not move with respect to the eye as a whole or to its parts, no matter whether
[the eye is] in motion or at rest. And since this line moves with respect
neither to the eye as a whole nor to its parts, then this line does not move
with respect to the surface of the circle of attachment or its circumference.
But this circle forms the extremity of the hollow of the [optic] nerve. Thus,
its surface and the surface of the nerve’s hollow have the same orientation;
and the inclination of the funnel-shaped portion of the nerve to the surface
of this circle is constant, because the glacialis maintains a constant orienta-
tion with respect to this nerve.

[5.34] Since the parts of the eye do not move with respect to one another,
the surface of the [optic] nerve’s hollow, from the circumference of the circle
of attachment to the place where the funnel-shaped part of the nerve begins
to flare outward, moves with respect neither to the eye as a whole nor to the
circle of attachment.

[5.35] Furthermore, it has already been shown that the line passing
through the centers [of the ocular components] does not move with respect
to the circle of attachment and that this line extends through the middle of
the [optic] nerve’s hollow.* But if this line does not move with respect to
the circle of attachment, and if the surface of the nerve’s hollow from the
circumference of the circle of attachment to the place [in the eye socket]
where it flexes does not move with respect to the circle of attachment, then
this line does not move with respect to the hollow of the nerve up to the
point where it flexes. Thus, the line that passes through the center of the
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tunics of the eye passes through the center of the circle of attachment, and it
will stand at right angles to it, and it extends through the middle of the
hollow of the funnel-shaped portion of the nerve up to the point where the
nerve flexes. It will always maintain a constant position with respect to the
surface of the nerve’s hollow within the eye, as well as [with respect] to all
the parts of the eye and all the surfaces of the tunics of the eye, and it does
not change that position whether the eye is moving or at rest.

[5.36] These, therefore, are the dispositions of the tunics of the eye, the
dispositions of their centerpoints, and the disposition of the straight line
passing through their centerpoints.

[5.37] Moreover, both eyes are similar in all respects, with regard to their
tunics, as well as to the shape of their tunics and the situation of each of the
tunics with respect to the eye as a whole. And given this fact, the location of
each of the previously discussed centerpoints with respect to the whole of
one eye as well as to its parts corresponds to that of the centerpoints of the
other eye as a whole as well as to its parts. And since the location of the
centerpoints in either eye corresponds to the location of the centerpoints in
its mate, the line passing through the centerpoints of one eye will be simi-
larly situated in respect to the eye as a whole, its parts, and its tunics as the
line passing through the centerpoints of the other eye in respect to that eye
as a whole, its parts, and its tunics. Thus, the two lines passing through the
centerpoints of the tunics of both eyes are similarly situated in all respects.

[5.38] Each of the scleras is affixed with these components [into the eye-
sockets], for two small muscles grow out of them, one toward the side of
the tear ducts, the other toward the back edge. And lids and eyelashes
cover both eyes.

[5.39] What we have thus shown is how the eye is composed, its [over-
all] structure, and the structure of its [component] tunics. And everything
we have said about the tunics of the eye and their structure has already
been shown by anatomists in books on anatomy,*® and this is the way the
eye is formed.

[CHAPTER 7]

[6.1] It has already been shown above that light emanates in every [pos-
sible] direction from any luminous body, however it is illuminated.* Thus,
when the eye faces any visible object that shines with some sort of illumina-
tion, light from that visible object will shine on the eye’s surface. And it
was shown that it is a property of light to affect sight, whereas it is in the
nature of sight to be affected by light. It is therefore fitting that sight sense
the luminosity of a visible object only through the light that shines from it
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upon the eye.

[6.2] It was also shown earlier that the form of the color of any tinted
body that shines with any sort of illumination is always mingled with the
light shining in every direction from that body, and light and the form of
color will always correspond with one another.” Therefore, since the form
of the color of the visible object will always coexist with the light shining
from the visible object to the eye, and since light and color will reach the
surface of the eye together, and since sight senses the color that is in the
visible object by means of the light shining upon it from the visible object, it
is quite fitting that sight sense the color of the visible object only from the
form of [that] color reaching the eye along with the light [shining from the
object].

[6.3] Also, the form of color is always mingled with the form of light
and is not separable from it. So sight senses light only when it is mingled
with color.® It is thus quite fitting that sight sense the color and light that
are in the visible object only through a form that is composed of both the
light and color shining upon it from the surface of the visible object.

[6.4] In addition, the tunics of the eye that are centered on the front of
the eye are contiguous and transparent, and the first of these, i.e., the cor-
nea, is in contact with the air that initially transmits the form. But it is
among the properties of light to pass through any transparent body, and it
is likewise a property of the form of color that it mingles with light in order
to pass through a[ny] transparent body. Therefore, it extends through the
transparent air in the same way as light. And it is in the nature of transpar-
ent bodies to receive the forms of light and colors and to transmit them in
facing directions.* Hence, the form that comes from the visible object to the
surface of the eye will pass through the transparency of the tunics of the eye
from the opening that is at the front of the uvea. It will therefore reach the
glacial humor and will also pass through it on account of its transparency.
It is thus quite fitting for the tunics of the eye to be transparent for the sole
purpose of letting the forms of light and colors that reach the eye pass
through.

[6.5] At this juncture, then, let us summarize all of these points.

[6.6] And we will say that sight senses the light and colors that are in the
surface of the visible object and that they pass through the transparency of
the tunics of the eye. This is by now the accepted opinion of natural phi-
losophers about how vision occurs.

[6.7] We will now say that this alone does not suffice to describe the way
vision occurs, for, without some additional qualification, this explanation
does not stand, for the form of light and color of any colored and illumi-
nated body extends in all directions through the transparent air that is con-
tiguous with it. However, the eye faces several visible objects of different
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colors at the same time, and between each of them and the eye there are
direct lines through the continuum of air that links them. And since the
forms of light and color that are in a visible object facing the eye will reach
its surface, the forms of the light and color belonging to any of the visible
objects facing the eye at the same time reach the surface of the eye at the
same time. And since the forms extend from the visible object to any facing
point and reach the eye only when it faces [that object], the form that comes
from the visible object to the eye reaches the entire surface of the eye. And
since this is the case, when the eye faces any surface of a visible object, if the
form of its color and light reaches the eye’s surface, and if at that time the
observer sees other visible objects of a different color that face the eye, then
the form of the light and color of any of those visible objects will reach the
eye’s surface. And the form of all of those visible objects will reach the
entire surface of the eye. On the whole, then, several different lights and
several different colors will reach the entire surface of the eye, and each of
them fills the surface of the eye. So a form composed of various colors and
lights reaches the surface of the eye.

[6.8] If sight were then to sense that composite form, it would sense a
color different from the color of any one of the objects, and it would not
distinguish [any of the component] visible objects through it. Yet, if it were
to sense one of those visible objects and were not to sense the rest, it would
discern one visible object but not the others. But it discerns all of those
visible objects at the same time, and it discerns them [all] distinctly.

[6.9] On the other hand, if it were unable to sense [any] one of those
forms, it would sense none of the visible objects facing it. But it senses them
all.

[6.10] Furthermore, in the same visible object there will be different col-
ors and designs according to some arrangement, and from any spot on that
object light and color emanate along every straight line that extends [from
it] through the continuous air. Therefore, since the parts of a single visible
object have different colors, from any one of those spots the form of color
and light will reach the entire surface of the eye; and thus the colors of those
parts will mingle on the eye’s surface, whence sight will either perceive
them mingled together or will perceive none of them. Yet if it perceives
them mingled together, neither the parts themselves nor their colors will be
discerned or perceived according to their proper arrangement. And if it
fails to perceive any of their forms, it fails to perceive any of their parts; and
if it fails to grasp any of their parts, it will fail to perceive the visible object
[as a whole]. But sight does perceive any illuminated visible object facing
it, and it perceives the parts of it that are of different colors distinctly and
according to their proper arrangement.

[6.11] This being the case, it follows either that vision will take place in



358 ALHACEN'S DE ASPECTIBUS

some other way or that this account will only be part of the story. There-
fore, we ought to consider whether this account can be suited to the circum-
stances under which the colors of visible objects are distinguished, and the
parts of those objects are perceived by sight according to their proper ar-
rangement, so they will correspond to reality.

[6.12] Accordingly, we will say that when the eye faces any visible ob-
ject, the form of both the color and the light in that object will come from
any point on its surface to the entire surface of the eye. Moreover, from
every point on every visible object facing the eye under these circumstances
the forms of the color and light in it will come to the entire surface of the
eye. Hence, if the eye were to sense throughout its entire surface the forms
of the color and light that come from any given point on the visible object’s
surface, it would sense throughout its entire surface the form of every point
on the surface of the visible object as well as the form of every point on the
surfaces of all the visible objects facing it in that situation. So the parts of
any one visible object would not be perceived according to their proper
arrangement, nor would they be properly discerned by it.”!

[6.13] But if the eye sensed at only one point on its surface the form
reaching its entire surface from one point on the surface of the visible ob-
ject, and if it did not sense the form of that point throughout its entire sur-
face, the parts of the visible object would be perceived by it according to
their proper arrangement, and all the facing visible objects would be prop-
erly discerned. The reason is that when it perceives the color of a single
point at only one point on its surface, it will perceive the color of one part of
the visible object at one part of its surface, and it will perceive the color of
another part {of the object] at another part of its surface. And it will per-
ceive each part of visible objects at a spot on its surface different from the
spot where it will perceive another visible object; so [different] visible ob-
jects will be perceived by it in proper arrangement and distinctly, as will the
parts of each of them.”

[6.14] So let us now consider whether this is possible and corresponds
to reality. And we should say at the outset that vision takes place only
through the glacialis, whether vision occurs by means of forms coming from
the visible object to the eye or by some other means. Moreover, vision does
not occur through one of the other tunics in front of it, for those tunics in
front are only there to serve the glacialis. For if an injury happens to the
glacial humor while the other tunics remain sound, vision will be extin-
guished; but if the remaining tunics suffer injury while retaining their trans-
parency, and if the glacialis remains healthy, sight will not be disrupted.
Likewise, if there is an obstruction in the opening of the uvea so that the
capacity of its humor to transmit light is destroyed, sight will be extin-
guished, even when the cornea is healthy; but if the obstruction is removed,
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sight will be restored. So too, if a crass, nontransparent spot develops within
the albugineous humor, and if it lies directly in front of the glacial humor
between it and the opening of the uvea, vision will be extinguished; but
when that dense spot is removed or turned aside from the straight line be-
tween the glacialis and the opening in the uvea, sight will be restored. And
medical science attests to all these points.?

[6.15] Therefore, the destruction of [visual] sensation that ensues from
degeneration of the glacialis while the tunics in front of it remain healthy is
an indication that [visual] sensation occurs by means of this humor alone,
not by means of the rest of the tunics in front of it. Furthermore, the de-
struction of [visual] sensation that ensues from the disruption of the trans-
parency between the glacialis and the eye’s surface by a crass, nontrans-
parent body indicates that the transparency of these tunics exists only to
link the transparency of the eye’s tunics with the transparency of the air so
as to form a continuum of transparent media between the glacialis and the
visible object. Also, the destruction of [visual] sensation when the straight
lines between the glacialis and the eye’s surface are interrupted indicates
that the glacialis will sense only along the straight lines between it and the
surface of the eye.

[6.16] We shall therefore say that, if the visual sensation of the color and
light that are in a visible object arises from the form coming to the surface of
the eye from visible objects, and if this sensation occurs by means of the
glacialis alone, then sight will not sense that form at the surface of the eye
itself but only after it passes through the eye’s surface and reaches the
glacialis. And the form that reaches from the visible object to the eye’s sur-
face passes through the transparency of the eye’s tunics, for it is among the
properties of transparency that the forms of light and colors pass through it
and continue rectilinearly. We have already made this point in regard to
air; and if all transparent objects were to be tested, it would be found that
light will extend through them only in straight lines.* And in our discus-
sion of the refraction [of light] we shall show how this point is to be experi-
mentally confirmed.® Therefore, if visual sensation of the light and color in
a visible object is due to a form coming from that visible object to the eye,
[that] sensation will arise [only] when that form itself reaches the glacialis.
And it has already been shown that it is not possible for sight to perceive a
visible object as it really exists unless it perceives the form of one point on
the object at one point only on its own surface.® So it is not possible for the
glacialis to perceive a visible object as it really exists unless, from the form
reaching it from the object, it perceives the color of one point on that visible
object at one particular point on the surface of the eye. Now a form comes
from any given point on the surface of the visible object, and it passes through
the entire surface of the eye into its interior. If, however, the glacialis per-
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ceives only the form that reaches it at a single point on the surface of the eye
from a single point on the visible object, this form having reached the entire
surface of the eye and having passed through the tunics to the glacialis, and
if it senses the color of that point alone that passes from the surface of the
eye to [that] single point on its surface, and if it does not perceive that [same]
point on the visible object from the rest of the form reaching its surface from
the rest of the eye’s surface, then vision will be achieved, the parts of the
visible object will be perceived according to their proper arrangement, and
the visible objects will be properly discerned by sight.

[6.17] Moreover, vision will be achieved in this way alone. And such
cannot be the case unless [each] one of the points on the surface of the eye
through which the form of any one point on the surface of the visible object
passes is distinct from the remaining points on the surface of the eye, and
unless the line along which the form is radiated to that point on the surface
of the eye is distinct from the remaining lines along which the form is radi-
ated. Accordingly, the glacialis can perceive the form arriving along that
line through the point on the surface of the eye that lies upon that line but
cannot perceive it along any other.

[6.18] And when lights are examined® and the way they pass into and
continue through transparent bodies is experimentally determined, it is
found that light continues through a transparent body along straight lines,
as long as the body is of consistent transparency. But when it strikes a body
whose transparency is different from the transparency of the body through
which it previously extended, it will not continue upon the straight lines
along which it had extended before unless those lines are perpendicular to
the surface of the second transparent body. If, however, those lines are ob-
lique rather than perpendicular to the surface of the second body, the light
will be bent at the surface of the second body rather than continue straight.*
And when it is bent, it will extend through the second body along those
straight lines to which it has been inclined; and the lines along which the
light has been bent in the second body will also be oblique rather than per-
pendicular to the surface of the second body. And if some of the lines along
which the light reaches the first body are perpendicular to the surface of the
second body and some inclined, the light that is orthogonally incident will
extend straight through the second body. The light arriving along oblique
lines, for its part, will be diverted along oblique lines at the surface of the
second body, and it will extend rectilinearly through that body along those
oblique lines into which it has been diverted. And we shall explain this in
our discussion of bending, and we shall show how one can confirm this
phenomenon experimentally, and it will [thus] be empirically ascertained.®

[6.19] And since this is the case, when the form of the light and color
that reach the surface of the eye from any given point on the visible object
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arrives at the surface of the eye, only the light and color that are incident at
right angles upon the surface of the eye will pass straight through the trans-
parency of the tunics of the eye. The form incident along any other line will
be refracted® and will not pass straight through, because the transparency
of the tunics of the eyes is not the same as the transparency of the air con-
tiguous with the surface of the eye; and those forms that are refracted will
also be refracted along oblique lines rather than continuing along lines per-
pendicular to the [refracting surfaces] at the points of refraction. And there
is only one straight line that extends from any single point on the surface of
the visible object to a given point on the surface of the eye so as to be or-
thogonal to the surface of the eye, whereas there is an infinite number of
lines extending to the surface of the eye that are inclined to it. And the form
that arrives straight along the perpendicular passes straight through the
tunics of the eye along the perpendicular, whereas all the forms incident to
that [same] point along oblique lines are refracted at that point, and they
pass through the tunics of the eye along oblique lines as well. None of them
passes through along the same lines that they followed in arriving, nor [do
they pass] straight through along the perpendicular erected at that point [of
refraction].

[6.20] Moreover, at any given time, the forms of all the points on the
surfaces of all illuminated visible objects facing the surface of the eye arrive
simultaneously at any point on it, for there is a straight line between that
point and any point facing it. Also, the forms from any one of the points on
the surfaces of illuminated visible objects radiate along every straight line
that can be extended from that point, but of all the points facing the eye
whose forms are incident upon a given point on the surface of the eye [at
any given time], there is only one at that time that arrives along the perpen-
dicular erected to that point on the surface of the eye. The forms of all the
remaining points reach that point on the surface of the eye along oblique
lines. Furthermore, through any point on the surface of the eye the forms of
all the points on the surfaces of all the visible objects facing the eye pass
simultaneously. But the form of only one point passes straight through the
transparency of the tunics of the eye, and that point is the one that lies at the
endpoint of the perpendicular extending from the given point on the sur-
face of the eye. The forms of all the remaining points are refracted at that
point on the surface of the eye, and they pass through the transparency of
the tunics of the eye along lines that are oblique with respect to the eye’s
surface.

[6.21] Also, from any given point on the surface of the glacialis there
extends only one line that is perpendicular to the surface of the eye. But
there are an infinite number of lines extending from that point that will be
oblique to the surface of the eye. Thus, besides the perpendicular itself, an



362 ALHACEN'’S DE ASPECTIBUS

infinite number of lines extends from the point on the surface of the glacialis
where the perpendicular to the surface of the eye originates, and this per-
pendicular passes through the opening in the uvea; the rest of the lines also
pass through the opening in the uvea and reach the surface of the eye.

[6.22] Furthermore, if we suppose these lines to be refracted according
to the way determined by the difference in transparency between the trans-
parency of the corneal body and the transparency of the air, then the end-
points of all the lines that extend from any given point on the surface of the
glacialis and pass through the opening of the uvea to reach the surface of
the eye along oblique paths reach different locations and different points
among the set of [all] points on the surfaces of visible objects that face the
eye at any given time. And none of these lines intersects the point at the
end of the perpendicular. So the forms of the points that lie on the surfaces
of the visible objects at the extremities of all these lines are propagated rec-
tilinearly along these lines, and they reach the surface of the eye where they
are refracted to the same point on the surface of the glacialis, except for the
form of the point lying at the extremity of the perpendicular, for it extends
straight along the perpendicular and passes [straight through] to that point
on the glacialis. Thus, if at any one of its points the glacialis senses all the
forms reaching that point along all the lines of radiation,* at every point it
will sense forms that are mixed together from many different forms and
many [different] colors [extending] from the visible objects that face the eye
at that time. Hence, on the basis of this [mixed form] it will discern none of
the [individual] points on the surfaces of those visible objects, nor will the
forms of those points that reach that point be perceived according to their
proper arrangement. Yet if the glacialis were to sense at one of its points
only the form that reaches it along one particular radial line, the [individual]
points on the surfaces of the visible objects would be properly discerned by
it.

[6.23] But none of the points whose forms reach the glacialis along re-
fracted lines is more exceptional than any of the other points whose forms
are refracted, nor is any refracted path more exceptional than any other;
and the forms that are refracted at any given point on the glacialis at any
given time are innumerable. On the other hand, the point whose form
reaches any one point on the glacialis along the perpendicular is unique; no
other form accompanies it straight along the perpendicular, for all the forms
that are refracted are refracted along oblique lines alone. Moreover, since
the center of the eye’s surface coincides with the center of the glacialis” sur-
face, any line that is perpendicular to the surface of the eye is perpendicular
to the surface of the glacialis. Hence, the form that arrives along the per-
pendicular is distinguished from all the other forms in two respects, the
first of which is that it extends from the surface of the visible object to the
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point on the glacialis along a straight line, whereas the remaining forms
reach [that point] along refracted lines. The second is that the perpendicu-
lar dropped to the surface of the eye is the very same perpendicular that is
dropped to the surface of the glacialis, whereas the rest of the lines along
which the remaining forms that are refracted reach [the eye] are oblique to
the surface of the glacialis, because they are oblique to the surface of the
eye.

[6.24]) Furthermore, the effect of light arriving along perpendiculars is
stronger than the effect of light arriving along oblique lines. Therefore, it is
quite fitting that at any given point the glacialis senses only the form reach-
ing it straight along the perpendicular and does not sense any form that
strikes it at that point along refracted lines.*

[6.25] In addition, since the center of the eye’s surface and the center of
the surface of the glacialis coincide, all of the perpendiculars erected to the
surface of the glacialis as well as to the surface of the eye intersect at that
common center, and they will form diameters for the tunics of the eye. And
every perpendicular will strike the surface of the cornea at one point and
will strike the surface of the glacialis at one point, but at that point on the
cornea only one perpendicular can be dropped, and at that point on the
glacialis no perpendicular other than that one can be dropped. So the form
that extends from any given point on the surface of the visible object along
the perpendicular dropped from it to the surface of the eye strikes the sur-
face of the eye at one point, but none of the other forms arriving [from that
point on the visible object] along nonperpendicular lines strikes [the sur-
face of the eye at] that particular point. Furthermore, it has already been
shown that from any point on any colored body that is somehow illumi-
nated light and color emanate along every straight line that can be extended
from that point.®®

[6.26] Therefore, one can imagine a straight line [extended] between any
point facing a given surface and any point on that surface, and between
that point and that whole surface a cone can be imagined with its vertex at
that point and its base formed by that surface. And that cone contains all
the straight lines that are imagined to lie between that [vertex-]point and all
the points on that surface.*

[6.27] Accordingly, since the form of light and color radiates from any
point on the surface of a colored and illuminated body along every straight
line that can be extended from that point to any point facing that illumi-
nated and colored body, the form of the light and color on that body’s sur-
face is radiated from any point on the surface of that body to that facing
point along a straight line extending between that same body and that point.
The form of the light and color of any colored body that is somehow illumi-
nated thus extends from its surface to any point facing that surface along a
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line contained by the cone that is formed between that point and that sur-
face. And the form will be arranged within that cone according to the lines
that intersect at that point, which forms the cone’s vertex, and that arrange-
ment will be the same as the arrangement of the spots of color on the sur-
face of that body.

[6.28] So when the eye faces any visible object, a cone can be conceived
of as formed between the point that represents the center of the eye and the
surface of that visible object, the vertex of that cone being the center of the
eye and its base being the surface of that visible object. And if the interven-
ing air between that visible object and the eye is continuous, if there is no
opaque body interposed between that visible object and the eye, and if that
visible object is somehow illuminated, the form of the light and color on the
surface of that visible object will reach the eye along a line contained by that
cone. And the form of every point on the surface of that visible object will
radiate along the straight line connecting that point and the vertex of the
cone, which lies at the center of the eye.

[6.29] Furthermore, since the center of the eye[’s surface] is the same as
the center of the surface of the glacialis, all of these lines will be perpen-
dicular to the outside surface of the eye as well as to the surface of the glacialis
and all the surfaces of the eye that are parallel [to them]. And the cone that
coincides with all these perpendicular lines will encompass all these per-
pendiculars and the air through which the form [in its entirety] extends
along perpendicular lines from the whole surface of that visible object fac-
ing the eye. Also, the surface of the glacialis will intersect that cone, so the
form of the light and color on the surface of that visible object reaches the
section of the glacialis that is demarcated by the cone. At any point on this
section of the surface of the glacialis the form of a corresponding point on
the surface of the visible object will arrive along the perpendicular dropped
from that point on the surface of the visible object to the surfaces of the
tunics of the eye as well as to the surface of the glacialis.” And this form
passes straight through the transparency of the tunics of the eye along that
perpendicular, but no other form passes straight through in tandem with
that form along that perpendicular line. That form, moreover, will reach
this spot on the glacialis according to the arrangement determined by the
lines along which it arrives there, those lines being perpendicular to the
glacialis and intersecting at the center of the eye in an arrangement corre-
sponding to that of the parts of the surface of the visible object.®® Further-
more, under these circumstances several forms reach any point on this sec-
tion of the glacialis from several points on the visible surfaces at the same
time. Thus, several forms arising from several different colors reach this
section of the glacialis that has been demarcated by the cone.

{6.30] If, therefore, the glacialis senses the form reaching it at one, dis-
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tinct point along only one of the lines within that cone, and if at that [same]
spot on its surface it senses no other form than the form reaching it along
that line, then it will sense the form of that object as it actually exists, and it
will sense it according to its arrangement [on the visible surface]. More-
over, under those circumstances, it will be able to sense the forms of visible
objects other than that visible object on the basis of the cones that demar-
cate other sections upon its surface, and it will be able to sense the form of
each of those visible objects as they actually exist as well as to sense their
relative locations as they actually exist.

[6.31] But if the glacialis senses forms arriving at it along refracted lines,
the forms it will sense at the same section on its surface that was cut by the
cone will be mixed from the forms of parts of the given visible object as well
as from the forms of many different visible objects, and those forms will
represent mixtures of many different colors. Moreover, at some spot on its
surface other than that one it will sense a form that is mixed from the forms
of many different visible objects, and so it will not sense the form reaching
it along the line within the cone as it actually exists, nor will it sense any of
the forms reaching it along the perpendiculars as they actually exist, nor
will it sense any of the forms reaching it along refracted lines [as they actu-
ally exist]. Hence, it will not sense the form of any individual visible object
as it actually exists, nor will visible objects facing it at any given time be
[individually] discerned by it.

[6.32] But sight will [in fact] perceive separate visible objects, and it will
perceive the parts of an individual visible object according to their actual
arrangement on the surface of the visible object, and it will perceive several
visible objects together at the same time. And since vision is due to forms
reaching the eye from visible objects, the glacialis will sense none of the
forms of visible objects that reach it along refracted lines.

[6.33] Furthermore, none of the forms reaching the surface of the glacialis
from visible objects will be arranged on the surface of the glacialis accord-
ing to reality, and none of the forms reaching the surface of the glacialis
from the parts of the individual object will be arranged on the surface of the
glacialis according to reality except for the forms reaching it directly along
the perpendiculars dropped to the surface of the eye. The forms, moreover,
that are refracted at the surface of the eye reach the surface of the glacialis in
reverse order. And in addition to that, the form of one point is spread out
upon an area of the surface of the glacialis rather than arriving at a point,
and this follows from the fact that when the form of a right-hand point with
respect to the eye reaches a point on the surface of the eye, assuming that
the line along which that form extends is oblique to the eye’s surface, it will
refract to the left of the normal dropped from the center of the eye to that
point on its surface. And the form that is refracted in this way at the ex-
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tremity of the normal [at the point of refraction] reaches a point to the left of
the point on the surface of the glacialis where that perpendicular intersects
it. So too, the form of a left-hand point with respect to the eye that extends
to that same point [of refraction] on the surface of the eye and that is ob-
lique to this surface will be refracted to a point on the right of the normal as
well as on the right of the point on the surface of the glacialis that lies on
that normal. For after refraction, refracted forms do not incline along the
normal dropped to the point of refraction, nor do those forms coincide with
the normal, nor do they pass through it or continue by it, for such is the
property of refracted forms.®

[6.34] Likewise, [when] the forms of two points on the same side of the
viewer extend to one point on the surface of the eye and are bent in the
same direction at that surface, [they] arrive at the surface of the glacialis in
reverse order, for the two lines along which the two forms of the points
extend intersect at the point on the surface of the eye where the two forms
meet, and they meet the normal at the point to which it is dropped on the
surface of the eye. Thus, if these two lines are oblique to the surface of the
eye and lie on the same side of the normal dropped from the center of the
eye to that point [of refraction], the forms of the two points are refracted to
the side opposite that one. Also, because the two lines along which the two
forms arrive at that single point on the surface of the eye intersect at that
point, it follows that, as they continue along their respective straight lines
after intersection, their position with respect to their source in the visible
object, as well as to the normal, appears reversed. And of those two lines,
the one that lay [farther] to the right before arriving at the surface of the eye
ends up [farther] to the left after passing through the surface of the eye,
whereas the one [farther] to the left [ends up farther] to the right.”

[6.35] The same will hold for the [relative] position of the two lines along
which the two forms are refracted at one point on the surface of the eye, for
the two forms that are refracted at one point both approach the normal,
and, after intersecting [the normal], the form that arrived along the line
farther from the normal continues along a line that is also farther from the
normal, but less so than before. Meantime, after intersecting [the normal],
the form that arrived along the line nearer to the normal still continues along
a line that is nearer the normal, but more so than before, and the same holds
for all forms that are refracted at a single point.”

[6.36] And if this phenomenon is experimentally scrutinized with great
care, the result will be found to agree with what we have claimed. And we
shall show how to carry out this experimental confirmation properly in our
section on refraction,”” and at that time everything to do with refraction will
be revealed. But in that section we shall not avail ourselves of the discus-
sion of matters that we have demonstrated in this book concerning such
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phenomena.

[6.37] Therefore, when the forms of two points on one side of a visible
object arrive obliquely at a single point on the surface of the eye, they will
intersect [and continue] along two lines whose [relative] position with re-
spect to the visible object from the perspective of the viewer will be oppo-
site to the [relative] position of the two lines along which the two forms
originally reached the surface of the eye. Accordingly, the position of the
two points on the surface of the glacialis to which the two forms reach will
be opposite the position of the two points [on the surface of the visible ob-
ject] from which the two forms originate. All forms that are refracted at one
point on the surface of the eye thus arrive in reverse order on the surface of
the glacialis.”

[6.38] Furthermore, the form of any point facing the eye reaches the
entire surface of the eye; hence it will be refracted at the entire surface of the
eye. And the form that is refracted at the entire surface of the eye is re-
fracted to an area on the surface of the glacialis that has some dimension,
not to a point, for if refracted forms were to meet at one point after refrac-
tion, they would either intersect or pass through the normals at whose end-
point they have been refracted, or the form would pass out of the plane
within which it has been refracted.” But, after being refracted, no refracted
form meets the normal at whose endpoint it was refracted, nor does it pass
through it, nor does it pass out of the plane within which it was refracted.
And all of these points become clear with experimentation. Therefore,
[when] the form of a single point on a visible object reaches the surface of
the glacialis through refraction, [it] will not reach it at a single point but,
rather, at an area on the surface of the glacialis that has some dimension.
Moreover, the relative positions of the forms of different points on the sur-
face of the visible object that reach the surface of the glacialis through re-
fraction will not be the same as their actual positions on the surfaces of
[those] visible objects, but reversed. Thus, none of the refracted forms of
visible objects reaching the surface of the glacialis represents the surfaces of
the visible objects as they actually are. But it has already been shown that
forms arriving along perpendiculars are arranged on the surface of the
glacialis according to reality, because they extend orthogonally from the
surfaces of visible objects to the surface of the glacialis. Except for the forms
extending along perpendicular lines, then, none of the forms of visible ob-
jects that reach the surface of the glacialis is arranged on the surface of the
glacialis according to its actual arrangement on the surfaces of visible ob-
jects.

[6.39] Hence, if visible objects are sensed by means of forms reaching
the eye from the surfaces of visible objects, sight will perceive none of the
forms of visible objects that reach it along lines other than those whose end-
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points meet at the center of the eye, for sight perceives none of the forms of
visible objects unless they are arranged [in sight] according to their actual
arrangement on the surfaces of visible objects.

[6.40] Moreover, if the center of the eye[ball]’s surface is not [the same
as] the center of the surface of the glacialis, then the straight lines originat-
ing at the center of the surface of the eye that extend through the opening in
the uvea and reach visible objects will be oblique rather than perpendicular
to the surface of the glacialis; and their [relative] positions on the surface of
the glacialis will not be constant, except for one line alone, and that is the
one that passes through both centers. Therefore, the glacialis can only sense
the forms reaching its surface from the surfaces of visible objects along those
lines alone—i.e., the lines that are perpendicular to the surface of the eye,
which is the surface of the cornea. For only the forms that lie upon these
perpendiculars are arranged on the surface of the glacialis according to their
arrangement on the surfaces of visible objects.

[6.41] If, then, the glacialis perceives visible objects by means of forms
reaching it and perceives only that form reaching it along these lines, and if
these lines are not perpendicular to its surface, then it will perceive forms
along lines that are oblique to its surface and whose [relative] locations are
variable with respect to its surface. So it perceives forms along oblique
lines that have different [relative] positions, and it will perceive all refracted
forms along lines that have different [relative] positions with respect to its
surface. But if it were to perceive all refracted forms along lines that have
different [relative] positions, none of the visible objects would be [individu-
ally] discerned by it, according to what has been demonstrated above.”> And
if it is not possible for the glacialis to perceive refracted forms of visible
objects along lines that have different [relative] positions, it is not possible
for it to perceive the forms of visible objects along lines that are perpendicu-
lar to the surface of the eye unless those lines are perpendicular to its sur-
face and unless their [relative] position on its surface is constant. But these
lines will only be perpendicular to the surface of the glacialis if the center of
its surface is the same point as the center of the surface of the eye. Thus, if
the visual sensation of visible objects is due to forms reaching the eye from
the colors and light of [those] visible objects, then the center of the eye’s
surface and the center of the surface of the glacialis must be a single, com-
mon point, and sight can perceive none of the forms of visible objects un-
less it does so exclusively along the straight lines whose endpoints meet at
this centerpoint.

[6.42] Now it is not impossible for the two centers to coincide, for it has
already been shown that the two centers lie behind the center of the uvea
upon a single straight line that passes through all the centers [of the tunics
of the eye].” And since it is not impossible for the two centers to be the
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same and for the straight lines passing through the centers to be perpen-
dicular to the two surfaces—i.e., the surface of the glacialis and the surface
of the eye—then it is also not impossible for the visual perception of visible
objects to be due to the forms of light and color coming to it from the sur-
faces of [those] visible objects, if the perception of those forms takes place
along perpendicular lines alone. And this is so because it is in the nature of
sight to receive forms that reach it from visible objects, and also because, in
addition to this qualification, it is in the nature of sight only to accept those
forms that reach it along specific lines, not along all lines; and these specific
lines are the straight lines alone whose endpoints meet at the center of the
eye, and these lines converge at the center because they are diameters (of
the eye, that is) and are perpendicular to the surface of the sensing organ.
And so [visual] sensation will be due to the forms that come from visible
objects, and the perpendicular lines [along which they are sensed] will be,
as it were, the instrument of sight by means of which visible objects will be
[individually] discerned by sight and the parts of every visible object will
be [properly] arranged [for visual perception].

[6.43] Moreover, the fact that sight functions according to particular lines
has counterparts in [other] natural phenomena. For light originates at lu-
minous bodies and extends along straight lines only rather than following
curved or crooked lines; and heavy bodies fall naturally along straight lines,
not along crooked, curved, or winding lines. Moreover, such bodies will
follow not every straight line lying between them and the surface of the
earth, but only those select straight lines that are perpendicular to the sur-
face of the earth and to the earth’s diameter.” Also, celestial bodies move
along circular lines rather than along straight lines or lines of other kinds.
And when we examine natural motions, we will find that each of them
takes place according to specific lines. So it is not impossible for sight to be
constituted in such a way as to suffer the effects of light and color along a
specific set of straight lines that alone intersect at its center and are per-
pendicular to its surface. Furthermore, it is granted by mathematicians that
sight perceives visible objects along only those straight lines whose end-
points meet at the center of the eye, and there is no disagreement among
them about this point.”® These lines are called “radial lines” by them.

[6.44] Since this is possible, and since forms of light and color reach the
eye and pass through the transparency of the tunics of the eye, and since
vision is achieved upon the reception of these forms only when the eye
receives them along perpendicular lines, sight perceives the light and col-
ors of the surfaces of visible objects only through forms reaching it from the
surfaces of visible objects. Moreover, it perceives these forms only along
those particular straight lines whose endpoints meet at the center of the
eye.
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[6.45] Let us now summarize what can be concluded from everything
we have said.

[6.46] And let us say that vision senses the light and color on the surface
of a visible object through the form of both the light and color that extend
from the surface of the visible object through the transparent medium that
lies between the eye and the visible object, and sight perceives the forms of
visible objects only along the straight lines that are extended between the
visible object and the center of the eye. And along with this it has been
shown that this is possible rather than impossible.”

[6.47] But we will expound on the issue by saying that vision can only
occur in this way. For when sight senses a visible object after having not
sensed it, something that was not affecting it before now affects it, but noth-
ing will happen later that was not in effect earlier except through some
cause. And we find that when the eye faces a visible object, it will sense it;
but when it is removed from that facing position, it will not sense it, whereas
when it is brought back to the facing position, the sensation returns. Like-
wise, we find that when the eye senses a visible object and then [the viewer]
closes his eyelids, the sensation ceases; but when he opens his eyelids while
the visible object faces him, the sensation returns. Now a cause is such that,
when it ceases to operate, what it causes ceases to exist; and when it is
brought back to bear, what it causes comes back into existence. Therefore,
what causes the visible object to have an effect on sight is the fact that the
visible object faces the eye. Hence, sight does not sense a visible object
unless the visible object creates an effect on it as it faces the eye.*

[6.48] In addition, sight does not perceive a visible object unless the in-
tervening medium is transparent. Now the visual perception of a visible
object through the air that lies between eye and object is not due to the
moisture in the air but, rather, to its transparency, for if some [transparent]
stone or any other transparent body is interposed between the eye and the
visible object, sight will still perceive the visible object. And the [clarity of]
perception will depend upon the transparency of the intervening body, so
that the more transparent the intervening body the clearer the visual sensa-
tion of the visible object. Likewise, when clear, transparent water inter-
venes between the eye and the visible object, sight will perceive a visible
object through the water; but if that water is tinged with some strong dye so
that its transparency is destroyed, then, even though the water’s moisture
persists, sight will not perceive that visible object in the water.

[6.49] It will therefore be clear from these circumstances that sight is
achieved only because of the transparency of the intervening medium, not
because of its moisture. Hence, the effect that the visible object creates in
sight when it faces what arouses sensation in it is realized only through the
transparency of the medium between the eye and the visible object. The
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light and color of a visible object are therefore perceived by sight only by
means of the effect of that light and color in the eye, and this effect is not
created in the eye by color and light unless the medium between the eye
and the visible object is transparent.

[6.50] In terms of its essential relationship to light and color, transpar-
ency differs from opacity only insofar as the form of light and color passes
through a transparent object, whereas it does not pass through one that is
not transparent, and insofar as a transparent body receives the form of light
and color and transmits it in [all] directions facing the light and color; a
body that is not transparent, on the other hand, does not possess this qual-
ity. And since sight senses the light and color in a visible object by means
solely of an effect created by them in the eye; and since that effect is created
in the eye only when the medium between the eye and the visible object is
transparent; and since a transparent body is distinguished from one that is
not transparent solely by the fact that, in regard to its essential relationship
to light and color, it is suited to the reception of forms and colors as well as
to their transmission in facing directions; and since it has been shown that,
when the eye faces a visible object, the form of the light and color in the
visible object are transmitted into the eye and reach the surface of the sens-
ing organ, sight senses the light and color of a visible object by means solely
of a form extending through the transparent medium between the visible
object and the eye, that form creating in the eye the effect of the visible
object that faces it across the transparent medium.

[6.51] Now we might claim that the transparent medium receives some-
thing from the eye and transmits it to the visible object, so that sensation
comes about from the extension of this thing between the eye and the vis-
ible object. This is the opinion of the proponents of [visual] rays.®

[6.52] Accordingly, let it be supposed that such is the case and that [vi-
sual] rays issue from the eye and pass through the transparent medium to
reach the visible object, and [suppose] that [visual] sensation occurs by means
of these [visual] rays. But if [visual] sensation occurs in this way, I ask
whether something is transmitted back to the eyes through those [visual]
rays or not. On the one hand, if [visual] sensation occurs by means of [vi-
sual] rays, but they transmit nothing back to the eye, then sight will per-
ceive nothing. On the other hand, sight does sense the visible object, and if
it senses the visible object but does so only by means of [visual] rays, then
those [visual] rays that sense the visible object [must] transmit something
back to the eye by means of which sight senses the visible object. Yet if the
[visual] rays transmit something back to the eyes [and it is] by means of this
[that] visual sensation of that visible object will occur, then sight will sense
the light and color in the visible object by means solely of something com-
ing from the light and color in the visible object to the eye, and the [visual]
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rays [must] transmit it. Under all conditions, then, sight will only occur by
means of some visible property reaching [the eye] from the visible object,
whether or not [visual] rays issue from the eye.

[6.53] Now it has already been shown that vision is achieved only
through the transparency of the medium intervening between the eye and
the visible object, and it is not achieved when the medium between them is
not transparent.*’ It is obvious, moreover, that a transparent body is distin-
guished from one that is not transparent in no way other than the afore-
mentioned one. This being the case, as we have said, and since it has been
shown that the form of the light and color in a visible object reaches the eye
when it faces the eye, then what comes to the eye from the visible object to
provide the means by which it perceives the light and color in the visible
object, no matter the circumstance, is this very form [and this form] alone,
whether [visual] rays issue [from the eye] or not.

[6.54] And it has already been shown that forms of light and color are
continually generated in air and in all [other] transparent bodies, and these
forms continually extend through the air, as well as through [other] trans-
parent bodies, in various directions, whether the eye is present or not.*
Hence, the extramission of [visual] rays is superfluous and useless.®> Ac-
cordingly, the eye senses the light and color of the visible object only by the
form coming from the light and color in the visible object.

[6.55] Furthermore, it has already been shown that the form of every
point on a visible object facing the eye reaches the eye along several differ-
ent lines and that sight can apprehend the form of the visible object accord-
ing to its actual arrangement on the surface of the visible object only when
the forms are received along straight lines that are perpendicular to the
surface of the eye as well as to the surface of the sensing organ; [it has been
shown] as well that [these] straight lines will not be perpendicular to [both
of] these surfaces unless the centers of these surfaces form a single point
and that this is possible. And since all this is true as claimed, the center of
the surface of the glacialis and the center of the surface of the eye must lie at
a single point. Sight therefore can perceive only those forms of visible ob-
jects [that reach the eye] along the straight lines whose endpoints meet at
this center. And this is what, earlier in our discussion of the shape of the
eye, we promised to show in this chapter, and this has now been demon-
strated: i. e, that the center of the glacialis and the center of the surface of
the eye form the same common point.®

[6.56] Now that this has been demonstrated, it remains for us to con-
sider the opinion of the proponents of [visual] rays and to show what is
false and what is true about that opinion. Accordingly, we should say that
if vision results from something passing from the eye to the visible object,
then that thing is either corporeal or not. If it is corporeal, then when we
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look at the sky and see the stars in it, at that moment physical substance
must stream from our eyes to fill the space between the heavens and the
earth without the eye’s being diminished in any way; but this is illogical.”
Therefore, vision cannot be due to the extramission of some physical sub-
stance by the eye to the visible object. But if what is emitted from the eye is
not corporeal, it will not feel the visible object, for sensation can only occur
in bodies. Thus, nothing issues from the eye to the visible object to sense
that object.

[6.57] And it is obvious that vision occurs through the eye. This being
the case, if sight perceives a visible object only when something issues from
the eye to the visible object but what issues [from the eye] does not sense
the visible object, then what issues from the eye to the visible object trans-
mits nothing back to the eye to serve as the means through which it can
perceive the visible object. Also, the idea that something issues from the
eye is based not on empirical evidence but on supposition, and nothing
should be supposed unless dictated by logic. Yet the proponents of [visual]
rays posit them because they have found that sight perceives a visible ob-
ject when eye and object are spatially separated; but it is a cardinal precept
among men that sensation cannot occur without [physical] contact, so the
proponents of visual rays have concluded that vision only occurs through
something issuing from the eye to the visible object and thereby sensing the
visible object where it is or taking something from the visible object and
transmitting it back to the eye, at which time the eye will sense it.*

[6.58] But since a sensitive body cannot issue from the eye to the visible
object, and since only a body can sense a visible object, the only option left
is to suppose that what issues from the eye to the visible object takes some-
thing from the visible object and transmits it to the eye. And since it has
been shown that air and [other] transparent bodies receive the form of a
visible object and transmit it to the eye as well as to every [other] body
facing the visible object, what is assumed to transmit something from the
visible object to the eye is nothing but the air or [other] transparent media
intervening between the eye and the visible object. And since air and [other]
transparent bodies transmit something from the visible object to the eye,
they transmit it at any given moment and under all conditions when the
eye faces the visible object [and they do so] without needing anything to
issue from the eye. Thus, the reason that has led the proponents of [visual]
rays to claim the existence of [such] rays is superfluous, because what has
led them to claim that [visual] rays exist is their opinion that vision cannot
be achieved except by something that extends from the eye to the visible
object so as to transmit something back to the eye from the visible object.
But since air and [other] transparent media fulfill this task without needing
anything to issue from the eye, and, in addition, since they [already] extend
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between the eye and the visible object, then, since there is no need to sup-
pose that something else transmits anything from the visible object to the
eye, the opinion [of the proponents of visual rays] is pointless. Hence, the
claim that [visual] rays exist is nullified.

[6.59] Moreover, all the mathematicians who claim the existence of [such]
rays use nothing but imaginary lines in their demonstrations, and they call
them “radial lines.” But we have already shown that sight perceives visible
objects along such lines alone. The opinion of those who suppose that ra-
dial lines are imaginary is thus true, whereas the opinion of those who sup-
pose that anything issues from the eye is false. And we have now demon-
strated that what actually obtains does not confirm [the existence of] visual
rays, nor has reason led [us to accept] them.

[6.60] On the basis of everything we have said, then, it has now been
demonstrated that the eye senses the light and color on the surface of a
visible object by means solely of a form that extends from the surface of the
visible object to the eye through a transparent medium intervening between
the eye and the visible object, and [it has been demonstrated] that sight
perceives only those forms [reaching the eye] along the straight lines that
are conceived to extend between the visible object and the center of the eye,
those lines alone being perpendicular to all the surfaces of the tunics of the
eye. And this is what we wanted to demonstrate.

[6.61] This is therefore how vision takes place generally, because, in terms
of naked sensation, sight perceives only the light and color that are in the
visible object. The remaining characteristics of visible objects that sight per-
ceives, e.g., shape, size, and the like, are perceived by sight not through
naked sensation but through reason and defining features.”® And we shall
show this later in the second book after we finish discussing the various
visible properties that sight perceives. But what we have shown—namely,
how vision takes place-——conforms to the opinion of those who have veri-
fied it on mathematical grounds as well as [those who have verified it] on
physical grounds. It has been shown therefore that both parties have some-
thing true to say and that both opinions are correct and compatible, but
neither is wholly satisfactory without the other [to complement it], nor can
vision be properly accounted for without drawing upon what both have to
say.

[6.62] Hence, [visual] sensation is due solely to the form and to the ef-
fect of the form on the eye as well as to the passion aroused in the eye by the
form, and the eye is constituted in such a way as to be affected by this form
according to a specific orientation, i.e., the orientation of perpendicular lines
upon its surface. Moreover, it is in the nature of the eye to be so constituted
only because individual visible objects would not be distinguished [by it],
nor would the parts of any of them be properly arranged on the eye unless
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the sensation [aroused in it] occurred exclusively along those lines. There-
fore, radial lines are imaginary lines, and they define the specific direction
according to which the eye is affected by the form.

[6.63] And it has already been shown that when the eye faces a visible
object, a cone will be formed between the visible object and the center of the
eye, its vertex being the center of the eye and its base the surface of the
visible object.”> And between any point on the surface of the visible object
and the center of the eye there will be an imaginary straight line that is
perpendicular to the surfaces of the tunics of the eye, and the cone will thus
contain all such lines. And the [anterior] surface of the glacialis will cut this
cone, for the center of the eye, which forms the vertex of the cone, lies be-
hind the [anterior] surface of the glacialis; and if the air that intervenes be-
tween the eye and the visible object is continuous, the form will extend
from the visible object along this cone through the air enclosed by it, as well
as through the transparent tunics of the eye, to the area on the surface of the
glacialis that is demarcated by that cone. And the cone will contain all the
radial links between the eye and the visible object by means of which the
eye perceives the form of that visible object, and that form will be arranged
within this cone as it actually exists upon the surface of the visible object as
well as upon the area on the surface of the glacialis [that is demarcated by
the cone].”2

[6.64] Furthermore, it has already been shown that [visual] sensation
occurs only through the glacialis.®® Hence, the visual sensation of the light
and color on the surface of a visible object occurs only at the area on the
glacialis that is demarcated by the cone formed between that visible object
and the center of the eye. And it has been said earlier that there is some
measure of transparency and some measure of opacity in this humor and,
accordingly, that it is like ice in appearance.”* Therefore, insofar as there is
some transparency in it, it receives forms, and they pass through it by vir-
tue of the transparency that is in it; but insofar as there is some opacity in it,
itimpedes the forms passing through it by virtue of the [modicum of] opac-
ity it possesses. And the forms are [thereby] impressed on its surface and
within its body.” Likewise, when it shines upon a transparent body pos-
sessing some measure of opacity, light will pass through it on account of its
transparency, but the light is impressed on its surface according to its opac-
ity.

[6.65] Also, the glacialis is constituted to receive these forms and to sense
them. The forms thus pass through it according to its capacity to receive
them sensibly.

[6.66] And when the form reaches the surface of the glacialis, it will
create an effect in it, and the glacialis will suffer that effect, because it is a
property of light to affect the eye, and it is a property of the eye to be af-
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fected by light. And this effect that light creates in the glacialis passes through
the body of the glacialis along straight, radial lines exclusively, for the
glacialis is constituted to receive the forms of light along radial lines. And
as the light passes through the body of the glacialis, color passes along with
it, for color is mingled with light. For its part, the glacialis accepts this effect
and its passage, and from this effect and the passion [aroused by it] the
glacialis will sense the forms of the visible objects that are [incident] upon
its surface. And those forms pass through its whole body, and from the
arrangement of the parts of the form on its surface, as well as within its
whole body, it will sense the arrangement of the parts of the [visible body]
affecting it.”

[6.67] And the effect that light has upon the glacialis is in the form of
pain. Now some pains can indeed be suffered without the [affected] organ’s
being distressed by them, and such pains are not perceptible to sense, so the
sufferer does not recognize them as pain. An indication of this fact is that
light arouses pain insofar as strong light, such as sunlight, when a viewer
stares at the sun itself, or sunlight, when it is reflected to the eye from pol-
ished bodies, distresses the eye and clearly hurts it, for such [strong] light
arouses obvious pain in the eye. But the effect of all light upon the eye is of
the same kind, varying only in intensity. And since these effects are all of
the same kind, and since the effect of stronger light is in the form of [mani-
fest] pain, then every effect of light is in the form of pain, varying only in
intensity. And because of the lightness of the effects of weak and moderate
light upon the eye, the [visual] sense fails to recognize them as pain. Hence,
the sensation aroused in the glacialis by the effect of light is of the same
kind as sensible pain.”

[6.68] After occurring at the glacialis, this sensation spreads through the
hollow [optic] nerve and arrives at the front of the brain where sensation
culminates and where the final sensor is located, this latter being the sensi-
tive faculty at the front of the brain, and this faculty will perceive all sensibles.
The eye, for its part, is nothing more than an instrument for this faculty, for
the eye receives the forms of visible objects and transmits them to the final
sensor, but the final sensor perceives those forms and perceives the visible
properties possessed by them. And the form [impressed] on the surface of
the glacialis extends through the body of the glacialis, then through the
subtle flux [of visual spirit] in the hollow of the [optic] nerve until it reaches
the common nerve. When the form reaches the common nerve, the visual
process is complete, and from the form that arrives at the common nerve
the final sensor will perceive the forms of visible objects.®®

[6.69] However, the viewer will perceive visible objects with two eyes;
thus, since the form of a visible object must reach both eyes, two forms will
reach the visual faculty from a single visible object. Nevertheless, the viewer
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will perceive the visible object as single, and the reason is that, when the
two forms reaching the two eyes from one visible object reach the common
nerve, the two forms meet and are superimposed upon one another to make
a single form. And it is from this form, which is united from the two [origi-
nal] forms, that the final sensor will perceive the form of that visible ob-
ject.”

[6.70] That the two forms reaching both eyes from a single visible object
are united and made into a single form before the final sensor perceives it
and that the final sensor perceives the form only after the two [original]
forms are united is indicated by the fact that, when a viewer moves one of
his eyes while the other remains immobile, and when the motion of the eye
that is moved is in an upward direction, he will see a facing visible object
doubled. If, however, he elevates the one eye while covering the other, he
will only see [the object] as single.

[6.71] Thus, if the [final] sensor were to perceive [an object as] single
[just] because it is single, then it ought to perceive it as single all the time;
and if two forms were always to come to it from one visible object, then it
would invariably perceive the single object doubled. But since the final
sensor will only perceive the visible object through a form reaching it, the
fact that it will sometimes perceive a single object as double and sometimes
as single indicates that, when it perceives the object doubled, two forms
reach it, whereas when it perceives the single visible object as single, a single
form reaches it. In both cases, since two forms reach the two eyes from a
single visible object, and since what is transmitted to the final sensor is some-
times two forms and sometimes a single form, and since the form that is
transmitted to the final sensor is transmitted only by the eye, then, when it
perceives a single object singly, what is transmitted to the final sensor from
that object is a single form [arising] from the two forms reaching the two
eyes from the single visible object.

[6.72] Since this is the case, then the two aforementioned forms extend
from the two eyes and meet before the final sensor perceives them, and it is
after their juncture that the final sensor will perceive the form united from
them. But when the final sensor perceives the two forms that reach the two
eyes from a single object as double, those two forms extend from the two
eyes but do not meet [in perfect superposition], so they reach the final sen-
sor as two forms.

[6.73] Moreover, the fact that a single visible object is sometimes per-
ceived as single and sometimes as double indicates that vision is not due to
the eye alone, for it it were, then at the moment of its perception the two
eyes would perceive the two forms reaching them from a single object as
one and the same form. And if that were the case, then they would always
perceive one form from those two.
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[6.74] And the fact that a single visible object is sometimes perceived as
single and sometimes as double, while in either case two forms are [im-
pressed] in the two eyes, indicates that, besides the two eyes, there is some
sensitive agent according to which the two forms extending from a single
object that is perceived singly are perceived as one and according to which
the two forms are perceived as two when the object is perceived as double,
which indicates that [visual] sensation is fully achieved only by that sensi-
tive agent, not by the eyes alone.

[6.75] In addition, [visual] sensation extends from the [sensing] organs
to the final sensor only through the nerves that link those organs and the
brain. Therefore, the two forms pass from the eye through the nerve that
extends between the eye and the brain until it reaches the final sensor. These
two forms thus pass from the two eyes and meet where the two nerves join.

[6.76] And clear evidence that the forms of visible objects extend through
the hollow of the nerve to reach the final sensor and that vision is achieved
[only] after [their] arrival there is that, when there is some obstruction in
this nerve, vision is destroyed, but when the obstruction is removed, vision
is restored. And medical science testifies to this fact.!

[6.77] Now the reason that the two forms sometimes join and some-
times do not is that, when the two eyes are in their natural position, they
will be similarly oriented with respect to the single visible object, and thus
the form of the single object will reach two places [on the surfaces of the
two eyes] that are similarly oriented. However, when one eye is displaced,
the orientation of the eyes will differ with respect to that visible object, and
thus the two forms of that object will reach [two places on the surfaces of
the two eyes] with different orientations.'™ But it has already been men-
tioned in [the section on] the structure of the eye that the common nerve is
similarly oriented with respect to the two eyes,'”” and so two spots at corre-
sponding locations on the two eyes will be similarly oriented with respect
to the same location in the common nerve, and the two hollows of the nerve
are joined to form a single place where the two forms of the visible object
are united.

[6.80] We might claim that the forms arriving at the eye do not reach the
common nerve, but that the sensible effect [of those forms] will instead ex-
tend from the eye to the common nerve, just as the sense of pain and the
sense of touch [extend through the nerves], and that at this time the final
sensor perceives that sensible effect.

[6.81] And we shall respond that this sensation arising in the eye does
indeed reach the common nerve; still, the sensation arising in the eye is not
a sensation of pain alone; it is a sensation of the effect of a kind of pain along
with a sensation of light and color as well as of the arrangement of the parts
of the visible object. However, the sensation of different colors and of the
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arrangement of the parts of a visible object is not of the nature of pain. And
we shall show later how the visual sensation of all these qualities occurs.'®
Therefore, the sensation that reaches the common nerve includes the sensa-
tion of light and color and of the arrangement [of parts], and it is by means
of some form that the final sensor perceives light and color.

[6.83] We are now left to address the following issue: When the forms of
light and color extend through air as well as through [other] transparent
bodies to reach the eye, since air and [other] transparent bodies accept all
colors, and since the forms of any light that are present at the same time
extend through the same air at the same time and pass through the trans-
parency of the tunics of the eye when they reach a single eye, then these
colors and light ought to mingle in the air and in the [other] transparent
bodies and arrive at the eye completely mixed, and so the colors of visible
objects will not be [individually] discerned by sight. And if this is the case,
then visual sensation cannot be due to these forms.

[6.84] Let us reply, accordingly, that air and [other] transparent bodies
are neither transformed nor altered by colors in a permanent way; rather, it
is in the nature of color and light that their forms extend along straight
lines, and it is in the nature of a transparent body that it not prevent the
forms of light and color from passing through its transparency. And it ac-
cepts these forms only to transmit them, not to be transformed upon ac-
cepting them. Furthermore, it has been shown that the forms of light and
color extend through air only along straight lines.’® Therefore, the forms of
the light and color in bodies that occupy the same air at the same time ex-
tend along straight lines, but [some of] those lines along which the different
forms extend will be parallel, some will intersect, and others will have vari-
ous [other] orientations; but each of these lines is distinguished by the body
from which the form radiates along that line. Thus, each of the forms ex-
tending from different bodies through the same air extends along its own
line and passes through to facing forms.

[6.85] Moreover, evidence that light and colors do not mingle in air or in
[other] transparent bodies is [found in] the fact that, when several candles
are at various distinct locations in the same area, and when they all face a
window that opens into a dark recess, and when there is a white wall or
[other white] opaque body in the dark recess facing that window, the [indi-
vidual] lights of those candles appear individually upon that body or wall
according to the number of those candles; and each of those [spots of light]
appears directly opposite one [particular] candle along a straight line pass-
ing through the window. Moreover, if one candle is shielded, only the light
opposite that candle will be extinguished, but if the shielding body is lifted,
the light will return.

[6.86] And this can be tried anytime.
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[6.87] In addition, if the lights were to mingle with the air, then they
would mix in the air contained by the window; they ought, then, to pass
through mixed so as not to be [individually] discerned afterward. But we
do not find this to be the case. Therefore, the lights do not mix in air; in-
stead, each of them extends along straight lines; and those lines are parallel,
or they intersect, or they have various [other] orientations. And the form of
each light-source radiates along all the [straight] lines that can be extended
from it through the air, and in accord with this [the resulting forms of light]
do not mingle in the air, nor is the air tinted by them; rather, they merely
pass through its transparency, and the air does not thereby become trans-
formed.

[6.89] And what we have said about light and color, as well as about the
air, should be understood [to apply] to all transparent bodies, including the
transparent tunics of the eye.'®

[6.90] However, the sensitive organ [of the eye], i.e., the glacialis, does
not receive the form of light and color in the same way as air and other
insensitive transparent bodies, but in a different way from that, for this or-
gan is constituted for the [sensitive] reception of that form. Therefore, it
receives the form both as a sensitive body and as a transparent body. And it
has already been shown that the effect aroused in it by this form is a kind of
pain. Thus, the way it receives this form is different from the way insensi-
tive transparent bodies receive them. Nevertheless, although it receives
this form as a sensitive body and is thereby altered or transformed, this
organ is not tinted by the color of this form,'® nor do the forms of color and
light persist in it after it ceases to face them or they cease to face it.

[6.91] But this point can be countered with the following argument: It
has already been maintained [not only] that intense and bright colors upon
which strong light shines create an effect in the eye, but [also that] the changes
they cause in the eye persist after they are removed, and the forms of the
color persist in the eye for some time; moreover, whatever the eye perceives
afterward will be mingled with those colors.!”” This is clear and indubi-
table. And since this is so, then the eye must be tinted by color and light, so
it follows that [all] transparent bodies are tinted by colors and light.

[6.92] In response we shall say that this very phenomenon indicates that
the eye is not tinted by color and light and that the alterations caused by
color and light do not persist in it, for these alterations that we have men-
tioned only happen because of an excess in the intensity of light and color.
And it is clear that these alterations persist in the eye only for a short time
and disappear afterward, whereas weak alterations do not persist at all.
The eye, therefore, is not tinted by these alterations in a permanent way, nor
do they persist in it after they are removed. Accordingly, it will be evident
that [moderate] light and colors affect the eye, but that after they are re-
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moved the alterations they cause do not persist even for a short time. Hence,
the glacialis is altered by light and colors only [at the time] it senses [them],
but then the effect disappears after they are removed. It is therefore requi-
site that it be altered by color and light, but not in a permanent way.

[6.93] Moreover, the eye is constituted to suffer the effect of colors and
light and to feel them, but the resulting alteration does not thereby persist
init. On the other hand, air, [other] transparent bodies, and the transparent
tunics of the eye in front of the glacialis are not constituted to suffer the
effect of light and color and feel them, nor are they constituted to do any-
thing but transmit light and colors.'®

(6.94] It has therefore now been shown that the eye is not tinted by col-
ors and the forms of light in a permanent way. It has also been shown that
the forms of light and color do not mingle in air or in [other] transparent
bodies but that the eye perceives many of them at the same time through
the [same] air; and each of the eyes perceives them according to the cone
that is formed between the visible object and the center of the sight.

(6.95] But why is it that not all the forms of all the colors appear on all
those bodies [upon which they shine], but that some appear and some do
not, depending on whether the color is intense, or the light that illuminates
the color is intense, or the illumination of the body upon which the form
appears is faint? The eye is responsible for this, because these forms [that
do not appear] are not [just] shining upon bodies that face them but upon
bodies that are illuminated by some colored light. For the form of any body’s
light and color continually shines upon all facing bodies when they do not
lie too far away. As far as light is concerned, in fact, this is obvious, for,
when any body that is somehow illuminated is tried (as long as the illumi-
nation is not very weak), and when the trial is carried out as we have de-
scribed—i.e., when a white body is placed opposite it within a dark recess,
and when there is a narrow opening between the illuminated object and
that dark recess—][it is obvious] that the light will then appear upon that
body.!” On the other hand, colors will appear only under the proper condi-
tions, for it has been shown by induction that the forms of colors are always
weaker than the colors themselves, and the farther the forms are from their
source, the weaker they will be.!'?

[6.96] It has also been shown by induction that, when intense colors are
situated in dark places and the light that shines upon them is very weak,
those colors will appear dark and will not be [properly] discerned by sight.
But when they are situated in well-lit places and the light shining upon
them is strong, the colors will appear and will be [properly] discerned by
sight.™!

[6.97] Furthermore, it has been shown by induction that, when intense
light shines upon the forms of colors appearing on bodies facing them, those
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colors will disappear from sight, and they will only appear when the light
is not intense or [its source] is far away."?

(6.98] It has also been shown that, when intense light shines on the eye,
it will prevent it from seeing many visible objects that face it at that time but
are not visible by themselves.'

[6.99] It has been shown as well that the eye does not perceive colors
except by means of a form reaching it from that color and that it will be
perceived along the appropriate [radial] lines."* Therefore, when a viewer
looks at an opaque object upon which the form of the color has shone, he
will perceive that form by means only of a secondary form reaching him
from that form [shining on the object]. But this secondary form is weaker
than the primary form [shining] on that body, whereas that primary form is
weaker than the color itself [in the source-object]. Now sight does not per-
ceive the opaque body upon which the form appears unless some light ap-
pears in it, whether it be the light that accompanies the form of the color
shining on it or that light along with some other light. Thus, the secondary
form that reaches the eye from the primary form comes to the eye along
with the form of the light in that opaque body. But the color of that opaque
body upon which the form lies will also be perceived by sight in that situa-
tion. Hence, the form of its color arrives at the eye along with the second-
ary form reaching it from the form of the color that shines upon it, but the
form of the color of this body that reaches the eye in this situation is a pri-
mary form. The eye, moreover, perceives what it perceives only along spe-
cific [radial] lines, and the specific [radial] line between it and the opaque
body along which it perceives the form of the color of that opaque body is
the same as the [radial] line along which it perceives the secondary form
coming [to it] from the form of color shining upon that body, for that form
[too] lies on the surface of that body. Therefore, the eye perceives this form
along the [radial] lines that lie between it and that body, and it perceives the
color of that body along the [radial] lines that lie between it and that body.
Likewise, the eye perceives the light in that body along these same [radial]
lines. Hence, three forms of that color reaching the eye are perceived by the
eye along the same [radial] line.""®

[6.100] And since this is so, they are perceived mingled together, and
the secondary forms that reach the eye from the form of color that shines
upon the body facing it will always be perceived by the eye mingled with
the form of the color of that body, as well as with the form of its light. The
eye thus perceives a form derived from the two colors [and] that [form] is
different from the form of either of them. If, then, the opaque body upon
which the form [shines] is of a bright color, the form it conveys to the eye
will be bright, and it is a primary form, and it is mingled with the second-
ary form that reaches the eye from the form of the color shining upon that
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body. But this form is weak, so it is not apparent to sight, because, when a
bright color is mingled with a faint color, the bright color overwhelms the
faint one. And the same things are invariably found [to obtain] in the case
of colors and dyes when they are mixed together. However, the form of the
color is invisible when the light that shines on it is intense only because the
secondary form reaches the eye along with the form of intense light as well
as with the whiteness of the body.

[6.101] Now it has already been shown that when intense light shines
on the eye, it prevents the eye from perceiving weak forms."® Therefore,
when intense light reaches the eye along with the whiteness of the body
upon which it shines, it will prevent the eye from perceiving the weak sec-
ondary form that reaches it along with that light. On the other hand, if the
body upon which the form of the color shines is white, but if the light that
shines upon it is weak and the form of the color that shines upon it is also
weak, then, even though it is weak, the form of the light in that body, along
with the body’s whiteness, will overwhelm the form of the color, which is
very weak. So when it reaches the eye, that form will not be [properly]
discerned by the eye. If, however, the body upon which the light shines is
white and the color whose form shines upon it is black or dark, that form
will be outshone only by the whiteness of that body; so it will appear as
shadow, and the eye will perceive that body as not very white, just as it will
perceive a white body in shadow, so its form will not be [properly] dis-
cerned by it.

[6.102] All of this will obtain when the light that illuminates the colored
body is intense and the whiteness of the form that shines from it upon the
facing body is dull. If, however, the light in the colored body is weak, then
the form that shines from it upon the facing body will be dark, and it will
appear to the eye just like the colors it perceives in dark, poorly lit locations
or the colors of transparent bodies upon which weak light shines. Hence,
when the light that shines upon colored bodies is feeble and when the forms
of their colors shine on facing bodies, they will only appear as shadows as
far as visual sensation is concerned. And if such a body facing the color lies
in a dark location, none of the color will appear on it on account of its dark-
ness and the darkness of the form shining on it. But if the body facing this
color lies in an illuminated location and there is light other than the light of
its form shining on it, and if this body is illuminated, then its color will
appear superimposed upon that form; and the color of that body will ap-
pear to the eye but not the form, because it acts just like a shadow, and its
shadowing effect will not be [properly] discerned by the eye. However, if
that body upon which the form shines is white and, moreover, is illumi-
nated by some light other than the form’s light, then, on account of its dark-
ness, the form will merely dim the body’s whiteness and luminosity in much
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the same way as shadows are cast on white objects.

[6.103] And forms of this sort will only be perceived by the eye on bod-
ies facing colors.

[6.104] Therefore the eye does not perceive the form of a color on a body
facing that color except when the secondary form reaching it from the form
of its color is more intense and more overwhelming than the primary form
coming along with it from the light and color that are in the body upon
which the form shines. But this situation is quite rare, and for that reason
such a form is rarely seen; moreover, among those [that are seen] only the
form of intense, brilliant colors appears when the light that shines upon
those colors is intense, and when those forms shine upon facing, white bod-
ies, and when the light shining upon those bodies is weak in relation to
those forms. Whatever is not of this sort does not appear.

[6.105] Likewise, the failure of feeble light to appear upon a body facing
it is due to the fact that, when the body facing the feeble light is lit by an-
other [more intense] light-source, the two lights will mingle, and therefore
the feeble light will not be [properly] discerned by the eye. But when the
body facing the feeble light is dark, the form of the feeble light will not
appear upon it because the form of the light is weaker than the light itself,
and the secondary form reaching the eye from that form, by whose media-
tion the eye must perceive the form [shining] upon the body facing the light,
is weaker than that form. Therefore, if the light is feeble and the facing
body is dark, the form that shines upon the facing body will be very weak,
and the secondary form that reaches from it to the eye will be weak to the
point of vanishing. And the eye does not perceive light that is weak to the
point of vanishing.

[6.106] Hence, the forms of all illuminated colors and the forms of every
light shine upon facing bodies, but several of them do not appear to the eye
for the reasons we have enumerated. But some of them do appear when
they conform to the conditions we have discussed. Therefore, the reason
why the eye does not perceive the forms of all the colors in colored bodies
[shining] on all bodies facing them but perceives some and thereby per-
ceives all the colors in the colored bodies has now been demonstrated. And
the reason is that it perceives the colors in colored bodies from the actual
form reaching it from them, that form being stronger than the secondary
form reaching it from the forms of the colors that are on the bodies facing
them. And it also perceives the [primary] form of the colors separately, not
mingled with others, whereas it perceives the secondary form that reaches
it from the forms of their colors mingled with others.

[6.107] And this is what we promised to show at the end of the third
chapter,"” and it has now been shown that sight only perceives the colors of
visible objects mingled with the forms of light that are in them and mingled
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with all the forms shining upon them from the colors of facing bodies.
Moreover, if there is some opacity in the transparent medium intervening
between them and the eye, its color will also mix with those colors, and the
eye does not perceive that color separately. Nonetheless, the forms that
shine on colored bodies are, on the whole, very weak, and the secondary
forms coming from them to the eye are weak to the point of vanishing. On
account of this, the colors of the bodies themselves will generally overwhelm
the forms [of color] shining upon them. Likewise, if there is a modicum of
opacity in the transparent medium intervening between the eye and the
visible object, its color will not be distinguished by the eye from the color of
the visible object that comes with it when the color of the visible object that
accompanies it is stronger than its color.

[6.108] But the reason intense light prevents the eye from perceiving
certain visible objects is that the forms that reach the eye along one [radial]
line are only perceived as mixed by the eye. And if some of the mixed
forms dazzle while others are faintly radiant, the bright form will over-
whelm the weak form, and the weak form will thus not be perceived by the
eye. But when the forms that are mingled are of nearly the same strength,
they will be perceived by the eye, but each of them will be perceived ac-
cording to how the other forms that mingle with it will be mixed up with it,
for mixed forms are perceived as mixed, not separately, by the eye.

[6.109] Hence, the stars are not perceived by the eye during daylight
because the light that pervades the air [at that time] is more intense than
starlight. When a viewer looks up into the sky during daylight, then, the
air between him and the heavens will be illuminated by sunlight and will
be perfectly contiguous with the [surface of the] eye, and the stars will lie
behind that light."”® Thus, the form of a star and the form of the light in the
air intervening between the eye and that star will reach the eye along one
[and the same radial] line, so they will be perceived as mixed. But the form
of daylight in the air is considerably stronger than the form of the starlight,
so that the light in the air will overwhelm the starlight, and thus the form of
the star will not be [properly] discerned.

[6.110] The same holds for a faint light that is in the midst of intense
light—e.g., a faint fire in sunlight, or a firefly in daylight, or the like. When
such visible objects are in sunlight or in daylight, their forms will come to
the eye mixed with the form of the intense light shining upon them. And
since the eye will perceive the form of such visible objects mixed with the
form of the intense light, the form of the intense light will overwhelm the
form of the faint light.

[6.111] Moreover, a faint light or a weak form of a visible object is fre-
quently unseen when intense light shines on the eye, even though the two
forms do not reach the eye along the same [radial] line. This will be the case
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when the two forms radiate along neighboring [radial] lines and reach the
eye at two neighboring spots [on its surface]. And this becomes clear at
night in firelight, for, when the eye perceives the firelight and the firelight is
near the eye so that its light is intense, and when there is some visible object
facing the eye in that situation, and it is illuminated by faint, accidental
light, and when that visible object is farther from the eye than the fire and
lies along a line-of-sight near the fire’s line-of-sight, then the eye will not
perceive that visible object properly. If, however, the viewer shields the fire
from his sight or moves his line-of-sight with respect to the fire so that the
line-of-sight along which he perceives that visible object lies far from the
fire’s line-of-sight, then he will perceive that visible object more clearly [than
before].l"

[6.112] The reason for this is that the visible object possessing the faint
accidental light has a dark form, and when the eye perceives that form with-
out perceiving intense light along with it, it will sense the faint light, given
that there is some darkness between the eye [and the object] or an absence
of intense light on the side of it where the form of the weak light reaches.
But when the eye perceives the form of faint light while it perceives the
form of intense light along with it, then it perceives the intense light at a
spot on the eye that is next to the spot at which it perceived the dark form.
The eye will [therefore] not perceive the faint light in the dark form for two
reasons: first, because when intense light reaches the eye, the entire eye is
illuminated, and when the entire eye is illuminated, faint light will not ap-
pear in it, particularly when the [intensity of the] faint light is minimal in
comparison to [that of the] intense light;'® and second, [because] the faint
light abuts on the intense light at the two neighboring spots on the eye. But
the faint light is almost dark in comparison with the intense light, so when
the [intense] light lies next to the weak, dark form while the form of the
intense light floods the eye, then the eye will not perceive the form that is
faintly illuminated, and all it will perceive of a dark form is its darkness;
and so the form will not be [properly] discerned by the eye, nor will the eye
perceive it properly.

[6.113] Moreover, the overshadowing of the forms of faint light because
of the nearness of intense light has its counterpart in colors, for when spots
of some relatively dark color are painted on a white body, the spots will
appear black because of the intensity of the [body’s] whiteness. But if iden-
tical spots are painted on a pitch-black body, they will appear almost white,
and their darkness will go unseen. But when a color is painted on bodies
that are neither intensely white nor pitch-black, the color will be seen as it
really is.

[6.114] By the same token, when a grass-green color is painted on a yel-
low body, it will appear dark, but when it is painted on a black body, it will
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appear the color of wild marjoram, and the same holds for all colors that lie
midway between two extremes.'”

[6.115] Thus, when neighboring visible objects differ sharply in the in-
tensity or faintness of their color, the faint color will be unseen by the eye,
because the qualities of light and color will be perceived only with respect
to others around them. And intense light will prevent the eye from perceiv-
ing faintly illuminated visible objects only because of the mingling of the
form of the weak light with its form, as well as because of the predomi-
nance of the forms of intense light over the forms of faint light and the
inability of the sense to perceive anything whose intensity is minimal in
comparison to that of something else.

[6.116] Accordingly, we have now accounted for all the subjects that
bear on this chapter.

[CHAPTER 8]

[7.1] The tunics that we discussed in our account of the structure of the
eye serve as instruments through which vision is achieved.

[7.2] Now the first tunic, which is called the cornea, is a transparent but
tough membrane, and it extends over the opening in the anterior of the
uvea. Its primary function is to cover the opening in the uvea so as to keep
the albugineous humor, which lies in front of the uvea, in place. Itis trans-
parent so that the forms of light and color can pass through it into the inte-
rior of the eye, for they only pass through transparent bodies. Its tough-
ness, moreover, is meant to keep it from deteriorating easily, for it is ex-
posed to air and can easily be damaged by smoke, dust, and the like.

[7.3] The albugineous humor, for its part, is transparent, and it is quite
fluid. Itis transparent in order to let forms pass into it and extend through
it to the glacial humor. It is moist, however, in order to keep the glacial
humor continually moist so that it can maintain its proper condition, for the
membrane that covers the glacialis is extremely thin, and the least dryness
could damage it.

[7.4] Now the black tunic, i.e., the uvea, that contains the albugineous
humor, is black, tough, thick, and spherical, and in its front there is a round
opening, as we pointed out earlier.’® It is black in order to darken the
albugineous and glacial humors so that the forms of faint light can appear
in them, for faintlight definitely appears in dark locations but is invisible in
brightly illuminated locations. Moreover, it is somewhat tough in order to
hold the albugineous humor in place so that none of it leaks out. It is thick
in order to be opaque, for if it were thin, it would be translucent; but since it
is thick, its inner side will be dark.’® It is spherical because the sphere is the
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most efficient of shapes and is least susceptible to injury, whereas figures
that have corners are easily altered at [those] corners. There is an opening
at the front of this tunic so that forms can pass through it into the interior of
the eye, and this opening is circular because the circle is the simplest and
most capacious figure of all figures having the same circumference.’

[7.5] The glacial humor has many characteristics that help bring [visual]
sensation about. For it is moist and subtle, and it possesses some transpar-
ency as well as some opacity. Covering it is a very thin membrane, and its
surface takes shape as a composite of two different spherical surfaces, the
anterior of which is more gradually curved than the posterior.'? It is moist
so that it can more easily suffer the effect of light, and it is subtle because
such bodies are exquisitely sensitive. It is, moreover, somewhat transpar-
ent so that it can receive the forms of light and color and so that light and
color can pass through it, but it is somewhat opaque so that the forms of
light and color can persist in it for awhile in order to let the form of the light
and color impressed in it be seen by the sensitive faculty.'®* If it were per-
fectly transparent, though, the forms would pass through it, but it would
not feel the effect of the forms, which is of the nature of pain, and so it
would not perceive those forms.

[7.6] The membrane that covers this humor is there to constrain it so
that it does not flow, for unless something constrained them, the humors
would flow and would not maintain a constant shape. But this membrane
is exceedingly rare so that it will not block out the incoming forms. It is
spherical for the same reason we mentioned earlier, and its anterior surface
is formed from a great sphere so as to be parallel to the anterior surface of
the eye in order that the centers of both [surfaces] form a single point.

[7.7] The hollow nerve to which the whole eye is attached is hollow so
that the visual spirit can flow through it from the brain to reach the glacialis
and thereby endow it in turn with sensitive power, and so that the forms
can also pass through the subtle substance flowing through its hollow until
they reach the final sensor at the front of the brain.

[7.8] And the wellsprings of the two nerves to which the two eyes are
attached lie on both sides of the anterior part of the brain so that the loca-
tion of the two eyes will correspond with the location of their two well-
springs. Their wellspring was not in the middle of the anterior part of the
brain because this location is more appropriately designated for the sense
[of smell].1?

[7.9] Indeed, there are two eyes because of the beneficence of the Cre-
ator'”® [who chose to double the eyes] so that, if one of them were to be
injured, the other would remain [functional], and also so that the face would
look more comely [than it would with only one eye].

[7.10] The reason, moreover, that the two [optic] nerves join has already
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been given in [the section on] how vision occurs.'?

[7.11] The surfaces of the tunics of the eye are spherical and parallel,
and their centers coincide at one point so that [any line] perpendicular to
the first of them is perpendicular to all. And they are spherical so that [all
their] perpendiculars may issue from the single point that forms their cen-
ter and then diverge as they part from the center in order that the cone
projected from that center can contain all the perpendiculars extending from
any visible object [to that centerpoint] and can demarcate a small spot on
the surface of the eye as well as on the sensitive organ, that spot, no matter
its smallness, being able to encompass the entire form reaching from the
visible object to the eye. If, however, the surfaces of the tunics of the éye
were flat, the form of the visible object would not reach the eye along per-
pendiculars unless the eye were the same size as the object. But there is no
other figure than the sphere in which the perpendiculars come together
and meet at a single point and upon whose surface those perpendiculars
fall in perfect order.

[7.12] According to this disposition many cones can extend at the same
time to many visible objects from the center of the eye, and each of them
will demarcate a small section on the surface of the sensitive organ that
encompasses the [whole] form of that visible object. And all the tunics have
a single center for the reason we have given before, that reason being so
that the perpendiculars issuing from the visible object to one of those tunics
will be perpendicular to all of them and so that forms may pass through all
of them along a single [radial] line.

[7.13] Now the reason sight perceives visible objects only along such
perpendiculars is that it is only according to such perpendiculars that the
parts of the visible object are properly arranged on the surface of the sensi-
tive organ. And it was already shown earlier that the form of a visible ob-
ject cannot be properly arranged on the surface of the sensitive organ un-
less the form is received along these [radial] lines alone.’® Accordingly, this
is an intrinsic characteristic of the eye, so it is naturally constituted not to
receive any form except along these [radial] lines. And the fact that the eye
is endowed with this property is one of the things manifesting the incred-
ible perspicacity of the Creator and the providence of nature in designing
the instruments of sight and the arrangement according which [visual] sen-
sation is achieved and visible objects are discerned.

[7.14] The sclera encloses all of these tunics; and there is some moisture
init, yet it also has some firmness, and is somewhat tough. It encloses all of
these tunics in order to keep them together and to preserve them, and it is
somewhat moist so that the locations of the tunics can thereby be prepared
and so that those tunics cannot be quickly dried out. It is somewhat firm
and tough so that it can keep the tunics in place and have them maintain
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their [spherical] shape so that they will not be readily subject to change. It
is white so that the face will be comely on that account.™!

[7.15] The entire eyeball is round because roundness represents the best,
most capacious, and most easily moved of shapes. The eye, however, needs
to move, and to move quickly, so that by moving it can face many visible
objects at the same time and so that, by moving, the viewer’s central [line-
of-sight] can face all parts of a visible object in order to perceive it with a
true and consistent perception, for sensation through the middle of the sen-
sitive organ is most clear (we will demonstrate this later in a suitable place).’*
The eye moves quickly so that in very short order it can see all the parts of
a visible object as well as [all] the visible objects facing it.

[7.16] The eyelids are designed to preserve the eye during sleep and to
keep the eye still when it is fatigued by light, for intense light harms the
eyes, and if the eyes are continually open to it, they will be debilitated. This
is obvious when the eyes stare at an intense light for a long time. Likewise,
when there is smoke or dust in it, air harms the eye. Thus, the eyelids shield
the eye from light when the eyes need it, and it protects them from the air
and wipes away many harmful residues from them. Then, when the eyes
are tired, the eyelids are closed over them so that they can finish resting,
and the eyelids move quickly so that they can close over the eyes as soon as
anything harmful approaches the eyes.

[7.17] The eyelashes are there, however, to mitigate some of the light
when it will hurt the eye because of its intensity, and for this reason the
viewer squints his eye and narrows it so that he can see from a narrow field
of vision when intense light would hurt it.

[7.18] These things we have discussed cover the functions of the instru-
ments of vision, from which the great perspicacity of the Creator is mani-
fest. Let his name therefore be blessed, along with the goodness of nature
in its providential order.

[CHAPTER 9]

[8.1] It has been demonstrated earlier'® that the eye perceives none of
the visible objects that occupy the same air with it (provided that it does not
perceive them by means of broken rays) unless the following conditions are
met, namely: (1) that there be some space between eye and object, (2) that
the object face the eye—i.e., that a straight line can be imagined extended
between any point on the surface of the visible object perceived by the eye
and some point on the surface of the eye, (3) that the object possess some
illumination, (4) that it have some [perceptible] size with respect to the eye’s
sense-capacity, (5) that the aereal medium be continuous and transparent
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and that there not be any opaque body in it [between eye and object], and
(6) that the visible object block sight—i.e., that there be no transparency in
it, or if there is, that it be more opaque than the air intervening between it
and the eye; but this can only happen with color or the like. Furthermore,
sight will not perceive a visible object unless these six conditions are met as
a whole; if the visible object fails to meet any one of these conditions, it will
not be perceived by sight.

[8.2] Each one of these conditions is necessary to sight for some specific
reason.

[8.3] Accordingly, the reason that the eye perceives a visible object only
when there is some separation between eye and object but does not per-
ceive it when it is placed directly upon it eye is twofold. First, the eye does
not perceive a visible object unless there is some light in it. But if that object
is placed directly upon the eye and has no intrinsic luminosity, there will be
no light on its surface where it touches the eye, for, by its position, the body
of the eye will be prevented from seeing it.'** On the other hand, an object
that is intrinsically luminous cannot be placed upon the surface of the eye
because intrinsically luminous bodies include the stars and fire, which can-
not be placed upon the eye.’”® The second reason is that vision will only
occur on the side facing the opening in the uvea at the center of the eye’s
surface, but when a visible object is placed on the eye, the area of the object
that touches the eye will only be the size of the area it touches on the eye.
But if the eye perceives the visible object through direct contact, it will per-
ceive only that part directly touching the opening but will not perceive the
rest of the visible object. And if the visible object is passed over the surface
of the eye until the eye touches the entire surface of the visible object at the
center of its own surface, it will perceive the object one part at a time, and
when it perceives the second part it will not perceive the first part, so it will
be unable to perceive the whole object at once. Further, if that is the case,
the form of the [entire] visible object will not be delineated in it [but will
appear] much as [would be the case] if some visible object were placed on
an opaque body, and there were an aperture smaller than the visible object
in that opaque body, and the visible object were placed at the opening; [for]
in that case only the part of the object placed at the aperture would be per-
ceived. Then, if the visible object were moved over the aperture until it was
perceived bit-by-bit by the eye, its whole form would not be delineated in
the eye.

[8.4] Hence, if vision were [to take place] through physical contact, the
eye would not perceive the entire visible object nor [would it perceive] its
shape and arrangement unless the visible object were the same size as the
central spot on the eye through which vision would occur; and, in addition,
it could not perceive several visible objects at the same time. But when
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there is some space between the eye and the visible object, the eye can at
once perceive the entire visible object at a small spot [on its surface], even if
the visible object is large; and it can perceive several visible objects at the
same time. Furthermore, when the visible object is separated from the eye,
it will be possible for light to shine on the surface of that object facing the
eye. For these two reasons, then, sight does not perceive visible objects
unless there is some space between them and the eye.

[8.5] That sight perceives a visible object occupying the same air as the
eye while facing it only if a straight line can be [imagined extended] be-
tween any point on the object and some point on the area of the eye’s sur-
face where vision occurs is due to the following. It has already been shown
that vision will not occur except through forms reaching the eye from the
visible object and that forms are perceived only along straight lines.’” As a
result, the eye does not perceive an object unless there is a straight line be-
tween it and the object. And if opaque bodies are interposed to cut all the
[straight] lines between them, objects will disappear from sight, whereas if
an opaque body interrupts [only] some of those straight lines, a certain part
of the visible object at the endpoints of the [straight] lines interrupted by
the opaque object will disappear from sight.

[8.6] Sight does not perceive a visible object unless it is illuminated for
two reasons: either because the forms of the color in the visible objects do
not radiate through the air except when light accompanies the color, or be-
cause the form of the color does radiate through the air, even though no
light accompanies it, but does not make a perceptible effect upon the eye
except by means of [accompanying] light. Now it is clear that the form of
light is stronger than the form of color, that light has a more noticeable ef-
fect than color, and that, because it is weak, the form of color cannot affect
sight the way that light does. But the form of color in an illuminated body
is invariably mingled with the form of light, and, when it reaches the eye, it
affects sight by virtue of its intensity as well as by virtue of the disposition
of the eye to suffer its effect. But since light is mingled with the form of
color and is not discerned separately from it, the eye only senses the form of
light mingled with the form of color. Therefore, the eye senses the color of
the visible object only on the basis of that color mingled with the form of the
light reaching it from the visible object, and consequently, as far as sight is
concerned, the colors of many visible objects vary according to variations
in the light shining upon them.”® Therefore, since the form of color does
not affect sight unless it is mingled with light, and since color does not gen-
erate a form unless it is illuminated, sight perceives no visible object unless
it possesses some illumination.

[8.7] Why sight does not perceive a visible object unless it has some
[appreciable] size is explained in the following way. It has been shown that
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the form of a visible object reaches the eye by means only of cones whose
vertex lies at the center of the eye and whose base is formed by the surface
of the visible object and that such a cone demarcates a small area on the
surface of the sensitive organ where the form of the visible object will be
arranged.™ If the visible object is extremely small, the cone formed be-
tween it and the center of the eye will be extremely small. Accordingly, the
area demarcated upon the sensitive organ will be so small as to be virtually
a point. But the sensitive [organ] does not sense a form unless the area on
its surface to which the form comes has a perceptible size in proportion to
the whole [of the surface]. Moreover, sensitive powers are finite, so when
the area of the sensitive organ to which the form comes does not have a
perceptible size in proportion to the whole sensitive organ, it will not feel
the effect made there because of its smallness, the result being that it does
not perceive the form.'* Therefore, a visible object can be perceived by
sight if the cone that is formed between the object and the center of the eye
will demarcate an area on the surface of the glacialis that has a perceptible
size in proportion to the whole surface of the glacialis. But the resulting
sensation will depend entirely upon the extent of [the eye’s] sensitive power,
which does not go on to infinity, and that power varies with the capacity of
the [given] eye. But if the cone that is formed between the visible object and
the center of the eye demarcates an area on the surface of the glacialis that
has an imperceptible size in proportion to the entire surface of the glacialis,
sight cannot perceive that object. It is for this reason that sight will not
perceive an extremely small object.

[8.8] That the eye does not perceive a visible object unless the medium
intervening between that object and the eye is transparent is because vision
only occurs by means of a form reaching from the visible object to the eye.
But forms only extend through transparent bodies, so vision is achieved
when the visible object occupies the same air as the eye (provided that the
perception does not take place through broken rays) only if the air between
the visible object and the eye is continuous and an opaque body does not
interrupt the straight lines extending between them, for a form extends
through air of uniform transparency only along straight lines. For this rea-
son the eye perceives a visible object that occupies the same air with it and
faces it only when the air between eye and object is of uniform transpar-
ency.

[8.9] There are two reasons why sight does not perceive a visible object
unless it is [completely] opaque or possesses some opacity. One reason is
that whatever is opaque is colored, and [it is] from color [that] the form by
means of which sight perceives the color of a visible object comes to the eye.
Whatever is absolutely transparent, however, lacks color, so it is not per-
ceived by the eye. The second reason is that sight does not perceive a vis-
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ible object unless it is illuminated and a secondary form of the light in it
reaches the eye along with the form of its color. But there will be no second-
ary form of light shining on any object unless it is fixed in the object upon
which it shines. Therefore, if the light is fixed in that body, a secondary
form will radiate from it; but when light shines upon an exquisitely trans-
parent body, it will not be fixed in it but will pass through its transparency.
When a transparent body faces the eye, then, and when light shines upon it
from the direction of the eye, it will pass through it and not be fixed on its
surface."! Accordingly, there will be no light on the surface of that body
facing the eye and sending its form to the eye. On the other hand, if that
light-source whose light shines upon that transparent body faces the eye,
its light will pass through the transparent body and will reach the eye, but it
will carry with it no color from the transparent body to the eye, for a trans-
parent body that is absolutely transparent has no color. From that direc-
tion, then, sight will perceive the light-source from which the light shines
upon the transparent body from behind it, but it will not perceive the trans-
parent body [itself] insofar as sight does not perceive any visible object that
is absolutely transparent. Furthermore, if the transparency of the body is
the same as the transparency of air, that body will be disposed just like the
air, so it will not be perceived by sight, just as air and transparent bodies
whose transparency is no less absolute than the transparency of air will not
be perceived by sight, for there is no form extending from them to the eye
that can affect sight. And the same will hold if some transparent body other
than air intervenes between the eye and the visible object and the transpar-
ency of the visible object is no less attenuated than the transparency of the
intervening body.

[8.10] And if a visible object is opaque, it will be colored, and when light
shines upon it, it will be fixed upon its surface, and a form of its color, as well
as of the light shining upon it, will extend through the air and through trans-
parent bodies. And when this form reaches the eye, it will affect it, and from
that effect the eye will sense the visible object. Moreover, when the visible
object is transparent, but less so than the air, it will possess [some] color
according to its opacity, and when light shines upon it, that light will be
fixed in it somehow according to the opacity it possesses but will pass through
it according to its transparency. There will thus be a form extending from it
through the air according to the color and light on its surface, and when that
form reaches the eye, it will affect the eye, and the eye will sense that visible
object. For this reason sight perceives no visible object unless it is [com-
pletely] opaque or unless there is some opacity in it."*

[8.11] The reasons why sight perceives nothing unless the aforemen-
tioned conditions are met as a whole have now been set forth, and what we
have explained is what we intended to explain in this book.
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'As was pointed out in “Introduction,” p. xxiii above, the opening of chapter
1 in the Latin version of this treatise is actually the opening of chapter 4 in the
Arabic version, the first three chapters in all likelihood never having been rendered
into Latin.

Note that in the Latin text to this point two forms of “light”—Ilux (lines 1 and
4) and lumen (line 7, as well as line 9) —are used. Roughly speaking, lux should be
understood as the essential, inherent light in a self-luminous body, whereas lumen
can be understood as the illuminative effect of lux on other bodies as well, by ex-
tension, as of its physical manifestation in transparent media. As Bacon puts it,
“we say that the lumen of the sun in the air is the species [i.e., formal replica] of the
solar lux in the body of the sun” (De multiplication specierum 1, 1, trans. Lindberg,
Roger Bacon’s Philosophy, pp. 2-5). As Bacon points out subsequently (p. 5), this
differentiation reflects the distinction drawn by Avicenna in his commentary on
the De anima; for a Latin edition of this work, see Liber de anima seu sextus de naturalibus
I-II-11, ed Simone Van Riet (Louvain: E. Peeters, 1972), pp. 169-171. According to
Sabra, Optics, 2, pp- 21-23, the two Arabic terms at issue are daw (= lux) and nur (=
Iumen), both of which Ibn al-Haytham uses, but not consistently nor to draw pre-
cisely the same distinction that Avicenna does.

*This example shows that light causes a sensation (or “passion”) of pain in
the eye; this pain is the root cause of, and thus necessary for, visual sensation; and
itis usually at such a low level that we do not recognize it as such; see 6.67, p. 376
above.

“This example shows that an inordinately intense light-effect can create a
briefly lasting impression in the eye in the form of an afterimage, which overrides
subsequent visual effects and thus interferes with normal vision. Alhacen also es-
tablishes that bright color can create this effect, a point upon which he will elabo-
rate in short order.

>According to Alhacen, light and color are ontologically distinct, but color
requires illumination to affect the eye visually. Hence, like pure light, illuminated
color, if too intense, can create a briefly lasting impression in the eye in the form of
an afterimage. Note that, for Alhacen, the afterimage is the same color as the origi-
nal color-stimulus rather than its complement, as we now understand it.

°This chapter-break, along with the next three, was imposed arbitrarily by
the Latin translator; see “Introduction,” pp. xxiii-xxiv above, for a discussion.

’Note that the illumination of the atmosphere is caused by the retention of
sunlight by the matter of the air, which has some opacity in it. Thus, the air, while
acting as a transmitter of light, is also capturing light and thereby acting as a screen;
see I, 3, 44, in Sabra, Optics, vol. 1, p. 29.

The Latin term subtilis can be rendered into English in various ways: e.g.,

395
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“tiny,” “fine,” “delicate,” even “exquisite.” Ihave chosen here and, with few ex-
ceptions, throughout the rest of the text to render it by its direct derivative, “subtle,”
in order to allow it the broadest range of meanings. Accordingly, features may well
be subtle by virtue of their minuteness, but they may also be subtle by virtue of
their delicacy or understated nature.

‘Here Alhacen implies that two different sorts of illuminative effect are at
play. On the one hand, the paper retains some of the incoming light by virtue of its
whiteness; on the other hand, it reflects some of that incoming light by virtue of its
polish, which is a function of its smoothness. Thus, according to Alhacen’s defini-
tion in book 4 of the De aspectibus, “politum est lene multum in superficie, et lenitas
est ut sint partes superficiei continue sine pororum multitudine . . . et finis lenitatis
est privatio pororum et privatio divisionis partium,” De aspectibus, IV, 3, Opticae
thesaurus, p. 104; see also 11, 3.193, p. 502 below.

], 3.113-114, in Sabra, Optics, vol. 1, p. 44.

1], 3.124, in Sabra, Optics, vol. [, p. 46.

?This example crops up again in 6.110, p. 385 above, as well as in III, 6.12, p.
598 below, where the firefly is referred to as “a certain flying creature called ‘aluerach’
in Arabic”—a fairly clear indication that the task of translation had changed hands-
-and for the worse—between book I and book III; see “Manuscripts and Editing,”
pp. clxviii-clxix above.

“The ulterior point in this section and its complement in 4.17, p. 346 above, is
that, as far as visibility is concerned, light is subject to threshold conditions. Hence,
either an excess or a deficiency in luminosity can cause vision to malfunction.
Alhacen goes on to say, however, that the amount of light necessary for proper
visibility is proportionate to a variety of other factors, including the size of the
object and its distance from the viewer. As we shall see, Alhacen has much more to
say on this score in the third book, where he discusses the threshold conditions of
visibility at length.

YBy “bright” color, Alhacen seems to mean “strong” color—that is, a color
that is deep rather than dazzling; see note 37, p. 537 below for further discussion of
this point.

See 4.15, pp. 345-346 above.

*According to Sabra, Optics, vol. 2, p. 45, the Arabic term for this cloth is abu
galamun, among whose meanings is included “chameleon.” In I, 3.218, p. 506 be-
low, the same Arabic term is rendered “alburalmon” in the Latin text. The varia-
tion in color that the peacock feathers and the cloth manifest is, of course, due to
the variable refraction, reflection, and interference of light which creates the effect
of a spectrum, the same effect that can also be seen in the feathers at the neck of a
pigeon. The assumption here is that these colors are somehow actually in the ob-
jects but are only revealed under certain light-conditions; see note below.

"In order to demonstrate that color is a real, inherent property of physical
objects, Alhacen devotes considerable attention in I, 3.132-137 to refuting the idea
that color is some sort of mediate effect created by light in the eye; see Sabra, Optics,
vol. 1, pp. 48-49. In other words, color is essentially objective, not subjective. In
taking this realist position, Alhacen is following both Aristotle and Ptolemy; see,
e.g., Ptolemy, Optics, II, 14-16, in Smith, Ptolemy’s Theory, pp. 75-76 As Sabra ob-
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serves in Optics, vol. 2, p. 39, one of the objects of Alhacen’s argument is the atomists,
who supposed color to be a psychological state created by the physical interaction
of atoms. Another could well be Plato, whose account in Timaeus 67d-e reduces
color to an effect of the physical interaction of outgoing visual flux and incoming
particles emitted by various visible sources; see Smith, Ptolemy and the Foundations,
pp- 28-29. The fact that colors have an absolute, objective existence, however, does
not mean that they are always perceived as they truly are; a variety of factors, such
as intensity of illumination, surrounding color-context, and the physical state of
the optic system can cause colors to vary in both hue and clarity.

BAlhacen’s explanation of how the visual process occurs occupies the whole
of chapter 6; within this context, Alhacen’s account of why inordinately bright light
or color impedes proper vision is to be found in 6.108-115, pp. 385-387 above.

“This is chapter 5 in the Arabic original of the text, so the succeeding chapters
of the Latin text will deviate accordingly in numerical designation from their Ara-
bic counterparts.

XThe modifier obticus, conjoined with nervus, is found in that form in all the
manuscripts. While it could easily be taken as an orthographic variant of opticus—
in which case it would seem natural to render it as “optic”—context makes it clear
that its proper English rendering is “hollow.” Indeed, Roger Bacon makes this
point clear in referring to the “nervi optici, id est concavi” in Perspectiva 1.2.1, ed.
and trans. Lindberg, Roger Bacon and the Origins, p. 22, line 36.

“Alhacen’s description of the optic system is essentially Galenic and, as is
indicated by his continual use of dicitur (“it is said”), seems to be based on author-
ity rather than on first-hand observation. —~.
The two cerebral membranes out of which Ry
the two tunics of the nerves supposedly
arise are the dura mater, which forms the
tougher, outer membrane, and the pia mater,
which forms the softer, inner membrane of
the brain. The crossing of the nerves, which

forms the optic chiasma, is henceforth des- QQ,\
ignated in the text as the “common nerve”
(nervus communis). For a discussion of figure 1.1

Galen’s account of ocular anatomy and
Hunayn Ibn Ishaq’s later adaptation of it, see “Introduction,” pp. xxxvii-xxxix and
xlvii-xlix above. Figure 1.1, taken from ms P3 (f 4v), illustrates the complex of optic
nerves springing from the brain at left, passing through the optic chiasma, and
emerging through the eyesockets.

2The Latin term rendered here as “sclera” is consolidativa, so called because its
primary function is to hold the eye together (consolidare) and maintain its essential
structure. This tunic is also called conjunctiva (see, e.g., Bacon, Perspectiva 1.2.2),
and is, in fact, designated as such by Sabra in Optics, I, 5.5. That term, however, is
misleading, since in modern usage it refers only to the mucous membranes enclos-
ing the eye in front. Alhacen’s “consolidativa” corresponds to Galen’s “scleral tu-
nic” (chiton skleros);” see “Introduction,” p. xxxviii above.

B According to Sabra’s translation, the Latin text has substituted “green” (viridis)
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for “blue” in the Arabic version; see I, 5.6 in Sabra, Optics, vol. 1, p. 56.

*Alhacen’s “uvea” corresponds to Galen’s “choroid tunic” (= cliiton choroeides);
see “Introduction,” p. xxxvii above.

BThis opening is, of course, the pupil, and the part of the uvea that shows
through the cornea is the iris. As will become clear later on, the assumption (incor-
rect) that the pupil lies directly in line with the opening in the nerve at the back of
the eye is mandated by Alhacen’s theory of visual imaging.

*The reason that Alhacen denies perfect transparency to the glacialis is that, if
it did not have something to block or impede the passage of light or illuminated
color, it could not be affected by them. Thus, it has a modicum of consistency
(spissitudo) or opacity (densitas, soliditas) that enables it to take on the impression of
light and color physically for a very brief time (see 6.64, p. 375 above). For a more
detailed account of Alhacen’s understanding of transparency and its optical prop-
erties, see note 59, p. 404 below.

“Being “equally situated” with respect to the pupil means that all the rectilin-
ear lines drawn from the circumference of the pupil tangent to the sphere of the
glacialis will be equal in length. Thus, as will be established later, the straight line
perpendicular to the plane of the pupil and passing through its centerpoint will
also pass through the centerpoint of the sphere of the glacialis. As Alhacen implies
in 5.26, p. 352 above, the glacialis is spherical only in the ideal sense; in reality it is
composed of two intersecting spheres, the anterior one being of a larger radius and
thus of a more gradual curvature than the posterior one. It is this relative modera-
tion of curvature that constitutes the “flattening” (compressio) to which Alhacen
adverts here. Note, by the way, that the sphere Alhacen designates as glacialis in
this case includes both the lens and the vitreous body behind it and, therefore, both
the “crystalline” (krystalloiedes) and “vitreous” (liyaloeides) humors of Galen’s ana-
tomical description; see “Introduction,” p. xxxvii above.

*As Sabra points out in Optics, vol. 2, p. 51, note 10.2, Galen, and Hunayn Ibn
Ishaq following him, liken the vitreous humor to melted, rather than ground or
crushed, glass. What Alhacen meant by likening this humor to ground glass (vitrum
quasi frustatum) is unclear at best. The important point is that, by so characterizing
this humor, Alhacen has established that the glacialis is divided front and back into
two portions that are distinguished by their particular transparencies. The front
portion of the glacialis that is filled with glacial humor constitutes the crystalline
lens. Rather than render the Latin term glacialis as “crystalline lens,” however, I
have chosen to leave the term untranslated in order to reflect the fact that, in ad-
verting to the glacialis, Alhacen has the entire sphere in mind, even though the
effectively sensitive part of it consists of its anterior portion.

*Presumably, the “opening” (foramen) in the uvea referred to here is simply
the insertion-point for the sphere of the glacialis, it being at this point that the glacialis
is attached around its equator to the uvea. Note the distinction of tunics by their
origin in the two cerebral membranes: pia mater for the uvea and dura mater for the
outer casing of the eye (i.e., the sclera) of which the cornea forms the frontmost
part; see 5.18, p. 350 above.

YAccording to Alhacen’s account, then, there are three tunics (or four if the
aranea is included) and three humors in the eye. The tunics, in order from outer-
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most to innermost, are the consolidativa or sclera, the cornea, the uvea, and the aranea.
The humors, in order from front to back, are albugineous (i.e., aqueous), glacial,
and vitreous. Note that Alhacen omits the retina, although perhaps the aranea is
somehow meant to substitute for it.

3Figure 1.2, taken from ms P3 (f 6r), offers a schematic representation of the
eye according to Alhacen’s description. The small circle at the top is the pupil
(foramen uvee = “opening in the uvea”); enclosing it is the spera cornea = “corneal
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figure 1.2

sphere,” which is intersected by the consolidativa = sclera. Inside the corneal sphere
is the spera uvea = “uveal sphere,” which encloses, in order from top to bottom, the
albugineus = “albugineous humor,” the glacialis humor, and the vitreus humor = "vit-
reous humor”—these latter two humors filling the spera glacialis = glacial sphere,”
and separated by the tela que dicitur aranea = "the net called ‘spider’s web,”” so
called because of its exquisite fineness. The funnel-shaped insertion at the back of
the glacial sphere is the nervus obticus = “hollow [optic] nerve,” and where it joins
the sphere of the glacialis at the rear the text reads exterioris nervi continens glacialem
= “the outer side of the nerve that encloses the glacialis.”

Figure 1.3 on the following page illustrates the same thing in a somewhat less
abstract way. In this representation. the eyeball is contained within the outer sphere
of the consolidativa or sclera which is centered on C, its anterior portion constituting
the cornea. Inside the sclera is the smaller uveal sphere, whose center is C1. The
opening at its front, just behind the cornea, forms the pupil. Contained within the
uveal sphere is the sphere of the glacialis, whose “flattened” anterior surface, AB, is
concentric with the sclera. The entire surface of the glacialis is covered by the ex-
quisitely thin membrane of the aranea. The space between the inside of the cornea
and the anterior surface of the glacialis is filled with albugineous humor. The glacialis
itself is filled with glacial humor toward the front and vitreous humor toward the
rear. At this point of the description, Alhacen does not discuss the interface be-
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tween the two humors, although the ren-

dering of the eye in figure 1.2 on the previ-

ous page shows it as flat and separated by ™\

an offshoot of the aranea; cf 5.10, p. 349

above. This entire system is attached to the

hollow optic nerve, which flares out to form |
c C1

the uveal tunic on the inside of the eye and
the scleral tunic on its outside. The inner
sheath of the nerve thus forms the uveal
tunic, which ultimately arises from the pia B
mater of the brain, and the outer sheath of
the nerve forms the scleral tunic, which ul-
timately arises from the dura mater of the
brain. The axis of the eye, which passes
through both C and C1, passes through the
very middle of the nerve’s hollow.

*Alhacen’s visual spirit is a localized form of the animal spirit produced in
the ventricles of the brain and responsible for all sensitive and intellectual func-
tions. In that capacity, it clearly parallels Galen’s pneuma psychikon. For a further
discussion of the anatomical and physiological model to which Alhacen subscribes
in his theory of vision, see “Introduction,” pp. lvii-Ix above.

3t is thus by maintaining the constituent tunics of the eye rigidly in place
(i.e., by “consolidating” them) that the consolidativa lives up to its name. Accord-
ingly, the only motion proper to the eye is rotational motion up-or-down or side-to-
side in place.

#Although Alhacen makes it clear here that the cornea forms a perfect con-
tinuation of the sclera, the representations of the eye in various manuscript-sources
tend to show the sclera and cornea as distinct, intersecting spheres. Such represen-
tational ambiguities reflect various differences among such later theorists as Roger
Bacon, John Pecham, and Witelo about the structure of the eye, those differences
deriving from the various sources upon which they relied. Not surprisingly, as a
very close follower of Alhacen, Witelo is in essential agreement with him about the
eye’s structure and components; see Perspectiva III, prop. 4, in Unguru, ed. and
trans., Witelonis Perspectivae liber secundus et liber tertius, pp. 294-298 (Latin), 105-
111 (English). Pecham, too, is in essential agreement with Alhacen, although he
mentions a slightly different arrangement, championed by Bacon, that includes the
retina, which is a continuation of the aranea in the back of the eye; see Perspectiva
communis I, props. 31-32, in Lindberg, ed. and trans. Roger Bacon and the Origins, pp.
112-117. Bacon shows the most signal departure from Alhacen in terms of his de-
tailed account of the tunics, which he subdivides into the following: the innermost
tunic, which consists of the retina at the back and the uvea in front; the middle
tunic, which consists of the secundina at the back and the cornea in front; and the
third tunic, which consists of the sclera (sclyros) at the back and the consolidativa or
conjunctiva in front; see Perspectival.2.2, in Lindberg, ed. and trans., Roger Bacon and
the Origins, pp. 27-31. Bacon goes on in Perspectiva 1.3.3 to make the puzzling claim
(which he attributes to Alhacen) that the consolidativa is not spherical but bulges

figure 1.3
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outward at the front; see Lindberg, Roger Bacon and the Origins, pp. 40-43.

¥This follows as a corollary from Euclid, Elements, 111, 11 and 12.

*In other words, according to the conditions specified in 5.11, p. 349 above,
since the glacialis is attached at its equator to the expanded optic nerve, and thus
the uvea, then, if the intersection of the “flattened” anterior portion and the more
acutely curved posterior portion of the glacialis occurs at the equator of the glacialis,
as defined by the sphere containing the posterior portion, the glacialis will be at-
tached where those two portions intersect. Otherwise, the circle of intersection for
those two portions will be posterior or anterior to the circle of attachment and par-
allel to it, as is illustrated in figure 1.4, in which AB represents the plane in which
the circle of attachment lies, that plane passing through the equator of the glacialis.
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figure 1.4

C represents the center of the glacialis, CC3 the axis of the eye, and C1, C2, and C3
possible centers of curvature for the anterior surface of the glacialis. Those
centerpoints therefore lie farther within the eye than centerpoint C of the eye itself,
and no matter which of those centerpoints is taken, the resulting surface—whether
DE, AB, or FG—will intersect the sphere of the glacialis in a plane parallel to, or
coincident with, the plane of attachment.

*Alhacen seems to be responding in this lengthy discussion to two anatomi-
cal schools having differing views on precisely where the glacialis attaches to the
uvea. Accordingly, Alhacen is at pains to establish that, no matter where that circle
is, the axial line passing through it from the center of the pupil to the center of the
optic nerve at the back of the eye will always be perpendicular to it. This point will
be crucial to his account of the visual selection of coherent images in II, 2.19-25, pp.
423-428 below.

% As is clear from figure 1.4, since the center of the anterior surface of the glacialis
coincides with the center of the eyeball, and since the center of the uveal sphere
containing the posterior part of the glacialis (and thus the primary defining sphere
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for the glacialis) is anterior to the eyeball’s center, then the center of the anterior
surface of the glacialis necessarily lies deeper in the eye than does the center of the
posterior surface of the glacialis.

¥5.21, p. 351 above.

“These consist of the centerpoint of the scleral/corneal sphere; the centerpoint
of the uveal sphere; and the centerpoint of the sphere containing the anterior sur-
face of the glacialis, which turns out to coincide with the centerpoint of the scleral/
corneal sphere; see 5.29, p. 353 above.

“'Projected through the circular pupil, these lines, taken in fofo, form a cone
whose vertex lies at the centerpoint of the eye and whose axis passes straight through
all of the established centerpoints to the very center of the hollow of the optic nerve
at the back of the eye.

*“2Alhacen’s demonstration that the eye as a whole and the anterior surface of
the glacialis share a common centerpoint is to be found in 6.23-29, pp. 362-364 above.
Under the conditions specified to this point, then, the anterior portion of the glacialis,
which constitutes the so-called crystalline lens, must lie toward the front of the eye
as a whole, as indeed must the entire glacial sphere. It is worth noting, however,
that Hunayn Ibn Ishaq located the glacinlis dead center in the eye and that, follow-
ing him, a long succession of Latin “medical” authorities, including the likes of
Leonardo da Vinci and Andreas Vesalius, continued this tradition; see Eastwood,
Elements of Vision, pp. 5-7; see also A. Mark Smith, “Ptolemy, Alhazen, and Kepler
and the Problem of Optical Images,” Arabic Sciences and Philosophy 8 (1998): 8-44,
esp. 30-32.

¥5.17, p. 350 above.

#5.23, p. 351 above.

“See “Introduction,” pp. lii and Ixxxi above, for some identification of these
anatomical authorities, which certainly include Galen and Hunayn ibn Ishagq.

*1, 3.1-3.110, in Sabra, Optics, vol. 1, pp. 13-43.

1, 3.113-131, in Sabra, Optics, vol. 1, pp. 44-48.

“Although up to this point Alhacen has treated light as if it were not only
absolutely distinct from color, but also per se visible, he makes it clear here that this
distinction in more analytic than real, light being inextricably linked with color as
the cause of its visibility. Hence, although Alhacen, unlike Aristotle, Ptolemy, and
Galen, seems to accord light independent physical existence at a theoretical level,
he reduces it to a catalyzing agent at a practical level insofar as its primary function
is to render color effectively visible; see “Introduction,” pp. liv-lv above.

*That is, in the same general direction as, but not necessarily in a direct line
with, the original line of incidence. Thus, although transparent and reflective bod-
ies are similar in that they break (reflectere) incident light-rays, in not breaking them
completely, transparent bodies allow them to pass through and thus not to reverse
their original direction.

“Among such “natural philosophers” we can of course include Galen, Hunayn
Ibn Ishaq, and Avicenna.

Alhacen has thus set up the problem: since each point on any object facing
the eye radiates its form to every point on the eye’s surface, and since every point
on any such object radiates its form to each point on the eye, then the resulting
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impression should be confused to absolute indistinction. Why, then, do we see
things distinctly? It is this question that Alhacen addresses in the analysis that
follows, from 6.13 to 6.45.

*Here Alhacen lays out his basic approach in resolving the above problem:
i.e., it is necessary to reduce the effective light- and color-impressions on the eye’s
surface to the point where a perfect point-by-point representation of the visual field
is projected onto the eye’s surface.

*Cataract surgery, particularly in the form of couching (i.e., pushing the crys-
tallized obstruction aside, out of the line of vision) was practiced not only in the
Arabic Middle Ages, but also antiquity; see Thomas Shastid, “History of Ophthal-
mology,” in Casey A. Wood, ed., The American Encyclopedia of Ophithalmology, vol. XI
(Chicago: Cleveland Press, 1917), pp. 8524-8904, esp. pp. 8580-8722. It should be
noted, however, that most of these “cataracts” actually involved obstructions in
the aqueous or albugineous humor rather than in the crystalline lens itself (Shastid,
“History,” pp. 8580-8584). The supposition that the glacialis, or crystalline lens, is
the true organ of visual sensation, all the remaining tunics designed to serve it,
harks back to Galen, whose influence was carried into the Arabic tradition by vari-
ous theorists, of which the most significant was Hunayn Ibn Ishaq; see “Introduc-
tion,” pp. xlvii-xlix above.

>*Alhacen’s discussion of the rectilinear propagation of light through air is
found in [, 3.1-8 et passim: Sabra, Optics, vol. 1, pp. 13-15. Note Alhacen’s effort to
establish the universality of this fundamental property of transparency (i.e., that it
allows rectilinear propagation of light and color) for any and all transparent ob-
jects. That he felt the need to establish this point seems to indicate a keen aware-
ness on his part that transparency might somehow be object-specific—i.e., that light
might radiate through glass, for instance, along a different kind of trajectory than it
would through water or diamond. Thus, whereas we today take for granted that
light, whether it be moonlight, starlight, or sunlight, has absolutely constant at-
tributes, Alhacen feels compelled to establish this point; see, e.g., I, 3.9-19, in Sabra,
Optics, vol. 1, pp. 15-20).

*This experimental verification that light passes rectilinearly through refrac-
tive media is to be found at the very beginning of the seventh book of the De aspectibuis
(see Risner, Opticae thesaurus, pp. 231-235). Note that the word for “refraction” in
this instance is obliquatio; indeed, obliquare in its various derivative forms is by far
the most common term for “refract” in the Latin version of this treatise.

6.12, p. 358 above.

“Figure 1.5 on the following page is provided in ms P3 (f 12v) to illustrate the
point that one, and only one, set of rays must be selected at the eye’s surface if the
visual faculty is to get a distinct view of the visual field. Points A and B on the right
hand arc represent points of light (A being labeled punctus lucis), the larger circular
segment to the left represents the surface of the eye (superficies visus), and the smaller
circle inside it and concentric with it represents the glacialis. The legend below the
figure reads: Id est, licet ab A puncto lucis veniat lux ad totam superficiem oculi, tamen
glacialis non comprehendit eum a tota superficie oculi sed a puncto in quo cadit
perpendicularis super glacialent; similiter intelligendum est de B puncto lucis alio (“That
is, even though the light [emanating] from luminous point A reaches the eye’s en-
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tire [exposed] surface, still, the glacialis does {.qu
o . . v
not perceive it according to the entire surface

of the eye but according to the point where fa 4
the [light-ray]is perpendicular to the glacialis;

and the same holds for the other luminous b
point B”).

*®Note the use of the plural form (luces)

for light. In using that form, Alhacen is pre- 1’(9 Mﬁww

sumably underlining the fact that all light,
whatever its source, acts in a uniform man- ~ %
ner; cf. note 54, p. 403 above. “u“”s!‘m‘“

*In this case, transparencies are as- MMWAW 4
sumed by Alhacen to differ according to their ww
refractive power—or, as we would have it  4y@f¥# M
today, their optical density. Overall, accord- MM WA&N
ing to Alhacen’s account, transparency var-
ies in terms of thickness or consistency
(spissitudo), density (densitas), or compactness
(soliditas). Thus, there is a spectrum of trans-
parencies ranging upward from perfect (a theoretical but not practical maximum)
to perfectly imperfect (i.e., completely opaque or reflective). Accordingly, spissitudo,
densitas, and soliditas confer a measure of opacity upon transparent media that al-
lows them to trap some of the light and color radiating through them (see note 26,
p- 398 above). Such is the case with misty air or somewhat turbid water, which are
thereby rendered more opaque and, as a result, more visible. The problem, of course,
is how to relate refractivity—as a function of spissitudo, densitas, or soliditas—to
relative opacity—as a function of the same variables: after all, somewhat turbid
water has essentially the same refractivity as clear water, even though the two vary
considerably in terms of their ability to transmit light.

“This experimental verification is to be found in the seventh book, directly
after the experimental verification that light passes rectilinearly through refractive
media (see Risner, Opticae thesaurus, pp. 325-240).

'Note that the Latin term reflectere is used interchangeably to denote “reflect”
or “refract” throughout the first three books of the De aspectibus; nowhere is refringere
or any of its forms, such as refractus, used in the Latin manuscript tradition, except
by Risner, who imports it into his 1572 edition of the De aspectibus to clarify the
distinction between reflection and refraction.

%The point Alhacen is making here is that, after refraction, it is impossible for
any ray to follow a path perpendicular to the surface of refraction. Alhacen returns
to this point somewhat more explicitly toward the end of 6.33, pp. 365-366 above.

%The Latin term verticatio, which I have translated as “line,” carries a strong
implication of directionality and, on that basis, might as easily be translated as
“vector;” see notes 1 and 101 to book 2, pp. 531 and 545 below.

#Here Alhacen endows the radiated light-form with the dynamic qualities of
physical projectiles striking resistant surfaces. As we have already seen in the “In-
troduction,” pp. xxix-xxxi above, Ptolemy provides the obvious precedent for this

figure 1.5
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dynamic model in his likening of visual radiation to projection and his use of this
analogy to account for variations of visual acuity within the visual cone as well as
according to distance. As Alhacen explains it, then, the more directly the rays/
projectiles strike resistant surfaces, such as that at the front of the glacialis, the more
powerful their impingement upon them; see 6.43, p. 369 above, for an even more
overt analogy between the dynamics of light-radiation and the dynamics of physi-
cal projection in the form of free-fall. On the basis of this dynamic model, Alhacen
isolates those rays that are effectively sensed by the glacialis—i.e., those that strike it
most forcefully—from all the rest. Those that strike it most forcefully, of course, are
the ones that strike it orthogonally. The capacity to sense these impinging forms,
and to do so selectively, is due to the charge of visual spirit continually suffusing
the glacialis from the brain; see 5.14, pp. 349-350 above.

%1, 3.141-143: Sabra, Optics, vol. 1, p. 50. The qualifier “somehow” used with
“illuminated” is presumably meant to distinguish bodies that are self-luminous
from those that are illuminated from some external source.

%Mathematically equivalent to the visual cone of Euclidean-Ptolemaic optics,
the cone of radiation described here is the one adverted to obliquely in 5.29, p. 353
above.

The result, therefore, is a mosaic of light- and color-forms that are in perfect
point-to-point correspondence with the generating object-surface. Notice, how-
ever, that the resulting mosaic conforms to the shape of the anterior surface of the
glacialis, not that of the generating object-surface.

%Figure 1.6 shows that, if the forms passing through the cornea to the anterior
surface of the glacialis are perpendicular, then the rays DC, AC, and BC along which
they continue unrefracted through the glacialis will intersect at center C of the eye
to form a cone. Those rays that strike the same points on the cornea (or the anterior

E A
D B

\ O\

C

H

figure 1.6

surface of the glacialis ) at an angle, on the other hand, will not make an effective
impression and will also be refracted so as not to reach the center of the eye. Thus,
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ray EF strikes the cornea obliquely and is refracted toward the normal. Passing
thence through the aqueous humor, it strikes the anterior surface of the glacialis
obliquely along FG. At point G it will again be refracted toward the normal to pass
into the glacialis along GH so as to miss centerpoint C.

®Figures 1.7a and 1.7b are provided in ms P3 (f 17r) to illustrate the two points
in this paragraph: i.e., that if rays are refracted at the cornea, the image projected
on the surface of the glacialis will be inverted, and that refracted rays will never
reach or pass beyond the normal. The first figure is explained by the accompany-

2. Bln-galimer’
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figure 1.7a figure 1.7b

ing legend: A venit ad D et ibi reflectitur ad G; similiter B venit ad D et ibi reflectitur ad
E; apparet ergo B ad E et A apud G, et ita dextrum sinistrum (“A reaches D and at this
point is refracted to ‘G; likewise B reaches D and at this point is refracted to E;
hence B appears at E and A at G; so the right-hand [point B appears to the] left-
hand [side of the glacialis, and vice versa]”). The B
second figure is explained thus by its accompany- A D
ing legend: Verbi gratia, AB linea que reflectitur in
superficie dyaphoni quam distingat designat FG
reflectitur usque ad C et nunquam ibit ad D nec transibit
D nec precedet, scilicet, usque ad E (“For instance, line
AB, which isrefracted at the transparent surface that
FG designates is refracted to C and will never con-
tinue to D or pass through D or proceed on to E”).
In other words, as figure 1.8 illustrates, when
the rays from object-points A and B in the left-hand
sector of the visual field reach point C on the eye’s
surface and refract toward normal DC, thenray AC
will refract toward the normal to point E on the sur-
face of the glacialis, whereas ray BC will refract to-
ward the normal to point F on the surface of the
glacialis. In that case, not only will the two points figure 1.8
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be seen on the right-hand side of the glacialis (i.e., the side opposite to where they
lie in the visual field), but, being seen at F, the more leftward of the two points A
and B (i.e., A) will appear farther to the right (i.e., at E) on the surface of the glacialis.

'The point here seems to be that, no matter how closely the incident rays or
the resultant refracted rays approach the normal, the refracted ray will never coin-
cide with the normal, nor will they cross one another to interchange their relative
locations. Accordingly, no matter how close the neighboring spots on the surface
of the visible object, and no matter how close to perpendicular the rays along which
they reach the surface of the cornea, after refraction they will invariably be pro-
jected in reverse order on the glacialis.

2That is, in book 7.

7Alhacen is appealing to common experience, which tells us that such an im-
age-reversal cannot occur because, if it did, we would see things reversed and in-
verted. Alhacen makes the same appeal to common experience in order to justify
his account of how the visual image abstracted at the surface of the glacialis contin-
ues in proper, upright order into the hollow of the optic nerve; see II, 2.6-7, p. 419
below.

““Here Alhacen has recourse to a point he has yet to demonstrate: namely, that
in refraction the incident and refracted rays, as well as the normal to the point of
refraction, all lie in the same plane. In fact, he defers this demonstration to the
third chapter of book 7 (see Risner, Opticae thesaurus, pp. 242-243).

"Alhacen seems to be forwarding two arguments in 6.40 and 6.41: (1) if the
glacialis and the cornea did not share the same center, then rays passing orthogo-
nally through the cornea would reach the glacialis in distorted order, so the result-
ing image would be distorted, and (2) if one set of oblique lines could be sensed by
the glacialis, then it should be sensitive to all oblique lines, in which case every
point on the glacialis would sense all the forms reaching it, the resulting visual
impression being reduced to absolute indistinction, as claimed in 6.17-21, pp. 360-
362 above.

7In 5.21 et passim, p. 351 above.

7This analogy between light-radiation and free-fall has crucial implications
for the dynamic analysis of light. Accordingly, light-radiation can be thought of in
terms of upward projection, its power decreasing continually the farther out from
its point-source it gets, just as a body thrown upward loses momentum the farther
from the center of “gravity” (i.e., the earth’s center), it gets. Cf. Ptolemy’s account
as described in the “Introduction,” p. xxx above.

"These mathematicians certainly include Euclid and Ptolemy, as well, per-
haps, as al-Kindi and Ahmad ibn ‘Is3, all of whom subscribed to some form of the
visual-ray theory. They also include Galen, who gives a detailed description of the
visual cone in the De usu partium; see the discussion in the “Introduction,” pp. xli-
xliii above. Alhacen has much to say about the “mathematicians” in I, 1.3-5 (Sabra,
Optics, vol. 1, pp. 4-5), but, as Sabra warns us in his commentary (Optics, vol 2, pp.
8-10), in referring to various “mathematicians,” Alhacen may have in mind not
particular historical figures but particular theoretical positions.

”Note the systematic (and laudable) caution Alhacen displays in acknowl-
edging that to this point he has only shown that the theory of image-formation on
the glacialis so painstakingly described to this point is not necessarily true, simply
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not untrue. The demonstration that it is, in fact, necessarily true begins in the next
paragraph.

**Alhacen’s purpose in this section is to establish that visible objects are the
ultimate source of vision and that when such objects do not face us, or when we
block them from view, they disappear from sight. In the process, however, he has
provided an inductive demonstration of something that might at first blush seem
intuitively obvious: that the objects we see lie physically outside the eye, beyond
the eyelids. Implied therein is a pretty clear distinction between objective (physi-
cal) reality and its subjective (perceptual) counterpart. For a more explicit elabora-
tion on Alhacen’s part of this point, see I, 3.73, p. 450 above.

# Against whom, if anyone in particular, Alhacen is arguing here is unclear. In
De sensu et sensato 2, 438a5-24, Aristotle raises something resembling the issue when
he takes Democritus to task for claiming that the eye owes its peculiar nature to its
being composed of water; see also Theophrastus, On the Senses, 49, in George M.
Stratton, trans., Theophrastus and the Greek Physiological Psychology Before Aristotle
(London: Allen and Unwin, 1917), p. 109. “True,” Aristotle agrees with Democritus,
“the visual organ proper is composed of water, yet vision appertains to it not be-
cause it is water but because it is transparent—a property common alike to water
and to air, . . . whence the necessity of the interior of the eye being transparent, i.e.
capable of admitting light” (trans. J. I. Beare, in Jonathan Barnes, ed., The Complete
Works of Aristotle: The Revised Oxford Translation [Princeton: Princeton University
Press, 1984], p. 696). Thus, Aristotle concludes in De sensu 3.439a20- 24, “what we
call transparent is not something peculiar to air, or water, or any other of the bodies
usually called transparent, but is a common nature and power, capable of no sepa-
rate existence of its own, but residing in these” (trans. J. I. Beare, in Barnes, Complete
Works, p. 697); see also De anima 2,7.418b4-9. Alhacen’s argument against the idea
that water is the principle of transparency may, therefore, have been prompted by
the implications of Aristotle’s account. Note, incidentally, that the transparencies
cited by Alhacen in this passage (i.e., of clear versus dyed water) differ in terms of
translucency rather than of refractivity; see note 59, p. 404 above.

¥2That is, those within the Euclidean-Ptolemaic visual-ray tradition.

#6.49, pp. 370-371 above.

¥, 3.141, in Sabra, Optics, vol. 1, p. 50.

®Here, of course, we see that “Ockham’s Razor” was already well honed and
in full use long before Ockham’s day. Despite the logical force of Alhacen’s refuta-
tion, Roger Bacon argues that, in order to bring the visual act to completion, the eye
must send out “species” to external objects. In short, eye and object must provide
complementary radiation. Citing a range of authorities, from Ptolemy to al-Kindi
to justify his position, Bacon goes on to claim that Alhacen was merely arguing
against the extramission of a material agent from the eye, whereas the radiation he
has in mind is formal; see Perspectiva 1.7.2-4, in Lindberg, ed. and trans., Roger Ba-
con and the Origins, pp. 101-107. For a complete discussion of Bacon’s conception of
“species” and its radiation/multiplication in the De multiplicatione specierun, see
Lindberg, Roger Bacon'’s Philosophy, pp. liii-Ixxi.

%6.23-29, pp. 362-364 above.

%Here Alhacen is hoisting Euclid by his own petard, since Euclid claims in the



NOTES TO PAGES 373-375 409

very first postulate of his Optics, that the visual rays proceed (or diverge) indefi-
nitely outward. In Catoptrica 1, Hero of Alexandria (fl. mid-first century) cites the
fact that we see the distant stars as soon as we open our eyes as a demonstration
not only that our visual flux fills the intervening space, but that, in order to do so, it
must move with unbelievable swiftness.

¥In defense of the visual-ray theory, its proponents point out that we “see”
objects in space, physically removed from us, and are able to apprehend their ac-
tual spatial disposition through a sense of visual touch. We are thus able to deter-
mine more-or-less intuitively how and where objects exist in physical space. With-
out some sort of physical contact, analogous to that which occurs when we extend
our arms out to distant objects, we would be unable to reach such a determination.
As we shall see later on in the second book, Alhacen offers a counter-explanation
based on perceptual inference and estimation that itself is ultimately based on re-
peated experience and what we learn from it; see note 80, p. 408 above.

¥There is no doubt that Ptolemy subscribes to the first opinion, i.e., that the
visual ray is an imaginary construct. Galen, al-Kindi, and Ahmad ibn ‘Isdseem to
follow him in this opinion. Euclid, on the other hand, is unequivocal in his accep-
tance of the physical reality of individual visual rays. All four theorists seem to
support the second opinion (i.e., that something issues from the eye) in one form or
another.

*Like Aristotle and Ptolemy, Alhacen believes that sight has a proper object or
special sensible that distinguishes it from the four other senses. In Alhacen’s case
that proper sensible consists of color, along with its complement in light. Thus,
when it exercises its peculiar capacity to sense that object, without any ulterior
interpretation, sight is acting in its “naked” form (or solo sensu [“by brute sensa-
tion”] as the Latin text phrases it later in book 2). The resulting sensation is ex-
tremely low-level—i.e., perception that what is being sensed is color or light—and
does not even include the perception that the given color is of such-and-such a
kind. This latter sort of perception (i.e., of specific type or kind), which is inferen-
tial and interpretive, requires a higher level of processing, as does the perception of
such nonvisible characteristics (that is, characteristics that cannot be grasped solo
sensu) as shape, size, and so forth. As Alhacen will establish later on, as well, many
of our general perceptions (e.g., of “horse”) depend on inferential short cuts, con-
clusions drawn on the basis of “signs” or key defining features (four legs, long
neck, long face, particular gait) that are recognized through experience.

%16.28, p. 364 above.

*The point made in note 67, p. 405 above, is worth reiterating here: the
pointillist image projected on the anterior surface of the glacialis is not a perfect
replica of the object-surface because the glacialis is spherical in shape; therefore,
there will be some distortion because of the disparity in surfaces.

%6.4, p. 356 above.

5.9, p. 349 above.

*The Latin term that I have rendered by the verb “to impress” in this passage
is figere, which means “to fix” in a variety of senses, perhaps the most apposite of
which in this case is “to implant” or “to affix by piercing.” One of its corollary
meanings is thus “to impress.” Furthermore, the use of this particular verb, “to
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impress,” is in keeping with the analogy Aristotle offers in De anima Ii, 12 between
sensation and the stamping of a seal in wax (see also III, 12, 434b29-435a10); see III,
2.82 and 84, pp. 587-588 below.

%Sensu spoliato, then, the glacialis fulfills its proper function by selectively sens-
ing the point-forms of impinging light and color, which form a light- and color-
mosaic at its surface, and by transmitting that mosaic, as a sort of visual image, in
proper order and arrangement into and through the eye to the optic nerve.

¥ Alhacen is following in a long tradition, one that includes Ptolemy in par-
ticular, that reduces sight to a form of touch. Thus, just as in touch, so in sight, the
basic stimuli range in intensity from a feather touch, which barely registers at all, to
an extremely sharp blow, which registers as extreme pain. As Sabra points out
(Optics, vol. 2, p. 56), Alhacen could have learned through Theophrastus of
Anaxagoras’ belief that all perception entails pain. Whether he was actually made
aware of Anaxagoras’ theory in this way and, if so, was brought his own view by it,
is open to question. A more probable source is Ptolemy, who supposes that vision
is due to a passion aroused in the visual flux by illuminated color and, further-
more, that if the stimulus is too strong, the passion “hurts and offends” (nocet et
ledit) the eye; see Optics II, 23 in Smith, Ptolemy’s Theory, p. 79.

*Here the “visual process” is taken in its “pure” sense, without any percep-
tual interpretation. Thus, seeing in the proper sense is a matter solely of creating
and transmitting the visual image referred to in note 96 above that visual image
forming the basis for perceptual adjudication by the final sensor. Alhacen’s final
sensor has a clear counterpart in Ptolemy’s virtus regitiva (Governing Faculty), which
is responsible for all higher-level perceptual functions; see Smith, Ptolemy’s Theory,
pp- 28-29. It has another (perhaps common) counterpart in the Aristotelian faculty
of “common sensibility,” which is located by later Arabic commentators at the very
forefront of the first cerebral ventricle; see “Introduction,” pp. xlv-xlvi above, fora
discussion of this issue.

#Alhacen thus follows Ptolemy in explaining image-fusion in physical rather
than psychological terms; see Smith, Ptolemy’s Theory, pp. 29-31. The assumption
that image-fusion takes place at the optic chiasma is explicitly articulated by Galen,
although Ptolemy seems to follow it implicitly in his account of binocular vision;
see “Introduction,” pp. xxxiii-xxxiv above.

'®This claim about the destruction of sight by blockage in the optic nerve is
quite common and, moreover, makes sense, but surely the supporting claim that
removal of such blockage restores sight reflects theoretical imperatives rather than
actual surgical experience.

The underlying explanation of diplopia as described here is essentially the
same as Ptolemy’s: i.e., the two “visual” cones imagined between the center of the
eye and the object do not share the same base, so they do not the same visual field.
Nor, for that matter, do they demarcate corresponding areas on the surface of the
cornea or glacialis. Both cones will thus provide different images for the ultimate
delectation of the final sensor or Governing Faculty.

1925.3, p. 348 above.

1®In chapter 2 of the second book, pp. 417-429 below.

104, 3.1-8 et passim: Sabra, Optics, vol. 1, pp. 13-15.
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1%Alhacen’s argument may be summarized as follows: Insofar as they are trans-
parent, transparent media allow light and color to pass perfectly freely through
them. Thus posing no resistance to such passage, they provide no way for light
and color to become “fixed” in them (on this notion of “fixing” see note 95, pp. 409-
410 above and note 126, p. 413 below). Accordingly, the forms of light and color
can cross paths within transparent media without ever interfering or even interact-
ing with one another. Note Alhacen’s emphasis here on the fact that transparency
is an essential and general quality whose nature is absolutely independent of the
object in which it inheres; see note 54, p. 403 above.

®Alhacen means that the eye does not take on color in the way that, say, white
cloth would take on dye; it is, of course, tinged by color accidentally, in the way
that a shaded white wall facing a brightly colored object is, as described, for in-
stance, in 4.14, p. 345 above.

174.1-4.6, pp. 343-344 above.

®The persistence of afterimages seems therefore to be due not to the retention
of the causal agent—i.e., bright light or color—but, rather, to the lingering sense-
effect that continues to excite the visual spirit suffusing the optic complex. Accord-
ingly, as a merely transparent body, the glacialis does not retain the incoming light,
no matter how intense, but as a sensitive body it may retain the effect of that light if
it is intense enough.

®The previously described trial Alhacen seems to have in mind involves a
fully enclosed chamber with one opening through which light is allowed to stream
inward and illuminate the opposite wall or various objects placed inside. This set-
up is adverted to at various reprises throughout the third chapter of the Arabic
version.

9], 3.121: Sabra, Optics, vol. 1, p. 45. Note the general statement that, “the
farther the forms [of light and color] are from their source, the weaker they will
be.” The most obvious way to translate this statement mathematically is according
to a simple inverse relation between light-intensity and distance (i.e., 1=1/d), and,
indeed, this seems to have been the general understanding of the relationship be-
tween light-intensity and distance until the time of Kepler; see Smith, Descartes’s
Theory, pp. 32-40, esp. p. 36, n. 13.

114,20, p. 346 above.

112414, p. 345 above. What Alhacen has in mind here are the forms of bright
colors (e.g., sunlit vegetation) that shine on nearby white bodies and tinge them,
provided that those white bodies are not themselves brightly illuminated.

1349, p. 344 above.

1146.39, pp. 367-368 above.

5By “primary form” Alhacen means a form that is radiated directly from a
given color- or light-source. Secondary forms therefore derive from primary forms
that have been “fixed” at the surface of some opaque body upon which they radi-
ate (e.g., sunlight on a white wall). Accordingly, the three forms at issue in this
passage are (1) the primary form of the inherent color of the opaque body being
looked at, (2) the primary form of that body’s inherent light, and (3) the secondary
form of the illuminated color shining upon that body from an external source and
radiating to the eye in tandem with those two primary forms.
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1649, p. 344 above.

'], 3.144: Sabra, Optics, vol. 1, pp. 50-51. This reference to the third chapter in
the Arabic original (and missing in the Latin version) provides one of very few
clues to the fact that the Latin text—or the Arabic exemplar upon which is was
based—was deficient; see “Introduction,” p. xxiii above.

5See note 7, p. 395 above.

"This example harks back to 4.9, p. 344 above.

*This explanation would seem to belie Alhacen'’s carefully crafted theory of
visual selectivity; after all, if the glacialis is constituted to feel only those forms that
impinge on it orthogonally, then why should the flood of intense light matter, since
all but one of the component rays of that flood will necessarily be refracted at the
surface of the eye and will thus strike the glacialis obliquely?

1! As Sabra points out in his commentary on this passage, in Optics, vol. 2, pp.
57-59, many of the color-terms Alhacen uses are difficult to interpret for a variety of
reasons, not the least of which is their being keyed to unfamiliar substances (e.g.,
the “red” associated with the head of a particular bird). Such difficulties of inter-
pretation seem to have carried over into the Latin. Accordingly, while the phrase
“grass-green color” (color viridis segetalis) seems to be a proper rendering of its Ara-
bic counterpart, “black body” (corpus nigrum) in Latin is “dark-blue body” in Ara-
bic (the list of Arabic-Latin color-equivalents Sabra provides on p. 59 is misleading
because the order of comparisons [i.e., grass-green on yellow looks dark; grass-
green on black looks light] is reversed in the Latin version). The basic point, of
course, is that a given color will change its apparent hue when it is seen against the
background of other colors, depending on their brightness or darkness, so that
color-perception depends not just upon the quantity and quality of illumination
but also upon ambient color. This latter point is crucial to Aristotle’s account of the
yellow band in the rainbow, its appearance being due to the “whitening” of the
stratum of the red band that is juxtaposed against the green of its brighter neigh-
boring band; and Aristotle goes on to claim that in woven and embroidered cloth
apparent hue depends heavily upon color-juxtaposition; see Meteorology I11, 3, 375a6-
26.

125.6-7, p. 348 above.

'#By this account, then, the primary function of the uvea is to darken the inte-
rior of the eye so that light (and color) of virtually any intensity can remain visible
within the area between the pupil and the hollow of the optic nerve at the back of
the glacialis. Accordingly, the eye is somewhat like a camera, although, as will
become clear later, it has no focusing function whatever.

'**Both here and at the beginning of this passage, the perfectly round shape of
the constituent element (be it the pupil or the uvea) is dictated by a sort of meta-
physical necessity: it must be shaped for the best, and the best—in terms of design
efficiency—is circular or spherical because those are the simplest and most capa-
cious planar and three-dimensional shapes possible. According to Alhacen, then,
the sphericity of the eye is not just functionally, but mathematically, determined; cf.
Hunayn ibn Ishaq’s account as described in “Introduction,” pp. xlviii-xlix above.

ZThe thin membrane mentioned above is the aranea or “cob-web,” which, ac-
cording to this description, encloses both the glacial and vitreous humors; see 5.10,
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p- 349 above. Overall, the glacialis (both humors included) comprises a sphere from
whose anterior surface a portion is cut off by a surface-segment that is part of a
sphere of gentler curvature; see 5.9, 5.24 and 5.26, pp. 349 and 351-352 above. Hence,
the primary form of the glacialis is spherical, even though its sphericity is rendered
imperfect by the flattening of the anterior surface.

1%0n the implications of figere, rendered here by “to impress,” see note 95, p.
409-410 above. Alhacen’s claim here that the glacial humor’s opacity allows it to
retain light and color for a short time seems to contradict his explicit denial of such
retention in 6.90-94, pp. 380-381 above.

7The Latin text does not specify smell as the sense appropriate to this location,
but the Arabic version does. Moreover, it is a commonplace within the Galenic
tradition that the olfactory system originates at this middle spot in the forefront of
the brain; see, e.g., De usu partium, VII, 1. 469, in May, p. 405.

%The Latin term I have rendered as “Creator” is operator, a term that carries
with it the connotation of “craftsman” or “one who physically manipulates.” As-
suming, then, that Alhacen is referring to God here (cf. 7.18, p. 390 above), he is
emphasizing His capacities as designer and implementer, much in the mold of the
Demiurge described in Plato’s Timaeus. The accompanying notion that the optic
system is perfectly suited by design to fulfill its basic functions is, of course, a Ga-
lenic commonplace that is echoed by such key Arabic followers as Hunayn ibn
Ishaq; see, e.g., Eastwood, Elements of Vision.

1%6.69-72, pp. 376-377 above.

1%%6.27, pp- 363-364 above.

BINote the aesthetic judgments Alhacen makes here and in I, 7.9, claiming that
the doubling of the eyes and the whiteness of the sclera reflect the intention of the
“Creator” (operator) to make the optical system as aesthetically pleasing as it is func-
tional. While such a claim may seem to reflect mere bias on Alhacen’s part, it is in
fact consistent with (and thus justifiable according to) the experientially based ac-
count of perceptual judgment he offers later in the second book.

¥The “suitable place” is II, 2.24-30, pp. 427-429 below. Note how Alhacen’s
discussion of the spherical shape of the eye and the circular shape of the pupil (see
7.4, pp. 387-388 above) is informed both theoretically (metaphysically) and prag-
matically (physically). On the one hand, the sphere and circle are the most perfect
of figures on rational grounds: they are perfectly simple, and they are perfectly
efficient in spatial compass. Yet the sphericity of the eye is also dictated by its need
to move as freely and quickly as possible in order to scan the visual field for the
clear and swift visual perception. Ptolemy argues for the sphericity of the universe
and the circularity of celestial motion along much the same line: “The motion of
the heavenly bodies is the most unhampered and free of all motions, and freest
motion belongs among plane figures to the circle and among solid shapes to the
sphere; similarly, since of different shapes having an equal boundary those with
more angles are greater [in area or volume], the circle is greater than [all other]
surfaces, and the sphere greater than [all other] solids,” Almagest 1.3, trans. G. J.
Toomer, Ptolemy’s Almagest (New York: Springer), pp. 39-40.

13, 2.1-12, in Sabra, Optics, vol 1, pp. 6-9.

*The Latin text is obviously confused here; evidently, the point to be made is
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that the body of the eye blocks light from reaching the surface of the object that is in
contact with it so that the object cannot be rendered visible by extrinsic light.

¥t is not clear from this passage whether Alhacen means to equate stars and
fire according to a shared nature—i.e., being hot—which of course is why fire, put
in direct contact with the eye, will burn it and thus destroy rather than induce
vision. On the other hand, he may simply mean that the stars, being absolutely
unreachable, cannot possibly be put into physical contact with the eye or anything
else in the sublunar realm.

*This passage makes evident the intent of the garbled account at the begin-
ning of 8.3.

1%76.39, pp- 367-368 above.

1%See also 6.96 and 6.113-114, pp. 381 and 386 above.

196.63, p. 375 above.

"YAlhacen’s argument here seems circular: the reason that objects of a certain
size fall below the threshold of visual perceptibility is that their forms make an
imperceptibly small impression on the glacialis. The gist of the argument seems
clear enough, though. As we will see later on in the third book, where Alhacen
discusses the threshold conditions of sight at some length, perceptibility also de-
pends on the intensity of the impression made on the glacialis. Hence, a light-source
of moderate size can be too feeble, or too distant, to make itself felt by the glacialis.

"Here I have chosen to translate the Latin term figere as “to fix” rather than “to
impress,” as in 7.5, p. 388 above. The point Alhacen is making here is that, when
exposed to light, opaque objects actually take on that light by resisting it and thus
preventing it from passing through their substance. Since a perfectly transparent
body poses absolutely no resistance to this passage, such a body cannot take on
any light whatever and therefore cannot radiate the secondary form of that light by
means of which the body can be seen.

“In this passage Alhacen seems to be saying that color is the principle of opac-
ity—or vice versa. If so, then perhaps he is attempting, on that basis, to make sense
of Aristotle’s rather cryptic claim that color is “the limit of the transparent in deter-
minately bounded body” (De sensu 3, 439b12, trans. J. I. Beare, in Barnes, Complete
Works, p. 698).
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[THE SECOND BOOK]

[CHAPTER 1]

[1.1] It has been shown how vision takes place, and it does so [by means
of a] sensation in the eye [produced] by a form of the light and color in a
visible object arranged as they actually exist in the surface of the visible
object. However, sight perceives many characteristics of visible objects
besides light and color.

[1.2] It has also been shown in the first book that vision will occur
only along radial lines, but radial lines vary in their dispositions, and like-
wise the dispositions of the forms reaching along them to the eyes vary.!

[1.3] Moreover, the visual perception of a visible object does not occur
the same way every time, nor does it occur the same way for all visible
objects. Instead, the way sight perceives visible objects varies, and the
visual perception of the same visible object varies [even] when it is in the
same situation and lies the same distance [from the eye].

[1.4] And in this book we shall show the various dispositions of the
radial lines, and we shall specify their characteristics along with all the
visible properties that are perceived by sight. And we shall show how
sight perceives each of them as well as how visual perception varies for
each of them.

[CHAPTER 2]

[2.1] It has already been shown in the first book that the radial lines
along which the eye perceives visible objects are straight lines whose end-
points meet at the center of the eye.? And it has been shown in [the sec-
tion on] the structure of the eye that the sensitive organ, which is the
glacialis, is attached at the end of the hollow of the nerve to which the
entire eye is attached, and [it has been shown] that, when this nerve flexes,
it only flexes behind the center of the eye in the back of the whole eye, at
the opening in the eye socket.?

[2.2] It has also been shown that the straight line passing through all
the centers of the tunics of the eye extends through the middle of the nerve’s

417
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hollow, reaches straight to the middle of where the nerve’s hollow flexes,
and passes through the center of the opening in the anterior of the uvea.*
It has been shown, moreover, that the position of this line does not change
with respect to the eye as a whole, nor with respect to the surfaces of the
tunics, nor with respect to the component parts of the eye.” Therefore, the
straight line passing through all the centers of the tunics of the eye invari-
ably passes straight through to the hollow of the nerve to which the eye is
attached where that nerve flexes, [and it does so] under all conditions,
whether the eye is in motion or at rest. And since this line passes through
the center of the eye as well as through the center of the opening in the
front of the uvea, it extends through the middle of the cone whose vertex
lies at the center of the eye, and the circumference of the opening in the
front of the uvea circumscribes that cone; hence, let us call this line the
“axis” of the cone.

[2.3] Furthermore, it has been demonstrated in that same first book
that the cone formed between the visible object and the center of the eye
demarcates an area on the surface of the glacialis that encompasses the
entire form of the visible object at the base of that cone.®* And the form
will be arranged on that area of the surface of the glacialis by the radial
lines extending between the visible object and the eye according to the
[actual] arrangement of parts on the surface of the visible object. Thus,
when the eye perceives some visible object and that object’s form reaches
the area on the surface of the glacialis demarcated by the aforesaid cone,
every point on the aforesaid form lies on the radial line that extends be-
tween that point [on the surface of the glacialis] and a point facing it on the
surface of the visible object, and [it is] along this line that the form comes
directly to that point on the surface of the glacialis. Therefore, if the form
of the visible object lies at the middle of the surface of the glacialis, the
aforesaid axis will be one of the lines along which the forms of the points
on the surface of the visible object extend, and the point on the surface of
the visible object where the endpoint of this axis touches will be the point
whose form comes [to the eye] along the axis.

[2.4] It has been shown in the first book, as well, that the forms per-
ceived by the eye extend through the body of the glacialis and into the
hollow of the nerve to which the eye is attached, and they reach the com-
mon nerve which is centered at the front of the brain—and this is where
the forms of visible objects will be perceived by the final sensor—and [it
has been shown] that vision is not fully realized until the form reaches the
common nerve and that [such] forms will extend from the surface of the
glacialis into the body of the glacialis along straight radial lines only, for
the glacialis only receives these forms along radial lines.”

[2.5] And the final sensor perceives the locations of the [constituent]
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parts of the visible object only according to their locations on the surface
of the visible object itself. “And since the relative locations of the parts of
the form, i.e., of the form reaching to the surface of the glacialis, are [the
same as] the relative locations of the parts of the surface of the visible
object, and since these forms are propagated as has been described, and
since all these things obtain, vision will not be fully achieved until after
the form on the surface of the glacialis reaches the common nerve, and its
parts are situated as they actually are on the surface of the glacialis with-
out any confusion.

[2.6] But the form reaches from the surface of the glacialis to the com-
mon nerve only by continuing through the hollow of the nerve to which
the eye is attached. Thus, if the form does not extend through the hollow
of this nerve with the same arrangement it has on the glacialis, it will not
arrive at the common nerve in proper order. But the form cannot extend
from the surface of the glacialis to the hollow of the nerve along straight
lines and still preserve the proper arrangement of its parts, for all of those
lines meet at the center of the eye. In that case, when they are extended
along straight lines past that centerpoint their relative positions will be
reversed, so the rightward [radial lines] will fall to the left, and vice versa,
and the higher ones [will be] lower and the lower ones higher. Therefore,
if the form extends along straight radial lines, it will contract at the center
of the eye to form a virtual point; and since the center of the eye [in terms
of its visual components] lies at the center of the entire ocular globe and
in front of where the hollow of the nerve flexes, if the form is extended
from the center as a single point along a single line, it will arrive at the
place where the hollow of the nerve flexes as a single point. Accordingly,
the whole form will not reach the place where the hollow of the nerve
flexes, because it will arrive only as a single point, i.e., the one at the ex-
tremity of the axis of the [visual] cone.® But if it extends along straight
radial lines to pass through the center [of the eye], it will be reversed ac-
cording to the reversal of the lines along which it arrived after intersec-
tion. Hence, the form cannot reach from the surface of the glacialis to the
hollow of the nerve so as to have its parts arranged as they actually are [in
the object]. The form can therefore only reach from the surface of the
glacialis to the hollow of the nerve along refracted lines that intersect the
[original] radial lines.’

[2.7] Since this is the case, then, vision will not be fully achieved until
after the form that arrives at the surface of the glacialis is refracted so as to
extend along lines intersecting the [original] radial lines. So this refrac-
tion must occur before the form reaches the center [of sight], for if it is
refracted after passing through that centerpoint, it will be reversed.

[2.8] And it has already been shown that this form passes through the
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body of the glacialis along straight radial lines, and since the form can
reach the hollow of the nerve only after it has been refracted along lines
intersecting the [original] radial lines, the form is refracted only after it
passes through the body of the glacialis. And it has already been claimed
in [the section on] the structure of the eye that the body of the glacialis
varies in transparency and that its posterior portion, which is called the
vitreous [body], differs in transparency from its front portion.’® More-
over, in the glacialis there is no body, other than the vitreous [body], that is
different in form' from the form of the anterior portion. But it is among
the properties of the forms of light and color to be refracted when they
meet with another body that differs in transparency from the first body
[through which they were first radiating]. Thus, the forms are refracted
only when they reach the vitreous humor, and this body differs in trans-
parency from the body at the front of the glacialis only so that the forms
can be refracted in it.”?

[2.9] Furthermore, the surface of this body must lie in front of the cen-
ter [of eye] so that the forms can be refracted at it before they pass through
that centerpoint.” And this surface must be uniform in shape, for if it
were not uniform in shape, the form would appear distorted after refrac-
tion. But a surface of uniform shape is either plane or spherical.'* Now
this surface cannot be formed from a sphere whose center is the center of
the eye, for it it were, the [incoming] radial lines would always be perpen-
dicular to it, so the form would extend along those straight lines and would
not be refracted. Nor can [this surface] be formed from a small sphere, for
if it were formed from a small sphere, then when the form is refracted at it
and continues on, it will be distorted. Hence, this surface is plane, or it is
spherical [and formed] from a sphere that is the right size not to have its
curvature affect the arrangement of the form.'

[2.10] Hence, the surface of the glacial humor that forms the common
section between that [vitreous] body and the anterior body of the glacialis
is a surface of uniform shape that lies in front of the center of the eye. And
all the forms reaching the surface of the glacialis extend through the body
of the glacialis along straight, radial lines until they arrive at this surface,
but when they arrive at this surface, they are refracted at it along uni-
formly arranged lines that intersect the [original] radial lines. Therefore,
radial lines conduce to the proper arrangement of the forms of visible
objects only at the glacialis, for it is at this organ that [visual] sensation
will begin. And it has also been shown in the first book that, given the
size of the visible object and the smallness of the sensitive organ, it is
impossible for the form of a visible object to be properly arranged on the
surface of the eye except along such lines.’* Hence, these lines exist solely
to be the instrument of sight through which visible objects are finally per-
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ceived as they exist in reality. However, in reaching the final sensor [in
proper order], the forms do not need to continue along such straight lines."”

[2.11] Now the reception of forms by the sensitive organ is not like the
reception of such forms by transparent bodies. For the sensitive organ
receives these forms while sensing them, and they pass through it accord-
ing to its transparency, but the sensitive power it possesses receives these
forms in a sensitive way. Transparent bodies, however, receive these forms
only for the purpose of transmitting them, but they do not sense them.
And since a sensitive body does not receive these forms in the same way
as nonsensitive transparent bodies do, the forms need not continue through
the sensitive body along the same [radial] lines that transparent bodies
require. Therefore, the eye is constituted to receive forms along radial
lines only insofar as it is a property of forms to extend through transpar-
ent bodies along all straight lines. But if these forms reach the sensing
organ in proper order and are perceived by the sensing organ in proper
order, there will be no need for such [radial] lines afterward.

[2.12] Accordingly, only the front portion of the glacialis is constituted
for the reception of forms along radial lines; the posterior portion, which
is called the vitreous [body], along with the receptive capacity that is in
this body, is constituted with its sensation of these forms only to maintain
their arrangement. And since this is so, the way the vitreous [humor]
receives the forms is not the way that the anterior portion of the glacialis
receives them, and the receptive capacity of the vitreous [humor] is not
the [same as] the receptive capacity in the anterior portion [of the glacialis].

[2.13] Moreover, since the way the vitreous [humor] receives forms is
not the way the anterior portion of the glacialis receives them, the refrac-
tion that the forms undergo at the surface of the vitreous [humor] can
only be due to the difference in the receptive sensitivity of these two bod-
ies. Thus, the refraction of forms at the vitreous [humor] has two deter-
minants, one being the difference in transparency between the two bod-
ies, the other being the difference in receptive sensitivity between these
two bodies.

[2.14] Now if the transparency of the two bodies were uniform, the
form would extend through the vitreous body along straight, radial lines
on account of the uniformity of transparency, but it would be refracted on
account of the difference in sensitivity. Under these circumstances, then,
the form would be distorted after refraction, or else there would be two
forms [created] on account of this [disparity in the] nature [of the two
media]. But since the difference in transparency prompts refraction, i.e.,
bending, and since the difference in sensitivity prompts [such] bending,
the form will remain single after refraction, and it is for this reason that
the transparency of the vitreous humor and the transparency of the gla-
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cial humor are different. Therefore, the forms reach the vitreous humor
arranged as they actually are on the surface of the visible object, and this
body receives them and senses them. Then they are refracted according
to the difference in transparency and the difference in sensitivity possessed
by this body, and so the form arrives according to its proper arrangement.’
The resulting sensation, as well as the resulting form, will then extend
through this body until the sensation and form reach the final sensor. But
the passage of the sensation and the passage of the form through the body
of the vitreous and through the sensitive body that fills the hollow of the
optic nerve to the final sensor will be like the passage of the sensation of
touch or the sensation of pain to the final sensor.

[2.15] However, the sense of touch and the sense of pain extend from
the [sensing] organ only through the fibers of the nerves and through the
spirit pervading those fibers. And when the forms of visible objects reach
the body of the vitreous humor, the sensation will extend from that organ
through the sensitive body pervading the hollow of the nerve and linking
the eye to the front of the brain. In tandem with sensation, moreover, the
forms extend [through this nervous channel] in their proper arrangement,
for the sensitive body naturally conserves the arrangement of such forms.
And this arrangement is conserved in the sensitive body, because the ar-
rangement of the parts of the sensitive body that receive the parts of the
form, as well as the arrangement of the receptive power in the parts of the
receiving body, is uniform throughout the vitreous humor and the whole
of the subtle matter pervading the hollow of the nerve. Since this is the
case, when the form reaches a given point on the surface of the vitreous
[humor], it will run along a continuous line, and it will not change its
[relative] position in the hollow of the nerve through which the sensitive
body extends. And all the lines along which all the points in the form run
will be uniformly arranged with respect to one another, and all these lines
will bend at the bend of the nerve, and at the point of bending all will be
arranged as they were before bending, and afterward as well, because of
the sensitive quality of this body. Accordingly, the form will reach the
common nerve properly arranged, and it is not possible for the forms of
visible objects to extend to the final sensor in any way other than this, for
it is not possible for forms to reach the common nerve properly arranged
unless their passage occurs in this way."

[2.16] And since forms extend according to this arrangement, the form
reaching any point on the surface of the glacialis must always extend along
the same line to the same point at the common nerve where the form [as a
whole] reaches. But the form reaching any given point on the surface of
the glacialis also invariably reaches the same point on the surface of the
vitreous [humor]. From this it follows that from any two points that are
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correspondingly situated on [each of] the two eyes two forms extend to
the same point in the common nerve

[2.17] 1t also follows that the sensitive body pervading the hollow of
the nerve should be somewhat transparent so the forms of light and color
can appear in it, and it follows, as well, that its transparency should be
like the transparency of the vitreous humor so that the forms are not re-
fracted when they reach the posterior surface of the vitreous humor at the
hollow of the nerve, for when the transparency of two bodies is identical,
the forms will not refract. And it is not possible for the forms to be re-
fracted at this surface, because this surface is spherical and is formed from
a sphere. However, if the forms were to refract at this surface, they would
not get very far from it before they were distorted.?? So there can be no
refraction of forms at this surface.

[2.18] If the transparency of the sensitive body pervading the hollow
of the nerve is no different from the transparency of the vitreous humor,
there will be no variation [in transparency] to cause a variation in the
form. And although the form extends in tandem with sensation, the trans-
parency of the sensitive body that pervades the hollow of the nerve is no
different from the transparency of the vitreous body. However, the trans-
parency of this body is intended only to let forms extend through it along
the lines that transparency requires. So it is transparent only so that it can
receive the forms of light and color and so that those forms can appear in
it, for a body does not receive light and color, nor do the forms of light
and color pass through it, unless it is [completely] transparent or there is
some transparency in it. And light and color do not appear in a transpar-
ent body unless there is some opacity to go along with its transparency,
and for this reason the glacialis is neither exquisitely transparent nor inor-
dinately opaque. Hence, the sensitive body that pervades the hollow of
the nerve is transparent, but along with that there is some opacity init. So
the form passes through this body on account of the transparency it pos-
sesses, and forms are revealed to the sensitive power in it on account of
the opacity it possesses. And the final sensor perceives the forms of light
and color only from the forms reaching through this body when they ar-
rive at the common nerve, and it perceives light from the illumination of
this body and color from its coloring.” This, then, is how forms will reach
the final sensor and how the final sensor will perceive them.

[2.19] Having shown that forms are refracted at the surface of the vit-
reous [humor], we should add that the axis of the cone of radiation can-
not be obliquely incident upon this surface, nor can any other line be per-
pendicular to that surface.?® For if the [visual] axis were to intersect this
surface obliquely, then, when forms arrived at this surface, they would
vary in arrangement and would change their orientations. But forms can
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reach the surface of the vitreous humor properly arranged only when the
axis of the cone is perpendicular to this surface. For when the eye faces
some visible object and the visual axis reaches the surface of that visible
object, the form of that visible object will reach the surface of the glacialis
arranged according to the actual arrangement of the parts on the surface
of the visible object, and the form of the point on the surface of the visible
object at the extremity of the [visual] axis will reach the point on the sur-
face of the glacialis intersected by that axis. Furthermore, the forms of all
the points on the surface of the visible object that are equidistant from the
point at the extremity of the [visual] axis will extend to points of the forms
on the surface of the glacialis that are equidistant from the point where the
[visual] axis intersects it, for all of the points reaching the surface of the
glacialis lie on radial lines extending from the center of the eye to the sur-
face of the eye, and the visual axis is perpendicular to the surface of the
glacialis. Therefore, all the planes containing the [visual] axis and inter-
secting the surface of the glacialis will be perpendicular to its surface.
[2.20] And it has already been shown that the surface of the vitreous
humor is either plane or spherical and that its center is not the center of
the eye. Therefore, if the visual axis intersects that surface obliquely rather
than orthogonally, only one of the planes containing the [visual] axis will
be perpendicular to that surface, so all the remaining planes containing
the [visual] axis will be oblique to it, for such is a property of lines that are
oblique to plane and spherical surfaces. Let us then imagine a plane con-
taining the [visual] axis and perpendicular to the surface of the vitreous
humor [and let it be] extended beyond the [visual] axis. It will therefore
intersect the surface of the vitreous [humor] and the surface of the glacialis
and will describe two different common sections in them. Then let us
imagine two points on the common section of this plane and the surface
of the glacialis, and let them be equidistant from the point where the [vi-
sual] axis intersects the glacialis. Let us also imagine two lines extending
from the center of the glacialis to these two points. Therefore, the two
lines will lie along with the [visual] axis in the same plane that is perpen-
dicular to the surface of the vitreous humor, for, along with the centerpoint,
the two points form three points on this surface. Moreover, the two angles
formed by these two lines with the [visual] axis will be equal, and these
two lines will intersect the common section on the surface of the vitreous
[humor] at two points. Likewise, the [visual] axis will intersect this com-
mon section at the point midway between these two points. Therefore, if
the surface of the vitreous [humor] is plane, the common section will be a
straight line.** But if the [visual] axis is oblique to the surface of the vitre-
ous [humor], and the plane forming the common section is perpendicular
to this surface, then the [visual] axis will be oblique to the common sec-
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tion [of the two planes], i.e. to this line. So the sides of the two angles will
be unequal, because, if the [visual] axis were perpendicular to this com-
mon section, it would be perpendicular to the surface. But since the two
aforementioned angles are unequal while the two angles at the center of
the glacialis, which is the endpoint of the [visual] axis, are equal, then the
two segments of the line forming the common section will be unequal.
Thus, the two points at the end [of those segments] will lie at different
distances from the point on the [visual] axis that intersects this line.* But
it is to these two points that the forms of the two points that are equidis-
tant from the [visual] axis on the surface of the glacialis reach, for they lie
at the endpoints of the two radial lines passing through these two points.
Now the point lying on the [visual] axis at the surface of the vitreous
[humor] is the one to which the form of the point on the [visual] axis at
the surface of the glacialis extends. Granted that the [visual] axis is ob-
lique to the surface of the vitreous [humor], granted that the surface of
the vitreous [humor] is plane, granted that the two points of the form that
reaches the surface of the glacialis are equidistant from the point reached
by the [visual] axis, and granted that these two points lie on a plane that is
perpendicular to the surface of the vitreous [humor], then, when they ex-
tend onward to the surface of the vitreous [humor], they will lie at un-
equal distances from the point reaching along the [visual] axis.?

[2.21] If the axis is oblique to the surface of the vitreous [humor] and
the surface of the vitreous [humor] is plane, the common section of any
plane containing the [visual] axis and intersecting the surface of the vitre-
ous [humor] will form two unequal angles with the [visual] axis, except
for a single plane, and that is the plane that intersects the surface of the
vitreous [humor] orthogonally, for the common section formed by it will
subtend two right angles with the [visual] axis. But the [visual] axis will
be oblique to the common sections of every other [intersecting] plane.
And if the two aforesaid angles are unequal while the two angles oppo-
site the two portions of the common section—i.e., the angles at the center
of the surface of the glacialis—are equal, then the two portions of the com-
mon section on the surface of the [vitreous] humor will be unequal, and
the two endpoints of this common section will lie at different distances
from the point on the [visual] axis. However, the two portions of the
common section on the surface of the glacialis will be equal, and the two
endpoints of this common section will be equidistant from the point where
the [visual] axis intersects the surface of the glacialis. This being the case,
when the form passes from the surface of the glacialis to the surface of the
vitreous [humor], its arrangement will not be the same as it is on the sur-
face of the glacialis or as it is on the surface of the visible object.

[2.22] The same will also hold when the vitreous surface is spherical
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and the [visual] axis strikes it obliquely, for when the points on the sur-
face of the glacialis that lie equidistant from the [visual] axis reach the
surface of the vitreous [humor], their distance from the axial point will be
unequal. For when the [visual] axis is not perpendicular to the surface of
the vitreous [humor], and when the surface of the vitreous [humor] is
spherical, this axis will not pass through the center of [the sphere that
defines the surface of] the vitreous [humor], but it will pass through the
center of [the sphere that defines] the surface of the glacialis. Therefore,
the lines that extend from the center of the glacialis to points that are equi-
distant from the point of [intersection of] the [visual] axis on the surface
of the glacialis subtend equal angles with the axis at the center of the glacialis.
And if this is so, but the center of the glacialis is not the center of the vitre-
ous [humor], then these lines will demarcate unequal arcs on the surface
of the vitreous humor.”” And only two lines lying in the same plane as the
[visual] axis and subtending right angles with it mark off equal arcs on
the surface of the vitreous [humor], and those are lines that lie on a plane
that intersects the surface of the vitreous [humor] orthogonally. Thus, if
the [visual] axis is oblique to the surface of the vitreous [humor], the forms
that reach the surface of the vitreous [humor] will be improperly arranged,
whether that surface is plane or spherical.

[2.23] But if the axis is perpendicular to the surface of the vitreous
[humor}, it will be perpendicular to all the common sections [on it], and
any two lines that extend from the center of the glacialis, which is a point
on the [visual] axis, will subtend right angles with the [visual] axis and
will mark off two equal segments on the common section on the surface
of the vitreous [humor]. Moreover, the two endpoints of the two equal
segments will be equidistant from the point of [intersection of] the [vi-
sual] axis on the surface of the vitreous [humor], whether the surface of
the vitreous [humor] is plane or spherical. Under all circumstances, then,
the form reaches the surface of the vitreous with its parts arranged as
they are on the surface of the eye only when the [visual] axis is perpen-
dicular to the surface of the vitreous [humor]. Moreover, the [final] sen-
sor only senses the form as it actually is when that form reaches it, and the
[final] sensor perceives the arrangement of the parts of the visible object
as it really exists on the surface of the visible object. It is therefore not
possible for the forms to reach the surface of the vitreous [humor] with-
out having their parts arranged as they really are [on the surface of the
visible object]. It is not possible, then, for the visual axis to be oblique to
the surface of the vitreous [humor]; so it will be perpendicular. Thus, all
the remaining radial lines will be oblique to this surface, whether it is
plane or spherical, because they intersect the [visual] axis at the center of
the glacialis. However, none of these lines, except the [visual] axis, passes
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through the center of the surface of the vitreous [humor], assuming it is
spherical, because it is perpendicular to this surface, but the center of the
surface of the glacialis is not the [same as the] center of the surface of the
vitreous humor. And since it has been shown that forms reaching the
surface of the glacialis only reach the hollow of the nerve after having
been refracted along oblique lines, and since their refraction happens only
at the surface of the vitreous [humor], and since the [visual] axis is per-
pendicular to this surface while all the remaining radial lines are oblique
to this surface, then, when the forms reach the surface of the vitreous
[humor], all of the points on them except for the axial point will be di-
verted, for this point extends straight along the [visual] axis until it reaches
the bend in the hollow of the nerve. Therefore, no form other than [that
of] the point on the [visual] axis that reaches the surface of the glacialis
extends to the hollow of the nerve along a straight line; all the rest of the
[forms of the] points reach the hollow of the nerve along oblique lines.

[2.24] Thus, when the eye perceives a visible object that faces the middle
of the eye, and since the [visual] axis lies inside the cone of radiation that
encompasses that visible object, the form of that visible object will reach
the surface of the glacialis along straight radial lines. From this surface
forms then extend along straight, radial lines as well, until they reach the
surface of the vitreous [humor]. Then, from this surface the [form of the]
axial point will reach straight along the axial line until it reaches the place
where the hollow of the nerve bends. Meantime, all the remaining points
are refracted along lines that intersect the [original] radial lines, and they
maintain the same arrangement until they reach the place where the hol-
low of the nerve bends. Thus, the form will arrive at this place arranged
according to its order on the surface of the glacialis as well as its order on
the surface of the visible object [itself]. However, the disposition of re-
fracted forms is not like the disposition of forms that pass straight on, for
refraction will necessarily change them is some way.*® Therefore, it fol-
lows from this circumstance that the point extending straight along the
[visual] axis to the place where the hollow of the nerve bends is more
clearly perceived than all the [other] points of [such] forms.”

[2.25] Also, the refraction of points reaching the surface of refraction
nearer the axial point is less, and [that of those reaching it] farther [from
that point] is greater, for refraction depends entirely upon the angles that
are formed by the [radial] lines along which the forms arrive and the
normals to the surface of refraction. And refraction of lines forming smaller
angles with the normals will occur at smaller angles, whereas refraction
of lines forming greater angles with the normals will occur at greater
angles. Butradial lines that are nearer the [visual] axis are less oblique to
the surface of refraction, so they form smaller angles with the normals to
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the surface of refraction. Those, on the other hand, that are farther from
the [visual] axis are more oblique to the surface of refraction, so they form
greater angles with the normals. And forms that suffer less refraction are
clearer [to sight], whereas forms that suffer greater refraction are less so.*
Thus, the point on the [visual] axis [whose form] reaches the place where
the hollow of the nerve bends is more clear[ly seen] than all the rest of the
points, and whatever point is nearer it is more clear[ly seen] than one
lying farther from it.

[2.26] Now these forms are the ones that extend to the common nerve,
and it is from these that the final sensor perceives the form of the visible
object. And since this form arrives at the place where the hollow of the
nerve bends with varying dispositions—i.e., in such a way that its axial
point is clearer than all the remaining points and that whatever point lies
nearer it is clearer than one farther from it—the form that reaches the
common nerve [and] on the basis of which the sensitive faculty perceives
the form of the visible object will vary in disposition. So the point on it
that corresponds to the axial point on the surface of the visible object is
clearer than all the other points of the form, and the nearer to it any point
lies, the clearer it is.

[2.27] And when the dispositions of visible objects are examined, and
when the way sight perceives [several] visible objects at the same time is
determined along with how it perceives the parts of a single visible ob-
ject, the results will be found to agree with what we have shown. For
when a viewer faces several visible objects at the same time, and when his
eye remains steady, and he does not shift it, he will find that the visible
object directly along his central line-of-sight is clearer than those to the
side of it, and [he will find] that what lies nearer his central line-of-sight
will be clearer. By the same token, when the viewer looks at a large vis-
ible object, and his line-of-sight is aimed directly at the midpoint of that
visible object and remains steady, he will perceive the middle of that vis-
ible object more clearly than he will the outer edges of that object. This
will become eminently clear when several visible objects are adjacent to
one another, and the viewer faces one of the objects that is in the midst of
the rest, for in that case, if his focus remains steady, he will perceive that
middle object with clarity; and along with that he will also perceive those
that surround it, but not clearly. This is especially obvious when those
visible objects occupy considerable space, for then there will be a signifi-
cant difference between the perception of the middle object and the per-
ception of the outer ones.

[2.28] Subsequently, if he shifts his viewpoint under these conditions
so that he looks directly at an object other than the visible object he faced
before, he will perceive this second object more clearly. The first one,
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however, he will perceive more dimly. And if he faces the one at the end
and focuses on it, he will perceive it more clearly than he did under the
original condition because of its distance from his line-of-sight [at that
time], and at the same time he will perceive the middle object more dimly,
even though it is nearer to him. Moreover, there will be a significant dif-
ference [in clarity] between his perception of the middle object when he
focuses on the object at the end and his perception of the middle object
when he focuses on it.

[2.30] From this experiment it will therefore be clear that vision [tak-
ing place] through the center of the eye, along the [visual] axis as defined
by us, is clearer than vision at the edge of the eye, along lines surrounding
the [visual] axis. It has therefore been shown that vision [taking place]
along the axis of the visual cone will be clearer than vision [taking place]
along all [the other] radial lines and, moreover, that vision [taking place]
along a line nearer the [visual] axis is clearer than [vision taking place]
along a line that is farther [from the visual axis].

[CHAPTER 3]

[3.1] The sense of sight, in fact, perceives none of the visible properties
unless they are embodied.* Moreover, many inherent properties, as well
as many accidental properties combine together in a body, and sight per-
ceives many of the inherent and accidental properties possessed by bod-
ies.” Color is one of those properties that occur in bodies, and light as
well, and the sense of sight perceives both of these in bodies. It also per-
ceives other properties besides these two, e.g., shape, spatial disposition,
size, motion, and other properties that we shall specify later.*® It also per-
ceives similarities and differences among colors, as well as similarities
and differences among lights. So too, it perceives similarities among
shapes, and spatial dispositions, and motions.

[3.2] Furthermore, these properties are not all perceived in the same
way, nor is it through brute sensation that every one of them is perceived.*
For, when the eye perceives two individuals at the same time, and when
they are similar in structure, it will perceive [that they are] individuals,
and it will perceive that they are similar. But the similarity of the two
forms of the two individuals is neither the [two] forms themselves nor
either one of them.

[3.3] But since sight perceives the individuals by means of forms com-
ing to the eye from the two individuals, it therefore perceives the similar-
ity of the two individuals on the basis of the similarity of the two forms
reaching from the form [of each of those individuals]* to the eye. But the
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similarity of the two forms is neither the forms themselves nor a third
form pertaining to similarity.

[3.4] But yet the similarity of the two forms consists in their agree-
ment in some respect. Therefore, the similarity of the two forms will only
be perceived through a comparison of one to the other and from a percep-
tion of what it is in virtue of which they are similar. And since sight per-
ceives similarity, but there is no third form in it by which it perceives
similarity, sight cannot perceive the similarity of the two forms unless it
compares one to the other.

[3.5] Likewise, sight perceives the difference between two different
forms by a comparison of one to the other.®

[3.7] And since that is the case, the visual sense does not perceive simi-
larity and difference among forms through brute sensation but through a
comparison of forms among each other.

[3.8] In addition, when sight perceives two colors of the same kind,
but one of them is more vivid*” than the other, e.g., myrtle-green and pis-
tachio-green, it will perceive that they are green, but it will also perceive
that one of them is of a more vivid green. So it will differentiate between
two greens, and it will perceive their similarity in greenness as well as
their difference in vividness or dullness.

[3.9] Nonetheless, differentiation between two greens is not the actual
sensation of green, for the sensation of green arises from the [general]
“greening” of sight as well as from the [specific] “greening” of sight by
both greens, so it will perceive that they are of the same kind.* Therefore,
the perception by sight that one green is more vivid than the other and
[yet] that the two are of the same genus represents a differentiation of the
coloring that occurs in sight, not the actual sensation of color.

[3.10] The same also holds when two colors are similar in vividness
and are of the same kind, for sight perceives the two colors, and it per-
ceives that they are of the same kind and that they are similar in vivid-
ness.

[3.11] And the same holds for the effect of light on sight, for sight per-
ceives the light and differentiates between strong and weak light.

[3.12] Thus, the perception by sight of similarity and difference among
colors, of similarity and difference in light, and of similarity in the out-
lines, shapes, and spatial dispositions of the forms of visible objects, as
well as of differences among them, arises only from comparing them to
one another, not from brute sensation.

[3.13] In addition, the sense of sight perceives the transparency of [com-
pletely] transparent bodies as well as the transparency of bodies that are
not absolutely transparent, but it does not perceive such transparency
through any other procedure than comparison. For transparent stones of
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slight transparency are not perceived by sight to be transparent until after
they are placed against the light; then the light will be perceived behind
them, and it will [thereby] be perceived that they are transparent. Like-
wise, the transparency of no transparent body will be perceived by sight
until after a body or light that lies behind it is perceived, and along with
that it will be perceived through differentiation that what appears from
behind is different from the transparent body [through which it appears].

[3.14] However, the perception that what lies behind the transparent
body is different from that [transparent] body is not [arrived at] by brute
sensation; rather, it is a perception [arrived at] by judgment.*® And since
transparency will only be perceived [indirectly], by implication, it will be
perceived only through differentiation®” and judgment.

[3.15] Writing, as well, will be deciphered only by [the reader’s] dis-
cerning the forms of the letters, along with their combinations, and by
comparing them to similar ones already known to the writer.*! And by
the same token, when the way many visible characteristics are perceived
is examined, it will be found that they are not perceived through brute
sensation, but through judgment and differentiation.

[3.16] And since this is the case, not everything that is perceived by
sight is perceived through brute sensation; instead, many visible charac-
teristics will be perceived through judgment and differentiation in con-
junction with the sensation of the form that is seen.

[3.17] However, sight does not possess the power to differentiate; the
faculty of discrimination® differentiates these properties. Nonetheless,
the differentiation of these visible characteristics that is carried out by the
faculty of discrimination cannot take place without the mediation of sight.

[3.18] Sight also perceives many things by means of recognition, so it
recognizes that a human is a human, that a horse is a horse, and that
Socrates is Socrates when it has seen the same thing before. And it recog-
nizes familiar animals, trees, shrubs, and stones when it has seen them or
their like before. Moreover, it recognizes all familiar characteristics® that
are in visible objects.

[3.19] Sight perceives what kind of thing* a visible object is through
recognition exclusively. But recognition is not perception by brute sensa-
tion, for sight does not recognize everything it has seen before. And when
sight perceives some particular individual and is later removed from it
for a long time, then sees that individual again but does not remember it,
it does not recognize that individual, for it does not recognize what it
knew before unless it remembers. Therefore, if recognition were percep-
tion by brute sensation, it would follow that, when sight saw some indi-
vidual that it had seen before, it would immediately recognize it on see-
ing it again under all conditions, but such is not the case.
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[3.20] And since recognition occurs only through remembering, rec-
ognition is not perception by brute sensation. Perception through recog-
nition does, however, entail perceiving by some means of judgment, for
recognition is the perception of similarity between two forms—i.e., of the
form sight perceives at the moment of recognition and the form of that
visible object, or its like, that it has perceived one or more times before.
Accordingly, there will be no recognition without remembering, for if the
original form is not present in memory, sight will not perceive the similar-
ity of the two forms, and so it will not recognize the visible object.*

[3.21] Recognition, moreover, entails recognition of the form of some
individual object or of the form of its kind. Therefore, the recognition of
an individual arises from the assimilation of the form of an individual at
the time sight perceives that individual to another form that it has per-
ceived before. Recognition of kind arises from an assimilation of the form
of a visible object to other forms resembling it among individuals of its
kind that it has perceived earlier.

[3.22] But perception of similarity entails judgment, for it only occurs
by means of comparing one form to another. Therefore, recognition is
merely a form of judgment; yet this form of judgment is distinct from
other [forms of] judging, because, rather than involving an evaluation of
all the characteristics of a form, recognition will occur through defining
features.* Thus, when sight perceives a certain characteristic in a form
and remembers an earlier form [with that characteristic], it will immedi-
ately recognize the form. But this is not the case with everything that is
perceived through judgment, for various things that are perceived through
judgment are perceived only after a scrutiny of all the characteristics they
possess.

[3.23] For instance, at the very moment a writer sees the combination
“ABCD,” he will immediately grasp that it is “ABCD”. Therefore, from
his perception that “A” comes first and that “D” comes last, he will grasp
that itis “ABCD”. Likewise, if he sees “DOMINUS” written, he will im-
mediately grasp it through recognition and habit. And the same holds for
all words familiar to him; when the writer sees them, he will immediately
grasp them without having to differentiate one from the other. But such
is not the case when the writer sees an unfamiliar written word that he
has not seen before, for the writer will not recognize this word until after
he has differentiated its letters, and [only] afterwards will he recognize
the word. Thus, when any form, or its like, that has not been seen before
is perceived by sight, sight will not perceive what that form represents
until after it has differentiated all or several of the characteristics of that
form.

[3.24] On the other hand, a familiar form will be perceived immedi-
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ately by sight through a perception of certain of the characteristics pos-
sessed by that form. Therefore, whatever is perceived through recogni-
tion will be perceived by means of a defining feature, but not everything
that is perceived through judgment will be perceived by means of a de-
fining feature. Still, several characteristics of visible objects are perceived
only through recognition, and the perception of what kind of thing a given
visible object is, or what kind of thing a given object perceived by another
sense is, will occur only through recognition. And the faculty of recogni-
tion is allied with the faculty of sensation, so the perception of sensible
characteristics is fully achieved only through recognition.

[3.25] However, recognition does not occur through brute sensation.
Therefore, of [all] the characteristics that are perceived by visual sensa-
tion, some are perceived through brute sensation, some through recogni-
tion, and some through judgment and differentiation.

[3.26] Also, several of the visible characteristics that are perceived
through judgment and differentiation are perceived in an extraordinarily
short time, and it is not apparent that their perception involves judgment
and differentiation because of the speed of the inferential process through
which these characteristics are perceived. For shape, size, transparency,
and similar characteristics that are possessed by visible objects are gener-
ally perceived by means of an extremely quick perception. But there is no
perception at that time that their perception involves judgment. Since the
perception of these characteristics does involve judgment, however, it is
only because of the obviousness of their interrelationships and the faculty
of discrimination’s familiarity with such characteristics [that the process
of judgment goes unnoticed by the perceiver]. Accordingly, as soon as
this form reaches [the eye], sight perceives all the characteristics it pos-
sesses, and so they will be differentiated by it at the moment of percep-
tion.

[3.27] And the same applies to logical argument and all forms of rea-
soning when the premises are evident and general; the faculty of discrimi-
nation does not require much time to reach the conclusions entailed by
them but, instead, will understand the conclusion immediately after grasp-
ing the premises.

[3.28] The reason is that the faculty of discrimination does not pro-
ceed by juxtaposing and ordering premises in the way that an argument
based on terms does, for its conclusions will not be based on words or on
the arrangement of premises.” The procedure followed by the faculty of
discrimination is not like this, because the faculty of discrimination grasps
the conclusion without needing words and without needing an arrange-
ment of premises or an arrangement of words.

[3.29] For the arrangement of words in an argument is only one way
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in which the faculty of discrimination reaches a conclusion, but to reach a
perceptual conclusion the faculty of discrimination does not need [this
particular] mode of reasoning or [this particular] arrangement of [pre-
mises leading to] a perceptual conclusion.

[3.30] Therefore, the visible properties that are perceived through judg-
ment are generally perceived very quickly, and for the most part it does
not seem as if their perception is arrived at through judgment. Even in
the case of visible properties that are perceived through judgment and
differentiation, since they are frequently perceived through judgment, and
since the faculty of discrimination [already] knows these characteristics if
it sees them later, it will perceive them through recognition without hav-
ing to differentiate all the properties in objects seen later, and it will do so
through defining features alone. Moreover, it will reach its conclusion by
means of recognition without having to go through the steps of argumen-
tation, as happens, for example, with the writer who sees an unfamiliar
word for the first time.

[3.31] And the same holds for all deductions that are made through
judgment when their premises are evident and their conclusions true; for
when the soul* realizes that the conclusion is true and reaches that con-
clusion frequently afterward, the conclusion will be transformed into an
evident premise. Thus, when the soul sees the premise, it will immedi-
ately reach the conclusion without having to go through the steps of ar-
gumentation.

[3.32] Moreover, several deductions whose truth the faculty of dis-
crimination knows only through judgment are deemed to be first prin-
ciples and are thought to be grasped naturally through pure understand-
ing alone, not by means of judgment. For example, it is assumed that [the
proposition] “the whole is greater than the part” will be judged naturally
by the understanding to be true and that the perception of its truth does
not involve judgment. But the fact that the whole is greater than the part
will only be understood through judgment, for there is no way for the
differentiating [faculty] to grasp that the whole is greater than its part
without first knowing the meaning of “whole” and “part” and the mean-
ing of “greater.” For if it does not know the meaning of “parts,” it will not
know the meaning of “whole.” But the meaning of “whole” is simply
“totality,” whereas to be a “part” means simply to be “something,” and
“greatness” is a relation [of something] to something else, so to be “greater”
than something else means to be more than equal to it. So the test of
whether every whole is greater than its part is whether the former is some-
how equal to the latter yet exceeds it by some amount. From the conjunc-
tion of the meaning of “greater” with the meaning of “whole” in [terms
of] additional amount, it becomes apparent that the whole is greater than
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the part. And since the conclusion that the whole is greater than the part
is reached only in this way, its realization occurs by judgment alone, not
by natural understanding. So what occurs by nature in the understand-
ing is merely the perception of the conjunction of the meaning of “whole”
and the meaning of “greater” in [terms of] additional amount.*’

[3.33] Now the arrangement of this syllogism is as follows: (1) Every
whole exceeds the part. (2) Everything that exceeds something else is
greater than it. (3) Therefore, every whole is greater than its part. But the
speed with which the faculty of discrimination reaches the conclusion is
due only to the fact that the major premise is evident.* Nonetheless, the
realization by the faculty of discrimination that the whole is greater than
its part occurs through judgment, and since the major premise is obvious
to it, it will realize the conclusion as soon as the specific minor premise
occurs to it, and that specific premise involves the meaning of “whole” as
exceeding the part. And since the truth of the conclusion of this syllogism
is absolutely certain in the soul and exists in memory, when the proposi-
tion occurs to it, the understanding accepts it without having to go through
the steps of argumentation, so it realizes it by means of recognition alone.

[3.34] Everything of this kind is called a “first principle” by mankind.
And it is supposed that such will be grasped by pure understanding so
that there is no need of anything but pure understanding to realize its
truth.®® And the reason for this is that such propositions are grasped im-
mediately.

[3.35] Therefore, syllogisms whose premises are universal and obvi-
ous are grasped in an imperceptible amount of time. Then, if the syllo-
gism is frequently reiterated, the intellect will grasp it in such a way that
the truth of its conclusion will be assimilated or certified in the soul, at
which time the conclusion will become an evident premise.” In this way
the faculty of discrimination will grasp numerous deductions that are
reached by means of judgment in an imperceptible amount of time with-
out having to go through the steps of argumentation.

[3.36] Furthermore, how visible characteristics will be perceived by
judgment and recognition is often not apparent, for their perception will
occur very quickly, and the perception of how they are perceived will
occur only through a second deductive process that follows the initial
deductive process through which the visual perception was realized.
However, the faculty of discrimination does not use this second deduc-
tive process at the time it perceives a given visible characteristic, nor does
it discern how it perceives that characteristic, nor can it because of the
speed with which it perceives characteristics by means of recognition and
by deduction whose premises are evident and indubitable to the soul.
For this reason it does not notice how it grasps the truth of various true
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propositions that are perceived by means of recognition, and their truth is
affirmed on the basis of a judgment made when they are realized. For
when these propositions occur to the faculty of discrimination, it imme-
diately judges that they are true by means of recognition, but at the point
of recognition it does not investigate how that truth was veritfied before,
nor doesitinvestigate how it perceives that the propositions are true when
they occur to it.

[3.37] Furthermore, the second deductive process through which the
faculty of discrimination perceives how it perceives what it perceives is
not a process that occurs terribly quickly; instead, it requires deliberation.
For perceptions differ; some occur naturally to the understanding,” some
occur through recognition, and some occur through deliberation and dis-
cernment. Therefore, the perception of how the perception occurs and
that it is of such-and-such a kind is reached only through a deductive
procedure and a differentiation that is not swift. Accordingly, at the in-
stant of perception, how the visible properties perceived through judg-
ment are {themselves] perceived is usually not evident.

[3.38] Moreover, man is inherently apt to differentiate and deduce
without difficulty or effort, and he does not perceive that he is deducing
unless he deduces with difficulty. For when he does not exert effort and
thought, he does not perceive that he is engaged in deduction. Therefore,
customary deductions whose premises are evident and that do not de-
mand effort are natural to man, and because of this he does not perceive
that, when he is grasping such conclusions, he is grasping them through
deduction. Evidence that man is inherently apt to deduce and that he
engages in deduction without perceiving that he is deducing is found in
children at an early stage in their growth. For a child grasps many things
that a grown man discerns, and he uses many procedures for differentia-
tion. For instance, when two things of the same kind, such as two fruits,
are shown to a child, and when one is more attractive than the other, he
will accept the more attractive one and reject the other. But the choice of
the more attractive object is based exclusively upon a comparison of one
to the other. So the child’s perception that the attractive one is attractive
and that the ugly one is ugly—and, likewise, his choosing the more at-
tractive over the less attractive one—indicates that he chooses it only af-
ter comparing one to the other, perceiving the form of each of them, and
perceiving by deduction the attractiveness of the more over the less at-
tractive one. But the choice of the more attractive is based entirely upon a
major premise that asserts that what is more attractive is better, and what
is better is more worthy of being chosen. The child therefore uses this
premise, but he does not perceive that he is using it.

[3.39] And since this is the case, the child deduces and differentiates.
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But there is no doubt that the child does not know what a deduction is
and does not perceive whether he is deducing or not when he does. More-
over, if one were to try to teach him what deduction is, he would not
understand. Yet, since the child does deduce yet has no idea what a de-
duction is, it follows that the human soul is inherently apt to engage in
deduction without difficulty or effort, yet when a man perceives that some-
thing is of such-and-such a kind, he does not perceive that he achieves
this perception through deduction. It is only obvious conclusions whose
premises are exceedingly obvious that are drawn through judgment,
though; when conclusions whose premises are not particularly obvious
and which entail difficulty are drawn by a man, he may well perceive that
he makes them through judgment when they really are a matter of differ-
entiation.

[3.40] From everything we have said, then, it has been shown that
some characteristics that are perceived by sight are perceived through
brute sensation, others through recognition, and others yet through dif-
ferentiation, deduction, judgment, and syllogism; and [it has also been
shown] that the manner in which particular characteristics are perceived
by sight is usually not evident because of the speed with which it per-
ceives through recognition, and because of the speed with which it grasps
visible properties through deduction, and also because the faculty of dis-
crimination is inherently apt to deduce without effort or difficulty, doing
so instead naturally and customarily.

[3.41] Furthermore, that faculty does not need to go through the de-
ductive steps to perceive any of the particular characteristics that are fre-
quently seen.

[3.42] Moreover, characteristics that are frequently seen and are per-
ceived through judgment and differentiation exist in the soul in such a
way that mankind does not perceive that they are ensconced there;* nor
does their being ensconced there have a perceptible beginning, for it is
from childhood that man perceives visible objects, and it is from child-
hood that some differentiation occurs in him, especially the differentia-
tion through which sensible distinctions are perceived. Thus, he perceives
sensible characteristics by judgment and differentiation and gains a knowl-
edge of sensible characteristics, and these sensible characteristics are con-
tinually presented to him until they are ensconced in his soul in such a
way that he does not even perceive their being ensconced. Hence, when
a particular characteristic that is [already] ensconced in his soul is pre-
sented to him, he will perceive it through recognition the moment it is
presented. But in the process he does not perceive how he perceives it, or
how he recognizes it, or how the knowledge of that characteristic has come
to be ensconced in his soul. Accordingly, all of the particular characteris-
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tics that are perceived through judgment and differentiation and that are
frequently re-presented [to him] have already been grasped by man at an
earlier time and have become ensconced in the soul so that a universal
form of some particular property is created and ensconced in the soul.™
As a result, such properties are perceived without [the soul’s] having to
go through the deductive steps it went through initially, and without hav-
ing to undergo the process of judging through which the veracity of that
characteristic is grasped,* and without perceiving how the perception of
that property arises when it arises, and without perceiving how recogni-
tion occurs at the moment of perception. So there is no lingering need to
retrace the steps of deduction except in the case of particular characteris-
tics possessed by particular individuals, such as the shape of a particular
thing (i.e., in an individuated object), or the spatial disposition of an indi-
vidual visible object, or the size of an individual visible object, or a com-
parison of the color of one individual visible object with the color of an-
other visible object, and the like. In these ways the perception of all par-
ticular properties of visible objects will take place.

[3.43] And now that all of these points have been explained, we shall
begin to explain how each of the particular visible properties is perceived
by sight and the kinds of deductive processes the faculty of discrimina-
tion employs in grasping the properties perceived by the sense of sight.

[3.44] The particular properties that are perceived by sight are numer-
ous, but they are generally reduced to twenty-two, namely: light, color,
distance,” spatial disposition,® corporeity,” shape, size, continuity, discontinu-
ity or separation, number, motion, rest, roughness, smoothness, transparency;
likewise: opacity, shadow, darkness, beauty, ugliness, similarity, and difference
among all particular characteristics as well as among all the forms com-
posed of particular characteristics. These, then, are all of the things that
are perceived by the sense of sight. If there is any visible characteristic
besides these, it will be subsumed under one of them: e.g., arrangement,
which will be subsumed under spatial disposition; writing and drawing,
which are subsumed under shape and arrangement; straightness, curva-
ture, concavity, and convexity, which are subsumed under shape; multi-
tude and dearth, which are subsumed under number; equality and ex-
cess, which are subsumed under similarity and difference; joy, laughter,
and sadness, which are included in the shape of the face (and are there-
fore subsumed under shape); weeping, which is included in the shape of
the face along with the streaming of tears (so it is subsumed under shape
and motion); moistness and dryness, which are subsumed under motion
and rest, for moistness is perceived by the sense of sight only from the
fluidity of the moist body and from the motion of one of its parts with
respect to another, whereas dryness is perceived by sight only through
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the rigidity of the parts of the dry body as well as through the lack of
motion in fluidity. And likewise, every particular property perceived by
sight is subsumed under the headings that we described earlier, and all of
the visible properties are as we have claimed above.®

[3.45] This being the case, moreover, the differentiation and deduc-
tion carried out by the faculty of discrimination, as well as the recognition
of forms and their defining features, will occur only through the faculty
of discrimination’s differentiation of the forms reaching into the hollow
of the common nerve when the final sensor perceives them and through
recognition of the defining features of those forms.

[3.46] Furthermore, the sensitive body reaching from the surface of
the sensitive organ to the hollow of the common nerve—i.e., the visual
spirit—is sensitive throughout, for the sensitive power extends through
the whole of this body. Therefore, when the form reaches from the sur-
face of the sensitive organ to the hollow of the common nerve, every part
of the sensitive body will sense the form. And when the form arrives at
the hollow of the common nerve, it will be perceived by the final sensor,
and at that time differentiation and deduction will take place. Thus, the
sensitive power senses the form of the visible object throughout the entire
sensitive body that extends from the surface of the sensitive organ to the
hollow of the common nerve, and the faculty of discrimination discerns
the properties that the form possesses at the moment the final sensor per-
ceives the form. This, then, is the way in which the forms of visible ob-
jects will be perceived by the sensitive power, as well as by the final sen-
sor and the faculty of discrimination.! On this basis, moreover, it will be
shown that the sensitive power senses the place on the sensitive organ
where the form reaches, for it only senses the form according to the place
where the form arrives.

[3.47] 1t has also been shown in the preceding chapter that a form
extends from any given point on the surface of the glacialis along a single,
continuous line, following whatever bends or curves are in it, until it
reaches a single point at the place where the form enters the hollow of the
common nerve.*> And since that is the case, the form arriving at an area
on the surface of the glacialis extends from there to another area in the
hollow of the common nerve. Moreover, the form of each of the different
visible objects that are perceived together at the same time extends to a
specific place in the hollow of the common nerve, and the forms of all of
those visible objects reach the hollow of the common nerve, and the rela-
tive arrangement of those forms in the hollow of the common nerve will
be the same as the relative arrangement of the visible objects themselves.®
Thus, when the eye faces some visible object, the form of the light and
color on that visible object reaches the surface of the eye and the surface
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of the glacialis, and it extends along the determinate paths that we de-
scribed [earlier], preserving its proper arrangement, shape, and structure
until it reaches the hollow of the common nerve. And it will be perceived
by the sensitive power when it arrives at the body of the glacialis to pass
through the whole of the sensitive body. Then, when it reaches the hol-
low of the common nerve, it is perceived by the final sensor, and the fac-
ulty of discrimination differentiates all the [visible] properties it possesses.
But the form of color and the form of light reach the hollow of the nerve
only because the sensitive body that pervades the hollow of the nerve is
colored by the form of light and color and is illuminated by the form of
light. So the form reaches the hollow of the common nerve, and the por-
tion of the sensitive body that is in the hollow of the common nerve where
the form of the visible object extends will be colored by the color of that
visible object and illuminated by the light that is in that visible object.
And if the visible object possesses one color, that portion of the sensitive
body will be of one color, whereas if the parts of the visible object are of
different colors, the parts of that portion of the sensitive body in the hol-
low of the common nerve will be of different colors. The final sensor,
moreover, perceives the color of the visible object from the coloring that it
encounters in that portion [of the sensitive body], and it perceives the
light of the visible object from the illumination it encounters in that [same]
portion. Meanwhile, the faculty of discrimination perceives various par-
ticular properties that are in the visible object by discerning the proper-
ties that are in that form at that spot—i.e., from the arrangement of the
parts of the form, from the configuration of what surrounds that form,
from the configuration of that form’s parts, from the different colors, spa-
tial dispositions, and arrangements of the parts of that form, and from
their similarity and difference.®

[3.48] Furthermore, the light reaching from the colored visible object
to the eye does not arrive on its own without color, nor does the form of
the color reaching from the colored visible object to the eye arrive on its
own without light, so the form of the light and color in the visible object
arrives only as a mixture, and the final sensor perceives such forms only
as mixtures. Notwithstanding this fact, the [final] sensor perceives the
illuminated visible object and perceives that the light appearing in the
visible object is distinct from the color, and this perception constitutes
differentiation. [The capacity of] differentiation, however, belongs to the
faculty of discrimination alone, not to the sensitive faculty. Yet when it is
perceived by the discriminative faculty, this property becomes ensconced
in the soul, so there is no need for repeating the deductive steps when
every [such form] reaches it [afterward]; instead it remains ensconced in
the soul. The faculty of discrimination’s perception that the light in the
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object is distinct from the color in it, as well as its perception that the
accidental light in the colored visible object is distinct from the color in it,
is due to the fact that the light shining on any given visible object can
vary, sometimes increasing and sometimes decreasing. Yet, despite these
variations, its color remains the same; even though the brightness of the
color may vary according to the variation in light, the color does not vary
in kind. Moreover, accidental light may shine on a visible object through
an aperture, but when that aperture is blocked, that visible object will be
darkened. Hence, from the faculty of discrimination’s perception of the
variation in light shining on visible objects, and from its perception of the
visible object’s being illuminated at times and lacking light at others, it
perceives that the colors possessed by visible objects are distinct from the
light that shines on them. Therefore, the form of the colored visible object
that the sensitive faculty perceives is a form mixed from the form of the
light and color that are in the visible object, and the faculty of discrimina-
tion perceives that the color that is in it is distinct from the light that is in
it. But this perception takes place according to recognition at the moment
the form reaches the [final] sensor, for already ensconced in the soul is the
notion that the light in every form that is a mixture of light and color is
distinct from the color in that form.®

[Perception of Light and Color]

[3.49] Among the properties belonging to the form, the first one that
the faculty of discrimination perceives is the kind of color [it possesses].
But what kind of color [the form possesses] will be perceived by the fac-
ulty of discrimination only through recognition, if the color of the visible
object is among those colors familiar to it, so the faculty of discrimination’s
perception of what kind of color [the form possesses], which occurs
through recognition, arises exclusively from a comparison of the form of
its color to forms that it has perceived before, that is, from forms resem-
bling [the form of] that color.® For, when it perceives a red color and
perceives that it is red, sight will not perceive that it is red unless it recog-
nizes it, and this recognition is due only to an assimilation® of it to things
it has perceived before. If, however, sight had never perceived a red color
until this time, it would not know that the red it perceives is red. Thus,
when the color is one of the familiar colors, it will be known to sight
through recognition, but if it is among colors that are unfamiliar to it,
such that sight has never perceived such a color before, it will not be per-
ceived by sight so as to be recognized by it; rather sight will assimilate it
to colors that are near it, ones that it has already apprehended. Thus,
brute sensation provides the basis for perceiving a color; then, when [that
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color] is transmitted to the eye over and over again, it will be perceived
through recognition, specifically, of what kind of color it is.

(3.50] What kind of light [is being seen] will also be perceived by sight
through recognition alone, for sight recognizes sunlight and differenti-
ates it from moonlight and firelight, and thus it recognizes moonlight and
firelight. Therefore, the perception by sight of what kind of light each of
these is occurs only through recognition.

(3.52] Everything perceived by the sense of sight after light and color
will therefore not be perceived through brute sensation but will be per-
ceived through differentiation and deduction along with sensation. For
everything that is perceived through differentiation and deduction will
be perceived only by distinguishing the properties possessed by the sen-
sible form, and likewise, everything that is perceived through recognition
is perceived solely through a perception of the defining features conveyed
by the sensible form. But the properties perceived through differentia-
tion, deduction, and recognition are only perceived with the sensation of
the form. The light in an intrinsically luminous body, however, is per-
ceived by sight on its own, as it actually exists, on the basis of the sensa-
tion itself; and the light and color in a colored body illuminated by acci-
dental light are perceived by sight mixed together, and [they are thus per-
ceived] through brute sensation. Therefore, essential light is perceived by
the sensitive faculty from the illumination of the sensitive body, and color
is perceived by the sensitive faculty from an alteration and a coloring that
occurs in the sensitive body. And along with this sort of perception of
light by the sensitive body on the basis of accidental light mixed with that
color, the sensitive faculty thus perceives the colored light of the body
when the form of color reaches it, but it only perceives its light when the
form of essential light reaches it.*®® So these are the only two visible prop-
erties that are perceived by sight through brute sensation.

[3.53] We shall say, further, that the perception of color, insofar as it is
color, precedes the perception of what kind of color it is: that is, sight
perceives color and senses that it is color before it senses what kind of
color it is. For as soon as the form reaches the eye, the eye is colored, and
when the eye is colored, it senses that it is colored, and thus it senses the
color [itself]. Then, by differentiating the color and comparing it to colors
already known to sight, it perceives what kind of color it is. Therefore,
the perception of color, insofar as it is color, will occur before the percep-
tion of what kind of color it is, and the perception of what kind of color it
is will occur through recognition. Evidence that sight perceives color,
insofar as it is color, before it perceives what kind of color it is [can be
found] in the fact that, when visible objects whose colors are strong—e.g.,
deep green, brown, and the like—are in a location that is not too dark,
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those colors are only perceived by sight in that location as color [in the
generic sense]. Still, it senses that they are colors, but it does not discern
what kind of colors they are at the beginning of perception. When the
location is not too dark, however, and when sight scrutinizes [the colors]
closely, it will perceive what kind of colors they are, or [it will do so] if the
light increases and intensifies in that location. From this experiment it
will therefore be clear that sight perceives color, insofar as it is color, be-
fore it perceives what kind of color it is.

[3.54] What sight perceives about color at the very moment it reaches
the eye is its coloring-effect, and coloring is a sort of darkening or shading
when the color is subtle. And if the visible object is of various colors,
sight will first perceive the gradations in darkness of the various parts of
the form of that visible object, or [it will perceive them] as various grada-
tions of shadow. So the first thing that sight perceives from the form of
color is a change in the sensitive organ and a coloring in it that consists of
darkness or something resembling darkness. Then the sensitive faculty
will differentiate that coloring. And if the visible object is illuminated,
that color will be differentiated by sight, and what kind of color it is will
be perceived when it belongs to the set of colors that sight has frequently
perceived. Moreover, if it is one of the colors that sight has almost con-
stantly perceived, [what kind of color it is] will be perceived in minimal
time, so that there is no perceptible time between the instant when the
color is recognized and the instant when it was first perceived as mere
color. However, if it belongs to the set of colors that are not clear and that
have only been perceived rarely by sight, or if the color lies in a dark,
dimly lit place, what kind of color it is will be perceived by sight only
after a perceptible interval of time. Furthermore, if the visible object is
dark, so that there is only a little illumination in it, as is the case with what
is perceived at night or in places that are extremely dark, only its dark-
ness will be discerned by the sensitive faculty. From the perception of
colors in dark places, therefore, it is clear that the perception of color, in-
sofar as it is color, precedes the perception of what kind of color it is.

[3.55] A further indication that sight perceives color, insofar as it is
color, before it perceives what kind of color it is can be found in the fact
that, when sight perceives an unfamiliar color that it has never seen be-
fore, it will perceive that it is a color, yet it will nonetheless have no idea of
what kind of color it is. But when it scrutinizes that color closely, sight
will assimilate it to the nearest color resembling it.

[3.56] From these experiments, then, it is eminently clear that the per-
ception of color, insofar as it is color, will precede the perception of what
kind of color it is. And it has also been shown on the basis of these experi-
ments that the perception of what kind of color it is will be based only on
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differentiation. Hence, what sight perceives through brute sensation is
only [the fact of] color, insofar as it is color, as well as [the fact of] light,
insofar as it is light, but other than this brute sensation perceives nothing
without differentiation, deduction, and recognition.

[3.57] We should also point out that the perception of what kind of
color it is invariably takes time, for the perception of what kind of color it
is occurs only through differentiation and assimilation. But differentia-
tion can only occur over time; therefore, the perception of what kind of
color it is invariably takes time. There is clear evidence, moreover, that
the perception of what kind of color it is invariably takes time in what is
seen to happen in the motion of a top,” for if lines of various colors are
painted on the outer surface of that top so as to extend from its center, on
the side of its axle, to its outer edge, then, when the top is spun vigorously
while one looks at it, he will perceive all of its colors as a single color
different from all the colors on it, that color appearing to be composed of
all the colors of those lines. So he will not perceive the lines or the differ-
ences among the colors.”? Moreover, while this is going on, he will per-
ceive the top to be still when its spin is extremely swift, for none of its
points remains fixed in the same spot for any perceptible time, but in-
stead every point spins through the entire circumference along which it
revolves in minimal time. Accordingly, the form of the point radiates to
the eye to [delineate] the circumference of a circle on [the surface of] the
eye, so, in the minimal time [of the top’s rotation] sight only perceives the
color of that point according to the entire circumference of the circle as it
is configured in the eye. Hence, in [this] minimal time, sight perceives the
color of that point according to its entire path of revolution. And the
same holds for all of the points on the surface of the top; sight perceives
the color of each of them according to the entire circumference of the circle
along which that point moves in minimal time, and every point lying the
same distance from the center moves along the same circular circumfer-
ence as the top spins. On this account, then, it happens that the color of
every point among those that are equidistant from the center will appear
on the circumference of the same circle during the minimal time that one
revolution takes, so the colors of all the points on the entire circumference
of that circle will appear mixed. Accordingly, the color of the surface of
the top is perceived as a single color mixed from all of the colors that are
on its surface.

[3.58] Thus, if sight were to perceive what kind of color it is in an
instant, and if it needed no time to arrive at the perception of what kind of
color it is, then at any given instant of the top’s rotation it would perceive
individually what kind of color all of the colors on the top are while it was
moving. For if it needs no time to perceive what kinds of colors they are,
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then, in a portion of the time of revolution and at any instant during the
time of revolution as the top spins, sight will perceive those colors in the
same way that it will perceive what kinds of colors they are when they are
motionless, for all the colors of familiar visible objects remain the same in
kind whether they are in motion or at rest. At any instant, therefore, that
the visible object moves, its color does not change. But since sight does
not perceive what kinds of colors are on the surface of the top when the
top spins vigorously, and since it does perceive what kind of colors they
are when the top is immobile or spins slowly, then, that being the case,
sight does not perceive what hue a given color is unless it remains fixed in
the same spot for a perceptible amount of time, or unless it takes a percep-
tible amount of time to move a distance that is not so untoward as to
distort the spatial relationship between that [spot of] color and the eye.”

[3.59] It will therefore be obvious from this case that the perception of
what kind of color it is will invariably take time, and it will be obvious
from this case that the perception of what kinds of things all visible ob-
jects are will invariably take time. For, since sight requires time to per-
ceive what kind of color it is that it perceives through brute sensation, it
requires all the more time to perceive the visible properties that are grasped
through differentiation and deduction.” Therefore, the perception of what
kinds of things visible objects are, as well as perception through recogni-
tion and perception through differentiation and deduction, will invari-
ably take time, but more often than not it will take minimal time.

[3.60] We shall also point out that color, insofar as it is color, and light,
insofar as it is light, will invariably take time to be perceived, i.e., that the
instant when color will be perceived as color, insofar as it is color, and
when light will be perceived as light, insofar as it is light, is different from
the instant when the air transmitting the form makes initial contact with
the surface of the eye. For color, insofar as it is color, and light, insofar as
itis light, are only perceived by the sensitive faculty after the form arrives
in the sensitive body, and they are not perceived by the final sensor until
after the form reaches the hollow of the common nerve. But the way the
form reaches the hollow of the common nerve is just the same as the way
light extends from apertures through which it passes to bodies facing those
apertures,” and light invariably takes time to pass from an aperture to a
body facing the aperture, even though the time-interval is imperceptible.
For there is only one of two ways in which light can extend from an aper-
ture to a body facing the aperture: either the light will reach a portion of
the air abutting on the aperture before it reaches a subsequent portion,
after which it will pass to that portion, then on to another until it reaches
the body that faces the aperture; or else the light will reach through the
whole of the air between the aperture and the body facing the aperture,
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and it will reach that same body facing the aperture, all at the same in-
stant. If the air receives the light in successive intervals, then light can
only reach the body facing the aperture by moving, but motion will only
occur in time. On the other hand, if the air as a whole receives the light all
at once, the light’s reaching the air after it was not there will happen only
in time, even though it may be imperceptible. For when the aperture
through which the light enters is blocked, and then the obstruction is re-
moved, the instant when the obstruction is removed from the first por-
tion of the aperture and when the air in the aperture on the side of the
light is exposed is different from the instant when the light reaches the air
contiguous with that portion inside the aperture and continuous with that
air at all times. For light does not reach any portion of the air inside the
aperture when it is blocked from light until after some portion of the ap-
erture is exposed to the light, but no portion of the aperture is exposed in
less than an instant. An instant is indivisible, though. Hence, no light
reaches the inside of the aperture at the instant when that portion of the
aperture is exposed, for the portion of the aperture that is exposed in an
instant is not exposed in successive intervals, nor is that portion of the
aperture that is exposed in a single instant a quantifiable portion. For
only a point, which lacks dimension, or a line, which lacks breadth, is
exposed in an instant, because it is only by being uncovered in successive
intervals—and therefore by being moved—that an obstruction possess-
ing length and breadth will be removed. Motion, however, will only oc-
cur in time, and the portion of the aperture that is exposed in a single
instant lacks breadth.

[3.61] Thus, it consists of a point or a line, but neither a point, which
lacks dimension, nor a line, which lacks breadth, constitutes a [quantifi-
able] portion of air. Therefore, a point, which lacks dimension, or a line,
which lacks breadth, constitutes the point of the aperture that is exposed
in an instant, and it represents nothing but the limit of some portion of the
air inside the aperture, not an [actual] portion of the air. So a point, which
lacks dimension, does not receive light, nor does a line, which lacks
breadth, for only a body receives light. And since this is the case, none of
the light reaches the air inside the aperture at the very instant the initial
portion of the aperture is opened. Thus, the instant, or point in time, at
which the light reaches the air inside the aperture, or a portion of that air,
is different from the instant at which the initial portion of the aperture is
opened. And between each of these two instants there is [an interval of]
time. Therefore, light passes from the air outside the aperture to the air
inside the aperture only over time, but this time is absolutely impercep-
tible because of the speed with which air receives the forms of light.”

[3.62] Likewise, when the eye faces a visible object after having not
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faced it, and when the air transmitting the form of the visible object makes
contact with the surface of the eye after not having touched it, the form
will pass from the air transmitting the form to the interior of the hollow of
the common nerve only over time.” But the sense lacks a means of per-
ceiving this time because it is so short and because the sense lacks ad-
equate precision, being too weak to perceive whatever is exceptionally
small. Thus, with respect to the sense, this time-interval amounts to an
instant.

[3.63] In addition, the sensitive organ does not sense the forms reach-
ing it until it undergoes their effect. Therefore, it does not sense color,
insofar as it is color, or light, insofar as it is light, until after it has under-
gone the effect of the form of light and color. But the effect of the form of
color and the form of light on the sensitive organ constitutes something of
an alteration, and alteration only occurs over time. Therefore, sight does
not perceive color, insofar as it is color, or light, insofar as it is light, except
over time. Moreover, during the time that the form reaches from the sur-
face of the sensitive organ to the hollow of the common nerve, the sensi-
tive power that pervades the entire sensitive body will perceive the color,
insofar as it is color, and the light, insofar as it is light, and when the form
reaches the hollow of the common nerve, the final sensor will perceive
the color, insofar as it is color, and the light, insofar as it is light. Hence,
the perception of color, insofar as it is color, and light, insofar as it is light,
occurs at a time following the time when the form reaches from the sur-
face of the sensitive organ to the hollow of the common nerve.”

[3.64] Furthermore, the first instant at which the form reaches the sur-
face of the eye is different from the first instant at which the air transmit-
ting the form makes contact with the first point on the surface of the eye
when the eye faces a visible object after having not faced it or after the
eyelids are opened after having been closed. For when this happens, the
first point on the surface of the eye touched by the air transmitting the
form of that visible object forms a single point or a line, which lacks breadth;
then [it continues] bit-by-bit until the air transmitting the form touches
the [whole] area on the surface of the eye where the form reaches. But
when a point, which lacks dimension, or a line, which lacks breadth, makes
contact on the surface of the eye with a point, which lacks dimension, or a
line, which lacks breadth, on the surface of the air transmitting the form,
none of the form of light and color reaches the surface of the eye, because
the smallest portion of the surface to which light or the form of color can
reach will be nothing but a surface [itself]. Therefore, at the instant the
first point of the air transmitting the form makes contact with a point on
the surface of the eye, none of the form reaches the surface of the eye.
Therefore, when the eye faces the visible object or the eyelids are opened
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after having been closed, the first instant at which the form reaches the
surface of the eye is different from the first instant at which the air trans-
mitting the form makes contact with the surface of the eye.

[3.65] Since this is the case, the form of light or color does not reach
any portion of the sensitive organ or of the surface of the eye except over
time. Therefore, the sensitive faculty does not perceive color, insofar as it
is color, or light, insofar as it is light, except over time; that is, the instant
at which the sensation of color, insofar as it is color, and light, insofar as it
is light, occurs is different from the first instant at which the air transmit-
ting the form makes contact with the surface of the eye.

[3.66] From everything we have said, then, it is evident how sight per-
ceives light, insofar as it is light, how it perceives color, insofar as it is
color, how it perceives what kind of color or light it is, and how it per-
ceives the quality of light.”

{ Perception of Distance]

[3.67] Now the distance of a visible object from the eye will not be
perceived by sight through brute sensation, nor is the perception of the
distance of the visible object a perception of the object’s location, nor is
the perception of the visible object in its location due solely to the percep-
tion of its distance, nor is the perception of the visible object’s location
due solely to a perception of its distance. For the location of the visible
object depends upon three things, namely, distance, direction, and the
magnitude of the distance.

[3.68] Hence, the magnitude of the distance is different from the fact
of distance, insofar as it is distance, because distance [per se] means an
absence of contact between two bodies, and an absence of contact means
that there is some space between those two bodies. The magnitude of the
distance, on the other hand, is the extent of that space. The fact of dis-
tance, insofar as it is distance, is thus a matter of spatial disposition; so it
is not the magnitude of the distance. Accordingly, perception of the fact
of distance [per se], which is an absence of contact, is different from per-
ception of the extent of the spatial separation, which is the measure of the
distance.”

[3.69] Now the perception of the magnitude of a distance follows from
the perception of magnitude, whereas the perception of the visible object’s
distance and the perception of its direction both follow from a perception
of the spatial disposition of its location. Furthermore, the way in which
either of these is perceived is different from the way in which the other is
perceived, for the absence of contact is different from direction. Thus, the
perception of a visible object’s location is not [the same as] the perception
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of a visible object’s distance.

[3.70] The perception of a visible object in its place consists in the per-
ception of five things: namely, perception of the light that is in it, percep-
tion of its color, perception of its distance, perception of its direction, and
perception of the magnitude of its distance. None of these, moreover, is
perceived by itself, nor is any one of them perceived after another; in-
stead, all of them are perceived together, because they are perceived
through recognition rather than through a process of deduction.

[3.71] On the basis of the perception of a visible object in its place, the
proponents of [visual] rays have supposed that vision will take place
through rays that are emitted from the eye and extend out to the visible
object, so that vision will occur at the endpoint of the ray. And they have
argued against the natural philosophers® by asking [the following ques-
tion]: If vision occurs by means of a form reaching from the visible object
to the eye, and if that form arrives inside the eye, then how is the visible
object perceived in its place outside the eye when its form is now extended
into the eye? But these theorists have failed to realize that vision is not
achieved through brute sensation alone, but that vision is only fully real-
ized through differentiation or previous knowledge, so, if there were no
previous knowledge or differentiation, vision would not be realized in
the eye, nor would sight perceive what the visible object is when it is
seen. For what a visible object is is perceived not through brute sensation
but through differentiation, recognition, or a process of deduction that
occurs when seeing takes place. Therefore, if vision were a matter of brute
sensation alone, and if all the properties of visible objects that are per-
ceived [by sight] were perceived through brute sensation alone, the vis-
ible object would not be perceived in its place until after something ex-
tended out to it to make contact with it and feel it. However, since vision
is not achieved through brute sensation, but through differentiation, de-
duction, and recognition, there is no need for the sensitive agent to reach
out to the visible object in order to perceive it in its place.*!

[3.72] So let us return to our discussion of how visual perception oc-
curs, and let us say that the distance of a visible object is perceived, as
such, only through differentiation. In addition, the [resulting] notion is
one of those notions that becomes ensconced in the soul over time in such
a way that the fact that it is ensconced there is not perceived by the soul
because of the extraordinary frequency with which it recurs to the faculty
of discrimination; thus, there is no need for that faculty to repeat the pro-
cess of perceptual deduction when it perceives each visible object. Nor at
the moment of perceiving each visible object does the faculty of discrimi-
nation analyze how the notion of a visible object’s distance has come to be
ensconced in it, for it does not discern how it perceives each visible object
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when it perceives it. But it perceives distance only in conjunction with
other properties possessed by the visible object, and, when it perceives
the visible object, it perceives that property by means of previous knowl-
edge.

[3.73] How the faculty of discrimination perceives distance through
differentiation is as follows. When the eye faces a visible object after hav-
ing not faced it, it perceives the visible object, but when it is removed
from its facing position, the perception will disappear. Likewise, when
the eyelids are opened after having been closed, and when the eye faces
some visible object, it will perceive that visible object, but when the eye-
lids are closed, the perception will disappear. Now it is intuitively obvi-
ous that what affects the eye in a given situation but disappears when it is
removed is not fixed in the eye, nor is what creates the effect in the eye. It
is also intuitively obvious that what appears when the eyelids are opened
and disappears when they are closed is not fixed in the eye, nor does the
thing creating this effect lie within the eye. Now when the faculty of dis-
crimination perceives that the effect occurring in the eye, which provides
the basis for its perception of the visible object, is not something fixed
within the eye, nor is the thing creating that effect within the eye, then it
immediately perceives that what occurs in the eye comes from outside, so
the thing creating the effect lies outside the eye. Moreover, since vision
ceases as soon as the eyelids are closed or as soon as the eye is removed
from a facing position yet returns as soon as the eyelids are opened or the
eye is restored to a facing position, the faculty of discrimination perceives
that what is seen in the eye is not placed directly upon the eye. And when
the faculty of discrimination perceives that what is seen neither lies within
the eye nor is placed directly upon the eye, it immediately perceives that
there is distance between that thing and the eye. For it is intuitively obvi-
ous, or at least nearly so, to the faculty of discrimination, that, if some-
thing is not actually in a body or placed directly upon it, there must be
distance between them, and this is how the distance of a visible object,
insofar as it is distance, is perceived.

[3.74] However, in perceiving the distance of a visible object, the fac-
ulty of discrimination does not need to go through the analytic procedure
we detailed, for we have done this only for the sake of illustration. Rather,
the faculty of discrimination reaches its perceptual conclusion as soon as
sight occurs without relying on such an analytic procedure. Therefore,
from the perception of the visible object when the eye faces it or when the
eyelids are opened, and from its disappearance when the facing position
is changed or when the eyelids are closed, the faculty of discrimination
perceives that the visible object lies outside the eye rather than being placed
directly upon it. And this is how the faculty of discrimination perceives
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that there is distance between the eye and the visible object. Then, given
the frequent recurrence of this notion, i.e., that all visible objects lie out-
side the eye and that there is distance between every visible object and
the eye, it becomes ensconced in the soul in such a way that the soul does
not perceive that it has become ensconced there or how it has become
ensconced there. Thus, to perceive the distance of a visible object from
the eye requires some differentiation, namely, for the faculty of discrimi-
nation to perceive that vision is due to something that operates from out-
side the eye. And, in addition, when this notion becomes ensconced in
the soul, the faculty of discrimination will realize that every visible object
that is perceived by sight lies outside the eye and that there is some dis-
tance between that object and the eye.*

[3.75] As we claimed above, moreover, distance is only perceived in
conjunction with other properties. But how distance will be perceived in
conjunction with spatial disposition and how the visible object will be
perceived in its place will be explained in our discussion of how spatial
disposition is perceived.®

[3.76] The perception of the magnitude of a distance from the eye var-
ies, for some distances are perceived by the sense of sight, and their mag-
nitudes are accurately determined, but others are perceived without hav-
ing their magnitudes accurately determined.* That a visible object is dis-
tant from the eye is perceived for every visible object, and it is grasped
with certainty for every visible object. However, the magnitude of the
distance is not accurately determined by sight for every visible object, for
between some visible objects and the eye there are objects arranged in
successive, continuous order, whereas between other visible objects and
the eye there are no objects arranged in successive, continuous order, so
their distances are not spanned by a continuous, ordered range of bodies.
Thus, when sight perceives a continuous, ordered range of bodies, i.e., of
visible objects, that spans a given distance, it will perceive the sizes of
those bodies. And when it perceives the sizes of those bodies, it will per-
ceive the sizes of the spaces that lie between their extremities. Now the
space that lies between the two extremities of a visible body that spans
the distance between the eye and a visible object, one of those extremities
lying on the side of the visible object, the other on the side of the viewer,
represents the distance of the visible object from the eye, for it corresponds
to the space between the eye and the visible object.#® Thus, when sight
perceives the measure of this space, it will perceive the measure of the
visible object’s distance. Therefore, sight perceives the magnitude of the
distances of visible objects whose distance is spanned by a continuous,
ordered range of bodies by perceiving the measures of the bodies ranged
in order along those distances.
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[3.77] Now the distance of some of these visible objects is moderate,
whereas the distance of others is inordinate.® Therefore, the distance of
visible objects that lie at a moderate distance is perceived by sight accord-
ing to a correct and definite perception, because, when visible objects lie
ata moderate distance, and there is a continuous, ordered range of bodies
between them and the eye, these objects are perceived by sight correctly.
And if sight perceives these visible objects correctly, it will correctly per-
ceive the bodies ranged in order between itself and them. Moreover, if
sight perceives these bodies correctly, it will perceive the spaces between
their extremities correctly. Finally, if it perceives those spaces correctly, it
will perceive correctly and with precision the measures of the distances of
the visible bodies ranged along those spaces. Therefore, when the dis-
tance of visible objects from the eye is spanned by a continuous, ordered
range of bodies, and when that distance is moderate, sight perceives the
measure of their distances correctly and precisely—which is to say with
as much precision as sense can achieve in perception.’

[3.78] On the other hand, when visible objects lie at inordinate dis-
tances and those distances are spanned by a continuous, ordered range of
bodies, even though the bodies along that range are perceived by sight,
the measures of the distances of the visible objects will not be perceived
correctly and precisely by sight, because visible objects whose distance is
untoward are not correctly perceived by sight.* And when there are bod-
ies arranged in continuous, successive order between the eye and those
visible objects, not all of those [intervening] visible bodies will be cor-
rectly perceived by sight because of the excessive distance between their
extremities and because they lie beyond the threshold at which sight per-
ceives visible objects with accuracy. And if sight will not perceive those
bodies correctly, it will not perceive the spaces between their extremities
correctly. Therefore, it will not correctly perceive the distances between
itself and the visible objects that lie at the extremities of those bodies. When
the distances of visible objects are untoward, then, and when there are
bodies in continuous, successive order between them and the eye, the
magnitudes of their distances are not correctly perceived by sight.

[3.79] Furthermore, the distances of visible objects whose distance is
not spanned by a continuous, ordered range of bodies are certainly not
perceived correctly by sight; accordingly, when it perceives clouds over a
plain or in places without mountains, sight will conclude that they lie far
away [at a distance] comparable to [that of] celestial objects.* If, more-
over, the clouds lie among mountains but are continuous, the peaks of the
mountains may be hidden by the clouds, whereas if the clouds are sepa-
rated, the peaks of the mountains may appear above them, and sight may
perceive portions of the clouds lying against the shoulder of those moun-
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tains, and this may happen in the case of mountains that are not very
high. From this [sort of] experience, then, it seems that the distance of the
clouds is not inordinate, and the majority of them lie closer to the ground
than mountain peaks, so the conclusion that they lie exceedingly far away
is erroneous. Hence, it will be evident that sight does not [correctly] per-
ceive the measure of the distance of clouds when they lie above a plain,
but the measure of the distance of clouds will be [correctly] perceived by
sight when they lie among mountains, and the peaks of those mountains
appear above them.

[3.80] This phenomenon is also encountered in various visible objects
that are situated at ground-level; that is, the measure of their distances,
when they are not spanned by a continuous, ordered range of bodies, will
not be [correctly] perceived by sight. From such examples, then, it is evi-
dent that sight does not perceive the magnitude of the distance of a vis-
ible object unless its distance is spanned by a continuous, ordered range
of bodies, and unless sight perceives those bodies and determines their
measures accurately. For instance, let anyone who wants to conduct the
experiment set up a room that he will not enter before the time of the
experiment. And let there be a narrow aperture in any of the walls of that
room, and let there be a space behind this aperture that has not been seen
before that time. Then, within that space let two walls be set up, one
nearer the aperture than the other, and let there be some determinate dis-
tance between those two walls. Then, let the nearer wall block a portion
of the farther wall, but let some portion of that farther wall show. Let the
aperture be high enough above the ground that, when the viewer looks
through it, he cannot see the ground behind the wall with the aperture in
it.”® When the experimenter enters this place and looks through the aper-
ture, he will definitely see the two walls together, but he will not perceive
the distance between them. Indeed, if the first wall lies an inordinate
distance from the aperture, he will perceive the two walls as contiguous,
and he will perhaps conclude that they are continuous, forming a single
wall, when their color is the same.”* If, however, the first wall lies a mod-
erate distance from the aperture, and if it is perceived that there are two
walls, it will be judged that the two are near to, or contiguous with, one
another; so the distance between them will not be accurately determined.
Furthermore, when it perceives the first wall, given that its distance is
moderate, sight [will judge its distance] as if it were near, and it will not
determine its distance accurately. So the distance between two bodies of
this sort will not be accurately determined by the sense of sight when the
experimenter has not seen that location or those two walls before.”? And
sight might perceive those two walls as contiguous, even when it has al-
ready determined the distance between them.
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[3.81] Since sight does not perceive the distance between two bodies
of this sort, it will not perceive the magnitude of the distance of the far-
ther body, even though it perceives its form. And if it does not perceive
the magnitude of the distance of this body, even though it perceives the
body [itself], then sight will not perceive a continuous range of bodies
spanning that distance, so, on the basis of its perception of the form of the
visible object, sight will not perceive the magnitude of the distance of that
visible object properly. Now sight perceives the magnitude of the dis-
tance of a visible object only through deduction. And sight deduces any
measure only by comparing that measure to another measure already
known to sight or to some measure perceived at the same time; but with-
out an ordered range of bodies spanning the distance of a visible object,
sight has no means of measuring the distance of the visible object or of
subjecting it to comparison in order to perceive its measure correctly.
Moreover, if sight measures the distance by anything other than those
bodies, the measure will be arbitrary rather than accurate. Therefore, the
magnitude of the distance of a visible object is not perceived by the sense
of sight unless its distance is spanned by a continuous, ordered range of
bodies, and sight perceives those bodies as well as their measures.

[3.82] The experiment that we have described provides the same re-
sults for a variety of visible objects, such as two trees standing in the rela-
tionship described for the walls, or a stick placed crosswise to the aper-
ture in the same position as we described for the first wall.

[3.85] Furthermore, the distances of visible objects that stand apart
from one other are perceived by sight through a perception of the separa-
tion between the visible objects.”® Moreover, the magnitude of the dis-
tances between visible objects is handled by sight in the same way as the
[magnitude of the] distances of visible objects from the eye. For, when
there is a continuous, ordered range of bodies between two separate vis-
ible objects, and when sight perceives those bodies and their measures, it
will [correctly] perceive the magnitude of the distance between those two
visible objects; if [there is] not [such a range of bodies], however, sight
will not correctly perceive the magnitude of the distance between them.
Likewise, if there is a continuous, ordered range of bodies between the
two visible objects, but if those bodies lie at such a remote distance that
sight cannot determine their measures accurately, the measure [of the dis-
tance]| between those two objects will not be determined accurately.

[3.86] Therefore the distances of visible objects from the eye are per-
ceived only through a perception carried out by the faculty of discrimina-
tion, for what occurs in the eye at the time of sight occurs only through
something outside [the eye]. Moreover, the magnitude of the distance of
visible objects is not correctly perceived by the sense of sight unless the
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distances of the visible objects are spanned by a continuous, ordered range
of bodies, provided that [any such] distance is moderate and, in addition
to this, that sight also perceives those bodies ranged in continuous order
and accurately determines their measures according to their succession.
The measures of distances that do not meet these requirements are not
accurately determined by sight. Moreover, of visible objects whose dis-
tances are not accurately determined by sight, some lie at distances that
are spanned by a range of continuous, ordered bodies, so that, although
sight perceives those bodies, their extremities lie an inordinate distance
away. Others lie at distances that are spanned by a continuous, ordered
range of bodies, but sight does not [correctly] perceive those bodies,
whether their distances are inordinate or moderate. Others still lie at dis-
tances that are not spanned by a continuous, ordered range of bodies, and
these include visible objects that are so high above the earth that they lie
an inordinate distance away and have no other [comparable] distance near
them or a wall spanning their distance.”* All visible objects fall under
these categories.

[3.87] When sight perceives visible objects the magnitudes of whose
distances are not accurately determined by sight, the faculty of discrimi-
nation immediately apprehends the measures of their distance according
to estimation rather than true reckoning. And it compares their distance
to the distance of similar visible objects that have been perceived before
by sight, and it depends upon the form of the visible object in making its
judgment, and it compares the form of the visible object to the form of
similar visible objects that sight has perceived before, the magnitude of
their distances having already been accurately determined by the faculty
of discrimination. And thus it compares the distance of a visible object
the magnitude of whose distance it cannot accurat