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In the name of God, the Merciful

al-Hasan ibn al-Hasan ibn al-Haytham’s Epistle on the Shape of the Eclipse

<1. The Observations>

<1.1 Effect of the Size of the Aperture on the Image of the Sun>

A crescent-shaped image of the light of the Sun can be seen’ at the time of the
eclipse, if its light has passed through a narrow circular aperture and has reached® a
plane opposite the aperture, provided the eclipse is not a total one and the shape of
its remaining part <of the Sun> is crescent-shaped. No such thing happens with the
eclipse of the Moon, nor in the early or last days of the month’ when the Moon is
crescent-shaped, and even though the remaining part of the Sun, when the eclipse is
not a total one, resembles the shape of the Moon at the beginning or at the end of
the month. Whenever a substantial part of the Sun remains, it looks like a crescent

<Moon>, '™

when it is seen on clear nights. And if, in the early or last days of the
month, the Moon is facing a body with an aperture similar to that which produces a

crescent-shaped image when the Sun is facing that aperture at the time of its eclipse,

O add. “Glory to Allah” and B add. “Help me Lord.”
Lit.: “There may be a crescent-shaped image...”

Lit.: “has ended up to...”

Ll e

Lit.: “months” in plural, that is, “when the Moon is waxing or waning.”
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31 On the Shape of the Eclipse

and <if> the moonlight appears on the plane opposite the aperture, its light will al-
ways be circular. It <the moonlight> will never be like the image ™" of the sunlight,
even if the two apertures facing the Sun and the Moon are equal, "™ and if the dis-
tance that separates the two planes displaying the light from the two planes of the

apertures’ are equal on both occasions. |

And this is true’® in the event the eclipse of the Moon is not a total one and what
remains of it is crescent-shaped; its light coming from the aperture is not crescent-

shaped. |°||”

However, %

the image that results from the light of the Sun at the time of its
eclipse only appears such <i.e. crescent-shaped> if the aperture is narrow and up to
a certain extent of capacity. Then, if the aperture is expanded further,” the image of
the shape appearing on the plane opposite the aperture is changed. And the more in-
creased the capacity of the aperture, the more changed the image. This change con-
tinues until some limit of capacity of the aperture, at which the figure that appears
in the light emerging from the aperture is no longer crescent-shaped, but circular.®

Subsequently, no matter how large the aperture afterwards, the light will always be

displayed as circular provided that the aperture is circular. |°||°

5. Lit.: “the two planes of the two apertures.”
6. Lit.: “Similarly in the case of the Moon, at the time of the eclipse...”

7. This notion already appears in Pseudo-Aristotle’s Problemata Physica XV, 11, where one reads:

”

“8u6 peydhwy dm@v,” “per foramina ampliora,” and also, with a little more doubt, “<uwp>ai ... dmal yivovrar,”

“<parva> ... foramina fiunt.”

8. Lit.: “and the light that comes out from the aperture becomes circular.”
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32 On the Shape of the Eclipse

If one experiments’ with sunbeams' emerging from wide apertures at the time of
the solar eclipse, they will always appear similar to the shape of the apertures: If the
wide aperture is circular, the light that comes out from it will appear circular; If the
aperture is square,'' the light "' coming out from it will appear square, " and so on,
with any other shape of the aperture, provided that it is wide. The shape of the sun-
light that comes from it at the time of the eclipse will be as the shape of the aper-
ture, provided that the plane displaying' the light is parallel to the plane of the

aperture. |'||*

<1.2 A Different Observations in the Case of the Moon>

But if the moonlight'” comes out from one of these apertures and appears on the
plane parallel to the aperture, and if the aperture is circular, the light will only be
circular," whenever the aperture is narrow, the Moon is full or crescent-shaped, as is
the case within the first or last days of the month, or at the time of an eclipse. Like-
wise, while the moonlight comes out from apertures of different forms, the image of

its shapes will be similar to the shapes of the apertures. |'||*

9. On the verb to experiment (i‘tabara) see Commentary, pp. 95-6.

10. Lit.: “If the lights of the Sun emerging... are experimented.” Light in plural denotes the rays of the
Sun observed in different situations. See Commentary, p. 145.

11. This passage is reminiscent of Pseudo-Aristotle’s Problemata Physica XV, 6: “Why is it that when
the Sun passes through quadrilaterals, as for instance in wickerwork, it does not produce a figure
rectangular in shape but circular?” (trad. Hett 1936: 333). This notion again appears in Book XV, 11
(1936: 341). The Greek and Latin wordings are: “diu i & fjAtog 816 Tév TeTpamietpwy diéxwv odx ebBlypapuua
Totel & oxfpata, G xdxdovs,” “Cur sol, per quadrangula penetrans, non figuras rectis lineis terminatas,
sed circulos efficit?” The notion also appears in Book XV, 11: “3¢ orfig &&v Adumy edyoviov 16 @ag,” or “per
angulatum foramen lux illuscescit.”

12. Lit.: “on which the light is displayed...”
13. Lit.: “As for the moonlight, if it comes...”

14. The idea of comparing the Sun and the Moon also goes back to Problemata Physica XV, 11: “and

3¢ g geEMNG 0b yivovta, ot éxdetotay, obit’ &v avkyoet obovg, ) ¢dicer,” “Luna autem huiusmodi lunulas non
producit, neque deficiens, neque increscens, neque decrescens.”
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33 On the Shape of the Eclipse

B2 Since things are so, we resolved to investigate the cause that makes this effect
appear with the Sun and not with the Moon, and why, in the case of the Sun, it hap-

pens through narrow apertures and not through wide apertures. |° When we carefully

investigated the matter and we deeply examined it, its cause was disclosed to us and
its reason appeared to us. We then composed this epistle about it. This is when we

F()P"B

began our discourse by saying: |

<2. The Principles of the Demonstration>

<2.1 Rectilinear Propagation of Light; Homothety>

P23 From every point of every self-luminous body, light radiates in every straight line
that can be extended from that point. We have explained that, with due proof and
experimentation, in the first book of our work on Optics."” Every self-luminous body
O™ facing a dense body with an aperture throws light from each of its points to that
aperture by means of a cone, whose apex'® is that point <of the self-luminous
body>, and whose base is the aperture. This implies that if the light diffused' in

Li0r

that cone is prolonged towards its base ands hits the plane of the body parallel to
the plane of the aperture, <a light> will appear on that plane, whose form is like
that of the aperture, because any plane cutting the body of a cone parallel to the

base of the cone produces a section of the envelope surface of the cone similar to the

15. Lit.: “in the first section (magala) of our book of Optics” This passage is a paraphrase of the
Optics 1, 3.19: “From every part of every self-luminous body, light radiates in every straight line
extending from that part” (Sabra 1989, I: 20), a matter which is studied in depth in Chapter 3. Ibn
al-Haytham performed various experiments to test this property, especially in Prop. 3.3, dealing with
the propagation of light in dusty chambers, and proved it to be true for the light of the Sun, the
Moon, the fire and even accidental lights. Interestingly, Prop. 3.11 considers the light of the Sun at
the time of the eclipse.

16. Lit.: “head” (awl,).

17. Lit.: “extended.”
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34 On the Shape of the Eclipse

base of the cone. |° This has been shown in the first chapter of the book of Conics."

Therefore, what appears from the body of the Sun at the time of the eclipse is cres-
cent-shaped. "' If, at the time of the eclipse, the Sun is facing a dense body with a
circular aperture, from each point of the self-luminous crescent,' which is the <visi-

B8 area® of the aperture and

ble> part of the Sun, a light is emitted to the entire
any following surface. It is thus clear that the light, coming from every point of the
luminous part of the Sun to the aperture opposite the Sun, is in the form of a cone,
whose apex is the point of that luminous part <of the Sun> and the base is the
plane of the aperture. All light endlessly extends in straight lines, unless it is inter-
cepted by a dense body. On hitting a dense body, it appears on the surface of that
body. The light cone, which comes out from a point of the Sun to the aperture ™
opposite the Sun, extends in straight lines to the plane of the body opposite the
aperture, and light appears on this plane. If this plane is parallel to the plane of the

L10v

aperture, the shape of the light that appears on the plane parallel to the aperture

will be in the form of the aperture. |||*°

18. This is a reference to Apollonius, Conics, 1,4: “Si 'une ou l'autre de deux surfaces opposées par le
sommet est coupée par un certain plan parallele au cercle sur lequel se déplace la droite qui décrit la
surface, le plan intercepté par la surface sera un cercle ayant son centre sur ’axe” (Decorps-Foulquier
et al. 2008: 17). This property was generalized to all sections in Conics VI, 26 (hyperbolas) and VI, 27
(ellipses). Although only basic knowledge of conics appears here, Ibn al-Haytham gained—conceivably
at a later date—extensive knowledge of Apollonius, as evidenced by his Completion of the Conics,
which aimed at reconstructing the lost Book VIII (Hogendijk 1985; Rashed 2000: 146-271).

19. Arabic has two words for light: s > (daw’) refers to the light of the light source per se, whereas |45
(naur) refers to the effect of the light on surrounding objects. This is roughly the difference between the
light emitted and the light received. The word daw’ corresponds to the Greek “¢&¢” and to the Latin
“lux,” while nur agrees with the Latin “lumen.” In addition, the Arabic term gl (shu‘a’) refers to the
lightbeam or radiation of light, which corresponds to the Greek “dwrives” and to the Latin “radius.”
Surprisingly enough, there is no difference whatsoever in On the Shape of the Eclipse, where the term
daw’ is used throughout in all three situations. In order to dispel ambiguity, I have translated

throughout the crescent Sun by “self-luminous crescent” and the patch of light by “light crescent.”

20. Lit.: “surface.”
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35 On the Shape of the Eclipse

<2.2 The Point-Analysis of the Image>

It is clear from what we have mentioned ™" that if, at the time of the eclipse, the
Sun is facing a dense body with a circular aperture, its light emerges from every
point of the visible crescent of the Sun to the aperture, extends to the plane parallel
to the aperture and forms a circular light on this plane. Therefore, on the plane par-
allel to the aperture, there will be circular lights, compact and overlapping each oth-
er, none of which is distinguished from the rest. The totality of these lights is end-
lessly surrounded by a continuous shadow, which is the shadow of the dense body

surrounding the aperture. ™

Consider® now the shape of the perimeter of this <solar crescent-shaped> light

and its magnitude. |

We say that, if from every point of every self-luminous body a light is emitted
along any straight line properly extended from that point, then the entire body will
be luminous, and the light will be emitted from all of it to any opposite point, pro-

P8Y point and the self-luminous body

vided that there is no dense body between that
that would cut off some of the imaginary lines which lie between that point and the
whole self-luminous body.” This implies that each point of the plane of the aperture
opposite the Sun at """ the time of the eclipse receives the light cone, whose base is
the self-luminous crescent, which is the visible part of the Sun, and whose apex is

d P24v

that point of the aperture. If this cone is prolonge on the side of its apex, it will

hit the plane parallel to the aperture. Thus is formed another cone, whose apex is

21. Lit.: “the shape... is investigated” (passive form).

22. This is reminiscent of Ibn al-Haytham, Optics I, 3.1: “We find that the light of every self-luminous
body radiates on every body opposite to it when there is not between them an opaque or non-
transparent body that screens one from the other” (Sabra 1989, I: 13).
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36 On the Shape of the Eclipse

that point of the aperture, and opposite the first cone.” This cone is cut by the plane
parallel to the aperture. The plane of the aperture is parallel to the plane of the cir-
cle tangent to the first cone along the perimeter of the Sun, or nearly. Between them,
namely, the plane of the aperture and the plane of the circle bounding the Sun, there
is no perceptible <angular> difference;** for the plane parallel to the aperture is par-
allel to the plane of the circle bounding the Sun, whenever the aperture is opposite
the Sun. The surface of this circle is cut by the hidden surface of the Sun along a
concave line, which is the perimeter of the hidden part of the Sun within the plane of
the circle bounding the Sun. Thus the plane parallel to the aperture is parallel to the

h %% appears to be the perimeter of the lu-

plane of the crescent-shaped figure whic
minous part of the Sun. I mean by the surface of the crescent: the surface that is
bounded by two arcs in the plane of the circle surrounding the Sun, for this is the

crescent-shaped figure perceived by the sense® as the perimeter of the luminous part

of the Sun. Light, which occurs on the plane parallel to the aperture from the cone

23. This passage possibly alludes to Pseudo-Aristotle’s Problemata XV, 11, reasoning by similarity in
opposite cones. The Greek and Latin passages read as follows: “8%o ytivovtat x@vot, &' T’ dmd tod Aiov mtpdg Ty
Sy xal & évtedbev mpdg T YAY, xal ouyxdpugor,” “Duo fiunt coni eodem apice utentes, qui de sole ad

foramen extenditur, et qui inde ad terram.”
24, o g BMast (dkhtilaf mahsis) or “significant difference,” has the same root as the word “sense”—

Latin: “differentia sensibilis.” See note 25. Wiedemann translates this passage as: “Der Tangentialkreis
des Kegels liegt etwas niaher bei uns als der Sonnenmittelpunkt” (1914: 156). This is a mistake:
Wiedemann points out the difference of distance between the circle tangent to the Sun and the center
of the Sun, while Ibn al-Haytham had in mind the angular difference between the circle tangent to the
Sun and the plane of the aperture.

25. .=l (al-hiss) here refers to eyesight. The Arabic root hss is long-winded: ahassa (sentire), al-hass,
hassa, hiss and ihsas (sensus), hassas and mahsus (sensibilis) and al-hass (sentiens). On the Shape of
the Eclipse has no fewer than twelve items of “sense” and its derivatives. They could have been
rendered by the French “sens, sensible, insensible” but, given the peculiarities of English, I decided on
“perception, perceptible, imperceptible, etc.” to avoid any confusion. For a study of Ibn al-Haytham’s
approach to perception, see Sabra (1978: 169-85; 1989, I: 67-8). For a Latin echoing of this theory
(Smith 2001, 1: lii-lxxx).
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37 On the Shape of the Eclipse

whose base is the self-luminous crescent of the Sun, is parallel and similar’® to the
self-luminous crescent "*" as required in opposite cones. This notion has been shown

in the first book " of Conics.”" |°

Each point of the plane of the aperture receives from the self-luminous crescent of
the Sun a cone, whose base is the self-luminous crescent and whose apex is that
point of the aperture. This cone hits the plane parallel to the aperture and, from it
<the aperture>, an opposite cone is produced. Light cast by the opposite cone onto
the plane parallel to the aperture has a shape similar to the shape of the self-lumi-

nous crescent, and it is luminous too. |°

Light, which appears on the plane parallel to the aperture at the time of the solar
eclipse, is an aggregate of light crescents,™ contiguous®™ and overlapping each other,
none of which is distinguished from the rest. Light, which appears at the time of the
solar eclipse on the plane parallel to the aperture, is a compound of those contiguous
and overlapping equal circles, and its perimeter consists of parts of the perimeters “'*
of the contiguous circles. Also, it is composed of the contiguous crescents overlapping

one another, and the perimeter therefore consists of the <outermost parts of the>

arcs bounding the crescents. |’[|®

26. Lit.: “is parallel to... and is similar to...”

27. This is again a reference to Apollonius, Conics I, 4: “Si 'une ou l'autre de deux surfaces opposées
par le sommet est coupée par un certain plan parallele au cercle sur lequel se déplace la droite qui
décrit la surface, le plan intercepté par la surface sera un cercle ayant son centre sur axe” (Decorps-
Foulquier and Federspiel 2008: 17).

28. About the difference between the “self-luminous” and “light” crescents, see note 19.

29. Lit.: “connected” or “contiguous,” perhaps under the influence of Persian.
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38 On the Shape of the Eclipse

FIIS" Each cone coming from the full self-luminous crescent to one point of the
aperture is bounded by two <envelope> surfaces of cone, one convex, the other con-

P%v sphere. Its base is an arc of the

cave. The convex one is tangent to the Sun
perimeter of the circle bounding the Sun sphere, its center is under the center of the
Sun and nearby the center of the Sun. The concave surface is tangent to the Moon
sphere along an arc of the circle that bounds the Moon sphere. Then, this concave
surface of the cone extends to the Sun sphere. The Sun sphere is cut off along an arc
of a circle equal to the circle, which is the base of the convex surface, for the cone ®**"
bounding the Sun sphere is equal to the cone bounding the Moon sphere, as shown
by the mathematicians. The bases of the two <envelope> surfaces of the cone, the
convex and the concave, are two arcs of two equal circles. If we imagine the intersec-

L2 with the concave surface of the cone, this

tion of the convex surface of the cone
makes a crescent-shaped figure bounded by two arcs of two equal circles. The line
joining the apex of the cone to the center of the base of the convex surface, which is
the axis™ of the convex surface, ends at the center of the Sun. Similarly, the line

joining the apex of the cone to the center of the base of the concave surface, which is

the axis of the concave surface of the cone, passes through the center of the Moon.

|P||OB

30. Lit.: “arrow” ((c.g,u) This term refers to both the axis and the generatrix of the cone. Here it is the

axis of the cone.
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39 On the Shape of the Eclipse

If the convex surface 2%

is prolonged on the other side of its apex, which is a
point of the plane of the aperture, and reaches the plane parallel to the aperture, it

will form an arc of a circle on this plane. |°

If the generatrix® of the surface of the cone is prolonged up to the plane parallel
to the aperture, it will describe an arc on this plane. The convexity of this arc will be
on the side opposite™ the convexity of the self-luminous crescent, which is part of the
Sun. Similarly, if the concave surface is prolonged on the other side of its apex and
reaches the plane parallel to the aperture, it will form an arc of a circle. If the axis of
this cone is prolonged up to the plane parallel to the aperture, it will end at the cen-
ter of the arc that occurs in this plane. The concavity of the arc will be on the side
opposite ¥ the concavity of the self-luminous crescent. The convex face of these two

arcs will be on the side of the concave face ®*

of the self-luminous crescent; their
concave face will be on the side of the convex face of the self-luminous crescent.
Therefore these two arcs " form a crescent-shaped figure similar to the self-lumi-
nous crescent, though contrary in position.” And the two arcs of this crescent are

made of two equal circles, because the arcs of the self-luminous crescent <are> made

of two equal circles. |||’

31. Lit.: “arrow” (c—P) This is now the “generatrix.” See note 30.
32. Lit.: “against, versus.”

33. See Commentary, pp. 114-6.
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40 On the Shape of the Eclipse

<2.3 Geometric Construction>

P2V a cone, whose base is the self-luminous crescent that is part of the

If we imagine
Sun and the apex is the center of the aperture, and imagine the cone extended to the
plane parallel to the aperture, the plane parallel to the aperture will display a cres-
cent similar to the self-luminous crescent. The endpoints of the axes of the two conic
surfaces that bound the cone will be the centers of its arcs.*® We imagine a straight
line between the two tips of the crescent. We divide it in two halves, and we produce
a perpendicular line through the midpoint. This <line> will go through the centers
of the two arcs bounding the crescent. This vertical line and the axes of the two <en-
velope> surfaces of the cone are in one plane. This plane will cut across the plane of
the aperture, forming there a diameter parallel to the vertical line that passes

L3 of the two arcs bounding the crescent on the plane parallel to

through the centers
the aperture. This plane will cut the self-luminous crescent, which is part of the Sun,

and will pass through the centers of the two arcs that bound it. |||*

34. This is the cone whose directrix is crescent-shaped.
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41 On the Shape of the Eclipse

M

=]

Diagram 1%

<Diagram 1> Let the self-luminous crescent, which is part of the Sun, be bound-
ed by the arcs ABG and ADG, and let the line joining its two tips be AG. Let the
center of the arc ABG be point S, and let the center of the arc ADG be point S. Let

the aperture be the circle HH of center T. The crescent, which is received on the

P27r

plane parallel to the aperture and bounded by the cone whose base is the self-lu-

B$v ig that crescent

minous crescent and the apex is the center of the aperture,
bounded by the arcs KLM KNM. Let the chord joining its two tips be line KM, its
midpoint W, and let the perpendicular drawn through point W down to point T, be

line NL. Thereby the centers of the arcs KNM KLM are on the line WT. Let the

35. Diagram 1 depicts the rays of the Sun ABG, partially eclipsed by the Moon ADG, that enter the
aperture HZH and produce upside down images beyond: SYHF is obtained through point H, KLMN
through point T.
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42 On the Shape of the Eclipse

center of arc KNM be point F, and the center of arc KLM, ™ be point Y. Then
points F' 'Y are the endpoints of the axes of the two surfaces of the cone that emerge
from the two arcs ADG ABG, and whose apex is the point T, which is the center of
the aperture. "' Let the diameter of the aperture, which is made in the plane to
which the line WT and the axes of the two surfaces of the cone belong, be line HTH.
This plane <TWT> cuts across the plane of the arcs ABG ADG and goes through
their centers <S S>. Let the intersection of this plane <TWT> with the plane of the
two arcs <ABG ADG> be line SSDB. We draw ST and extend it straight on. It will
end at point F, which is the center of the arc KNM, because line " TF is the axis
of the surface of the cone, whose apex is the point T and the base is the arc KNM. I
mean this cone <KNMT> is linked to the <opposite> cone whose apex is the point

T and the base is the arc ADG. ||

<2.4 Relation Between the Distance and Size of the Aperture>

We draw SH and extend it straight on; it will intercept the line FT, for the lines FT
TH are parallel, and as point S is in the same plane, line SH will end at point T. I
say first that: if the ratio of (the semi-diameter of the aperture) to (the semi-diame-
ter of the Sun, which is line DS)* is equal to, or has no perceptible” difference with,
the ratio ™ of (TF, which is the distance between the plane parallel to the aperture
and the plane of the aperture) to (FS, which is the distance between the plane paral-
lel to the aperture and the Sun), then (line FT, " which is the distance between the
center of the arc KNM and the point T) is equal to (the semi-diameter of the circle
KNM, which is line FN).*

36. Because DS, the radius of the Moon, equals the radius of the Sun BS.

37. Lit.: “sensible” (s sw>s). See note 25.

38. See Commentary, p. 118.
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43 On the Shape of the Eclipse

M

[a=]

Diagram 1B

<Diagram 1B> If the ratio is such, and line TT is drawn and extended straight
on to the Sun, it will cut line BS beyond point S <at point X>. " The ratio of (line
HT) to (line TS) is equal® to the ratio (TH) to (the line <SX> that is between point
S and the line going through points T T, and ends on line BS). Thus the line <SX>
that separates point S from the line going through points T T is the semi-diameter of
the circle ADG. It is equal to line SD. The ratio FT to SD is composed of the ratio
FT to TH, which is the ratio TS to SH, and of the ratio °*" TH to SD, which is the
ratio HT to TS by hypothesis. The ratio HT to TS composed with ratio TS to SH is
ratio TH to HS. Thus the ratio FT to SD is equal to the ratio TH to HS, which is
the ratio FT to TS. We join D T. The line DT is on the surface of the cone, whose
base is the arc ADG and the apex " is point T. Line DT belongs® to the plane of
lines SD ST NF, for lines NF " TH SD are parallel, and line DT is in the same

plane. If line DT is extended straight on, it will end at point N, "' which belongs to

39. I modernize the writing of ratios and proportions by translating J: and -4 as “equal to.”

40. Lit.: “is” (nominal clause).
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44 On the Shape of the Eclipse

both the surface of the cone and the plane where line NF is. Thus the ratio NF to
SD is equal to FT to TS. But the ratio of FT to SD is equal to the ratio of FT to
TS. Thus line FT is equal to line FN. From this proof, it results that if the ratio of
(the semi-diameter of the aperture) to (the semi-diameter of the Sun) is smaller than
the ratio of (the distance between the aperture and the plane parallel to the aper-
ture) to (the distance between this plane and the Sun), then line FT, which is the
distance between the centers of the two arcs, will be smaller than the semi-diameter

of the arc KNM." |°

<Conversely> if the ratio of (the semi-diameter of the aperture) to (the semi-di-
ameter of the Sun) is greater than the ratio of (distance) to (distance), then line FT
will be greater than the semi-diameter of the circle KNM. It <necessarily> follows
that, when the aperture is moved away® from the plane that displays the light, or
the plane away from it <the aperture>, the line between the two centers” will be
smaller than the semi-diameter of the arc, because the ratio of distance to distance is
then """ greater than the ratio of the semi-diameter of the aperture to the semi-di-

P2 is moved closer to the plane

ameter of the Sun. <Conversely,> when the aperture
<displaying the light>, or the plane closer to it <the aperture>, the line between
the two centers will be greater than the semi-diameter of the arc. And if the aperture

is moved away from the plane that displays the light, the center of the convex arc

will fall inside the concave arc, because the line that bisects* the crescent is the same

41. These relationships are further explained in the Commentary, pp. 117 sq.
42. The design of this observation seems to date back to Problemata Physica XV, 6: “&iv 8¢ mAéov

oM W«

deptot),” “si vero amplius removeatur.”
43. This is the distance between two crescents TF' = KS = NF.
44. Lit.: “is in the middle.”
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45 On the Shape of the Eclipse

as the line ® between the two centers. <Conversely,> if the aperture is moved clos-
er to the plane <displaying the light>, the center of the convex arc will fall inside

the crescent, on the bisector®” of the crescent. |

<2.5 Distinction of the Convex and Concave Faces of the Crescent>

<Diagram 1B> If we imagine a cone whose base is the self-luminous crescent "%
bounded by the arcs ABG ADG, and whose apex is point H, this cone will be en-
closed by the convex surface of the cone whose base is the arc ABG, and by the con-
cave surface of the cone whose base is the arc ADG. The axis of this concave surface
is the line SH, which ends at point T. If we extend line DH, this line will belong to
both the concave surface and the plane where are the lines ST SD FT. If we imagine
this cone, whose base is the crescent ABGD and the apex is point H, is extended on
M the side of H, it will hit the plane parallel to the aperture. A crescent ™ is
bounded by two arcs, one convex, the other concave. The center of the concave arc is
point T. The line DH ends at a point <F> of the concave arc, which is the intersec-
tion between the surface of the cone and the line FT. Let (the line, which is between
this point <F> and point T) to (the line DS) be equal to the ratio (TH) to (HS).
This is the ratio " FT to DS. Line DH ends at point F; thus the concave arc passes

through point F and the convex arc is <taken> from a circle equal to the circle of

45. Lit.: “the line which is in the middle of the crescent.”
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46 On the Shape of the Eclipse

the concave arc, whose semi-diameter is equal to line FT. Let the concave arc be
SFH. It has been found® that line FT equals line FN, and line LY equals line NF,
because the crescents KLMN "™ SYHF are equal. The two circles that bound them
are equal, for they stand at the same distance away from the aperture. The two arcs

of each of the two crescents are <made of> two equal circles. |°

<8. Analysis of the Image of the Convexr Face>

<3.1 Geometric Construction>

<Diagram 1> The convec arc passes through the point Y. Let it be the arc SYH. If
we join points A G ™% to point H, and extend the two lines ™" on the side of H,
they will end at points S H. Draw SH. The ratio SH to the line AG is equal to the
ratio of distance to distance, which is the ratio FH to HD, as well as FT to TS, and
FT to SD. Similarly, the ratio KM to AG is equal to the ratio of distance to dis-
tance, because if we join the two points A G to point T, and extend both lines
straight on, they will end at points K M. Thus line SH is equal to KM and parallel

to it, because both lines are parallel to line AG. ||*

46. See above, line 202.
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47 On the Shape of the Eclipse

Imagine a cone, whose base is the self-luminous crescent and the apex is point H,
extended on the side of H. It is a figure <made> upon a part of the crescents of the
equal circles of the two convex arcs, that passes through point Y. The arc SYH is
cast on the plane parallel to the aperture and forms a crescent there. This crescent is
equal to the first two crescents, because it is as far from the aperture as the first two
crescents, or no perceptible’” difference exists between them. Its distance to the mid-

dle crescent is P%

equal to the distance from the middle crescent to the last crescent,
because the distance from point H to point T is equal to the distance from point H
to point T. In this crescent, which is bounded by the arcs TZG TQG, the distance
from arc TZG to arc KLM is equal to the distance from arc KLM to arc SYI;I, and
the distance from arc TQG to arc KNM is equal to the distance from arc KNM to

B88r

arc SFH. Each one of these distances is equal to line FT, which is equal to the

semi-diameter of any of these arcs, as can be seen and shown in the distance between

the first two crescents. |~

Line TL is drawn so that it cuts these two arcs, and it will cut them at points Q
Z. We draw line TG. It is clear that it is equal to each one of the two lines KM SH,
as it has been shown for lines KM and SH. If, from any point on arc ADG, ™ a line

is drawn to point T, it will end at a point on arc KNM. That point on arc KNM is

47. See note 25.
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48 On the Shape of the Eclipse

the center of the circle, which is the base of the cone whose apex is that point of arc
ADG and the base is the perimeter of the aperture that gets light from that point of
arc ADG. """ If a line is drawn from any point on arc ABG to point T, it will end at
a point on arc KLM. That point of arc KLM will be the center of the circle, which is
the base of the cone, whose apex is that point of arc ABG and whose base is the

perimeter of the aperture that gets light from that point of "™ arc ABG. ||*

Consequently, each point of arc KNM is the center of a light circle, whose perime-
ter falls® on the two arcs SFH TQG. Similarly, each point of arc KLM is the center

of a light circle, whose perimeter is completed with the two arcs SYH TZG. ||°

Based on what has been established, we say that if light comes from the self-lumi-

B88v and

nous crescent, which is the remaining part of the Sun during the eclipse,
faces a dense body with a circular aperture, and the aperture is facing a dense body,
light will pass through the circular aperture and will stop at the body opposite the

aperture. There it will form a crescent-shaped figure if the plane opposite the aper-

ture is parallel to the aperture and if (the diameter of the aperture) to (the diameter

48. Lit.: “ends up.”
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49 On the Shape of the Eclipse

"1 of the Sun) is equal to the ratio of (the distance that is between the aperture and
the plane parallel to the aperture) to (the distance that is between this plane and the

Sun). We introduce a lemma for that:

<3.2 A Lemma>
Whatever two equal circles, ®** any straight line drawn parallel to the line joining

the two centers is equal to the line joining the two centers. |*

M D

Diagram 2%

<Diagram 2> Let the two equal circles be ABG BHG, with their centers H T.
We draw HT and extend it on both sides to A and H. “'* It will cut the perimeter of
circle ABG at points A N and the perimeter of circle BHG at points Z H. Take on
circle BHG any point as agreed, and let it be point M. Line MD is drawn parallel to
line AT. This line will cut the circle ABG at point D. ® From the two points M D

two perpendiculars are drawn to line AH; they are DK ML. The two perpendicular

49. The lemma illustrated in Diagram 2 is meant to be applied to the crescent-shaped images SYHF,
KLMN and TZGQ in the following Diagram 3.
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50 On the Shape of the Eclipse

lines are equal, because the two lines DM AH are parallel, and because the two cir-
cles are equal. It follows that arcs AD ZM are equal and lines AK ZL are equal. We
thus get KZ, the intersection. KL is equal to AZ, and KL is equal to DM. Then AZ
is equal to DM, and AH is equal to " ZT, with HZ, the intersection. Then AZ is
equal to HT and AZ is equal to DM. Therefore, line DM is equal to line HT, which is

between the two centers. That is what we wanted to demonstrate. |

T ¢ N G
Q
1 D
S / Y
A T M
> K )
S G VA ‘VV
F
H
D
B S R H
T

Diagram 3%

50. Diagram 3 reproduces Diagram 1, with the addition of arcs DD, FST, FHG. MS B has a marginal

addition that aims at criticizing the wrong lines of Diagram 3:

Diagram 3B

“Line SGF is straight as well as DHF is straight. And we seek to draw a line from A to T that does
not touch DT. DT could be tangent to the [circular] segment KNM at point N” (lectio incerta).
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51 On the Shape of the Eclipse

<8.8 Application of the Lemma>

<Diagram 3> Once this is established, let us go back to the first figure, where it was
found that lines SI:I KM TG are equal and parallel, and line TZ is perpendicular to
line KM, and thus perpendicular to each one of the two lines SH TG. <Line> TZ
passes through the centers of all the arcs, cutting each one of the two lines SH TG.
We bisect SH at point R and get KS. It is parallel “* ™ to line WR, for KW is
equal to SR and parallel to it. Then line KS is parallel to line NF and equal to it, for
KS is equal to line FT, which lies between the two centers. And FT is equal to FN.
Then line KS is equal to line NF, and this holds true of each point of arc KNM. The
line drawn up to arc SFH is parallel to line NF, and equal " to line NF. The same
applies on the two arcs KLM SYH, on the two arcs TQG KNM and on the two arcs
TZG KLM. In other words, any line drawn "' between two of these arcs, parallel to
the line that bisects the two arcs and passes through their centers, is equal to the
line between the midpoints of the two arcs, and is equal to the line between their
centers. We draw KT. It appears, as we have shown of KS, that KT is equal to QN
and parallel to it. Then line KT is equal to line KS and aligned® with it, for they lie
on both sides of one point, which is point K, and are both parallel to one line, which

is line TZ. Thus SKT form "' a straight line, divided in two halves at point K. Like-

51. Lit.: “connected straight on...”
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52 On the Shape of the Eclipse

wise, if we join MH MG by a straight line, and bisect it """ at point M, then take K
as a center, and KS as a circle opening, the circle will pass through point T. Like-
wise, if we take M as a center, and MH as a circle opening, the circle will pass
through point G. Therefore, circle ST will cut the circle TZG, for circle ST is tangent
to line TG, for KT is perpendicular to TG, and TG cuts the circle TZG. Therefore,
circle ST cuts circle TZG, thus forming an angle at point T between the two circles.
Likewise, circle HG cuts circle TZG, thus forming an angle at point G. We draw YT.

It cuts arc LK because point Y is the center of arc KLM, and cuts it at point G.

(w)

B
Z,
Q

R

s

\
)
T
Diagram 3C

<Diagram 3C> We take onto the arc GK, a point between the two points G K,
close to point K. Let it be point D. The line joining the two points D T is smaller
than line KT, because it is closer to line TG. Line DD is parallel to ™** line KT. It
will be equal to line KT, because it is equal to line LZ. " Line DD is greater than
the line joining the two points D T. If point D is taken as a center, and a circle is

drawn with opening DD, the perimeter of the circle will pass “*" outside ®**' the
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53 On the Shape of the Eclipse

point T. The circle, whose center is D and semi-diameter DD, surrounds the angle
that is at point T. Light from this circle will cover the angle at point T, as any other
<circle from a> point of arc KLM would do, if it is close to point K. The perimeter
of the circle, whose center is that point, passes outside point T and covers angle T.
The light circles, whose centers belong® to the arc KLM, are compact and inter-
locked™ with each other. These circles are all equal. The semi-diameter of each one of
these circles ends on arc TZG, and full diameter ends on arc SYH. The perimeter of

4 P31 stand out-

each one of these circles cuts arc TZG. Some part of their perimeters
side the arc, following point T, and some part inside the arc TZG, because every per-
pendicular drawn from a point of arc TZG to the diameter TL is at right angles to
the endpoint of the diameter of the circle, whose center is on arc KLM. The endpoint
of the diameter is the point where the perpendicular is raised. This circle will be tan-
gent " to the perpendicular. That part of this circle * following line TL will be in-
side circle TZG, and that part of this circle following point T will be partly located

outside the circle, because if the above-mentioned perpendicular is extended on the

side of point T, it will pass outside the circle. |°

52. Lit.: “are” (nominal clause).
53. Lit.: “connected with each other.”

54. Lit.: “its perimeter.”
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54 On the Shape of the Eclipse

Therefore each point of arc TZ is crossed by a light circle,” whose center is on arc
KL, and some part of which remains outside arc TZ until the center reaches point L,
<when> the circle, whose center is point L, will cover the <entire> arc TZG. Simi-
larly, every point of arc ZG is crossed by a light circle, whose center is on arc LM,
and some part of which remains outside arc ZG. "™ What is close to it from the side
of point G covers the angle at point G. All these circles are interlocked <with one
another>. There is no gap between them, <so that> the interlocking of these circles
form a <single> round light from point S to point Z, and similarly from point G to

point H. ||°

The perimeters of all these circles should end on arc SYH, because the parallel
lines, which are the semi-diameters of these circles, end on arc SYH such as line KS,
" and because the lights are interlocked <with one another> from arc TZG to arc

SYH. Therefore the perimeter of light that appears on the plane parallel to the aper-

ture is convex and circular. ||°

<3.4 The Archimedean Analysis>"

BI" To demonstrate this notion otherwise, the self-luminous crescent, which is the re-
maining part of the Sun, <sends>"" to every point of the perimeter of the aperture a
light in the form of a cone, whose base is the light crescent and the apex is that

point of the perimeter of the aperture. Each one of these cones extends from that

55. Lit.: “a light circle passes through each point of arc TZ..”
56. See Commentary, pp. 90-1 and 132-4.

57. Reordering the sentence: “that self-luminous crescent... comes out of it... a light...”
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55 On the Shape of the Eclipse

point """ and ends at the plane parallel to the aperture, thus creating a cone ™" op-

posite the first cone, with its base on the plane parallel to the aperture, and its shape

similar to the light crescent-shaped figure. |°

We have explained this lightening earlier in this discourse. The cones, which ex-
tend from the self-luminous crescent to the perimeter of the aperture, are interlocked
and overlap one another. The light, which is on the perimeter of the convex <part of
the> crescent appearing on the plane parallel to the aperture, is that light coming

from arc ABG. |°

This <result> has been shown too. The convex surface of each cone <that>
comes from the self-luminous crescent to a point of the perimeter of the aperture, is
the surface whose base is arc ABG, " and the center of this arc is point S. The line
that comes out from point S to the point of the perimeter of the aperture, which is
the apex of the cone, is the axis of the cone. If the axis is extended to the plane par-
allel to the aperture, its endpoint will reach the center of the arc bounding " the

crescent, which is in the plane parallel to the aperture. |*||°
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56 On the Shape of the Eclipse

This being the case, the interlocked cones, whose apices are on the perimeter of
the aperture, amount to a single cone whose base is the self-luminous crescent "™
and its apex can move around the perimeter of the aperture until it returns to its

9% moves™ along the perimeter of the

<original> position. If the apex of the cone
aperture, its <entire> axis will move along the perimeter of the aperture all togeth-
er. Thus the endpoint of the axis, which is in the plane parallel to the aperture, will
describe a perimeter of a circle parallel to the perimeter of the aperture, provided
that the aperture is circular. The full cone of light, which is behind” the aperture,
moves in <one> movement with the axis. The light crescent, which is on the plane
parallel to the aperture, moves along the circle on which the endpoint of the axis
moves. The distance of the endpoint of the axis to the convex <part of> the light
crescent does not change, because the crescents that appear on the plane parallel to
the aperture are equal, """ the distances of these crescents to the perimeter of the
aperture are equal, and the distances from the perimeter of the aperture to the Sun
are equal. Thus the convex <part of> the crescent, which is on the plane parallel to
the aperture, draws on that plane a circle parallel to the circle along which the end-
point of the axis is moving. This circle is the perimeter of the light that appears on
the plane parallel to the aperture, that is, the convex perimeter, not the concave, ex-
cept that the circle is not drawn by only one of the lines in the surface of the light

P of the light cone is moved along the perimeter of the aper-

cone. When the apex
ture, every line within the surface of the light cone moves along the perimeter of the
aperture all together, and every line of the convex surface of the light cone ends at

B9 the apex of the cone. Then <on the opposite side> it ends on the convex line of

58. The mechanical reasoning could be strengthened by saying: “If the apex of the cone is driven
along the perimeter of the aperture...” see Commentary, pp. 90-1.

59. Lit.: “below.”
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57 On the Shape of the Eclipse

the crescent on the plane parallel to the aperture; each line moves along the perime-
ter of the aperture, and the endpoint moves along the perimeter of a circle on the

plane parallel to the aperture.

Diagram 3D%

L22r

<Diagram 3D> The line that comes from point G to point H, ends at point
S. If the apex of the light cone then moves from point G to point B,” the endpoint of
the line, which is point S, will move along the perimeter of the circle whose center is
point K, because the line that comes from point G to point T ends at point K, and
because this line is the axis of the cone, whose apex is point G and whose base is the
perimeter of the aperture. For that reason,” the line that comes from point G to
point H ends at point S. If the apex of the cone moves along the perimeter of the
aperture, the endpoint of this line moves along the perimeter of circle ST all togeth-

er, ™™ until the apex of the cone reaches point H, so that the endpoint of this line

60. In Diagram 3B, Ibn al-Haytham considers the projection of a straight line when its endpoint
travels around the entire perimeter of the Sun, from G to B and from B to A, hence the addition of
the new dotted lines.

61. Lit.: “.. point G, going to point B.”

62. & introduces the conclusion, where the author repeats the statement of line 442.
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58 On the Shape of the Eclipse

can describe the arc ST and stop at point T. The line that comes from point A to
point H ends at point H, and moves along the perimeter of the aperture, driven by®
the apex of the cone. Its endpoint moves along the perimeter of circle HG, though

B2 of the cone ends at point H, "**' the end-

taking the direction of S. If the apex
point of this line will end at point G, so that the crescent TZGQ is completed. Each
point of the arc ™ ABG comes from its line to the apex of the cone and ends at
some point of arc TZG. Then, if the apex of the cone moves® from point H to point
Z, the endpoint of the line coming from point G to the apex of the cone and hitting
point T, describes the full circle ST. The fullness of this circle occurs within the light
that lies between arc TZG and arc SYI:I. And so moves the endpoint of the line that

comes from point A to the apex of the cone, that is, the line reaching point G of the

arc GH, which ™" completes® the full circle. |*||°

If the apex of the cone moves from point H to point H, as well as the line coming
from point G to point S on the perimeter of circle ST, every line coming from the
convex surface, whose base is arc ABG and the apex is point H, moves along the
perimeter of the aperture all together. Each one of these lines describes the perimeter
of some circle in the plane parallel to the aperture, and “** its center is a point of arc

KLM. The endpoint of the line that comes from point G to the apex of the cone and

63. Lit.: “according to the movement of...”
64. Or, equivalently, “if the apex of the cone is driven from...” see note 58.

65. Lit.: “is the full circle” (nominal clause).
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59 On the Shape of the Eclipse

reaches the arc, hits a point near point S, and moves along a circle near circle ST,
with its center near point K on arc KL. Thus if the endpoint of the line moving on

B93r

the circle near circle ST °*" to a point of arc TZ arrives close to point T, the arc

TZ will be described. [|]|*°

The same holds for each line within the convex surface, whose base is the arc
ABG: its endpoint moves on the perimeter of a circle, reaches the arc TZG and de-

scribes this arc. ||°

P38 Tt has been demonstrated that if the apex of the cone, whose base is the light
crescent and <whose> apex is a point of the perimeter of the aperture, moves along
the perimeter of the aperture, the convex <part> of the crescent that occurs on the
plane parallel to the aperture completes the perimeter of a true circle on this plane
through a curve parallel to the circle that is applied to the apex of the cone. The ap-
pearance of this circle, namely, that drawn by the convex <part of> the crescent, "**
does not <result> solely from the movement of a single line, but from the move-

ments of many shifting lines. Whenever one of them leaves the perimeter of the cir-

cle, it is followed by another line that takes its place so as to complement the circle.

|B0
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60 On the Shape of the Eclipse

According to our previous two demonstrations, we may conclude that the perime-
ter of the light, which appears at the time of the solar eclipse on the plane parallel to
the aperture, is a proper circular line, <even if> the curve does not achieve a full

FBP

revolution. And this is what we wanted to show. |||

<4. Analysis of the Image of the Concave Face>
We have now to study <analytically> the image of the concavity that appears in

this light. ||*

<Diagram 3D> We say that it has been shown that line SK is equal to line FT,
which is between the two centers, and equal "' to the line FN, which is between the
two arcs. We draw FK. "' FK is equal to FN, because F is the center of arc KNM.
Thus line KS is equal to line KF, and circle ST passes through point F, goes back to
point S, and a part of it falls within arc SFH. Similarly, every line drawn parallel to
line NF from a point of arc KNM, ends on arc SFN and is equal to line NF. Every
line that comes from a point of arc KNM to point F is equal to line NF. Thus it is

L24r

equal to the line parallel to it, because point F is the center of the arc <KNM>.

Therefore the perimeter of each circle, whose center is a point of arc KNM and semi-
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61 On the Shape of the Eclipse

diameter is equal to line NF, goes through point F and cuts the arc SFH, and a part
of it falls within the concavity of arc SFH, because every line that comes from point
F to the endpoint of the line parallel to line NF, will fall within arc SFI;I, thus
forming an acute angle with it, except the circle of center N, which is tangent to arc
P SFH. And all remaining circles, whose centers are on the arc KNM, cut across arc
SFI;I at two point: one is point F, and the other is the endpoint of the line parallel to
line NF. These circles are interlocked, compact and overlap one another from point
B9% S to point H. That of center K cuts arc SFH on the two points F S. That of cen-
ter M cuts arc SFH on the two points F H. The remaining circles cut this arc on
compact subsequent points, and <cut> the part "> of the circle of center K that
falls inside arc SF, and most parts that are within this arc. The same applies to the

part of the circle of center M, which falls "**

within arc FH, and most parts that are
within arc FH. That parts of the remaining circles which are closer to the two out-

mermost circles, will be greater than the following <ones>. |*
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62 On the Shape of the Eclipse

The circle whose center is K, going through the two points S F, is tangent to line
SR, because SR ™" is perpendicular to SK, which is the semi-diameter of this circle.
And if this circle, namely, that going through the two points S F, is tangent to line
SR, it will take a small part of the sector SFR, when the rest of the sector is free.
Likewise, the circle that passes through the two points H F is tangent to line HR,
and takes a small part of sector HFR, when the rest of the sector is free. So do all re-
maining circles: each and every one of them is tangent to the perpendicular line that
comes from ®** the endpoint of its diameter to line FT, and takes a small part of the

concavity of the arc. |

<4.1 Effect of the Size of the Aperture on the Image of the Concave Face>%

L25r B94v

It has been shown that these circles, namely those whose centers are on arc
KNM, are illuminated with the lights that come from the point of arc ADG, which is
the base of the concave surface of the cone. Lights that emerge from the arc ADG,
take two small parts of arc SFH, and the rest of the concavity of arc SFH is devoid
of light. There is at point F some angle from the intersection of the two circles,
whose centers are the two points K M. And because all the equal circles that we have

d P40r

mentione intersect at point F, point F gets a great number of lights. Thus, the

angle that is at point F is illuminated by accidental lights that shine from the

66. See Commentary, pp. 135—42.
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63 On the Shape of the Eclipse

light in the air surrounding them. Some of the light that is inside the concavity of
the arc scatters,”” because light does not come to the perimeter of even one of these
circles, except from a single point of arc ADG, which is the tip® of the light crescent.
Yet, the light that comes from a single point is very weak. If the angle at point F is
lit, “*" and light which is in the concavity of arc SFH scatters, then the concavity of
light becomes a circular concavity, even though this concavity it is not of proper cir-
cularity. However, the inequalities in this concavity are not perceived by the sense®,
so that the form of light that appears on the plane parallel to the aperture is a cres-
cent-shaped figure, whose convex arc is of perfect circularity and concave arc is not

of perfect circularity, though it looks round to the sense. ||*

<4.2 Effect of the Focal Distance on the Image of the Concave Face>"
If afterwards the aperture is moved away from the plane parallel to it, or the plane is
moved away from the aperture, the ™" distance ®*" between the centers of the two

arcs, which is line FT, will be smaller than the semi-diameter of each one of these

67. Lit.: “Some of the light... split up.”
68. Lit.: “the end.”

69. See note 25.

70. See Commentary, pp. 142-5.



480

485

490

Sy 850 b Alie Yy

die A i s s 3,8 oyl O ki e Joamy (S A e
el b G el e Lo B o) Bl o)V O s
o Y sl s s b s sl Ry Ly e
sy il o V) o flpll odn o 8as 1 8 S e ) 5
oo g M esally el I Bl ) o) o8 e
s O L s A 1 olol 15l T Cins 0, 3y
(on el oS s (O s end b sl el Cni,
olial) Sy 8y laeY) e anial) 1 05 el il Y] (P pdans
@l s pall JSo 05555 ¢l adiy Y nid) s 50,85 (sl
e ki s LI SIS (il lpadl el B gk
Brta s IRETRELN R JIREID [ I Rt TR EI Y PRI JINto |

[[*° . Rk
e 55\ o cjawj\ J&ﬁ j o4l L“Sj‘j-‘*-s‘ cﬁwj\ st “-‘M‘ “\";ﬁ Ol ('-7

Oj.{g (odh Jzé-j.k SSVU\ ‘Cﬂ"’"ﬁ'ﬁ‘ g;f o g.U\ Bosr Ja) Paov C)p
Oj&é.&}wwwcgmﬂ\wabyﬂajmwﬁ\

478 Ja>y ] Juarw L Jia>s B La>s FO the same as above || 478 ¢ 2] 23 FO || 479 &,25] &5 FBL
3 2 O the plural subject ;\).:a‘\l\ requires agreement in fem sing || 48~0 ] c;m F || 480 csxixy] —ximy FBL
Gnioiy O the verb precedes the masc sing s5.2)l || 483 sl ] olal B wlsl FO wslal L || 483 dais,] om L
| 484 s ssnll JomB || 489 juces ] 102w O || 490 a5y ] usn FB e, OL || 490 uey, ] 61 F

4o L ey BO



64 On the Shape of the Eclipse

arcs, as shown before. Line NF becomes smaller than the semi-diameter of arc KNM
and the center of the arc falls within the concavity of arc SFH. Line FK is greater
than line FN, FN is always equal to KS, and line FK is greater than line KS. Thus,
circle ST cuts line KF under arc SF. The same holds for all circles equal to circle ST
whose centers are on arc KNM: The lines that "** come from their centers to point F
are greater "'**" than their semi-diameters. Thus, all these circles have their perime-
ters below” point F. The circle, whose center is point N, passes alone through point
F and is tangent to arc SFH. Each one of the remaining circles cut arc SFH, and a
part of it falls within the concavity of the arc SFH. However, each one of the parts

PAr 39 smaller than that

that fall inside the concavity of the arc SFH of these circles
of the circles passing through point F. From that it follows that this concavity is
sharper™ than the first concavity, because the intersection of the light circles is under

point F, and the luminous parts that are within arc SFH are fewer”™ than the lights

that are inside the arc of the first concavity. And this implies that whenever the

71. 1 translate > differently: “under arc SF” and “below point F.”

72. Lit.: “stronger.”
73. Lit.: “less.”
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65 On the Shape of the Eclipse

aperture is far ®”" from the plane parallel to it, the concavity <subjected> to the
light will be increasingly deep. |°

The reverse occurs if the aperture is moved close to the plane parallel to it, or the

L2%v and thus makes the line that is be-

plane is moved close to it <the aperture>,
tween the centers of the two arcs greater than the semi-diameter of the arc. There-
fore line NF is greater than the semi-diameter of arc KNM, line FK is smaller than
line FN, and FK is smaller than line KS. Consequently, circle ST cuts the line KF
above point F. The same applies to the remaining circles: the luminous parts collect-

P4lv

ed within arc SFH outnumber™ the luminous parts collected within this arc from

9% it follows that the concavity is less

the circles passing through point F. From this,
<sharp> and smaller <in size>. As a result, whenever the aperture comes closer to
the plane that displays its light, the concavity that appears in the light will be less

<sharp>. |°

It is clear from all we have explained that, when the light of the Sun at the time
of its eclipse, provided it is not a total eclipse, has gone through a narrow aperture
and has appeared on a plane parallel to the aperture, then its form is crescent-

shaped, its convexity is round of perfect circularity, while its concavity is round to

74. Lit.: “are... more.”



510

515

520

S 80 B Win 1o

gl el s s ny LadS” el 0,85 of S5 e ails LY
P Colasu) daly ST el 3 ) (midl O cd

A i) el e ) 3 18 S A s
ot S sl 058 O B3 e e o pm il 3y cans el
o el D0 s 05 sl a8 s e il s (555 e
0555 0 L i) 80 Lax 0,805 (008 g8 s s
i B3 B2 s ahaty &5 5000 0,50 . g b e il S0
s b a1 o1V 0,80 Ul SISy LG
oda v (215 5 faos | ) sl Yl e 28T 2 B 3
ol 055, 0f o M3 o il L a3 gl e el
ade pela el ) e 03 LIS el 0,5 0 pils L anly B8l
8 e gall B gl ) pmid) OIS ¢yl

5] i ST By 5 et g O Bl L e o e B
Sse gl do by eo B e g 13 lprper O ST) B hey
o sy 81z V) s pdrns wdoe (LI 0580 Al OB (al]

507 Jn ] 4n FPOL uxs B || SIIZBJ)@JJLSV,MMJHAJ]repetF [ 513 phais ] ot F oy OL
the verb follows the fem sing 5,515 || 514 Ja=5] L= FB |la>, OL the plural ;>3\ requires agreement in fem
sing || 515 Je>s ] Je>s FB La>,; OL the same as above || 516 .~ sl Jmarg P || 517 4l ] om FO
I 519¢52 165200 || 519 glomPL | 520 & ]alO || 520 550 ] 55 BO || 521 LSs ] om
F ool 521 jdaes 5 xdey S)Lu‘,,\(\c_;w] marg P
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the sense only. The farther the aperture from the plane parallel to it, the sharper the
concavity of the crescent; " The closer the aperture to the plane parallel to it, the
less sharp the concavity. If " the remoteness or closeness varies widely, the sharp-
ening or softening of the concavity is perceived by the sense;” If the remoteness or
closeness varies little, the sharpening or softening of the concavity does not appear.
The " crescent displayed™ is greater than the ones <that are> similar to the self-
luminous crescent. This means that the ratio of (light) to (shade) in its concavity is
greater than the ratio of (the light that originates from the Sun) to (the darkness

that arises from the concavity).” And that is what we wanted to show. [*||*

<4.8 A Condition for Light to Appear Crescent-Shaped or Circular>

It is clear from all that we have explained above that if any circular aperture is fac-
ing the luminous part of the Sun, if there is behind the aperture a plane parallel to
the plane of the aperture, and if the ratio of (the diameter of the aperture) to (the
diameter of the self-luminous body, of which the self-luminous crescent is a part) is
no greater than the ratio of (the distance from the aperture to the plane parallel to
it) to (the distance between the plane parallel to the aperture and the self-luminous
crescent), then the light appears crescent-shaped on the plane parallel to the aper-

ture. ||°

"% As a result of what has been found, I say: if """ the ratio of (the distance be-
tween the aperture and the plane parallel to the aperture) to (the distance between

P9 the plane parallel to the aperture and the body) is equal to the ratio of (the

75. Lit.: “the increase and decrease.” About perception, see note 25.
76. Lit.: “appears.”
77. Lit.: “the dark concavity that appears.”
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semi-diameter of the aperture) to (ten times the semi-diameter of the self-luminous
body), and if the aperture is circular, then light that is displayed on the plane paral-

lel to the aperture will appear circular, and will not show any concavity. |||

057
jus)
b

H M

Diagram 4™

<4.4 Geometric Demonstration>

<Diagram 4> Let us single out the two arcs KNM SFH, not to have too many lines
<on the figure>. We draw the line NFT and drop SRH. We draw the two lines SK
HM, and drop the perpendicular KQ. Then QR will be equal to NF, for KS is equal
to NF. The surface KR is a right-angled parallelogram. If the ratio of (the distance
between the aperture and the plane parallel to the aperture) to (the distance be-
tween the plane parallel to the aperture and the self-luminous body) is equal to the
ratio of (the semi-diameter of the aperture) to (ten times the semi-diameter "' of
the self-luminous body), then the line between the centers of the two arcs KNM SFH

P43v

is ten times the semi-diameter of each of these two arcs. So it is, for it has been

78. Diagram 4 is a (rotated) simplified depiction of the two crescents KLNM, SYHF, to determine the
length of segment RG, i.e., the depth of the cavity in the rounded image.
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proven <Diagram 1B> that (the line between the two centers)” to (the line <SX>,
L2 which is the extension®™ of line BS up to the line coming from point T to the cen-
ter of the aperture, between the endpoint of the line mentioned and point S)* is
equal to the ratio of (the distance between the plane parallel to the aperture and the
aperture) to (the distance between the aperture and the self-luminous body). ®*" If
the ratio of (the distance between the aperture and the plane parallel to the aper-
ture) to (the distance between the plane parallel to the aperture and the self-lumi-
nous body) is equal to the ratio of (the semi-diameter of the aperture) to (ten times
the semi-diameter of the self-luminous body), then (the line <SX>, which is the ex-
tension of line BS between the endpoint of the line coming from point T to the cen-
ter of the aperture that ends on the self-luminous body, and point ™™ S) is (ten
times the line SD).*” Therefore, the ratio of (the line between the two centers)® to

P4 s equal to the ratio of

(ten times the semi-diameter of the self-luminous body)
(the line between the centers of the two arcs KNM SFH) to (ten times the semi-di-
ameter of each of these two arcs). And so it has been established that (the line be-

tween the two centers) to (the line <SX>, which is the extension of line BS up to

the line coming from point T to the center of the aperture, between the endpoint of

79. This is the distance between the crescents TF’ = NF.

80. Lit.: “separates.”

81. This awkward phrasing is because line SX is not drawn. I have reworded it.
82. On this hard-to-read passage, see Commentary, pp. 117 sq.

83. “The line between the two centers” refers in general to distance TF’. If this were the case here, we
should read: TF'/10 SD = TF’/10 NF’ = 1, which makes no sense. Thus, I read “the line between the
two points” <$ and X>.
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the line mentioned, to point S) is equal to the ratio of (the distance between the
plane parallel to the aperture and the aperture) to (the distance between that aper-

ture and the self-luminous body). |'||°

However, as the ratio of (the distance between the aperture and the plane parallel
to the aperture) to (the distance between the plane parallel to the aperture and the
self-luminous body) is equal to the ratio of (the semi-diameter of the aperture) to
(ten times the semi-diameter of the self-luminous body), and (the line <SX>, which
is the extension of line BS, between the endpoint of the line coming from point T to
the center of the aperture that ends on the self-luminous body, and point S) is (ten
times the line SD), then the ratio of (the line between the two centers) to (ten times
the semi-diameter of the self-luminous body) is equal to the ratio of ™ (the distance
between <the aperture and> the plane parallel to the aperture) to (the distance be-

tween the aperture and the self-luminous body). |']|°

Also, it is established that the ratio of (the semi-diameter of arc KNM) to (the
semi-diameter of the self-luminous body) is equal to the ratio of (the distance be-
tween the plane parallel to the aperture and the aperture) to (the distance between
the aperture and the self-luminous body). **" This implies that the ratio of (the line

between the two centers)* to (ten times the semi-diameter of the self-luminous body)

84. This is again the distance between the crescents TF' = NF.
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is equal to the ratio of (the semi-diameter of arc KNM) to (the semi-diameter of the
self-luminous body). Alternately,” the ratio of (ten times the semi-diameter of the
self-luminous body) to (the semi-diameter of the self-luminous body) is equal to the
ratio of (the line between the two centers) to (the semi-diameter of arc KNM). Be-
sides, if the ratio of (the distance between the aperture and the plane parallel to the
aperture) to (the distance between the plane parallel to the aperture and the self-lu-
minous body) is equal to the ratio of (the semi-diameter of the aperture) to (ten
times the semi-diameter of the self-luminous body), then line KS, equal to line NF, is
equal to ten times the line that is between the two centers, " which is line FT. The
surface KR is a rectangle. Thus, the line that connects the two points K R, which is
the diameter of surface KR, is greater than KS. Assume that KG is equal to KS.
Point G will be between the two points F R. The square of KG is equal to the square
of QR. We draw QR on the side of Q towards S, and make QS equal to QR. There-
fore, " SG multiplied by GR plus the square of QG ™™ is equal to the square of
QR. Then SG multiplied by GR plus the square of QG is equal to the square of KG.
But the square of KG is equal to the square of KQ plus the square of QG. Then SG
multiplied by GR plus the square of QG is equal to the square of KG, and the square
of KG is equal to the square of KQ plus the square of QG. It results that the square
of KQ is equal to SG multiplied by GR, and the square of KQ is equal to the square
of SR. Therefore, SG multiplied by GR is equal to the square of SR. Arc SF is less

85. Alternando (Elements V, def. 12).
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than a quarter of a circle, and each crescent is bounded by the arcs of two equal cir-
cles; thus the concave arc is less than half of the circle, because whatever two equal
circles intersecting <with each other>, the line that connects their intersections is a
chord in each of them. It is thus smaller than their <common> diameter.* " Line
SH is smaller than the diameter of arc SFH. Arc SFH is less than half of the circle,
line SR is smaller than line FT, and line SR is twenty times line FT. Thus line SR is
<less than> half tenth of line SR, and less than one tenth of line QR. Therefore, the
square of SR is less than one hundredth part of the square of QR. And SG multiplied
by GR is less than one hundredth part of the square of QR. We raise “*" at point G
the vertical line GH. We draw QH, which is equal to line KG, and equal to line QR.
Point H is thus on the perimeter of the circle whose center is Q and the semi-diame-
ter is QR. Thus, the ratio RG to GH is equal to the ratio HG to GS. And the ratio
TG to GS is equal to the ratio HG to GS doubled. HG is half tenth of GS, rounded
off. Thus line RG is the four hundredth part of line "' RS, rounded off. To the ex-
tent that it is the four hundredth part of line RS, <GR> is the twentieth part of line
FT and the fortieth part of the diameter ®* of circle SFH. Thus, line GR is the forti-
eth part of the diameter of arc ™% SFI:I. The circle whose center is K passes through
the two points S G. And this circle has been shown to be the light circle, whose light

originates from the point of the self-luminous crescent, which is point G. |”||°

86. Lit.: “the diameter of each of them.”
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Diagram 4B

<Diagram 4B> Arc SFH itself is caused by the <light> cone, whose base is the
concave arc of the light crescent and the apex is point H. All light circles, whose
centers are on arc ** KNM, cut the arc SFH. A part of each of them falls inside the
arc " SFH. These circles are interlocked and overlap one another. The circle of cen-
ter K is tangent to line SR at point S, and ends at point G. The circle of center M is
tangent to line HR at point H, and ends at point G on line FR. The full concavity,
which is set up by arc SFR, is the sector bound by the arc SFH and line SH. If this
sector is filled with light, the concavity will disappear in full. If the two circles whose
centers are the two points K M " are illuminated, then they will fill the concavity
of the sector with light, for these two circles pass through the points S G H and are
tangent to line SH, and the remaining light circles under these two circles are inter-

locked with them. Nothing remains from the concavity of arc SFH, except a small
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part that is not perceived when the sense falls* on point G. All the remaining light
circles cut the line ®® FR near point G. Point G receives many lights from which ac-
cidental lights illuminate line GR. Line GR is very small, thus making the shadow

Y0 which is at point G

disappear, which is very small at point G. But if the shadow
is hidden, the perimeter of light which is inside the concavity of arc SFH becomes
circular. Thus, the perimeter of the whole light appearing on the plane parallel to the
aperture, which is the convex perimeter, turns out to be circular. The curve of the
convex arc overlaps with the arc that passes through the two points S G, because
this arc is a part of the circle with center K, whose perimeter is a part of the ™" con-
vex arc. All light that appears on the plane parallel to the aperture begins to appear
circular. If the ratio of distance to distance, which we have mentioned, is equal to the
ratio of the diameter of the aperture to an amount greater than ten times the semi-
diameter of the self-luminous body, then light becomes rounder, for line KS increases,

the circle that passes through the two points S G increases, and line GR diminishes.

Therefore, the roundness is sound. |||

We have proved, amongst others, that if the ratio of (the distance between the

aperture and the plane parallel to the aperture) to (the distance between the plane

87. Lit.: “when the sense is at point G.”
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parallel to the aperture and the self-luminous body) is equal to the ratio of (the
semi-diameter of aperture) to (an amount no smaller than ten times the semi-diame-

L31r

ter of the self-luminous body), then light that appears on the plane parallel to the

aperture will be circular. And this is what we wanted to show. |||

<5. Analysis of the Image in the Case of the Moon>"
<5.1 Conditions for the Image of the Moon to be Crescent-Shaped>
B9 From what we have demonstrated, it is clear that the light of the Moon, at the
time of the eclipse or at the time of being a crescent, passes through a circular aper-
ture and appears on a plane parallel to the aperture. If the aperture is one of ™™ the
apertures similar to the aperture faced by the Sun, and by which its light goes
through at the time of the eclipse, and if it appears on a plane parallel to the aper-
ture, then the light <of the Moon> that appears on that plane should be crescent-
shaped. <And yet,> the light of the Moon, which emerges from the aperture and ap-
pears on the plane behind the aperture at the same distance, appears circular and
does not show any concavity whatsoever.

This fits with what Ptolemy® has found in his book entitled the Almagest, name-
ly that the diameter of the Sun is eighteen times and four-fifths as the diameter of

the Moon. The ratio of (the diameter of the Sun) to (the diameter of the Moon) is

88. See Commentary, pp. 148-58.
89. This is a reference to Ptolemy, Almagest V, 16: “N pév s y#is dpa Siduetpos ths gedvianiic tpimiacin

oty xal €Tt Tolg Suat méumtorg peilwy, 1) 3¢ Tod HAiov ThS ey oeAnviaxils dxtoxaudexamhaciwy xal &tt Tolg 8 méumTolg peiluwv
Tiig 8¢ yiig mevramhaaioy xai €Tt T Nuioe Eytota pellwy,” which corresponds to “Therefore the earth’s diameter
is 3% times the moon’s and the sun’s diameter is 18% times the moon’s and 5% times the earth’s”
(Toomer 1984: 257; see Halma 1813: 347). Sabra discussed this reference in this way: “Finally, and on
the basis of faulty measurements derived from the Almagest (the solar diameter is eighteen and four-
fifths times the lunar diameter), Ibn al-Haytham tries to give an answer to the question posed at the
beginning of his treatise. His answer recognizes the theoretical possibility of obtaining a crescent
image for the crescent Moon, but he considers that the conditions of the arrangement are such that

such an image will be too faint to be visible” (Sabra 1989, I: 1).
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equal to the ratio of (the distance from the Sun to the Earth) to (the distance from
the Moon to the Earth), because the Sun and the Moon are enclosed in one cone,
whose apex is the center of vision which is on the surface of the Earth. Thus the dis-
tance from the Sun to the Earth "' is eighteen times and four-fifths of the distance
from the Moon to the Earth. Therefore, if the Moon is facing an aperture whose di-
ameter is one part out of eighteen and four-fifths® of the diameter of the aperture
opposite to the Sun, if the sunlight which is made crescent-shaped passes through it,
and if the distance of the plane that shows the moonlight to the aperture is one part
out of eighteen” and four-fifths of ' the distance from the plane that shows the
sunlight to the aperture through which passes ©** the sunlight, the ratio of (the dis-
tance from the aperture to the plane parallel to the aperture) to (the distance from
the plane to the Moon) will be as (the diameter of the aperture) to (the diameter of

the Moon). These are the conditions for the moonlight to appear crescent-shaped. |*

<5.2 Material Impossibility for These Conditions to be Fulfilled>

If the diameter of the aperture is one part out of eighteen of the diameter of the
aperture by which the sun<light> is tested,” then the full area of the aperture by
which the moon<light> is tested should be one part out of three hundred and twen-
ty-four of the full area of the aperture by which the sun<light> is tested. If the di-
ameter of the aperture by which the sun<light> is tested is as a grain of barley,”

L32r

then one part out of three hundred and twenty-four of the full area™ of this aper-

90. F ends at time 0.922.

91. P ends at time 0.925.

92. Each of the following occurrences can be read “tested” or “experimented.”

93. On the grain of barley as the minimum size of the aperture, see Commentary, pp. 102-3.

94. Lit.: “surface.”
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76 On the Shape of the Eclipse

ture is an imperceptible size, because it amounts to a point. Light that comes from it
is imperceptible, especially the light of the Moon, which is faint. Once it has come
out from such point-shaped aperture, the light that is received on the plane opposite
to it turns out to be imperceptible, because of its smallness and for being hidden.
Therefore, if the moon hits an aperture of this nature at the time of being crescent-

shaped, it will not appear crescent-shaped because it is hidden. |°

The diameter of the aperture by which the light of the Sun is tested is eighteen
and four-fifths times the diameter of the aperture that would allow the light of the
Moon to appear crescent-shaped. It has been shown with demonstration that if any
self-luminous body was facing an aperture with a diameter not smaller than ten
times the diameter of the aperture showing its crescent-shaped light, then the light
that came out from it *'*" to the plane showing the light crescent-shaped, was circu-
lar. If the Moon is facing an aperture like that by which the sunlight appears cres-
cent-shaped, and if the moonlight passes through it and attains the plane whose dis-
tance from the aperture is one part out of eighteen times the distance showing the

% 13 a5 shown before by

sunlight crescent-shaped, then the light will appear circular,
proof. If the moonlight being processed through a suitable aperture is received on a
plane close to the aperture, it should appear circular. Then, if the aperture moves

away from the plane on which the light is displayed, the light weakens, and what

weakens first is its edges. |°

95. The proof contains an error, see Commentary, pp. 149-50.
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7 On the Shape of the Eclipse

Assuming that the light coming from the light of the Moon was crescent-shaped,
its concavity would disappear with the remoteness of the aperture, because the parts
of the light that weaken first with the remoteness are the angles and edges.” If what
had made the moonlight appear crescent-shaped at short distance moved away from
the aperture, then it is its angles that would vanish first,”” then its edges, so that it
would become circular. Thus if <the image> were circular while being close to the

aperture, it would be <even> more circular with the remoteness. ||°

<As for> the distance that meets the ratio required for the moonlight passing
through a suitable™ aperture to appear crescent-shaped, if the moonlight arrives with
that distance, it will fade out and disappear, for every light coming from an aperture

vanishes when the aperture is moved away at a great distance. ||°

The same holds true with the light of the Sun, if it comes from a wide, circular
aperture and stands at a distance whose ratio requires that its light appears crescent-
shaped. However, that distance may vary and perhaps one cannot "' find on the
face of the Earth any place whose distance to the aperture meets the required ratio.
And if " a place of this kind were found, the eyesight of the experimenter who is at
the aperture would not perceive what stands in that position, because of the discrep-

ancy of the distances. However, if the light of the Sun that came out from the wide

96. See Commentary, pp. 150-58.

97. This notion could result from either direct observation or Problemata Physica XV, 6, where we
read: “ai pév elg 1ag ywviag dmooyilépevar @V Sdewv ... oty spdat,” and “Visiones quae ad angulos quidem

discinduntur ... non cernunt.”

98. Lit.: “capable.”
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78 On the Shape of the Eclipse

aperture reaches that place, it would vanish and fade away. And this notion <also>

concerns lights that pass through narrow apertures. |°

<Conclusion>

Thus we have discovered the cause for which the sunlight appears crescent-shaped
when, at the time of the eclipse, it passes through one of these apertures and attain a
plane parallel to the aperture. <Instead,> the moonlight emerging from these aper-

d 9% <neither> when the Moon is crescent-

tures does not appear crescent-shape
shaped <nor> at the time of the eclipse. Its light coming from these apertures will
always appear circular. Moreover, we have shown when the light of the eclipsed Sun

appears crescent-shaped and when it appears circular at the time of the eclipse.

These are the notions that we intended to explain in this epistle. |°||”

The end of the epistle.”

99. OBL differ from then on: O “Praised be Allah, Lord of the Worlds, peace and blessings upon
Muhammad and all his family.” B “All praise be to God, I copied it from a manuscript in his own
handwriting, God have mercy upon him. The conformity [of the copy?] with the original was done.” L
“The end of the epistle by one of the Moderns—Ilit.: newcomers—and His support.”
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