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PREFACE

These two companion volumes present, respec-
tively, a translation of the Arabic text and commen-
tary upon a work of the celebrated scientist of elev-
enth century Central Asia. The original, as its
name indicates, is an extensive discussion of shadows,
their nature, properties, and utilities, the author
ranging about through the fields of optics, etymology,
literature, religion, mathematics, and astronomy, as
the main topic leads him.

As may be seen by consulting the table of
contents, the book commences with a short apologia
for taking up the subject at all. BirGini then pro-
ceeds to define shadow, the phenomenon of night
being interpretable as the most fundamental of all
shadows. This leads into a discussion of the phy-
sical properties of shadow edges and rays of light
admitted through pinholes. Several chapters follow
in which four of the standard trigonometric func-
tions are defined in terms of shadow, and their
various relationships are worked out. It is na-
tural next to describe the astrolabe and other
instruments which employ the shadow functions.

The second half of the book gives solutions
of a series of astronomical problems involving sha-
dows: the noon shadow cast by a unit gnomon as a
function of season and latitude, the determination
of the local meridian by observations of shadows,
timekeeping by means of shadows, daylight length
as a function of season and latitude, and celestial
distances involving shadows.

The times of two of the five Muslim daily
prayers are defined in terms of shadows. Hence
two chapters are devoted to this topic. The first




cites the traditions upon which the definitions are
based; the second describes instruments for applying
the resultant rules.

It is as a primary source for the history of
the ancient and medieval exact sciences that BirGini's
Shadows is significant. The precursors of the tangent
function he describes, particularly the primitive sha-
dow tables for telling time, contribute to our know-
ledge of the prehistory of trigonometry. The Baby-
lonian linear zigzag functions he passes along exhibit
one of the very few direct connections between the !
astronomy of ancient Mesopotamia and that of early ;
Islam. The meridian determination of Diodorus here
preserved is the only solid information we have about
the work of this first century B.C. Alexandrian.

The topics named above have already received
some attention in the literature. Only a full trans-
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lation of the text, however, can make available to }f

historians of science generally the multitude of
references to individuals, books, and theories, famous
or obscure, extant or unknown, with which the book
abounds. Individually insignificant, they are hith-
erto missing tesserae in the mosaic of history.

The translation is based on the Arabic text
published in 1948 by the Osmania Oriental Publica-
tions Bureau and referred to here and in the sequel
as the Shadows. (Short titles and abbreviations in
italics are references to the bibliography which
follows the commentary.) Page and line of the print-
ed text are indicated on the margins of the trans-
lation, and the same system is used for cross-refer-
ences to the text in the commentary, and for entries
in the index.

The edition, in turn, is based upon the
unique Patna MS 2468/36 preserved in the (Bankipore) 1
Khuda Baksh Oriental Public Library. Thanks to the {
Honorary Secretary of this library a microfilm of :
the manuscript has been available, and the frontis-
piece of the translation reproduces the fine cal-
ligraphy of its title page. Beginnings of the
manuscript folios are also indicated in the trans- :
lation margins. Within the translation a double 2
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diagonal stroke marks the place at which a new folio
commences ; the much more numerous single diagonal
strokes denote beginnings of lines of the printed
text. The variants between the two versions have
been placed in footnotes.

Material enclosed within parentheses does
not appear in the original, but has been added to
clarify or improve the sense of the passage where
it appears. Many phrases in the translation are
stilted or awkward. In part this may be laid to
the ineptitude of the translator. To an extent,
however, they result from a desire to preserve some
savor of the Arabic. Restorations to the text have
been enclosed in square brackets. In general, both
the original and the restoration are given in foot-
notes.

The paragraphing of the translation is that
of the printed text; the manuscript has no paragraphs.
The reader will notice that these subdivisions bear
little relation to the subject matter. We neverthe-
less thought it best to preserve them.

A considerable portion of the Arabic text was
omitted from the edition and printed without notice
as part of a different book, listed as Sindn in the
bibliography. The reason for this is that the man-
uscript, a single volume collection including many
treatises in addition to the Shadows, suffered re-
binding at some time in its history. Some of the
folios, including this segment, were bound out of
order. The intrusion, happily discovered by Profes-
sor A. S. Saidan, has been restored to its place in
the translation. The gap commences at the middle
of page 5 of the edition, the filler from the middle
of page 34 of Sindn. It runs to the top of page 63,
whereupon the edition picks up. In the translation
and the index the excerpt from Sindn is distinguished
by an s preceding the page number.

A less serious misplacement of the same sort
occurs at 158:10 of the edition. The text from here
to 160:4 should have been printed at 146:4. In the
translation the missing passage has been restored to
its proper place, but with the page and line numbers
of the edition. The unfortunate reader who, working
from the index, misses a reference, should consult
this preface to locate the insertion.
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The second volume, the commentary, has been
set up with the same chapter organization as the text.
The chapters, for ease of reference, have been further

subdivided into short sections, numbered serially with-

out regard to chapters. Associated with each section
title is the portion of the text to which it refers.
These portions are treated in the opder in which they
occur. References to the commentary in the index are
given by section numbers in italies.

Since this publication does not include the
Arabic text, already available, no Arabic-English
glossary appears. The reader who encounters an un-
familiar word in the Arabic text will find its Eng-
lish equivalent at the appropriate page and line of
the translation. He may then have recourse to the
index if he is interested in additional occurrences
of the same word or its synonyms. There is consid-
erable need for a dictionary of medieval Arabic
scientific terms; the sources for such a book should
include much more than the Shadows .

In preparing the commentary an effort has
been made to suit the needs of a particular category
of reader, the historian of science who is mathema-
tically and astronomically literate, but who is
neither an orientalist nor a specialist in medieval
astronomy. Even so, the choice of which topics to
include and which not remains largely a matter of
individual taste.

This is inevitable, and an apology would seem
gratuitous. It is with diffidence, however, that a
translator who lays no claim to being an Arabist
makes public an attempt to English the Shadows. By
rights he should be simultaneously competent also
in Islamic studies, oriental poetry, and classical
philosophy. The rueful words of Sachau are recalled
in the preface to the Chronology: "The work of gen-
erations will be required to do full justice to
Albiruni". Here is a beginning; let the reader cor-
rect the errors he finds.

The translation was made possible by a suc-
cession of grants from the National Science Founda-
tion to the American University of Beirut, and by
appointments to Brown University and to the Institute

X

for Advanced Study. It is always a pleasure to
thank friends and colleagues for help: first, as
e@er, Professor 0. Neugebauer for counsel extending
far beyond this particular work to span.the better
part of a lifetime. Specific contrib?tlons madg
by Professor David Pingree have sometimes been in-
dicated in the commentary, within parentheses‘and
followed by his initials, but his assistance.ln-
cludes any sections involved with the Sanskrit
sources. Professor Adnan Ifram read through the
entire translation in its preliminary form and
rescued the translator from all manner of blunders.
Professor Ihsan Abbas has taken time to elucida?e
troublesome questions of Arabic poetry and Muslim
tradition. Professor Jibrail Jabbur, the late.
Professor Salwa Nassar, Professors Kamal ?alibl,
Majid Fakhri, Fuad Tarazi, Dr. George 3aliba,

and Mr. Taysir Salihi have all assisted. Hear?-
felt gratitude to them, with no thought of their
being implicated in errors committed by the under-
signed. .

Copy for photo-offset printing was
turned out in Beirut simultaeously with the
development of the Lebanese civil war. The
concomitant difficulties provide a blanket ex-
cuse to cover the manifold shortcomings of
the result (the bizarre format of this page,
for example). Moreover, the milieu in some
wayé appropriately resembled that of the wars
of Sult{@n Mahmud, and the vicissitude: under
which al=-Birlini brought forth the original
of this work.

The very demanding typing was commenced
by Mrs. Kawthar Shomar, thence, during her
temporary absence, taken over by Mrs. Annie
Aroyan. Any elegance the edition may claim
is owing to the technical advice of Mr. Zahi
Khuri.

Finally, to the Director, and all
connected with the Institute for the History
of Arabic Science, for indispensible support,
and to Mr. Muwaffaq Ghannam, for seeing the
project through the press, warm thanks.

E.S.K.
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TRANSCRIPTION OF ARABIC LETTERS
ON THE FIGURES

In the translation the figures retain the num-
bers and lettering of the text. Where a sphere is
represented, the figure has been redrawn in orthogo-
nal projection to facilitate understanding of the
spatial relations. In the body of the translation
the standard conventions have been used for the
transliteration of Arabic words into Latin charac-
ters. However, individual letters on the figures
have been transcribed as shown below. The scheme
is a slight extension of the one proposed in the
JAOS, vol. 82(1962), p.204, and is employed for
the reasons there set forth.
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(DEDICATION) : f.194b

* In the name of God, the Merciful, the
Compassionate:

A discussion of visual perception and the
nature of the cone/ existent between the instrument
of sight and the object seen, the sourcel of which
(the cone) is at a distance (from the object, and

which) entails/ the geometry of optics in its

different (forms), whether it is due to the ray
which ‘emanates from the beholder unto/ what he
beholds, or due to the ray resulting from the
images of objects and their colors, and its
impression/ on the vitreous humor of the eye,
(such a discussion) is a philosophical matter
pertinent to psychological investigation and to/
abstract speculation entrusted to those talented
in them (i.e., these fields).

° However, as to investigation of the actual
light and what is connected with it, and what (is
connected with) :its absence, called/ shadow in
general and shadow specifically, it pertains to
the types of mathematical science which/
[facilitate]“(the solution) of problems of any-
one who resorts to religion, depending o1 the
ways of/ evident truth, like the Shaykh AbQ
al-Hasan Musafir b. al-Hasan, who is embellished
by these characteristics./ Verily he is famous
for his burning desire for the knowledge of the
times of prayer and his extreme devotion/ to
whatever instruments are referred to for their

lrext 3ol 5 MS is not clear; read &3 .
Text (wlf1 ; read (#lel

3:1

2

w

10

11

12

13
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determination, (as a result) of his care :
happiness'of being rewarded (in the afterf??eghe e
:ﬁ:e;izzzlggé bee; given by God the happiness of 14
ife, whi i i
el hapginessstakes him seek the virtuous
. I will be discussing of tha i

suff%c? for the untying of %his kno:; Zgzttgéll 4~;
acquisition by it of the advantages of being

praised. For there is no one in the world who

d?es not naturally attempt/ to make permanent his 3
kind who does not strive to immortalize his fame. "

S? by neccesity the wise man satisfies himself ’
w1th/‘the remnant called his body, to be respected 4
i? Spite of the passage of nights and days after

him. And because/ the good is loved for itself 5
since even the wicked desive it (the good) for ’
she@selves, although they may stray/ from it, the- 6
281red (type‘of) sayings is the best (kind), and

of the/ enduylng fame the good and the beautiful. 7
So, blessed is he for whom the blessing of God
be He exalted!, endures, by the endurance of ’

thankfulness/ agd the choice of the most praise- 8
worthy of .affalrs. I request of God for the
Shaykh divine success whereby he may/ be in the 9

forefront in the attainment of his desire, and
for‘mys?lf (I pray for) striving to appro;ch
sat1§fy1ng Him and to maintain (my) [enjoyment]l/

of H%s benevolence, by which the people rejoice 10
(Verlly) He is the Master of Destiny for makin '
accessible things of great importance, by His #
grace,/ and the extent of His generosity. 11

1 ac
Text CL*M—‘” 5 read E_u‘\“ as in the MS.

2

Wﬁ’”*sva*f*“e"—v—favfa—rvﬁw,~—v-m

(TEXT TABLE QF OONTENTS)

This is a list of the chapters of the dis- 4:12
course, into which we will plunge! in order to
facilitate/ the extraction of what is desired 13

from it.
(Chapter) 1. On (the Fact) that the Prime 14

Motion of the Heavens in the Westward Direction
Is/Necessary in this (Sought for) Topic, and 15

Suchlike (Things).
2, On the Explanation of Light and Darkness, 16

Luminosity and Shadow.

3. On the Explanation of the Variations 17
to which Shadows Are Subject, in Amount and
Position.

4. On the Explanation.of What Is Drawn 18
by the Extremities of a Shadow on Horizonms.

5. On the Variations to which a Shadow 19

is Subject Because of Difference of Situation/

of the Luminous Object as to Height. 5:1

6. On the Method by which the Use of the 2
Shadow and the Gnomon Is Arranged.

7. On the Classifications of the Divisions 3
into which the Gnomon Is Divided.

8. On the Transformation of the Types of 4
Shadow (or Tangent Functions), One into Another.

9. On the Direct Shadow (or the Cotangent) 5
and the Altitude, and the Extraction of the One
from/ the Other, if It Is Unknown. 6

10. On the Reversed Shadow (or the 7
Tangent) and the Altitude, and the Extraction

8

of the One/ from the Other, if It Is Unknown.
11, On What Is Common Between the Two Types 9

of Shadow (or Tangent Function), and their

Relations with Each Other,/ and the Extraction 10

of One of the Two/

lpext: L;i;ﬁ which makes no sense; MS has f2»2% -



This is the end of £.194b,
The MS was evidently bound with
the folios in disorder; the folio
which should have followed is 125.
The displaced passage, as discover-
ed by Professor A.S. Saidan, was
inadvertently printed as part of
Ibn Sindn, beginning in the middle
of line 8, p.34, Treatise 3. A
translation of the missing section
follows. Page numbers from Sinan
are preceded by an s,

from the Other.

AN 12. On Tables Containing Shadows,
Exclusive of their Computation, and How/ to
Obtain Them (the functions) from Them (the
-tables) Until the End, and [Considerations]l
Involving Them.

13. On Fixing the Kinds of Shadows on
the Astrolabe So that They Will Be/ Useful for
What Follows. )

14, On Fixing the Ladder Shadow on the
Astrolabe.

15. On Shadows/ Measured on Inclined
Planes or on Othep [Things]2.

16. On the Determination of the Noon
Shadow for any Assumed Day.

17. On the Equinoctial Shadow for [Any
Locality]3,

18. On the Correction of the Meridian
Direction by Two Shadows or by Two Equal
Azimuths.

18. On the Correction of the [Meridian#
Line.

. 20. On the Extraction of the Meridian
Line [by] the Use of Three Successive

—_——
lText and MS; Yo peag LY o

2Text : Lwiobdesl | but of.g1:2 le s o5l .
3Text: A5 MS: »L.# read MK § as in 94:1y,
“Text:,wb'-...iai; read ,4il amiks “as in the Mg,

y

f. 125a
s34:8

10

11
12

13

14

15

16

17

18

13

Shadows ], . )
t [21]2. On the Extraction of [the Meridian s35:1

i i Whatsoever.
Line]3 by Any one Single [Measurement] v

g2. On the Amounts of the Day and the Night 2
and the [Differences]* of the Ascensions.

23. On the Determination of What Is Past
and What Remains of Day(light) by (Use of) the
Shadow. .

24, On the Determination of the Azimuth 4
and Its Ascension. .

25. On the Recital of the Opinions of
the Imams Regarding the Time of Prayers, and What
Is Resorted to/ in Determining Them. )

26. On the Establishment of the Lines for
the Times of Prayer and the Hours on/.Instruments.

27. On the Use of the Shadow in the i
QuadrilateralS (i.e., Menelaos') Theorem and in
Astronomical Computation. .

28. On the Determination of [Terrestriall® 10

(&)

[{ele o BEN Be))

Distances and the Heights of Mountains/ by (the 11
Use of) Shadows. .
29. On the Determination of Celestial 12

Distances Which Involve Shadows. .

30. On the Explanation of Things Connected 13
with the Shadow and Not Resembling What Has
Preceded.

lText:dml A3 pead JMBI ASME 55 in the MS.
2Text: & ; read ¥ as in the MS.

SText: Kumsds ; read dwspls Gl s ks as in 120;2.

Yrext: 25 5 read Jyad ‘
5Restortho C;hwl Jadl omitted in text and MS; cf.194:10
BText: a5\ D, 8ud Yty cf.202:7.



(AL-BIRONI'S PREFACE)

. . I say firstly, that the subject of this s35:14
investigation can hardly be comprehended except

after/ encompassing (knowledge of) the constitution 15
of the universe according to what is shown by
demonstration, excluding what/ the various groups 16
of people applyl to it of what they have heard from
their ancestors, as well as recourse from the sects

to/ t@eir beliefs, and (also) after (attaining) the 17
capability of dealing with its varying situations,

in wh%ch one cannot dispense/ with arithmetic and 18
deep investigation of it by geometry.
Verily, (even) he who has studied much in 19

the sacred books may not be separated/ from the s36:1
mass of the common people, nor from their conviction?2
that.this art is contradictory to religion, contrary
to dlyine (Muslim) law; that it is/ a forbidden 2
pursuit, and an abrogated and forsaken practise.
Nothing %mpells him to this belief but/ his ignorance 3
of what impugns religion so that he might (properly)
support it, his revulsion from the unfamiliar which

?e 1?h§rits from/ [his 1ikes]3 before him, and his 4
1nab11%ty to distinguish what is (truly impugning

to religion) from what is not./ Thus, if he learns 5
that a matter is as he thinks, he does not accept

whét 1s traditionally said about it —/ an excellent 6
?hlng, should he prove to be unrelying on tradition

in what he believes or thinks. And if he is shown
that/arithmetic and geometry are impossible to under~ 7
st?nd.unless one proceeds systematically from first
Principles, unlike other sciences in which he may

be acquainted with/ something of their middle (parts) 8

1 - - 1w

oText G 5 read (3 as in the MS.
aText &, el 5 read lolst,

Text JUla| ; MS o2l

or their ends without knowledge/ of their s36:9
beginnings, he thinks that this is intended to
[turn him away]! from his appreciation/ and to 10

confuse him, This, he imagines, is similar to

the ignorance into which (non-initiate) members of/
(secret) sects (are led) with regard to the 11
doctrines of their sects until they had taken

the oaths, entered into the covenants, and made

a long practise/ and training. This adds to 12
his revulsion, so that the stopping of his ears

with his fingers? becomes his most potent/

recourse, and the raising of his voice in s36:13
shouts his most powerful equipment. (Now,

suppose that) he should desire to recite some

special verses of poetry and that he should/

seek them from the anthologies of DIk al-Jinm, 14
Ab Nuwas, AbU Hukayma,/ and Ibn Hajjaj. These 15
(anthologies) contain silliness to make the soul

of the wise man recoil; impiety/ to exceed all 16

unbelief, and (a wide selection of) lies used as

poetic ornament. But he will not be able to

tell/ how bad or how good those verses are until 17
he hears them with his own ears; (and it is only

then that) he will know what is good in order to

take it, and what is bad in order to avoid it.
However,/ he does not know that the extent of 18
understanding among the common people of a problem

of the minutiae of theology concerning the bases

of/ canon law or the like is as the extent of his 19
understanding, if (indeed) he understands it, even

if it is encompassed at all, of a question of

medium order/ in geometry. And verily, both s37:1
understandings, if they are approached by
systematic learning,/ questions in both of the 2

two arts are attained, and they are realized in f£.125b
an//elegant manner, and the acquisition pulls the/
curtain of doubt from between them and the truths 3

;T'ext Lelss; read e/, _
The figure of speech is from the Qur'an, 2:19.




of knowledge concerning both. Then, if he knows s37:3
that prayer is the/ buttress of religion, and 4
that its perfection is restricted to (its

observance) at its (proper) time and facing

in the proper direction/ for it, and that both 5
matters are connected with astronomy and a due

amount/ of geometry; and almsgiving follows them, 6
and [inheritances]l there being no escape from

them, just as there is no escape from/ buying and 7
selling as a means of subsistence, in the Muslim

law, and (since) all of them require/ arithmetic, 8

either in the lowest degree, in imitation of the
method(s) of the computers, or else/ at its highest ¢
level, it being the deep investigation of geometry,

then people accuse him of error/ and denial and 10
claim that he is not pious because of these two
arts, but how so? For he is obliged/ to apply 11

the two in almsgiving for the manufacture of weights
and measures, and in charity/ the making of

(standard) units, and for the holy war numerous 12
manufactures and various instruments/ of steel, 13
welded with violent power (are) necessary.

The learned in religion who are deeply 14

versed in science know that Muslim law does not
forbid/ anything of what the partisans of the craft 15
of astronomy (concern themselves with) except the
lunar crescent. For it is placed/ on visibility 16
without the use of computation, and the reason for

this is apparent to anyone who has a thorough

grasp of how to/ obtain the arc of visibility at 17
(the time of) the fast by the crescent operation.

For when he acts impartially/ he becomes aware of 18
the fact that visibility with the eye depends for
certainty upon the result of computation at the

time when/ the entire amount of this angle is 19
approached, since the peoples' cperation for
visibility/ is other than what is taken for it in s38:1
Muslim law, the toil involved being great, and

the benefit their ability to/ determine the position 2

Lrext J»_}_,H ; read A.“»:/IJJI as in the MS.
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the observers may look for it/ with the absar, 3
and (thus) dispense with (the necessity of)
. ranging in/ sight over a regi?n of the sky? around/ 4
2 the perpendicular of the twillgh?, an§ having
length and width, lest that ranging divert them 5
e from catching it/ until it vanishes.
o As for the few whom the revealed word‘ s38:6
i the Qur'an) praises, whose assiduous working in
| ihz fgar of sz, be He exalted!,/ distracts f?om 7
- venality, they are the ones who d? not establish
a judgment before deep investigatl?n, and who are
not obstinate in opposing a situation whose/ truth 8
| is evident, and who commit nothing against Islam,
{ nor attack the Qur'a@n, nor pretend that there are
! differences/ as to essentials. Those peo?le are 9
between two choices, either to obtaig ass}stance
in any art/ from its practitionmers, 1t‘be1ng a 10
thing commanded, or else to divert thg1r~endeayors
‘ to finding the desired truthl/ ?y lavishing toil 11
I upon it, for the sake of being innocent of the
Lo stain of mimicry and ignorance,/ God set us among 12
» them, by His Grace!
f
I
i
{
|
|
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of the crescent in azimuth and altitude so that s38:2




THE FIRST CHAPTER s38:13
ON (THE FACT) THAT THE PRIME MOTION QF 14
THE HEAVENS IN THE WESTWARD/ DIRECTION 15
IS NECESSARY FOR THIS TOPIC
If it were not for the bodies perceived 16
in the heavens, it would not have been known that
there is motion in the heights;/ and if there were 17
no upper motion, no direction would be known on
the horizon except by an arbitrary setting. If
the directions were/ specified by a setting at one 18
of the terrestrial localities, the identificationl
would not be/ exact in that region. So the risings 19
of the two luminaries and the various stars,/
even if the horizon is not bisected by their 839:1
settings, but is divided into at most two/ unequal 2
parts, verily the two directions, north and south,
are of necessity between each rising point/and 3
its corresponding setting (point), hence they are
evident by the prime motion,/ from which are the 4
risings and settings. But if the direction of north
is ascertained, the pole and the rotational motion/ 5
are of the class of mutually related (things) of
which neither one precedes/ the other, just as the 6
determination of the direction of north, together
with its opposite, I mean south, is of the class of/
mutually related things also. In addition to this 7

the occurrence of this motion is of significance

—————

1Text has ST MS T

10

for the determination of positionl/ in a level s39:8
desert locality whose parts and regions resemble
one another, either in the night/ or in the day- 9

time. Verily its heaven [darkens]? until it

becomes dark equally throughout its air. So
undoubtedly/ the time cannot be ascertained, at 10
night or in the day, nor can any one of the four
directions (be determined) without the others,/

and that is because of the lack of guiding 11
indications for them. Even if a person finds
by chance marks of the directions fixing/ them 12

they do not agree with other works taken as valid

for his station, and for (individuals) under the

same circumstances (but)/ in a different locality, 13
except rarely by chance, because it is located by
guesswork without a law/ to be referred to or a 14
sound base which can be depended upon. By this

motion God, be He exalted!, recalls to His

creation His benefits in His saying3,

Say: See ye? If God 15
Were to make the night
Perpetual over you until/ the day 16

Of judgment, what god

Is there other than God,

Who can give you enlightenment?
Will ye not then hearken?

And in His, be He exalted!, saying®,

Say; See ye? If God 17
Were to make the day

Perpetual over you until the day

Of Judgment, what god/

Is there other than God, 18
Who can give you a night

1Text s pdidl 3 MS &B—p 430k .
2Text  ddc| ; read cicl,
3Qur'an 28371.

4Qur'an 28:72.
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[In whicth ye can rest? s39:18

Will ye not then see?

That is, that these two/ situations will
not occur until after the decline of this motien,

19

and &hat of) perceived bodies which move by it. s4iO:1

Also, verily time is the extension between
two assumed instants, the two being two times/ of
two known states, and because of the existence of
these<¢ two situations, one after the existence of
the other,/ the extent (of time) between the two
may include length or shortness, and (whatever)
situations which may exist in it/ in succession
capable of having smallness and largeness, Verily,
it is like the distance between two endpoints/
and distances cannot be controlled accurately
except by motion, and those of them which are
controllable are the equable (i.e. constant speed
motions) excluding/ the disturbed, different
(speed motions). Equal motions have become the
measuring units of time, indicating/ that by
clocks operating by the motion of water or sand
or various (varieties) of [seeds]3,/ or things
resembling them. Indeed the object in making them
is uniform motion, even though they are not
equivalent/ except approximately to the senses.
And because equal motions are midway between
slowness/ and speed, and slowness is bounded on
its two sides by [stopping]* and speed, which
(latter) is essentially unbounded/ as to the
amount at which it stops, except in actuality,

As for (the applied) force, it is subject to
increase/ just as a number (increases) in the
direction of its growth. So there is no speed
(concerning which) we cannot imagine that behind
it there is no speed greater than it./ So the

lText Do 3 read acd |
2Text 2Ly3 3 NS il |
3Text sl read ,, 51,
YText @5 Ms L S
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fastest of existent motions is the prime
(motion), by which are the night a§d the day
(made), and verily/ that is establlghed by the
magnitude of the extremity of what is moved by
it, and the magnitude of the extremity of what
is after it, and by it is found/ the noon of

the parts (or units) of time, I mean_the.day.

So this motion has been made the cubit (i.e. the
unit) for time (measurement),/ and the evalu-
ation of it is by its uniformity and lFS speed.
As for speed, it is unnecessary (Fhat it be
discussed here), but it/ was ment%oned by reason
of its being the extremity~ of existence. As
for uniform (motion), it is necessary (for our
discussion) and since/ the matter is thusz it is
incumbent upon us in what we propose toleye our
attention to the operations/ by [which] dl?ec-
tions and azimuths are determined, and to fix
thereby instants in time.

IText 4L ; MS & LI,
2Text (o3 MS e 3.
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THE SECOND CHAPTER

ON THE EXPLANATION OF LIGHT AND DARKNESS
LUMINOSITY AND SHADOW

: The brilliant (one), in reality, of the
bodies pgrceived as luminous, is the sun, which is/
se1f~lum%nous, illuminating others than itself by
the ray issuing from it in all directions,
pen?trgting/ transparent objects rectilinearly
until it impinges upon an opaque body. And the
state of a body which interdicts/ transparency is
that a ray of light which is confronted by it does
not penetrate it, but is turned back, being/
reflected from it depending on the smoothness of
its surface which the ray encounters. If it is/
extremely well polished and evenly disposed (i.e.
plane) as to its parts, it is [not]! perceived as
though it were (the object) upon which the light
is falling,/ but it is perceived as from where it
has.been reflected. But if it is not a uniform
polished (plane surface),/ the reflection from it
will be weak and the light will be seen upon that
surface as stable, and/behind it will be dark,//
contrary to (the situation) in the direction éf f
the.lllumination because of the absence of light :
at it, and that absence, provided it is restricted/
fo a ?lace not interfered with by the boundaries
1llum%nated around it, and its image is not/
perce%ved by the eye, except to a slight degree
then it is called the shadow. This is the ’
opposite of what is called metaphorically the sun,/

-_
IText o MS H,
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I mean the brightness. That is similar to the st1:15

shadows of things which/ fall upon the face of
the earth, or walls. So the brightness, I mean

16

the illuminated places which go beyond/ so as 17
to receive the light, is perceived along its
edges, totally/or partially. However, if the i8
ray is not perceived from one of its sides, and
the quantity (of shadow) is increased because of/
the increased extension of its (the object's) 19
limits in such manner that sight is lost in it,
and it (sight) does not perform its function, it
(the shadow) is called darkness and absolute absence
of light,/ like the situation at night or on a sk2:1
cloudy day. So the name of shadow then vanishes,
just as (the ability) to [perceivel’/ its 2
extremities also vanishes.
Al-zill (shadow) in the speesh of the 3
Arabs, is a covering from the sun, and from it is
darkness, and hence/ the blackness of night? is b
called a zill, and because of the contiguity of
zill and light and the following of one by/ 5
the other they call the bounded zill, surrounded
by (the edge) of the sunlight, a follower. As one
of the (Banl) Hudhayl said/ in the poem, 6
. The coming of the sand- 7
grouse to water when the follower
(i.e. her shadow) contracts.
AbT Layld said concerning it that here the 8
night (is intended), as if he had said, "He comes
to the water at daybreak before/ anyone'". But we 9
do not see anything preventing his coming to drink
at noon, because the characterization/ of the 10
shadow as becoming shorter is appropriate to it,
and so he comes to the water (to drink) when no
one else (leaves) [his shelter]3./ However, it 11
was said concerning the shortening that it was the
IText «3,LU1 5 MS 31,0,
2Text AU 3 MS LI,
3Text ra’l;d‘é}l 3 MS r’&L«»}J 3 read raaL;J)J
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arrival of the shadow at the base of the stick sh2:11

(i.e., gnomon).

Verily, Ru'ba makes a distinction in the 12
nomenclature between what declines of it and what
is fixed, and he said that/ 2111 is the name 13
attached to a place which presently has no black-—
ness in it which lasts, nor is thepe sun(light)
on/ its place. So it is attributed exclusively 14
to the position on which the sun(light) was and
then it left it/ into the shadow (al-fay') because 15
al-fay' is the declining and the return. Hence
al-zill is more general (and) al-fay’ more
particular. Thus/ every fay' is a gill, but not 16
vice versa, that every zill should be a fay'.
But what was explained concerning/ al-fay' does 17
not prevent its being present before noon.
Ru'ba said concerning these details that 18
al-zill is what is formed by the sun, while al-fay'/
is what impedes the sun, meaning by the "sun" su43:1
the place where its light falls upon the earth./
What is well-known as to that is that the Arabs 2
call the 211l after noon fay' because of its
inclining from/ the western side to the eastern 3
side entering, and its return increasing (to
cover) what was/ before in sunlight. This rule L
of theirs implies the abandoning of this name
for it at high noon./ However, they transgress 5
it and call it zill at noon.
Some of them said that it is called the 6
tibag al-khuff (the fitting of the camel's
foot in the depression it makes), but that is’
not permissible except with its/ vanishing at 7
noon, and the sun's being at the cupola (i.e.,
the zenith). It is as though the details are
the work of/ industrious grammarians (who were) 8
not Arabs. So they mixed things up, and failed
to make that/ definition, but decided the matter 9
in any way it happened in order to force the
legalists/ to justify it thus. 10
AbU DPhu'ayb said, 11
And I sit down in its azlal 12

(pl. of 2ill) in the
afternoons.

16

And Dhi al-Rumma said, s43:13
If the zill was changed in the late 14
afternoon you will see it as a
Hanafi, but in the high forenoon as a
) Basri.
This is the description of the c@amel§on, 15
which always faces the sun, as Abu al-Najm said,
You will see the chameleon in that place 16
bowing in entreaty )
Like [a pagan]l to the sun, then kneeling.
But there is nothing strange in this, f?r 17
i 1 disposi-
the leaves of the trees by their natura i
tion also turn about/ with it (the sun), but Dhil 18

al-Rumma did not say, "If the fay' was changed in

the late afternoon./ , )
And if it is said that the evening changes 19

the zill into a fay', another said,
(There was) a town, its voices s%len?, shi:l
Its afya' (pl. of fay') diminishing in
the morning sunlight.

-2
It does not say, "its [az1&1] - (pl. of 2
zi11) in the morning sun,3 as though ag%al'ls not ,
valid for the (morning) sunlight, and/ it is not

annulled except at noontime, if its disappearance
is possible at all. So if fay'// in the sun- f. 127a

shine/ is permissible it is what we said,‘and %f L
that is for the sake of the rhyme it ?onfarms it, ;
this being/ the custom of the literati and the
poets in subjects like this, so that the read?r ]
of their/ sayings is compelled to extract ?hglr
[possibilitiesT* from them. In the book Diwan
Lrext ;il,,(; read ./-35/ .
2Text iAol 5 read LJsl .
SText Sl 3 read ‘)'i) .
Text o o2s ; read 25 .
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al-adab (it says) that kindness/ is the zill shly:7
of a ray of the sun in the morning and in the
evening.

. Same?ne also said that the 2111 of the 8
sun is when it first begins to get hot, as it
is said that the 2711 of winter/ is at the first 9

of what begins, but that is like something he
does not understand, the zill being for the

shadow-casting body, not for the pa /  Th
spoke al~Khali‘al-sﬁamI, o e 0
Look at the zill as it veaches 1

its extreme (length).
It commences to decrease as
time lengthens.

But it is evident that the
greatest length
of the shadow extended along the ground will begt L

at/ (sun)rise and sunset, and at one of i

extremes it begins to contract and decre;:z and e
at/ the other arrives at its completion by éhe 14
dropping away of the ray from both its sides.

This wou%d be acceptable/ if the shadow were 15
lengthening at noon, but (the situation) is not

thus except in (the case of) the shadow of/ a 16

gnomon perpendicular to a wall whose base is

along the meridian (line), it being what is

called/ :h; reversed shadow and not, by God!, what 17
was meant by al-khalI®, He had in mind -

ing of the first: e

Whenever an affair peaches 18
completion its decline
approaches. *
A falling off (zawal) occurs
when it is said to be
complete.

So this (meaning of) zawal i
to the decline of the sgn (zawsl alEZZagziflzidover 1
the extremal was changed into the shadow. So sB5:1
that ﬂas{what he said, and perhaps someone explained
it by having heard that/ a lunar eclipse is from 2
the shadow of the earth and he intended it to be

18

(relating) to an eclipse. (The latter) reaches
its (maximum) magnitude upon/ the arrival of the
moon at its nearest point of passage to the axis
of the shadow cone, which is its maximum length,
(then)/ it begins to decrease, and the return is
little by little until clearance. Or, sincel
night is/ nothing but our being in the earth's
shadow, whose axis, if it is erected near us/
at midnight, is afterwards depressed until day-
break and morning and twilight, but all this is/
far from the mind of the author of the poem.

If you reflect upon revelation (in the
Qur'an), you will find it to be according to
what we explained, and that is that pious and
devoted people,/ who are to be blessed with
deliverance from change, and their time from
passing away, the sun can then be dispensed
with/ for [enumerating?]® the periods of time
by the motion which makes apparent the traces
of growth and existence/ in (various) places.
So their place is characterized by the
shadow's being (permanently) [extended]d in
time and space. As for/ time, since it is
invariant with respect to sunshine it follows
it, and as for space (or the place) since it
is infinite/ with respect to a shadow in it,
and what is behind it will be the sun, but
(that place) is a shadow, its shade long-
lasting, with no sun/ in it to obliterate it,
and no hot wind (simfim) to decrease it and spoil
it, as though it is free from anything of this
description, it being/ the cold, as His saying",
be He exalted!,

They will see there neither
The sun nor zamharir,

lrext 31 3 MS 31,
2Text | 3 MS B3l
3Text ypdl 3 MS 353,41 .
YQur ¥n, 76:13.
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that is, (neither) heat (nor) céld./ It is s45:16
yhat the Muslims mean in explaining (it as),
'Those .(women) whose curtains are shortened,

who (nevertheless) never see sun/.nor zamharir". 17

And (this is so, even) though some of them
artificially claim that by zamharIr the moon

is intended. This is/ the case either because 18
they assume that the two luminaries ave always

to b§ mentioned together, or else because they
attribute cold to the moon/ on account of the 19
at?ribution of heat to the sun. ''This is the

opinion of the Indians, who do not know that/

the.moon heats up without the heat of the sun slf:1
until it is the cause of the ebb and flow (of’

th? tides) and other/ events occuring with 2
moist things.
However, as for the people worthy of =9 - 8

punishment, the shadow they know (in hell) is
ch§r§cterised as smoke (yahmim) because the
utility of shadow is/ relief from the distress 4
of heat and the simim (a hot wind), and if it

(the shadow) were othep than cool and not

pleasant i? would/ increase ‘the painful torment, 5
like tye distress present at the strata of the
sky which [takes]l/ the breath (or souls) away 6

and which [c@okesJQ. Verily the [radiancel® of
the sun and its heat are move bearable (than it)./

Also their light is of burning heat and their 7]
shadow is of smoke, and hence this/ shadow will 8
n?t'be extended* but its ends are shaped by

limits, because smoke is from/ the tongue of the 9
[flame]®, restricted to one place and not another.
Hence (this variety of) shade is described/ as 10

portions of (hell)fire not bringing relief from

lrext A5¥1 s read 3&Y( as in the MS.
Text (5 l<1 3 read (32,
uText 5 read 0
In Qur‘:s 55:30 the shadow in paradise is described
Wlth the same adjective, mamdid extended.
SText LI 5 read | ’ ’
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the flames. Verily, being exposed to smoke is su6:10

more distressing than being burned/ or heated.

It may well be that the portions (of flame) are
descriptive of its form, just as figuratively
the flame may be restricted to/ its sparks.//

Or it may be that the portions are the 5%
directions in which one sees to/ front, and
right, and left, because behind, even though

it is a part of them, is not different from

them as to/ detestable attributes. So it

cannot be perceived or seen without turning
around./ And the visible portions, and the
remaining directions, above and below, are like
the three mentioned (above)/ as to detestability,
as God, be He exalted!, said of theml,

(For them) there is

Hell, as a couch

(Below) and folds and folds
Of covering above.

They (above and below) were not mentioned
as being among the portions because they are
equivalent to behind in not being perceived/
before changing positioms.

Verily AbG Muslim al-Isfaha@nI said that,
"God, be He exalted!, named the fire a shadow/
because it surrounds the punished (people)".

But this is outside the customary understanding,
and especially (taken together) with His saying,
be He exalted!2/

(... no shade

Of coolness, and is
0f) no use against
The fierce blaze.

The shadow is surrounded but not
[surrounding]3. Then he describes the portions

lQur'an, 7:41.
2Qur'an, 77:31. _$LJ is not in the MS.
3Text Uz 3 read == .
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as having/ three attributes. One of them is s47:3
that it is other than shady, and the second (is)

"no use against the fierce blaze",/ and the third Ly
(is) to cast down sparks. And if one meditates

on the verse he will find two of the attributes/

of the shadow in the masculine form, and the 5
third is attributed to fire in the feminine, and
if it were permissible/ to attribute the name 6

shadow to fire from the linguistic point of view,
it would pe permissible that its portions are/
the three triangles, or the angles at their bases,

and the fishbone shape "is called fiery, so/ let 8
us return to what we were dealing with.

We say that it is known that the air 9
which fills up the heavens is transparent, and
so the light/ in it is not perceived, and the 10

earth in the middle of it is a surrounded, non-
transparent body. So the part of it opposite to/

the luminary is necessarily shone upon and 11
illuminated, and the part of it not opposite it

is dark, and it is/ well known that it conceals 12
some of the air because of its circular shape and

the bent part/ even if it were, and their ratios 13

to what is illuminated, I mean as a cylinder, are
evaluated at equality, and as a cone/ having bases 14
differently placed (the ratios are) different

(from one). But the light of the sun includes/

the sides of the whole earth composing a cone 15
opposite the sun in/ a pine-cone shape, the axis 16
of which is the diameter passing through the two
centers of the sun, aldng the pine-cone shape,/

and the earth. It becomes fine at its distance 17
from the earth until it disappears above the moon,
That is/ because of the excess of the size of the 18
illuminating sun over the size of the shadow-

casting earth, and this/ shadow becomes an eclipse 19
for the moon by its traversing it (the shadow)

in travelling.” The shadow (2111) of the earth

is called its shadows (21181), not(?) from/ an suB:1
imaginary point of view, (but actually), and
especially during lunar eclipses, for the observer/
imagines it superbly from the earth and he 2
pictures its limits of illumination as surrounding

it, or.else/ the night alone is present and su8:3
there is nothing but it and its passage‘by us.
But it (the night) is not called, in spite of
that, in reality/ a [concealing]l shadow because mn
of the distance of the extremities and their
absence from the senses. .

It is said as to the meaning of God's saying, 5
be He exalted!,

Have you never seen your
Lord, how He has extended
the shadow?

It is the night and its extended darknes§, an? 6
that is permissible, because the revelation (is
so explained) according to the customs current

among/ the Arabs. And if its mea?ing is the 7
night, then its object would be either the

general darkness at the/ emptiness of Fhe sky, 8
while3 the sun is imagined to be nonexistent,

even after the sun was created/ when it was 9

illuminated, distinguishing the darknegs, and
the more sharply after it is not restricted to
one place on it and no/ other, or else the object 10
of it (the shadow in the quotation) is the ear?h's
shadow, which is the night with us,/.when passing 11
by us. Otherwise, if it were the prime m?tl9n
(which is) western, the shadow would remain in
a fixed place,/ because of the sun's s?aylng. 12
But this motion, as it rotates everything,/ so 13
the sun enters the [darkness14 of the earth, and
nothing of its traces remains except a very
little in/ the west at sunrise. His saying, be 14
He exalted!,

Then we seized(?) it for

ourselves in a light

grasp(?)5

1Text has &,L&s; read yle |

2Qur!5n, 25:45,
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ge means by it motion, because H ! :
is no? subject to where or when,ege?:gﬂzugziizjd" S
to/ tl?? and space, but the word(s) "for ourselves" 16
(ilayna? occur because of what is moving in it/ by - 17
the desire for it. It is possible that the meanin

?f ?he verse is the shadows of gnomons which are &
1nd}cated by/ // the sun by surrounding them at f. 128a
their edges, and positions, and it was made as '

moving,( and the motion was attributed to it, sven 19
tﬁough it (the shadow) .is incorporeal, because of
the fact that the sun, being/the author of its sl49:1

%ncrease.anq decrease, moves its edges and carries
it, and it is known (that) froml the stillness of
the shadow/ is the disturbance of the world./ -

It may be that His saying, be He exalted! 3

Then we grasped it for
ourselves<,

N

poi?ts to/ noon, and this is indicated by His: )
saying yasirdn, because the motion3 will then be
weak, and that/ is because the extreme shortness 5
of the shadow is at the extreme elevation of the
sun, and elevation is the position of/ spiritual 6

people and dominion, and unto it are raised
! the
hands of the .suppliants and (upon it) are fixed

the eyes of/ the fearful., And the sky, although . 7
§ll of it is elevated, the zenith of each
inhabited locality/ is the highest for it. So 8

the mer%dian circle is the extreme of altitude
for -moving things in it (the sky).

It is said, with regard to " ing"
id, ; grasping 9
(al-qub?), that it is annihilation, because the
conclusion of things and their destiny is/ God's. 10

Zherg 1s no use commenting on him who said,

Verily the extension of the shadow is between

the.dawn until/ sunrise". It means its being; 11
so it would have been necessary to say, "Veriiy

;-Text U,C/,_zé 3 MS w,»c/‘;\»_
Qur'an, 25:46. 3

3Text &,S_gl 3 MS A.f_f.
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it is from the rise of the dawn until/ the s49:12

setting of the twilight", and because of the
continual roundness of the circumference of
this shadow that is apparent to the eyes/ in
lunar eclipses in [different]! positions of
the heaven as to longitude and latitude./ By
measuring? it the size of mountains on the
earth can be determined, as Mansur b. Talha
found out at the vanishing of the moon./ But
there is no protuberance or hollow on its body
in the shadow, but then he said they do not
show, because of the smallness/ beside (the
size of) the moon, like the smallness of the
mountains beside (the size of) the earth. So
they are necessarily hidden just as/ the trace
of the mountains is hidden in the circular
shadow of the earth or by the grossness of what
is perceived. So then for it/ the shadows are
perceived, but the position of the moon with
respect to the.sun differs, and it entails a
difference/ in their shadows as to the size of
their positions in the course of the month, but
the disappearance -as its condition and shape
is not/ variable, and hence there are no
protuberances or hollows.

It is said that there is a body other
than the earth, of opague construction, with no
transparency/ in it. It accepts the light in
the way the earth accepts it (the light), it

being the moon, [capable]® of erasing (the light)./

Its pine-cone {shaped) shadow extends like its
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s50:1

(the earth's) shadow and ‘its point (sahm) is along

the prolongation of the line joining/ the center
of the sun and its center. These two shadows

differ in amount/ because of the two objects whose 6

shadows they cast, the body of the moon being
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approximately a part in forty parts of the body s50:6

of/ t@e ear?h, and the body of the s a hundred 7
and Sixty-six times it (the earth). And they
differ in distance, for/ the distance of the 8

moon from the earth is a part in nineteen parts

of thg distance of the sun/ from it. They differ 9
also in position, for the shadow of the earth is
always extended between the earth/ and the 10
heaven the direction the sun is away from it,

Put ?he lunar shadow, because of the difference

in distance between/ the two luminaries during 11
?he course of a month, is other than constant

in situation, for sometimes it is toward the

e§rth/ and another (time) in a contrary direc— 12
tion to it, up. That, at conjunction and

opposition/ is between the two, but is not 13
perce%ved by the eye except at solar eclipses.

Then it is determined/ by measurement, when the 14

m?on's light is different, increasing from (its

time of) waning until full moon, and decreasing

from/ then until the last night of the lunar 15
month. And because this light falling from the

sun upon its (the moon's) body is reflected

back/ to th? earth and illuminates from its face 16
what(ever) is opposite it, there occurs for the
earth also from its side a/ pine-cone (shaped) 17

shadow different in position from its shadow
caused by the sun, I mean that the vertex of the

cone( for it is in the direction of the moon , 18
and 1t3 fr?m the direction of the base, its
extension is increased until the/ sun's ray 19

ove?whelms it and its trace is reduced to nothing
by it. As for the planets and the fixed stars,/

we who investigate the truths of the existent s51:1
forms see them as self-luminous things/ like 2
th? sun. S?me deem them not self-luminous, but

gaining their light/ from the sun, like the moon. 3

Uncertainty as between the two opinions exists
among the peoples since it has not been decided/

betwee? them by a necessary and// direct proof 4
depending on the laws of learning. f. 128b
26
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Verily the difference is known then, s51:5

from what we inferred, between darkness and
shadow, and how/ the two kinds come from one
kind. We say that being illuminated is a quality
which is possessed by a/ non-transparent body
when it is confronted by a luminary, together
with a transparent (medium) being in between
them. So/ that transparent thing will permit
the passage of all of the light through it, but
it will be the portrayer (lif. result, hasil)

of the colors and shapes facing it./ And in fact
confrontation requires straightness of the
distance, and hence the ray(s) of/ the two
luminaries and the stars and fires are seen

in rectilinear extension until they are
necessarily/ concealed from the senses. When
the source of illumination disappears at the
head of its prolongation/ that acquired state
ceases, and it becomes dark. And [since]l
darkness is the absence of light, and shadow

is/ the absence of illumination, hence the
opposition between the two is the opposition
between nullity and being, and not an opposition
between two existent,/ incompatible things.

This is the matter as to the situation which
obtains when visual perception (occurs),/
whether it is for the object seen, according

to the opinion of Galen concerning it, and

the geometers, or whether at/ the [eyel?,
according to the opinion of Aristotle, who sees
it with more validity than the first.

Verily the controversy over it lengthened
in the direction of mutual exasperation among
the leaders of the two opinions, along with/ the
advancement of the geometry of optics (manazir)
from each of the two schools of thought equally.
[Be that as it may]3/ this rectilinearity in the
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solar or visual ray is bent, together with its s51:19

penetration, like its bending/ at the common s52:1
part between two bodies differing in transparency,
because of the purity/ and density differential 2

in the elements of the two, an example being the
difference of air and water for thinness, and

fire for density./ This bending is called refraction,3
like the (apparent) break in the case of a straight
(object), but it is not/ attributed exclusively to 4
[water with]! air only; it is common to other

transparent substances, whether a watery/ fluid 5
or a limited solid, provided there occurred in

it differences in density/ and thinness, together 6
with the absence of (any) mixing. So each one of

them stopped at a [placel]? just as/ the standing 7

of water and oil (duhn) in one vessel by being
contiguous only (i.e. not mixing), and verily/

the common part between the two of them bends 8
this straightness so that there result from it/
marvelous things in water, and crystal, and 9

things like them.
As for (the effect of) smoothness and the 10
lack of penetration, this straightness bends/

with reflection as we remarked in connection with 11
its bending at the surface of water and the surfaces
of mirrors having different (kinds of)/ surfaces, 12

so that one perceives by them (something) different
than what is the object of locking and contrary

to (its) form, and there results/ from it also 13
marvels in the vistas of the air, and by it are
[constructed]d burning instruments./ Air is not 14
affected by light when reflection occurs in it
preserving/ equality of angles. Rather, on the 15
contrary, it is not seen in the case of a concave
mirror in the shape of a cone with vertex/ at the 16
burning point if it is set up along a ray of the

sun falling in a/ wide" house. 17
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So if someone assumes that this cone is s52:18

among the shapes scattered in/ the air which do 19
not appear except in the ray(s) of the sun piercing
through holes into their houses(?),/ he will s53:1

realize that he is correct in his thinking to
visualize the matter in its essence, and that is

that’ the air,/ since it attains the extreme of 2
purity and its freedom from colors not perceived
by sight, for the eye/ indeed perceives colors 3

upon which light is falling, and in (the act of)
perceiving, one cannot dispense with/ a transparent 4
medium between him and them. Hence shapes and

what is connected with perceived (objects)/ as 5
to motions and differences in position are

perceived by means of colors. The distinguishing
between them of the sense common (to all)/ is 6
by the strength of measurement after training

and experience. So the lighting of the air is

not/ sensed by it, but the ray piercing through 7
holes is sensed by the place where it falls//

on/ shapes, they being the solid terrestrial f. 12%a
parts, non-transparent, illuminated,/ and joined 9
by their multiplicity. So it will be seen in

such fashion as to [divert]l from the perception

of what is behind it. So it is no wonder that/

the cone which is seen in the concave mirror is 10
among the kinds of shapes, but/ there is no 11
difference between it and the rest of them which
necessitate its being a cone other than what I

am saying./ That is, the shapes which are 12
receiving the ray are illuminated from above
only/ and are [in shadow]? below, and their 13

shadows are almost sensed if the hand is put/
under the greatest of them near it. Most of them, 14
to sum up, are seen in one condition because of/

their smallness, even if there is a difference in 15
them. If the mirror in that ray is set up
opposite/ the sun's eye it is reflected from it, 16
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it being concave upward (? s3fila), to the
burning position, which is near/ its center,
above it at approximately half the distance
between them, and so there results from that/
reflected ray a cone extending up from below;
so it lights the lowermost of the shapes/ which
are in its path, which before that were dark.
So it differs from others by the doubled light/
and total illumination, and the distinguishing
of the cone of light, so that it becames percep-
tible and sensed.

These shapes also (are) because of the
differences of shadows as to the quantity of
darkness,/ and that is because whether the
shadow is from a gnomon set up, or a built wall,
or/ from the ceiling, if its amount does not
become large because of the great increase in
distance of its ends, so then the air/ around
about it is lighted by the forms which are in
it and there reflects from each of them/ some-
thing of what falls on them of the rays
(reflected) to others than it, and the successive
reflections join/ at that which is in the air of
the shadow. So there results in it distant
(hence weak) illumination until that can be
described/ as very distant. So then the darkness
reasserts itself, and thus is the situation
inside houses./ The ray which enters it illumi-
nates of its wall what is opposite the sun's eye,
which is self-luminous./ Then it is reflected
from it to something else and it lights it up
indirectly and the illumination is weaker than
the first, and so on/ until it is reduced to
nothing. If the penetrating ray is traced into
the house while being looked at, and/ a person
other than he agitates clothing or something
white in the ray behind him, even if it is not/
smooth the observer will perceive that motion
upon the opposite wall/ by the increase of light
and its motion.

As for that which Ahmad b. al-Tayyib
al-SarakhsI mentioned in his book called/ "The
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Elements of Philosophy" (Arkan al-falsafa) s54:16
concerning the blackening of the air at the

heights of lofty places, verily he/ exaggerated(?) 17
the opinion of Aristotle concerning the blackness

of the air according to what appears of his words

in/ the book "De Sensu" (Kit3b al-hiss w'al-mahsOs) 18
which relies on experience and example/ by trial, 19
without (relying on) information (from others),

and he does not transmit to us information about

this blackness and the absence of the sunrise/

[from]l the backs of lofty mountains. They do s55:1
not mention variation in it like what he mentions

with regard to the intensifying of cold/ or the 2
absence of heat. Since Mount [Demavend]? is so

high we have indeed witnessed (it)/ and others 3

than we have witnessed (it) at [the top of]3 its
summit, and the back of its peak. Then he mentions

nothing of that blackness/ even if it does not b4
occur (?). Undoubtedly the Caucasus Mountains
attain extreme loftiness (and we have)/ Aristotle's 5

acknowledgment of it in the book "Meteorologica"

(kitab al-3thar al-‘ulwiya). He adduces reasons

for their height and claims that/ vapor does 6
not ascend to them and that winds do not reach

as far as them. He infers this from the fermanence

of lines and marks/ made in the ashes of sacrifices 7
and (animals) sacrificed on them (remaining) in
their (original) condition without/ being destroyed 8

by wind or being effaced by rain. He mentions
nothing in it about the blackness of the air.

For if it (the air) had been (there)/ he would 9
not have known the customs and the deeds which
were performed on them during/ their early 10

ignorance (i.e. before Islam). They say that

that darkness is more marvelous than other things;

they even/ manufactured fables about it to 11
strengthen the beliefs of those ascending them
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with the sacrifices,/ and those listening to
them// at the time of (their) return.

We see that the air is (vari)colored,
and not everything without a color is described
as/ black, it being one of the colors, not the
absence of them, and the existence of the sun
?pposite these/ summits necessarily implies their
illumination, like the illumination of the
mountain sides, and the low parts, even if they
are not reached/ by vapors or shapes, as the peak
of the mountain which Aristotle described is
illuminated/ in the direction of the summer
s?lstice from the eastern direction before sun-
rise on/ the earth, by an extended (length of)
time.

There results from the saying of Ahmad
that the heavenly bodies are not luminous,'and
that[ the cause of their light is from below,
and is not present except to an observer of it

(looking) at them (from below). So it is claimed/.

The difference between the sun and the moon is
asked about, and the situation differs from one
of them to the other, [not] both of them being/
§elf—luminous. The misfortune for these people
is from their exaggeration in taking sides with
the opinions of Aristotle/ entirely, and in
their @elief, excluding the possibility of

error in it, in spite of their knowledge that

he was one of the deep thinkers,/ but not one

?f Fho§e who are infallible. Deep thinking, even
if it is exaggerated as a cure from the danger/
of errors, this being the cause of their fathers'
complaint and of the suffering of their nature
and.mannqrs;/ they permit themselves to obey the
entirety of the "Meteorologica" of/ Aristotle,

for what is there in it about the ray of eyesight,

as though it is not contrary to his opinion/
except as to the words. [They attribute it]

—_—
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to others than him in order to make him noble,
and if one of/ those studying cosmography as it
really is denies some of the abominable errors
in that book,/ like the lack of inhabitants

(of the globe) under the summer solsticial
tropic (the tropic of Cancer) and their complete
absence behind it/ in the direction of south
(the partisans of Aristotle) agreel on denying
the evidence by refuting it, and so they became
ridiculous/ with their trying to purify his name
from error.

Indeed, I composed a treatise devoted
wholly to that and I called it "A Disclosing
of the Burning Method" (?) (al-Ib3@na ‘an al-
tariqat al-muhtaraga(?) ./ So they do not only
confine themselves to these opinions, but they
consider them as standards. (This) prejudging
of/ their results resembles (alleged) eyewitness
stories, like the blackness which al-Sarakhsi
tells about concerning/ the air at the summits
of mountains, and like their measuring the
quickness of freezing of hot water, because of
its mildness/ and the looseness of its parts,
before the freezing of cold water, because it
is dense and its parts compact.

I put in each of two equal and similar
vessels/ equal amounts of pure water, cold and
hot, (at temperatures) which do not feel painful
to touch,/ and I exposed them in clear ai- at
the same time. So the cold surface froze, but/
some heat remained in the hot one. I repeated
that once again, and I elevated the hot one
very much/ and the cold one froze. But the
hot one did not reach the degree of heat of
the first one. After that is their saying
regarding/ the air of an underground conduit,
that in the winter its heat is in excess of
what it is in the summer, and conversely./ But
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the experiment as to the time of solidification

of wax or melted suet, for each of these/ two
seasons, and the preserving of an amount of
hair from [clothing]! which drives away harm
only in/ them (the seasons) refutes them and
corrects (the notion) that heat and cold are
two qualities/ connected with air.

That which is next to the surface of
the earth is conditioned by them (heat and
cold) more than the conditioning/ of the parts
which are farther from it. I am accustomed
to one of the learned (men) of the partisans
of Aristotle/ telling that if this is correct
it does not [controvert]? what we have of the
natural sciences. So I said to him, "Verily
it will/ [controvert]3 the elements upon which
you built. And if they are [controverted4
and not valid,/ the science (built upon them)
18 not called a science".

As to the laws of natural conditions,
they do actually/ exist. So if true knowledge
of them is attained these laws are then called/
natural sciences. But is not human knowledge
together with what the parts make it, to be ’
r?ckoned by its amount in/ absolute investiga-
tions? Rather it is like the mountains and
the ?bservers' conjecture, and we ask God/
for increase of goodness; verily He is the
guardian of goodness.
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THE THIRD CHAPTER

ON THE VARIATIONS TO WHICH

SHADOWS ARE SUBJECT IN AMOUNT

Verily, that which is connected with shadow
as to variations is of two kinds. One of the two
has to do with/ difference in position of the
source of light (along a direction) parallel to//
the dimension (qutr) which bounds the height £
and lowness, it being/ the dimension of thick-
ness and depth. This variation is expressed
by altitude. The second has to do with/
difference in position of the source of light
(along a direction) parallel to the (plane of
the) other two dimensions, I mean/ length and
width, and it is expressed by direction (or
azimuth). As for the first kind, it affects
the shadow by/ increase in its extent or with
a decrease by contraction.

As for the second kind, it is connected
with a difference in position, together with
equality (i.e. no change?) in/ size. Both
situations exist simultaneously among celestial
sources of light./ So altitude does not vary
except with variation in azimuth, and their
situations are portrayed by isolating (them)
in/ the imagination. So the difference in
altitude is made one (apart from) the azimuth,
and the difference in azimuth one/ from the
altitude, because these two situations, even
if they are found at two different times, the
imagination/ does not cease picturing them as
following (each other) and in a motion which
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is not (actually) present in the sky./ I mean s58:15

the motion of the elevated along one of the
circles of altitude so that/ the azimuth
remains fixed in its situation together with
difference in the altitude, or along a single
almucantar to keep the/ altitude fixed at its
amount. So that is not among the things which
are/ incapable of being pictured among the
first principles, like the impossibility of
two bodies being in one and the same place
together,/ or the presence of two opposites in
one place together and at one time. Verily
these fail to exist/ only because of the
contradiction in their existence itself, like
the earth, (which) the imagination does not
picture as/ <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>