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Abstract 
 
Ab  Ray n Mu ammad ibn A mad B  (973  1048 A.D.) was one of the 
leading mathematicians and astronomers in the 11th-century Islamic tradition. Of 
the some 120 works he penned, 26 are still extant today, and 24 of these have 
been published previously. This thesis is thus devoted to the two, as-yet-
unpublished Arabic texts.  In them,  treats applications of the astrolabe, an 
astronomical instrument used for timekeeping by the sun and stars as well as for 
other purposes.  We provide a critical edition of the Arabic texts of both treatises, 
a complete English translation of the more complicated of the two, a summary of 
the other, introductions, and commentaries. 
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1. Introduction  

1-1: Structure of this Thesis 

This thesis concerns two treatises by Bīrūnī which are published here for the first 

time: (1) the “Treatise on Opening the Way towards Using the Different Kinds of 

Astrolabes” (Arabic: Maqāla fī al-Taṭrīq bi-Istiʿmāl Funūn al-Usṭurlābāt; 

hereafter Taṭrīq), and (2) the “Book on Bringing what is in the Potentiality of the 

Astrolabe into Actuality” (Arabic: Kitāb Ikhrāj mā fī Quwwat al-Usṭurlāb ilā al-

Fiʿl; hereafter Ikhrāj). The two treatises are user manuals for the astrolabe. The 

Ikhrāj is an elementary user manual for the standard astrolabe of a type which 

other medieval Islamic astronomers have also written. The Taṭrīq is a more 

advanced user manual, containing background information, and including 

standard and non-standard astrolabes as well. Texts like the Taṭrīq are extremely 

rare in the medieval Islamic tradition.1 

This thesis is divided into four parts. The first part begins with brief 

introductions on the history of ancient and medieval Islamic mathematical 

astronomy, fundamental concepts of geocentric astronomy, and the principle of 

the standard astrolabe. These introductions can be skipped by readers who are 

already familiar with the subjects. The following chapters are a sketch of Bīrūnīʼs 

biography with a list of his extant works on the astrolabe, and introductions of 

several types of non-standard astrolabes which occur in the Taṭrīq. 

I then give an overview and brief analysis of the Taṭrīq with special 

attention to the peculiar style of Bīrūnī and to the reconstruction of the “crescent-

shaped” astrolabe, a non-standard astrolabe that has not been discussed before in 

the modern literature. This is followed by a brief analysis of the Ikhrāj and a 

tabular comparison between Taṭrīq and Ikhrāj. I also discuss Bīrūnīʼs authorship 

and the dates of these two texts. The Taṭrīq is a late work, written in all likelihood 

after 1036 A.D. when Bīrūnī was in Afghanistan. The Ikhrāj is an earlier work, 

probably written before 1018 A.D. when he was still in his homeland (south of 

the Aral Sea, in Uzbekistan), or in Northern Iran. I then describe the available 

manuscripts of these two treatises, and the relationship between the ten Arabic 

manuscripts of the Ikhrāj that were available to me. I also explain my 

methodology for reconstructing Bīrūnī’s original text. This methodology is 

especially relevant in the case of the Taṭrīq, which has come down to us in only 

one Arabic manuscript. The manuscript is badly written with many scribal 

errors. The introductory part of the thesis ends with a conclusion in which some 

projects for further research are suggested. 

                                                             
1 Two treatises on the use of the crab-shaped astrolabe are listed by Charette, p. 74, note 85. 
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The second part of the thesis contains an English translation and 

commentary of Bīrūnīʼs more challenging astrolabe treatise Taṭrīq. In the 

commentary some of the technical aspects of the text have been analyzed and 

described in modern notation, and connections between the Taṭrīq and the other 

works by Bīrūnī have been indicated. Relationships to his predecessors have been 

mentioned only in cases where this is relevant for understanding Bīrūnī’s text. In 

the commentary I have also supplied geometrical figures which are missing in the 

manuscript; I have drawn these figures on the basis of the text and using 

information from Bīrūnī’s astrolabe works that have already been published 

before. 

The third part of this thesis concerns the second treatise (Ikhrāj). Because 

this treatise is more standard, I have decided not to translate the whole text; a 

complete translation of the two texts would exceed the limits of my PhD project. 

I have translated the titles of all sections and a few sections completely. 

In the Arabic part I have provided a critical edition of the full Arabic texts 

of the Taṭrīq and the Ikhrāj. For the Taṭrīq I have reconstructed Bīrūnīʼs original 

Arabic text from the unique manuscript and corrected the scribal errors: the 

manuscript readings which I have corrected are cited in footnotes. For the Ikhrāj 

I have used the two best Arabic manuscripts which are closest to Bīrūnī’s lost 

original. In my complete edition I have not included the eight other Arabic 

manuscripts because they would not improve the quality of the text but only 

increase the footnotes with irrelevant and erroneous readings. In order that the 

reader may get an impression of the other manuscripts, I have edited the Arabic 

passages which I have translated into English on the basis of all ten available 

manuscripts. 

The thesis ends with a bibliography in which all references have been cited 

by author’s name and year of publication if there is more than one publication by 

the same author. 

I conclude this introduction with some conventions. The names of 

medieval Islamic authors will be presented in their Iranian forms, thus: Bīrūnī, 

not al-Bīrūnī. The Ikhrāj is divided into 69 chapters, and the Taṭrīq in an 

introduction and 20 chapters, which are divided into up to seven sections. For 

easy reference, I have subdivided the chapters and sections in numbered 

paragraphs. I use a notation such as (14-2-4) for my paragraph 4 of section 2 of 

Chapter 14 of the Taṭrīq, and (66-3) for my paragraph 3 of Chapter 66 of the 

Ikhrāj. (0-4) is my paragraph 4 of the introduction to the Taṭrīq. In references to 

works of Bīrūnī I use abbreviated titles, such as: “Shadows, p. 43 (Arabic), p. 16 

(English)”. The abbreviations are explained and the full titles with the used 
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editions and translations are listed under Bīrūnī in the bibliography. For 

sexagesimal numbers I will use the notation of Otto Neugebauer (1899-1990), 

thus: 23;56,7 means 23 + 56/60 + 7/3600. 

1-2:  Outline of the History of Ancient and Medieval Islamic Mathematical 

Astronomy 

Here we give a brief outline of ancient Greek and medieval Islamic astronomy; 

for more information we refer to introductory literature on the subject.1 The 

history of ancient mathematical astronomy began around 750 B.C., when 

Babylonian scribes started to systematically record astronomical phenomena and 

store the records in archives. From 500 B.C. onwards, Babylonian astronomers 

developed numerical algorithms for astronomical predictions;2 in the following 

centuries these calculations became very accurate, so that they were even able to 

predict lunar eclipses and their magnitudes. The Babylonian sources (clay tablets) 

that have come down to us contain mainly numbers and numerical procedures, 

but they also introduced the geometric concept of the ecliptic (apparent path of 

the sun around the earth against the background of the fixed stars) and its division 

into 360 degrees. Their sexagesimal system of astronomical computation was 

transmitted via Greece and the Islamic world to Western Europe, and it is still 

used for the computation of time (hours, minutes, seconds) and angles and arcs 

(degrees, minutes and seconds). Babylonian astronomy died out in the first 

century A.D. 

In the classical Greek period (ca. 500‒200 B.C.), Greek philosophers were 

reasoning about the geometry of the universe and of planetary motion, but the 

Babylonian numerical heritage was merged with the Greek geometrical models 

only around 150 B.C., by Hipparchus3 (see below). From then on, geometrical 

models were combined with numerical positions and predictions, and the 360-

degrees division was extended to all circles.4 Around 150 A.D., Ptolemy of 

Alexandria5 (ca. 100 ‒ ca. 170 A.D.) wrote the Almagest, which is the most 

important work on Greek astronomy. In Gerald Toomer’s translation the work is 

more than 600 pages.6 In the Almagest, Ptolemy developed a geometrical theory 

for the motions of the sun, moon and the five planets (Mercury, Venus, Mars, 

Jupiter and Saturn which are visible in naked-astronomy), and he also describes 

the positions of fixed stars and the phenomenon nowadays called “precession of 

the equinoxes”. The Ptolemaic universe (which he explained in his work 

                                                             
1 For example: John Steele, A Brief Introduction to Astronomy in the Middle East, London, Saqi, 2008; Olaf 

Pedersen, A Survey of the Almagest, Odense, Springer, 1974; for a reader-friendly introduction see: Otto 

Neugebauer, The Exact Sciences in Antiquity, Providence, Brown University Press, 1957 and reprints. 
2 For further information on these numerical algorithms, see: Neugebauer, 1957, pp. 97-138. 
3 For biographical information on Hipparchus and his works, DSB, vol. 15, pp. 207-224. 
4 For more information on the Babylonian and Greek astronomy, see: Neugebauer, 1969, pp. 101-103; 1975, vol. 

1, pp. 2-5. 
5 For biographical information on Ptolemy and his works, see: DSB, vol. 11, pp. 186-206. 
6 See: Toomer, 1998. 
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Planetary Hypotheses) was spherical, consisting of a spherical earth in the center, 

surrounded by spherical shells for the motions of the moon, Mercury, Venus, the 

sun, Mars, Jupiter, Saturn and the fixed stars. The earth was assumed to be fixed 

in the center, and Ptolemy assumed that the outer sphere rotated around the earth 

once every 24 hours. Although Ptolemy’s astronomy is wrong from a modern 

physical point of view, it was very effective. His methods were so powerful that 

it was possible to predict the positions of the sun, moon, the planets, and even 

lunar and solar eclipses with an accuracy sufficient for the naked-eye astronomy 

in his time.1 

The Babylonian and early Greek astronomical heritage was transmitted to 

India, and from there to pre-Islamic Iran; in both these areas lively astronomical 

traditions had developed in the early centuries A.D., and in India original 

contributions were made. After the advent of Islam, when the Abbasid caliphs 

had come to power, the astronomical traditions of Iran, then India and then 

ancient Greece were transmitted to the Islamic world and Arabic developed as a 

scientific language. In the 9th century A.D., the Almagest of Ptolemy was 

translated into Arabic several times.2 Almost immediately the astronomers in 

medieval Islamic civilization started to make their own observations, and to 

correct errors in the Ptolemaic parameter values which had become apparent after 

the interval of seven centuries. Astronomy was widely and intensively studied in 

the medieval Islamic world; more than 200 different handbooks with numerical 

tables (called Zījes) for predictions of astronomical phenomena were compiled. 

In addition, many treatises on the theory and methodology of astronomy and also 

on astronomical instruments and applications of astronomy were written. Much 

of this heritage is still untouched in medieval Arabic manuscripts in libraries all 

over the world. As a result of the activities of the astronomers, the Ptolemaic 

system was refined, some mistakes were corrected, but the work did not lead to 

fundamental revolutions. In particular, heliocentric models and the Keplerian 

theory of elliptic motion were not developed in the medieval Islamic scientific 

tradition. There was perhaps no need for these new developments, for as 

mentioned above, Ptolemaic astronomy was on the whole satisfactory for 

applications in naked eye astronomy. 

From the late 10th century A.D. onwards, medieval Islamic astronomy 

started to trickle down to Christian Europe; the astrolabe was one of the first 

artefacts to be studied in Western Europe. In the 12th century A.D., many 

astronomical texts, including the Almagest, were translated from Arabic into 

Latin. An important role for the transmission was played by the court of Alphonso 

the Wise (13th century A.D.), where Muslim, Jewish and Christian astronomers 

cooperated. All these activities led to the development of astronomy as a scientific 

discipline in Western Europe. The Arabic article “Al” in the title of the Almagest 

                                                             
1 See Pedersen, pp. 11-14; de Solla Price, p. 197-218. 
2 Toomer, 1998, p. 2. 
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and modern star names of Arabic origin (such as Vega, Deneb, Altair, Rigel, 

Betelgeuze etc.) still remind us of the formative role of the Islamic astronomical 

tradition.1 

1-3:  Fundamental Concepts of Geocentric Astronomy 

In order to prepare the reader for my introduction to the astrolabe and for reading 

the texts by Bīrūnī, I now introduce some basic concepts of Greek and medieval 

Islamic astronomy, including Ptolemy’s model of the motion of the sun in Book 

III of the Almagest. The precise numerical and mathematical details are not 

important for the purposes of this thesis, but they will be shown here to give the 

reader a feeling for the subject. The concepts will be introduced here mainly from 

a geocentric and Ptolemaic point of view. I will not discuss the refinements of 

these concepts in the later Islamic tradition after Bīrūnī’s time.2 

The celestial sphere is from a modern point of view a mathematical sphere 

with the earth as center and a very large radius. All celestial bodies are projected 

on the sphere (from the earth) and their motions are studied in first instance on 

the surface of this sphere. The center of the sphere is the earth, but the precise 

radius of the sphere does not matter as long as the size of the earth with respect 

to the sphere can be ignored. Thus one can also think of the celestial sphere as a 

spherical sky (think of the night sky with the stars) with the observer in the center. 

The observer is at the surface of the earth, not at the center of the earth, but the 

difference does not matter because the sphere is so big. To describe the various 

astronomical phenomena different coordinate systems will be introduced below. 

Ptolemy and the medieval Islamic astronomers used the celestial sphere all 

the time but usually they do not say what they meant by it: whether it is a 

mathematical sphere which exists in the imagination only, or  a sphere in the real 

world, or whether it shares properties of both. Bīrūnī explained it in his 

Introduction to Astrology as the outer sphere of the universe, but also as a sphere 

concentric with the outer sphere for each planet.3 We will come back below to 

Bīrūnī’s opinions on the reality of the celestial sphere. 

Modern science has shown that the earth rotates around its axis once every 

day. The observer does not see or feel this rotation, but he notices the effect 

because if he is in the northern hemisphere of the earth, he sees the stars in the 

night sky rotate around a point in the sky called the “North Celestial Pole” (close 

but not identical to the Pole Star). In Ptolemaic and medieval Islamic astronomy, 

the North Celestial Pole was a fundamental point on the celestial sphere, and also 

the South Celestial Pole diametrically opposite it, and the celestial equator. See 

figure 1. The celestial equator is in the same plane as the equator on earth, and 

the plane is perpendicular to the axis through the North and South Celestial Poles. 

                                                             
1 For more information see: Neugebauer, 1975, vol. 1, pp. 7-13. 
2 For example, in the Tadhikra of Naṣīr al-Dīn Ṭūsī (see Ṭūsī in the bibliography) or in the work of Ibn al-Shāṭir, 

see the edition with French translation by Erwan Penchèvre. 
3 Bīrūnī, Introduction to Astrology, pp. 56-57 (Persian), p. 43 (Arabic-English). Bīrūnī intends it as a very large 

sphere in which the planet, moon or sun moves; of course the sphere is not the body of the moon or sun itself. 
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Based on the old geocentric point of view one can say that the celestial sphere 

rotates around the earth once every day around the axis through the celestial poles. 

This phenomenon is called in Islamic astronomy the “daily motion of the 

universe” and also the “first motion”; it is the mathematical equivalent of the 

modern rotation of the earth. The daily motion of the universe is a complete 

rotation (360˚) per day, so 1˚ in every 4 minutes of modern clock time. Ptolemy 

and the Islamic astronomers considered the first motion as a motion from East to 

West, because celestial bodies rise in the East and set in the West as a result of it.  

We now turn to the motion of the sun in the rotating sphere, which is called 

the “second motion” in the Ptolemaic system (this is the equivalent of the 

revolution of the earth around the sun in modern astronomy).  In the course of the 

year, the sun changes its position on the celestial sphere. In spring and summer 

the sun is between the equator and the North Celestial Pole, and in the fall and 

winter between the equator and the South Celestial Pole. The Greek and Islamic 

astronomers assumed that the sun moves in a plane which intersects the celestial 

sphere in a great circle,1 which is called the “ecliptic”, see figure 1. The plane of 

the ecliptic is the equivalent of the plane in which the earth orbits the sun in 

modern astronomy. The ecliptic is divided in twelve equal sections or “signs” of 

30˚ each. In modern times the names of the signs are mainly used in astrology, 

but in Greek and Islamic astronomy they were also used for purely astronomical 

purposes, to record the positions of celestial bodies. The zero point on the ecliptic 

is the point on the ecliptic where the sun passes the celestial equator at the 

beginning of spring (around March 20-21 in the modern Gregorian calendar), and 

the beginning of the modern Persian new year. This is known as the vernal 

equinox or the first point of Aries. 

The first sign, Aries, is the interval on the ecliptic from the vernal equinox 

to the point 30˚ away from it, in the direction of the motion of the sun on the 

ecliptic. The sun moves in the ecliptic approximately 1˚ per day, so it takes 

approximately one month to move through the sign of Aries, and then it passes to 

the next sign Taurus (around April 21). The Latin names of the twelve successive 

signs with their symbols are Aries (), Taurus (), Gemini (), Cancer (), 

Leo (), Virgo (), Libra (), Scorpio (), Sagittarius (), Capricornus (), 

Aquarius (), and Pisces (). The celestial equator intersects the ecliptic at the 

two equinoxes, which are the positions of the sun at the beginning of Aries (vernal 

equinox) and at the beginning of Libra (autumnal equinox) around September 23. 

The summer begins when the sun is at the beginning of Cancer (summer solstice, 

around June 21) and winter begins when the sun is at the beginning of Capricorn 

(winter solstice, around December 21). At the summer and winter solstices, the 

ecliptic touches the tropics of Cancer and Capricorn which are two circles parallel 

to the celestial equator, north and south of it (see figure 1). Note that the equator 

and the tropics of Cancer and Capricorn are also defined on the earth (however, 

                                                             
1 A great circle is a circle through the center of the sphere. 
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the earth is a very tiny dot in the center of figure 1). The motion of the sun in the 

ecliptic has a direction opposite to the daily motion of the universe (that is the 

rotation of the celestial sphere itself). 

 

 

 

 

 

 

 

The ecliptic is also important because it turns out that the moon and the 

planets are always close to it. Their positions and motions were studied in the 

ecliptic coordinate system. The planet was projected perpendicularly along the 

sphere onto the ecliptic, and the distance arc (or distance angle) to the ecliptic 

was called “ecliptic latitude” and expressed in degrees. The latitude could be 

northern or southern.  The latitude of the moon is never more than 5˚, and for the 

planets usually not more than 7˚. The distance between the perpendicular 

projection onto the ecliptic and the vernal equinox () was called “ecliptic 

longitude (λ)”, also expressed in degrees: it was a number between 0˚ and 360˚. 

For the sun, we have 0˚<λ<90˚ in spring, 90˚<λ<180˚ in summer, 180˚< λ<270˚ 

in autumn and 270˚< λ<360˚ in winter. The position on the ecliptic could also be 

given in signs and degrees (for example 5 Gemini) in which case the ecliptic 

longitude was 5˚+30˚+30˚=65˚ (two times 30˚ for Aries and Taurus). The ecliptic 

coordinate system is still used in modern astronomy, and it is fundamental in 

astrology. In figure 2 G and H are the North and South poles of the ecliptic, 

CDFC is the ecliptic, ABA is the celestial equator, O is the earth, P is a 

given celestial object,  is the beginning of Aries, arc D=angle OD and 

arc DP=angle DOP are the ecliptic longitude and latitude of P. 
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Figure 1. Essential circles of the celestial sphere 
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Figure 2. Ecliptic coordinate system on the celestial sphere 
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Another important coordinate system on the celestial sphere is the 

equatorial system, which is still used today. In this system each point on the 

celestial sphere is defined by two coordinates called “declination” and “right 

ascension”. The point was projected perpendicularly on the celestial equator, and 

the distance arc on the sphere to the celestial equator (a number between 0˚ and 

90˚) was called the “declination”. In modern astronomy the declination can be 

positive or negative, but the Greek and Islamic astronomers did not work with 

negative numbers. Their declinations were always positive but “northern” if the 

point is between the celestial equator and the north celestial pole, and “southern” 

if the point is between the celestial equator and the south celestial pole. The other 

coordinate was called “right ascension” and defined as the distance arc between 

the perpendicular projection of the point and the vernal equinox. The right 

ascension, which ranges from 0˚ to 360˚, increases in the same direction as the 

ecliptic longitude. The degrees of right ascension were called time-degrees 

(Arabic: azmān) for reasons which will be mentioned below. One of the problems 

of ancient and medieval astronomy was the transformation of one type of 

coordinates into the other. This could be done by laborious spherical 

trigonometrical computations: but also less precisely without computation by the 

astrolabe. 

 

In figure 3 N and S are the North and South celestial poles of the celestial 

equator, ABCA is the celestial equator, O is the earth, P is a given celestial 

object, DFD is the ecliptic, and  is the beginning of Aries, arc A=angle 

OA and arc AP=angle AOP are the right ascension and declination of P. 

 

 

 

 

 

 

 
  
 

There were also two important coordinate systems on the celestial sphere 

with respect to the observer. The most important reference planes for the 

horizontal coordinate system are the two perpendicular planes of the horizon and 

of the meridian. The two planes intersect in the North and South point of the 

horizon, and the meridian plane passes through the zenith, that is the point on the 

sphere 90˚ away from the horizon, right above the head of the observer. In the 

horizontal coordinate system, a point on the celestial sphere can be indicated by 

altitude and azimuth. As usual, the point is first projected perpendicularly along 

the sphere to the horizon. The “altitude” is the distance of an object above the 

A 

N 

P 

 

O

E 
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S 

Figure 3. Equatorial coordinate system on the celestial sphere 
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horizon to the horizon; it is an arc or angle between 0˚ and 90˚. Objects below the 

horizon cannot be seen but have to be considered for mathematical or astrological 

reasons: then the distance is called “depression”. The zenith has an altitude of 

90˚, and for an observer on the northern hemisphere, the North Celestial Pole is 

above the horizon at an altitude equal to the geographical latitude. Because the 

North Celestial Pole is on the meridian, it can be shown that the celestial equator 

intersects the horizon in the East and West points. 

 In figure 4 NESWN is the observerʼs horizon, N, E, S and W are North, East, 

South and West, Z is zenith, EFWG is the celestial equator, Q is the celestial 

North pole (so arc NQ is the geographical latitude of the observer), P is a given 

celestial object, and O is the observer, arc AP= angle AOP and arc AE= angle 

AOE are altitude and azimuth of P (based on the definition which Bīrūnī used in 

the Taṭrīq).  

 

 

 

 

 

 

 

 

 

 

 

 

In the equatorial coordinate system the first coordinate is the “declination”, 

the distance to the equator, which is the same as on the rotating sphere. The 

second coordinate is the distance to the meridian in western direction. This was 

measured as an arc in “time-degrees”. In modern astronomy, this coordinate is 

called “hour angle” and expressed in hours, where one hour is 15 time-degrees. 

The hour angle of the sun is the local true solar time measured from noon: thus if 

the hour angle is 4 hours, the local true solar time is 4 hours after noon. For any 

celestial object (for example, a star, planet or sun), the distance to the meridian 

changes rapidly because of the daily rotation of the universe. The distance to the 

meridian is closely related to the right ascension, and this is one of the reasons 

why the right ascension is also expressed in “time-degrees.”1 

We now return to the question to what extent the celestial sphere(s) existed 

in reality for the medieval Islamic astronomers. Bīrūnī implies in his Masudic 

Canon (I:2) that the “rotating sphere” and some elements of it exist “by nature”.2 

                                                             
1 The right ascension of a star is equal to hour angle of the vernal equinox (converted to time-degrees) minus the 

hour angle of the star (converted to time-degrees); if the difference is negative, add 360. For further information, 

see: Smart, pp. 25-44; van Brummelen, pp. 1-8. 
2 Bīrūnī, Masudic Canon, vol. 1, pp. 54-55. 

Figure 4. Azimuth-altitude coordinate system on the celestial sphere 
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He does not specify what these elements are but they probably included the 

celestial poles and the equator, and also the ecliptic. He says that other circles 

exist in “by imagination” only, including the circles which were only introduced 

to define coordinates. He probably thought that the zenith, horizon and meridian 

were also mathematical ideas without physical reality. 

We now turn to the Ptolemyʼs theory of the motion of the sun in Book III 

of his Almagest. We will use a notation such as 25;7,43 for the sexagesimal 

fraction 25 + 
7

60
 + 

43

602
. Ptolemy first determined the length of the year (period 

between two passings of the sun through the vernal equinox) as 365;14,48 days. 

Therefore the average motion of the sun per day is 0˚;59,8,17.1 

The Babylonians and Ptolemy’s Greek predecessors knew already that the 

motion of the sun in the ecliptic was a bit slower in summer and a bit faster in 

winter. To explain the variation, Ptolemy assumed that the center C of the perfect 

circle does not coincide with the center of the earth E (Figure 5). Extend EC to 

meet the solar orbit at point A, then A is called the “apogee”, that is the point 

where the sun is farthest from the earth. Ptolemy now wanted to find out where 

exactly C is located so that the observed variation in the speed agrees with his 

model. In Almagest (III:4), he supposed that the radius of the circle (CA=CS) 

is  60, and he showed CE = 2;30, and that line ECA extended intersects the ecliptic 

in 5 Gemini (ecliptic longitude 65). Later in the Almagest (V:15), Ptolemy also 

determined the distance of the sun as approximately 1200 earth radii,2 so point C 

is approximately 50 earth-radii away from the earth. Medieval Islamic 

astronomers found that if CA=60, CE is approximately 2 (that is, EC is ca. 40 

earth-radii),3 and that line ECA had moved in the direction of Cancer in the 

centuries that had passed since Ptolemy.  
 

 

 

 

 

 

 

 

 

 

 

 

                                                             
1 Actually Ptolemy gives the daily motion as 0˚;59,8,17,13,12,31 as the result of dividing 360˚ by the length of 

the tropical  year (the time that the sun takes to return to the same position in the ecliptic as seen from the earth) 

365;14,48. The last three sexagesimals of the daily motion are not significant. Compare Pedersen, p. 133 
2  This is roughly 

1

20
th of the modern value. See: Pedersen, pp. 209-213 

3 Bīrūnī (Masudic Canon, vol. 2, pp. 653-658) listed different values of the eccentricity measured by himself 

and his predecessors in the Islamic tradition such as the Banū Mūsā (9th century A.D.) and al-Battānī (ca. 900 

A.D.). 

C 

E 

Figure 5. Eccentric model of the sunʼs motion 
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All that is necessary to compute the position of the sun is to know one 

moment when it is in the apogee A, then its position at all other times can be 

computed. Because S moves on the circle with constant speed, angle ACS is a 

linear function of time. In triangle SCE we can suppose CS=60, then CE= 2 
1

2
  and 

angle SCE=180‒angle ACS are known, so angle SEA=(angle SCA±angle ESC) 

can be computed by trigonometry. In the Almagest, Ptolemy arranged everything 

in a convenient way in tables, so that the position of the sun at any moment of 

time could be computed by a few additions and multiplications. He (or his 

assistants) compiled a table for “mean motion”,1 which is the direction of S seen 

from C. He added a table for the “solar equation” (angle ESC) which has to be 

added or subtracted to the mean,2 to find the actual position of the sun in the sky. 

Here and elsewhere (also in the astrolabe treatises below), the term “equation” 

really means “correction” and should not be confused with modern mathematical 

equations.  All medieval Islamic astronomical handbooks contain tables for the 

mean motion and equation of the sun, usually computed on the basis of parameter 

values slightly better than 0˚;59,8,17 and 2;30.  Thus Bīrūnī could assume in his 

astrolabe treatises that the reader can determine the position of the sun in the 

ecliptic at any given date and time.  

Here is how the solar theory is based on observations. Greek and Islamic 

astronomers often made observations of the altitude of the sun at noon, when it 

reaches the highest position above the horizon. At this moment it passes the 

meridian and is exactly in the south. We assume that the observer is in the 

northern hemisphere, between the Tropic of Cancer and the Arctic Circle. We 

will present the argument in modern notation. The noon altitude of the sun reaches 

a maximum M at the beginning of the summer around June 21 and a minimum m 

in the beginning of winter around December 21. From these observed quantities, 

which are almost the same for a number of days, the astronomer obtained the 

obliquity of the ecliptic ε=
1

2
(M-m) and also the geographic latitude φ of his 

locality using 90˚‒φ=
1

2
 (M+m). The solar noon altitude is exactly 90 ‒ φ at the 

beginning of spring (vernal equinox, around March 20) and autumn (autumnal 

equinox, around September 23). 

Suppose that on any day the noon altitude of the sun is observed, and let it 

be 90˚ ‒ φ ± δ. Then δ is the declination of the sun, which is northern in spring 

and summer, and southern in autumn and winter. δ always ranges between 0˚ and 

ε. Now λ can be computed from δ by methods equivalent to sin δ=sin λ.sin ε.3 

From this information one can find that λ increases nearly 1 degree per day and 

that the daily increase is somewhat less than average in summer and a bit more 

                                                             
1 For the table of the sunʼs mean motion, see: Toomer, 1998, pp. 142-143. 
2 For the concept and calculation of the solar equation, see: Toomer, 1998, p. 167. 
3  See: Toomer, 1998, I:14-15, pp. 69-72; Instead of sines, Ptolemy used the chords, and he also computed a chord 

table (the equivalent of a sine table) in Almagest I:11 (Toomer, 1998, pp. 57-60). 
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than average in winter.  It was now a geometrical problem to compute the 

intersection of ECA and the ecliptic and their ratio EC:CA (the “eccentricity”) 

from the data. Following Hipparchus, Ptolemy made the computation from the 

length of the seasons, that is from observations and computations of the time 

when δ=0 or δ=ε; see Almagest (III: 4).1 The exact moment when δ=0 is usually 

not at noon, so to find the exact moment, Ptolemy needed noon altitude 

observations for two successive days and interpolation between them. 

 Starting from the theory of the sun, Ptolemy built his theory of the moon. 

He then used the computed lunar positions to determine the ecliptic coordinates 

of bright stars, which had also been determined by Hipparchus three centuries 

earlier.2 Ptolemy found that the ecliptic latitudes of the stars had remained 

unchanged but that their ecliptic longitudes had increased by 1˚ per century.3 He 

concluded that the stars had a very small motion with respect to the vernal 

equinox, which he considered as a fundamental reference point in his geocentric 

system. The value was improved by medieval Islamic astronomers to 1˚ per ca. 

70 years.4 According to modern astronomy the motion is actually due not to the 

stars but to the axis of the earth, and the phenomenon is called “precession of the 

equinoxes”.5 

 

1-4: The Principle of the Astrolabe 

The planispheric astrolabe is a portable astronomical instrument based on the 

projection of the celestial sphere onto a plane to create a map of the heavens. The 

astrolabe was used to avoid trigonometric computation. It also has a didactic 

purpose.   

The astrolabe is based on the stereographic projection of the celestial 

sphere (reduced in size) onto a plane. One chooses a point P on the sphere, which 

is called the “pole of the projection”, and a plane of projection which is 

perpendicular to the diameter of the sphere through the pole of projection. For 

any point Q on the celestial sphere, not equal to P, one draws the straight line PQ 

and intersects it with the plane of projection at Q́. Then Q ́ is the stereographic 

projection of Q. The point P itself is not mapped onto the plane of projection; if 

Q approaches P, its projection Q ́ goes to infinity (Figure 6). Stereographic 

projection has nice mathematical properties: (1) all circles on the sphere are 

projected on circles or straight lines in the plane of projection, and (2) 

                                                             
1  See: Toomer, 1998, pp. 153-157; Pedersen, pp. 145-149. 
2  In Ptolemaic astronomy, it was only possible to determine the position of the vernal equinox from the position 

of the sun. Moreover, it was not possible to determine the position of the fixed stars directly from the position of 

the sun. For this purpose the astronomers needed to know the position of the moon as an intermediary. 
3 Toomer, 1998, p. 328; Pedersen, p. 239. 
4 al-Battānī, p. 192. 
5 al-Battānī, p. 192. 
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stereographic projection preserves angles.1 Property (1) was well known in Greek 

antiquity and the Islamic middle ages. 

 

 

 

 

 

  

 

 

In the standard form of the astrolabe, the celestial sphere is projected 

stereographically on the plane of the celestial equator, and the pole of projection 

is the invisible celestial South pole. The projection is called “northern” because 

the projection of the North pole is visible. The celestial sphere with the horizon 

coordinate system is projected on a metal disk called the “plate”.2 The celestial 

sphere with the ecliptic and ca. 20-30 bright stars is projected on a pierced metal 

disk of the same size, called the “spider” or the network. By rotating the spider 

over the plate around the center of the astrolabe, which is the projection of the 

North celestial pole, one can simulate the daily rotation of the celestial sphere. 

Below the plate and the spider will be described in more detail. 

The astrolabe is usually made of brass and consists of four main parts.3 The 

first part is the body of the astrolabe. It is called “mater” (Figure 7) or mother, 

and holds the other parts. The circumference of the mater contains a rim with a 

scale divided into 360˚. The top of the mater contains a triangular protrusion 

called “throne”, to which a handle and a ring are attached. In this way the 

instrument can be held in the hand and suspended vertically. The diameters of 

most extant astrolabes are between 15 and 25 cm.  

 

                                                             
1 For proofs see, for example, Neugebauer, 1975, p. 858-860 and Morrison pp. 48-52. 
2 For the principle of the stereographic projection and its formulas see: dʼHollander, pp. 51-57 and Morrison, pp. 

6-7. 
3 For a brief history of the astrolabe and stereographic projection see: Neugebauer, 1949, p. 246. 

Q́ Plane of Projection 

P 

Q 

Figure 6. The northern stereographic projection of a given point on the celestial sphere 
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The second part of the astrolabe is a circular plate which contains the 

projections of circles on the celestial sphere. The projections include the celestial 

equator and the tropics of Cancer and Capricorn, as in figure 8; the Tropic of 

Capricorn usually fits just inside the circumference of the plate. A small hole is 

drilled in the center of the plate which corresponds to the North Celestial Pole.  

 

 

The plate also contains a grid bounded by the projection of the horizon at 

the locality (see figure 9a). The curves in the grid are of two types. Curves of the 

first type are the projections of parallel circles of equal altitude called 

“almucantars” or bridges. The almucantars appear in figure 9a for 3-degree 

intervals, as a series of nearly concentric circles and arcs, beginning with the 

horizon and ending with the zenith.  The curves of the second type are called 

Figure 7. The mater of an Islamic planispheric astrolabe made of brass by Khalīl Muḥammad ibn 

Ḥasan ʿAlī, ca. 1710 A.D., Isfahan; Oxford Astrolabe Collection, no. 33739 [CCA 1017 or 1019]. The 

mater of this astrolabe carries some inscriptions to determine the direction of qibla in various cities  

Figure 8. The northern stereographic projection of the tropics and celestial equator  
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“azimuthal lines”. They are projections of quarter circles on the celestial sphere, 

which begin at the zenith and descend perpendicularly to the horizon. Each 

quarter circle contains all points on the celestial sphere in one compass direction 

(for example, all points in the north east). In figure 9a the azimuthal lines are 

drawn for 5-degree intervals. The azimuthal lines are arcs of circles, except for 

the meridian (the circle on the sphere through the North and South points of the 

horizon and the zenith), which appears as a straight line. The projections of the 

horizon, almucantars and azimuthal circles depend on the latitude of the locality 

so for different latitudes, different plates were necessary. The grid in figure 9a is 

drawn for 41˚, the geographical latitude of Istanbul. 

 

Figure 9a. Main lines on the plate of the standard astrolabe, diagram drawn by Wilfred de Graaf 

Figure 9b shows the geometrical construction of the horizon and 

almucantars from the geographic latitude. Usually an astrolabe contained up to 6 

plates which were engraved on both sides. The tropics of Cancer and Capricorn 

and the celestial equator appear as the same three concentric circles on all plates 

of the astrolabe. Each plate fits precisely in the rim of the mater.  1 

We continue with some terminology and remarks which will be useful in 

what follows.  The meridian is divided into two parts: the part above the center 

of the astrolabe is called “midheaven-line” and the part below the center “line of 

the pillar of the earth”. This terminology is connected to astrological applications. 

                                                             
1 For more detailed explanations on the curves of the astrolabe, see: dʼHollander, pp. 62-122. 
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The celestial equator intersects the horizon at the East and West points, which are 

therefore on the astrolabe at the same distance from the center. The almucantars 

above the horizon are used to determine the altitude angle of a visible object and 

called the “almucantars of altitude” (muqanṭarāt al-irtifāʿ) as opposed to the 

“almucantars of depression” (muqanṭarāt al-inḥiṭāṭ) which are located below the 

horizon but usually were not engraved on the astrolabe. Figure 9a contains one 

almucantar of depression 18˚, used to determine the beginning of dawn and the 

end of dusk. The “first vertical” is the azimuthal circle which passes through the 

East and West points of the horizon. The name “first vertical” is explained by the 

fact that the azimuth was usually counted from the East and West towards the 

North and South; thus the minimum value would be zero in modern terms, but 

the Islamic astronomers would say that the East and West point have “no 

azimuth”. The maximum value 90˚of the azimuth was reached by all points on 

the meridian (except the zenith where the azimuth is undefined).  

The East and West points of the horizon are connected by a straight line 

called the “East-West line,” which is not the projection of an important circle on 

the sphere. The North-East, South-East, South-West and North-West quadrants 

on the horizon could be easily identified on the plate by means of the intersection 

of the horizon with the East-West line and the meridian (Figure 9a). Note that the 

southernmost part of the horizon is south of the Tropic of Capricorn and therefore 

does not appear on the plate. 

If the spider makes one complete rotation around the center, each point on 

the ecliptic and each star describes a circle. These circles were called “orbits”. 

They were the projections of the orbits of the star on the celestial sphere. Three 

important orbits are the celestial equator and the tropics of Cancer and Capricorn. 

Bīrūnī calls them “orbit of Aries”, “orbit of Cancer” and “orbit of Capricorn” 

respectively. It would be more correct to say “orbit of the beginning point of 

Aries” etc. 

Figure 9b illustrates the northern stereographic projection of the horizon 

AB and of an arbitrary almucantar CD with the altitude AOD. The upper part of 

the figure is the intersection of the celestial sphere with the meridian plane; then 

AB is the intersection of the horizon and CD the intersection of the almucantar. N 

and S denote the celestial North and South poles, and angle AON is the 

geographical latitude. The upper part of the figure shows (broken lines) the 

stereographic construction of the intersections of the horizon and the almucantar 

with the meridian. They are transferred to the lower part of the figure as A', B', 

C', and D', from the stereographic projections of A, B, C, and D. A little 

geometrical consideration shows that A'B', C'D' are the diameters of the 
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projections of the horizon and the almucantar and therefore it is easy to draw the 

projections themselves.1 

 

Figure 9b. The process of northern stereographic projection of the horizon and a given 

almucantar  

Furthermore, the so-called “seasonal hour-lines” were usually engraved on 

the plate of the astrolabe below the horizon. A seasonal hour is one-twelfth of the 

night or daytime, and the lines for the night hours were obtained by dividing the 

parts of the equator and tropics below the horizon into 12 equal parts and joining 

the division points by smooth curves, usually circular arcs (Figure 9c). 

                                                             
1  All information on the construction of circles on the plate can be found in Morrison, pp. 67-79. Bīrūnī also 

described the constructions in detail in his Astrolabe Construction (pp. 18-27, 54-57). 
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Figure 9c. The main lines on the plate of a standard astrolabe, made in the 18th century A.D., Iran; Adler 

Planetarium Collections, no. A-146 (http://www.adlerplanetarium.org/collections/) [CCA 2564] 

The third part, called “rete” or “spider” (Ar. ʿankabūt), is a pierced round 

plate which contains the projections of the ecliptic and of the positions of some 

bright stars. The names of the stars are indicated on star-pointers which end 

exactly at the projection of the star (Figure 10a). The astrolabe-makers usually 

tried to cut out as much metal as possible so that large parts of the plate are visible 

while the spider is on top of it. The zodiacal signs follow each other on the spider 

in counter-clockwise order, but the projections of the signs are not equal: Gemini 

and Cancer are the smallest while Sagittarius and Capricornus appear largest. The 

projection of the ecliptic is always on the outer circumference on the zodiacal 

circle on the spider. A small metal tip is attached to the spider at 0 Capricornus 

(winter solstice). This tip is called the “absolute pointer” and is used to indicate 

degrees on the 360-degree scale of the mater. 

 

Figure 10a. The spider of the standard astrolabe (derived from an Islamic astrolabe made by Khujandī 

(d. ca. 1000 A.D.) but corrected for precession), diagram drawn by Wilfred de Graaf 

http://www.adlerplanetarium.org/collections/
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The spider and plate are attached by a little axis to the mater at the center 

of the astrolabe (corresponding to the celestial North Pole). An astronomer who 

wanted to use the astrolabe would place the plate for the geographical latitude on 

the mater of the astrolabe and the spider, which is the same for all latitudes, on 

top of it. The position of the plate is fixed by a protrusion of the mater which fits 

into a notch of the plate, in such a way that the projection of the meridian is 

vertical if the astrolabe is suspended. But the spider can rotate freely around the 

pole. Any position of the spider on top of the fixed plate will simulate a certain 

celestial configuration: some stars will be above the horizon, others will be below 

it (Figure 10b). In the standard astrolabe, the stars in the spider are not as we see 

them in the sky but they appear in mirror image. It is as if we are looking at the 

celestial sphere with stars from the outside. 

 

Figure 10b. Right side the spider, left side the spider put on top of a plane which is inserted in the mater. 

Astrolabe made in 1699-1700 A.D., Iran; Adler Planetarium Collections, no. A-37 

(http://www.adlerplanetarium.org/collections/) [CCA 2541] 

 

By turning the spider clockwise, part of the ecliptic and some stars will rise 

on the eastern horizon (on the left side of the astrolabe) and another part of the 

ecliptic and other stars will set on the western horizon (right side of the astrolabe). 

Thus one can simulate the apparent rising and setting of stars, the sun and zodiacal 

signs. The corresponding time interval will be indicated on the 360-degree scale 

on the rim as the “rotation of the universe” in time-degrees, where each degree 

corresponds to 4 modern clock minutes.  

In most European astrolabes, the scale on the rim is not in degrees but 

in hours so the connection with time is even more immediate. The European 

astrolabe makers used the so-called equinoctial or equal hours, equal to 
1

24
th of a 

day, which are also used today. Equinoctial hours became popular after the 

development of mechanical clocks in the 14th century; in early medieval Europe 

and in the medieval Islamic tradition, seasonal hours were used in civil life. 

http://www.adlerplanetarium.org/collections/
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Seasonal hours are not of uniform length and therefore could not be used on the 

scale on the rim.  

The fourth essential part of the astrolabe is the alidade, which can be used 

for measuring the altitude of the sun or bright stars. The alidade is a ruler-shaped 

metal piece with a length almost equal to the diameter of the mater. In Islamic 

astrolabes, it is pivoted at the center of the astrolabe on the back of the instrument. 

The alidade has two vanes or targets (called “sights”), perpendicular to the ruler. 

The vanes are of the same size and have holes at the same spots (Figure 11). The 

back of the astrolabe is divided into four quadrants by a horizontal and vertical 

line through the center.  The two upper quadrants contain 90-degree altitude 

scales. 

To measure the altitude of the sun or a star, one suspends the astrolabe and 

rotates the alidade in such a way that rays of the sun pass through both holes, or 

so that a star could be sighted through both holes. Then the upper end of the 

alidade indicates the altitude above the horizon in degrees on the altitude scale. 

The back of the astrolabe often contains two shadow quadrants (Figure 11, 

lower left and right), a sine quadrant (Figure 11, upper left), and a quadrant with 

prayer lines (Figure 11, upper right).1 

 

 

 

Figure 11. The back of a standard astrolabe, made in the 18th century A.D., Pakistan; Adler Planetarium 

Collections, no. DPW-52 (http://www.adlerplanetarium.org/collections/) 

                                                             
1 In some cases the Islamic prayer lines are engraved below the horizon on the front side of the astrolabe, for an 

extant example see: Debeauvais and Befort, p. 106; For different parts of the astrolabe: Morrison, pp. 8-15   

http://www.adlerplanetarium.org/collections/
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As an example of the application of the astrolabe, I will now show how to 

use it to tell the time. First find the position of the sun by means of an astronomical 

table and mark its position in the ecliptic on the spider – the ecliptic is on the 

outer circumference of the zodiacal circle in the spider. Then measure with the 

alidade the altitude of the sun and note whether it is east or west of the meridian, 

in other words, whether it is morning or afternoon. Now we can “set” the 

astrolabe, which means the following. Rotate the spider until the point in the 

ecliptic which is the position of the sun is placed on the almucantar for its 

measured altitude. Now the position of the spider on the plate shows the celestial 

configuration of the moment. Now many things can be read off, such as the 

azimuth of the sun, and the point of the ecliptic which rises on the eastern horizon. 

This rising point is also called the “ascendant” and it is of fundamental 

importance for astrology. Then one can rotate the spider while looking at the 

position of the (absolute) pointer on the rim (1 hour is 15˚), and in this way predict 

how much time it will take until sunset, or how much time has passed since 

sunrise or the time before or after the culmination in the meridian. The unit of 

time is the “time-degree”, which corresponds to 4 minutes on a modern clock. 

Finding the time by numerical computation would be much more difficult, 

although it is certainly possible and the ancient Greek and medieval Islamic 

astronomers certainly knew how to do this.  

One more remark on time-keeping is relevant for reading the texts by 

Bīrūnī. The position of the pointer of the spider on the 360-degree scale (winter 

solstice) is related to the modern concept of sidereal time, that is the hour angle 

of the vernal equinox. To find the sidereal time, subtract 90˚ from the number 

indicated by the pointer, and then divide by 15˚ to obtain the sidereal time in 

hours. Islamic astronomers never used a concept like sidereal time: to indicate a 

particular position of the spider they used the ascendant, that is the point of the 

ecliptic which rises in the East. Thus, if a modern astronomer would say: “set the 

astrolabe for sidereal time 6 hours”, a medieval Islamic astronomer would say 

“set the astrolabe for ascendant 0˚ Libra” or rather “the beginning of Libra”. It is 

often stated by modern historians that the ascendant was only used in medieval 

Islamic astronomy for astrological applications. However, this is not true: the 

ascendant was also used to encode what we now call sidereal time. 

Thus far we have looked at astrolabes with northern stereographic 

projection.  One can also take the Northern Celestial Pole as projection center, 

and thus obtain the “Southern” astrolabe. On the plate of the southern astrolabe, 

the celestial equator is the same as on the northern astrolabe but the tropics of 

Cancer and Capricorn are interchanged. The Tropic of Cancer now appears on 

the outside (Figure 8). The center of the astrolabe is now the celestial South Pole. 

The area around it corresponds to an invisible part of the sky. The almucantars of 

the southern projection appear as circles with very large radii, and the almucantar 

through the North celestial pole appears as a straight line. The spider of the 
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Southern astrolabe does not contain stars north of the Tropic of Cancer, so it is 

also different from the spider of the Northern astrolabe. Contrary to the Northern 

astrolabe, the spider of the Southern astrolabe shows the stars as we see them in 

the sky, not in mirror image.  

Figure 12, left side, shows the almucantars on a Northern astrolabe with 

seasonal hour lines below the horizon, and Figure 12, right side, the almucantars 

on a Southern astrolabe (upper side) with (incorrectly drawn) hour lines below 

the horizon.  

 

Figure 12. The almucantars and hour-lines on the plates of the Northern (a) and Southern (b) astrolabes 

from Bīrūnī , Astrolabe Construction, Tehran Majlis Library, ms. 1926, ff. 15, 29  

The (Northern) astrolabe is a great instrument for workshops. The astrolabe 

can be easily explained by giving each member of the audience a simple model 

of an astrolabe and then by having them do exercises. The astrolabe is not only 

historically interesting, it can also illustrate simple concepts of modern astronomy 

(such as the ecliptic, the cause of the seasons, coordinate systems, etc.) 

The basic references for the astrolabe are the recent works by Morrison and 

d’Hollander, and for Islamic astrolabes, D.A. King’s In Synchrony of the 

Heavens, vol. 2. Prof. S.R. Sarma has recently published on the internet his 4500-

page catalogue of astrolabes and other astronomical instruments that were made 

in the Indian subcontinent; many of these astrolabes belong to the Islamic 

tradition.  The best online collections of photos of astrolabes are those of the 

Museum of History of Science in Oxford and the Adler Planetarium in Chicago. 

A useful animation of a (European, not Islamic) astrolabe can be found at 

www.astrolabeproject.com 

1-5: A Concise History of the Astrolabe in Islamic Civilization 

The stereographic projection was known to Hipparchus and Ptolemy, and the 

history of the astrolabe as an instrument goes back to late antiquity (fourth century 

A.D.).1 In the Planispherium, Ptolemy does not mention the astrolabe itself but 
                                                             

1 For more information on the early history of the astrolabe, see: Neugebauer, 1949, p. 240. 
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he nevertheless discusses techniques in stereographic projection that are of 

immediate use in the astrolabe. Bīrūnī (Taṭrīq, 0-0-3) considered the 

Planispherium as the only work on the construction of astrolabes by the Greeks 

that came down to the Islamic tradition.1 According to Bīrūnī in the Taṭrīq, (0-0-

2), the only ancient Greek user manual on the astrolabe was the work by 

Abyūn/Ibūn the Patriarch On the Use of the Planispheric Astrolabe. Abyūn/Ibūn 

is otherwise unknown but his book may well be the same as the elementary user 

manual attributed to Theon of Alexandria (4th century A.D.) which has come 

down to us in a seventh-century Syriac version by Severus Sebokht.2 

One may well ask how many treatises on the construction or use of the 

astrolabe were written by predecessors of Bīrūnī. The available sources mention 

around 20 such treatises, but only ca. 10 of them are extant,3 and also some brief 

letters by Abū Naṣr ibn ʿIrāq (d. ca. 1036 A.D.) on the construction of the 

astrolabe. This relatively small number of astrolabe treatises is inconsistent with 

Bīrūnīʼs statement in the Ikhrāj (no. 0-2) that most Islamic astronomers wrote 

about the astrolabe. Bīrūnī mentions the ninth-century works on the astrolabe by 

Khwārizmī, Farghānī, and ʿAlī ibn ʿIsā, and most importantly, the 10th century 

works by ʿAbd al-Raḥmān al-Ṣūfī (903-986 A.D.), whom he criticized severely 

in the Taṭrīq (0-1-2). 

The most important innovation in the astrolabe in the Islamic tradition was 

clearly the introduction of the azimuthal lines (first mentioned by Khwārizmī in 

the 9th century A.D.)4, which made the instrument much more versatile. Before 

Khwārizmī, astrolabe plates contained almucantars but no azimuthal lines. 

Other innovations were the special plate for the projection of the 

astrological rays. This plate is not mentioned in any pre-Islamic astrolabe text; 

the quadrant with lines for prayer-times on the back of the astrolabe (mentioned 

to al-Ṣūfī), and the prayer lines on the astrolabe plates (probably invented by 

Bīrūnī). Between 500 and 1000 astrolabes have come down to us (completely or 

in part) from the Islamic tradition before ca. 1800.5 No astrolabe made by Bīrūnī 

himself is known to exist, but we have an astrolabe made by Khujandī (d. ca. 

1000 A.D.)6 whom Bīrūnī knew personally and whom he considered to be an 

outstanding astrolabe maker.7  

                                                             
1 Maslama al-Majrīṭī (d. 398 A. H./1007-1008 A.D.) related this work to the astrolabe as well, see: Kunitzsch and 

Lorch, pp. 12-31. 
2 For the works attributed to Theon and Severus Sebokht see: Neugebauer, 1949, pp. 242-243. 
3 Vafea, 2006, pp. 22-34, see also King, 2004-5, vol. 2, p. 456-457. Vafea, 2006, pp. 36-40 contains a tabular 

comparison of the contents of the ancient and medieval Islamic astrolabe treatises until the time of al-Ṣūfī. 
4 King, 2004-5, vol. 2, p 367; Frank, 1922, pp. 1-32, esp. p. 15. 
5 I have made this estimate by comparing d’Hollander p. 24, King, 2004-5, vol. 2, pp. 1005-1015, S.R. Sarma, A 

Descriptive Catalogue of Indian Astronomical Instruments, consulted March 2019 at www.srsarma.in. 
6 This astrolabe was made in 374 A. H./ 984-985 A.D., and is preserved in the Museum of Islamic Art (inventory 

number: SI. 5), Doha, Qatar. For a description see: King, 2004-5, vol. 2 p. 503-517. 
7  Bīrūnī, Coordinates, p. 107 (Arabic), p. 75 (English); King, 2004-5, vol. 2, pp. 455-456. 
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Some of the astrolabes that have come down to us are lavishly decorated, 

sometimes in very artistic ways. Such astrolabes must have been made not for 

astronomers but for rulers and wealthy people. Other astrolabes are simpler, but 

(with the exception of evident fakes) all astrolabes were precision instruments 

that required specialized knowledge of the craftsmen who made them. There 

never was a mass production of astrolabes in Islamic civilization.1 The tradition 

seems to have died out in the 18th and 19th centuries.  The many astrolabes that 

have come down to us are an impressive witness of the richness of the Islamic 

scientific tradition before 1800 A.D. 

1-6: Non-Standard Astrolabes 

The Taṭrīq is devoted in part to several types of non-standard astrolabes that had 

been designed in the medieval Islamic tradition. Some non-standard astrolabes 

were based on projections other than the stereographic projection, such as the 

melon-shaped astrolabe (which may have been designed by the philosopher 

Kindī, ca. 800-870 A.D), and Bīrūnī’s astrolabe based on cylindrical projection. 

These are mentioned in the Taṭrīq but not discussed in much detail, probably 

because the use of these non-standard types of astrolabes was pretty much the 

same as the standard astrolabes.2 In the Taṭrīq, Bīrūnī pays more attention to 

astrolabes which have to be used in a way different from the standard astrolabe. 

Below we will give a brief survey of the subject with some examples.  

In the standard astrolabe, the celestial South Pole is used as the pole of 

projection, and the projection is called Northern, because the North Pole and 

surroundings are visible in the middle of the astrolabe. One can also use the 

celestial North Pole as pole of projection, and in this case the projection is called 

Southern, and the center of the astrolabe is invisible in the sky (for an observer 

on the Northern hemisphere), see Taṭrīq (1-3). In mixed astrolabes, the northern 

and southern stereographic projection are applied simultaneously. As an 

introduction, figure 13 shows how the ecliptic is projected according to the 

northern and southern projections onto the plane of the equator. 

                                                             
1 Like much of Islamic science, astrolabe making must have been connected to the higher strata of society, 

compare: Brentjes, for example p. 33. 
2 For the ascendant this is indicated in the Pearls (Dallāl, pp. 116-117) where in the Arabic line 9, translation line 

16, the word mubaṭṭaḥ “planispheric” should be changed to mubaṭṭakh “melon-shaped”. 
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Figure 13. The stereographic projection applied for mixed astrolabes 

 

 

 

Figure 14. The northern and southern projections of the ecliptic, drawn by Wilfred de Graaf 

Figure 14 shows the northern and southern projections of the ecliptic with 

the signs. In the southern projection, the signs from Libra to Pisces appear inside 

the projection of the equator, and the signs Aries to Virgo appear outside, and in 

the northern projection the situation is opposite.  Below are some examples of 

non-standard astrolabes in the Taṭrīq. 

1-6-1: The Myrtle-Shaped (āsī) and the Drum-Shaped (muṭabbal) Astrolabes  

Bīrūnī introduces the myrtle-shaped and drum-shaped astrolabes as the earliest 

types of mixed astrolabes (Taṭrīq, 0-2-1). In the myrtle-shaped astrolabe, which 
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was also called “myrobalan-shaped (ihlīlajī)”,1 half of the celestial sphere, 

including the northern zodiacal signs (Aries, Taurus, Gemini, Cancer, Leo and 

Virgo) are projected on the spider by the northern projection, and the other half 

of the celestial sphere, including the southern zodiacal signs (Libra, Scorpio, 

Sagittarius, Capricornus, Aquarius and Pisces) by the southern projection. The 

two halves of the sphere are bounded by the circle though the celestial poles and 

the equinoxes. In figure 14, the combination of the two inner arcs forms the 

ecliptic in the myrtle-shaped astrolabe.  

If we use the same overlapping circles of figure 14 and omit the two small 

arcs, the remaining part of the figure, consisting of the two large arcs,  represents 

the spider of the drum-shaped astrolabe, which was also called “quince-shaped 

(safarjalī)” (Figure 14).2 Table 1 represents the type of projection (N northern, S 

southern) for each zodiacal sign on the spider of the myrtle-shaped and drum-

shaped astrolabes.3 

 ♈ ♉ ♊ ♋ ♌ ♍ ♎ ♏ ♐ ♑ ♒ ♓ 
The myrtle-shaped astrolabe N N N N N N S S S S S S 
The drum-Shaped astrolabe S S S S S S N N N N N N 

Table 1: The type of stereographic projection (northern [N] or southern [S]) 

To use the myrtle-shaped and drum-shaped astrolabes, one needs 

almucantars for northern and for southern projection. On the plate for this type of 

astrolabes, the northern almucantars were engraved at the normal place, but for 

the southern projection only the horizon, which is the standard horizon mirrored 

in the East-West line. Bīrūnī used the term “transverse horizon” (see Taṭrīq 0-8-

8), which was probably his own invention, to distinguish it from the “common 

horizon” for the usual northern projection. For operations which involve the 

horizon only, the mixed astrolabes were as easy to use as the standard astrolabe: 

for signs of the ecliptic projected according to the southern projection, one could 

use the transverse horizon instead of the common horizon. 

 However, problems arise as soon as almucantars have to be used. The 

almucantars for the southern projection would normally be engraved above the 

transverse horizon, but in the mixed astrolabes this was obviously impossible 

because the northern almucantars would be covered in this way. For the myrtle-

shaped and drum-shaped astrolabe, the astrolabe makers solved the problem by 

engraving the mirror images of the almucantars of altitudes for southern 

projection: they are the almucantars of depression for the northern projection. The 

result is beautiful, as shown by Figure 15, but operating the astrolabe became 

more difficult, for as soon as southern almucantars are necessary, one has to rotate 

                                                             
1 Bīrūnī, Astrolabe Construction, p. 119. 
2 Bīrūnī, Astrolabe Construction, p. 47. 
3 The representation of the projection type of zodiacal signs on mixed astrolabes in these tables is taken from 

François Charetteʼs book (see Charette in bibliography). 
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the astrolabe over 180 degrees, and therefore the procedures become easily 

confused. The plates for mixed astrolabes never contained azimuthal lines. 

In Bīrūnī’s Astrolabe Construction,1 the plate of the myrtle-shaped 

astrolabe has the same size as in the standard astrolabe, until the Tropic of 

Capricorn for the Northern projection. In the Taṭrīq (0-2-1), the size is reduced 

and the whole astrolabe is contained inside the celestial equator. To achieve this 

he has to modify the projection and project the northern half of the celestial sphere 

by the southern projection, and the southern half by the northern projection. The 

ecliptic turns out to be the same in this new projection. The new projection has a 

mysterious historic connection to the double projections that were used by al-

Zarqālluh, also called Azarquiel (Toledo, ca. 1029 A.D. ‒ Seville, 1087 A.D.) in 

his special astrolabe plates.2 It is perhaps no coincidence that the only extant 

example of an astrolabe with a myrtle-shaped spider was made in the Western 

part of the Islamic world. The circumference of the myrtle-shaped spider is the 

celestial equator, just as Bīrūnī prescribes in the Taṭrīq. The astrolabe was made 

in Taza (now in Morocco) in 1327-1328 A.D. and it is now preserved in Oxford.3 

 

Figure 15.  The almucantars of altitude and depression on a standard astrolabe, with the common and 

transverse horizon indicated as thick lines. Diagram drawn by Wilfred de Graaf 

1-6-2: The Crab-Shaped (musarṭan) Astrolabe 

A more complicated type of mixed astrolabe is the crab-shaped astrolabe. This is 

explained by Bīrūnī in his introduction to the Taṭrīq (0-3), and also by Aḥmad 

ibn Muḥammad ibn ʿAbd al-Jalīl Sijzī4 (ca. 945‒1020 A.D.) in his unpublished 

                                                             
1 Bīrūnī, Astrolabe Construction, pp. 118-120. 
2 See Ibn al-Naqqāsh al-Zarqalluh, Al-Shakkāzīyya, ed. and tr. Roser Puig, Barcelona 1986. 
3 Museum of the History of Science, Oxford, astrolabe no. 50853. See Emilia Calvo, pp. 221-233, see esp. pp. 

223-225. 
4 For  bibliographical information on Sijzī, see: Sezgin, GAS, vol. 5, pp. 329-334. 
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Book on the Use of the Astrolabe (Kitāb fī ʿAmal al-Usṭurlāb).1 Sijzī considered 

the crab-shaped or “tree-shaped (mushajjar)” astrolabe as the most beautiful 

mixed astrolabe, and he conjectured2 that it was invented by Nasṭūlus, an 

astrolabe maker in Baghdad (fl. ca. 925. A.D.).3 No description of the crab-shaped 

astrolabe by Nasṭūlus himself is known to exist.4 The crab-shaped astrolabe was 

confused with the boat-shaped (zawraqī) astrolabe by Najm al-Dīn al-Miṣrī (16th 

c. A.D.) in his Treatise on Instruments (Kitāb fī al-Ālāt al-Falakīyya).5 

In a crab-shaped astrolabe, the first and third quadrants of the ecliptic are 

mapped onto the spider by the northern projection, and the two other quadrants 

by the southern projection (see figure 10). Thus the zodiacal signs are represented 

on the spider of the crab-shaped astrolabe as indicated in figure 16, and one can 

see the resemblance with a crab.  

 

Figure 16. The ecliptic of the crab-shaped astrolabe, drawn by Wilfred de Graaf 

The zodiacal signs are mapped by the two projections as in table 2. 

 ♈ ♉ ♊ ♋ ♌ ♍ ♎ ♏ ♐ ♑ ♒ ♓ 
The crab-shaped astrolabe N N N S S S N N N S S S 

Table 2: The type of stereographic projection (northern [N] or southern [S]) 

The astrolabe stars are mapped on the spider according to the quadrant of 

the sphere in which they are located and in the same way as the zodiacal signs in 

                                                             
1 The unique manuscript of this work is preserved in the library of Ahmad III (Topkapi, Istanbul) as number 3342, 

see: Sezgin, GAS, vol. 5, p. 334.  For the crab astrolabe see Sijzī, f. 150 b – f. 152 b. 
2 Sijzī, f. 149 a, f. 150 b. 
3 For biographical information on Nasṭūlus, see: King, 2008, p. 96. In the Astrolabe Construction (p. 122), Bīrūnī 

also attributed the invention of the crab astrolabe to Nasṭūlus 
4 Sezgin, GAS, vol. 6, pp. 178-179. 
5 An edited text of this work with English translation and commentary was published by François Charette (see 

Charette in our bibliography). For information on Najm al-Dīn al-Miṣrī and his works see: Charette, pp. 24-28. 

For the confusion between the two types of astrolabes see Charette, p. 32 (Arabic), pp. 75-76, 253. 



29 

 

the same quadrant. The plate of the crab-shaped astrolabe is rather complicated, 

see our commentary to (0-3) below. No crab-shaped astrolabe is extant 

completely although one 13th-century plate of the type that could have belonged 

to a crab-shaped astrolabe has come down to us.1 

Several other types of mixed astrolabes were designed by Islamic 

astronomers (mainly Sijzī) in the late 10th and 11th centuries, and named after the 

shapes of their spiders. As Bīrūnī says, the spider of each type of mixed astrolabe 

may resemble an animal, a plant or any other object which comes to the mind of 

the astrolabe maker, and the astrolabe can be named accordingly.2  

1-6-3: The Poppy-Shaped (shaqāʾiqī) Astrolabe  

Bīrūnī mentions another type of mixed astrolabe invented by Sijzī, in which two 

different projection scales are used (Taṭrīq, 0-3-5). In the Taṭrīq, Bīrūnī does not 

call this astrolabe by name, but if we compare with the descriptions in Bīrūnī’s 

Astrolabe Construction,3 it must be the shaqāʾiqī (poppy-shaped) astrolabe. The 

name was rendered incorrectly by Frank in his summary of the Astrolabe 

Construction as “anemone-shaped” (anemonenförmig).4 In the spider of this 

astrolabe the first and third quadrants of the sphere are projected by the northern 

projection, and the two other quadrants by the southern projection, just like the 

crab-shaped astrolabe (table 3). Then the scale of the first and the fourth quadrants 

is kept the same, while the second and third quadrant are reduced in size 

according to a different, smaller, scale, in such a way that the four quadrants fit 

together nicely (figure 17).5 

 

Figure 17. The ecliptic of the poppy-shaped astrolabe, drawn by Wilfred de Graaf 

                                                             
1 King 2004-5, vol. 2, pp. 684-687. 
2 Bīrūnī, Astrolabe Construction, p. 128. 
3 Bīrūnī, Astrolabe Construction, pp. 125-128. 
4 Frank, 1920, p. 18. 
5 See also Charette, pp. 71, 72, 75, 252-253. 



30 

 

 

 ♈ ♉ ♊ ♋ ♌ ♍ ♎ ♏ ♐ ♑ ♒ ♓ 
The poppy-shaped astrolabe N N N S S S N N N S S S 

Table 3: The type of stereographic projection (northern [N] or southern [S]) 

We will not discuss the complicated plates for the poppy-shaped astrolabe.1 

Because two scales are also necessary for the almucantars, this astrolabe is even 

more complicated to use than the crab-shaped astrolabe. In the Taṭrīq, Bīrūnī does 

not explain how the poppy-shaped astrolabe can be used in the solution of 

concrete problems. 

1-6-4: The Boat-Shaped (zawraqī) Astrolabe 

In the Taṭrīq (0-6-1) Bīrūnī discusses the boat-shaped (zawraqī) astrolabe, which 

was invented by Sijzī or in his time. The instrument is based on only one type of 

stereographic projection, usually the northern type, and is therefore not 

considered as a mixed astrolabe. The boat-shaped astrolabe contains a movable 

horizon (in the form of a boat) with a mast (representing the meridian) whose tip 

serves as a pointer, and a fixed ecliptic mapped onto the plate of the astrolabe 

together with some bright astrolabe stars (Figure 10a). Each star is represented 

by a small circle on the plate of the boat-shaped astrolabe. To simulate the rotation 

of the universe in the course of time, the mast of the boat should be rotated 

counter-clockwise, in the direction of decreasing numbers on the scale of the rim. 

This is due to the fact that the order of the zodiacal signs on the fixed ecliptic of 

the boat-shaped astrolabe is the same as on the movable ecliptic of the standard 

northern astrolabe. In the standard astrolabe, we have to rotate the spider 

clockwise to simulate the rotation of the universe in the course of time. 

In the Astrolabe Construction, Bīrūnī explains that this astrolabe can be 

related to the theory of a rotating earth. He adds that this kind of astrolabe is 

convenient for astrolabe makers who are unable (or unwilling) to make the 

elaborate spider of the standard astrolabe.2 The only (variants of) boat-shaped 

astrolabes that have come down to us were made by the school of astrolabe 

makers in Lahore; one example, made in the 17th century A.D. is preserved in the 

museum of the History of Science in Oxford (number 33796).3 We note that the 

plate of the boat-shaped astrolabe also contains a horizon and a set of almucantars 

as in figure 18. Thus the astrolabe is not completely based on the theory of the 

rotating earth. 

 

                                                             
1 See Bīrūnī’s description in the Astrolabe Construction, p. 137. 
2 Bīrūnī, Astrolabe Construction, p. 130. 
3 For more information on this example, see: Sarma, pp. 1102-1111. 
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Figure 18. The movable horizon (left) and the plate (right) of the boat-shaped astrolabe, drawn by 

Wilfred de Graaf 

For some other examples of the non-standard astrolabe which Bīrūnī mentioned 

(scorpion-shaped, ruler-shaped, etc.) see the commentary. Further on in the 

introduction, we will give more information about an enigmatic astrolabe called 

crescent-shaped (hilālī). 

Many mixed astrolabes and other non-standard astrolabes were described 

by Bīrūnī in his Astrolabe Construction (see below). In the nineteenth century the 

Astrolabe Construction was known to the West only indirectly in the summaries 

of the non-standard astrolabes by the 13th century Egyptian astronomer Ḥasan al-

Marrākushī which were translated into French by Sédillot.1 In the 1920s, the 

passages on non-standard astrolabes in the Astrolabe Construction itself were 

translated and summarized by Eilhard Wiedemann and Josef Frank. Opinions 

have differed on the practical value of these non-standard astrolabes; Henri 

Michel called them “une coquetterie geometrique” (a geometrical vanity) but 

David King and François Charette think that we should not dismiss these 

instruments in this way.2 However this may be, it is a fact that almost no Eastern 

Islamic non-standard astrolabes are extant today. In his unpublished astrolabe 

work, Sijzī mentions the different types that he had invented and says in many 

cases, that he had written a treatise about them and presented them with the 

treatise to a king. Thus it seems that these non-standard astrolabes were not 

motivated by practical reasons, but that they were designed as gadgets for rich 

people, probably with financial considerations in mind. The boat-shaped 

astrolabe was easier to make than a standard astrolabe but it is much more difficult 

to use than a standard astrolabe and this may explain why it never became 

popular. We do not deal in this thesis with the perhaps more successful western 

                                                             
1 See: Sédillot, pp. 181-183, Bīrūnī’s name mentioned in a footnote 4, p. 182. 
2 Michel, p. 69; King, 2004-5, vol. 2 p. 471; Charette, pp. 73-74. 
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Islamic non-standard astrolabes that were invented by al-Zarqālluh (born Toledo, 

1029 ‒ died Seville, 1087 A.D.) and his contemporaries in al-Andalus. 

1-7: Bīrūnīʼs Biography and Astrolabe Works at a Glance 

Abū Rayḥān Muḥammad ibn Aḥmad Bīrūnī was born in 973 A.D. in the 

neighbourhood of Kāth (now Khiva or Xiva, located in present-day Uzbekistan), 

one of the two principal cities of Khwārizm, an irrigated area south of the Aral 

Sea.1 He considered the mathematician and astronomer Abū Naṣr Manṣūr ibn 

ʿIrāq (960 ‒ 1036 A.D.), also from Khwārizm, as his main teacher.2 When he was 

still a teenager, Bīrūnī made his first astronomical observations: he observed the 

meridian altitude of the sun in 990 A.D. or thereabout, when he was still in 

Khwārizm.3 In 995 A.D. a civil war started in Khwārizm and Bīrūnī fled his 

homeland to Rayy and Gīlān, in the northern part of modern Iran.4 He returned to 

Kāth in 997 A.D. Then he spent some time in old Gurgān (Northern Iran), 

Bukhārā and Jurjānīyya (Uzbekistan), and returned to Khwārizm sometime after 

1004 A.D. Bīrūnī corresponded with some contemporary scholars such as the 

mathematician Aḥmad al-Sijzī5 and the physician Ibn Sīnā.6 He resided for seven 

years (ca. 1008/1009‒1017 A.D.) at the court of Abū al-ʿAbbās Maʾmūn ibn 

Maʾmūn Khwārizm-Shāh, the ruler of Khwārizm.7  

In July 1017 A.D., sultan Maḥmūd of Ghazni (997‒1030 A.D.) marched into 

Khwārizm, took Kāth and terminated the dynasty of the Maʾmūnids.8 Bīrūnī was 

kidnapped by Maḥmūd and taken to his court in Ghazni, which is now in the 

eastern part of Afghanistan. Although Bīrūnīʼs relations with Maḥmūd were 

never good, Maḥmūd took Bīrūnī with him in his raids to India. These events 

provided Bīrūnī with the possibility to learn about the science, culture and 

languages of India. After the death of Maḥmūd, Bīrūnī stayed in Ghazni, where 

he passed away in 1048 A.D.9 

Bīrūnī has a special position in the Islamic scientific tradition. In the 

Introduction to the History of Science, George Sarton called the first half of the 

eleventh century “the time of al-Bīrūnī”,10 and David A. King called him “the 

leading scientist of the Islamic world.”11  Bīrūnī was not only a good 

mathematician and astronomer, but he also had wide knowledge of Arabic 

                                                             
1 Kennedy, DSB, vol. 2, p. 148. 
2 Bīrūnī, Maqālīd, p. 101. 
3 Bīrūnī, Coordinates, p. 249 (Arabic), 213 (English). 
4 Bīrūnī, Coordinates, p. 110 (Arabic), 78 (English); Kennedy, DSB, vol. 2, pp. 148-149. 
5 See: Rosenfeld and Ihsanoğlu, p. 147, no. M 9. 
6 Kennedy, DSB, vol. 2, p. 149. 
7 Beyhaqī, p. 639. 
8 Beyhaqī, pp. 647-663. 
9 Kennedy, DSB, vol. 2, pp. 147-151. 
10 Sarton, p. 693 
11 King, 2004-5, vol. 2, p. 455. 



33 

 

literature, culture, history, and excellent linguistic skills. He knew not only 

Persian and Arabic but also one or more languages of India. 

In the year 1036 A.D. Bīrūnī compiled a list with titles of 113 works which he 

had written until that date. The list has come down to us in a unique manuscript 

which is now in the university library of Leiden in the Netherlands (Ms. Or. 

133/2). 26 of his works are known to exist in manuscripts in various libraries; the 

rest have not yet been found or are only known in brief fragments or later 

references. Bīrūnīʼs works seem to have been little known in the western half of 

the Islamic world and they were never translated into Latin; thus they did not 

influence the development of science in Western Europe. In the West, Bīrūnī only 

became famous in the 1880s, when his great work on chronology and his 

description of India were edited in Arabic and published in English translation. 

In the 20th century, most of his extant works were published or translated by a 

variety of scholars in several countries. Hitherto, 24 of his works have been edited 

in Arabic and/or translated in western languages or Persian, Russian, Turkish, 

Uzbek, Tajik, Urdu and Japanese.1 In this thesis we will use abbreviated titles for 

his works according to a system which will be explained below. Bīrūnīʼs two 

most famous astronomical works are the following. His Introduction to Astrology 

includes an introduction to mathematics, astronomy, and geography, and 

cosmology; the work was written in the form of more than 500 questions and 

answers for a girl who was probably a teenager. The Masudic Canon is a textbook 

on astronomy for experts, which can be compared in size and scope to the 

Almagest of Ptolemy.2  

The two works are at the lower and upper end of a classification of readers 

which Bīrūnī presents in the beginning of the Taṭrīq (0-8-10), one of the works 

published in this thesis. Bīrūnī mentions three categories of readers: 

1. Readers whose level in astronomy is low, and who are only interested 

in applications which are necessary in practice.  

2. Readers with an intermediate knowledge of astronomy, whose interest 

extends beyond the minimum. 

3. Readers with a high level of knowledge, who are interested in advanced 

problems and who are only satisfied by mathematical proofs. Here Bīrūnī means 

proofs according to the methodology of Greek mathematics, based on the 

Elements of Euclid and the Almagest of Ptolemy, which were available in 

multiple Arabic translations.  

We may add to this classification a category (0) of readers who do not know 

anything about astronomy.  

                                                             
1 For the most recent bibliographical information see the website www.albiruni.nl. 
2 The Masudic Canon does not contain a chapter on the astrolabe.  
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The classification can easily be extended to other mathematical and 

astronomical works. For example Bīrūnīʼs Introduction to Astrology is level 0 but 

the Masudic Canon is clearly level 3. I will now present a list of Bīrūnīʼs treatises 

on the astrolabe, with a rough indication of the length, and also the 

readership according to the three-level classification. 

 

1. Book of Instruction in the First Principles of the Art of Astrology (Kitāb al-

Tafhīm li Awāʾil Ṣināʿa al-Tanjīm; hereafter Introduction to Astrology). 

This is the work in more than 500 questions and answers mentioned above. 

This 200-page work was written around 1030 A.D., when Bīrūnī was in 

Afghanistan. The fourth section of this work is a brief and elementary 

instruction for the use of the standard astrolabe. The non-standard 

astrolabes are mentioned by name but not explained. Arabic text and 

English translation of the whole work: R. Ramsay Wright; Persian text: 

Jalal al-Din Homaʾi.1 Readership: level 0. 

2. Full Discussion of All Possible Ways to Construct the Astrolabe (Istīʿāb 

al-Wujūh al-Mumkina fī Ṣanʿat al-Usṭurlāb; hereafter Astrolabe 

Construction): This work of approximately 100 pages is on how to 

construct different kinds of astrolabes, not only the standard astrolabes but 

also the non-standard astrolabes discussed above. The work was written 

for an intermediate readership, level 2. It is provided with many 

geometrical figures but does not contain mathematical proofs. It must have 

been written before 390 A.H. (1000 A.D.) because it is cited in Bīrūnīʼs 

famous Chronology, which was written around 390 A.H. (1000 

A.D.).2 Arabic text of the Astrolabe Construction: Jawadi Huseyni,3 but 

note that the geometrical figures in the edition are unreliable and many of 

them were added by the editor Jawadi Huseyni. One therefore has to 

consult the edition together with a manuscript (for online manuscripts see 

www.albiruni.nl). The work has not been translated into a western 

language. German summaries have been published by E. Wiedemann and 

J. Frank.4 Small sections have been translated by Wiedemann, Hill and 

Vafea.5 

3. Book of Pearls on the Surface of the Spheres (Kitāb al-Durar fī Saṭḥ al-

Ukar; hereafter Pearls) = On Facilitating the Astrolabic Correction and 

the Operation with (Astrolabes) Composed of the Northern and Southern 

(Fī Tashīl al-Taṣḥīḥ al-Usṭurlābī wa al-ʿAmal bi Murakkabātih min al-

Shimāl wa al-Janūb): This is a short work (ca. 15 pages), addressed to the 

                                                             
1 See Introduction to Astrology in bibliography. 
2 Bīrūnī, Chronology, p. 357 (Arabic), p. 358 (English). 
3  See Astrolabe Construction in bibliography. 
4 Frank, 1920; Wiedemann and Frank, pp. 97-121. 
5 Wiedemann, 1913, pp. 5-13; Wiedemann and Frank, pp. 225-236; Hill, pp. 139-163; Vafea, 2017, pp. 297-

http://www.albiruni.nl/
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Christian physician Abū Sahl ʿĪsā Masīḥī1 who died after 400 A.H. (1010 

A.D.). The second title and dedication appear near the end. Bīrūnī first 

deals with the construction of the standard astrolabe with geometrical 

figures but without proofs, and then he explains how to find the ascendant 

by means of a series of non-standard astrolabes. Readership: level 2. Arabic 

text and English translation: Ahmad Dallal.2 The Tehran manuscript (Malik 

640/7) was not available to Dallal.3 

4. Facilitating the use of the Different Kinds of Astrolabes (Maqāla fī al-

Taṭrīq ilā Istiʿmāl Funūn al-Usṭurlābāt; hereafter Taṭrīq): On the 

operations with various kinds of astrolabes. Although the Taṭrīq is a 

substantial work of ca. 80 pages, it is not mentioned in the list of Bīrūnīʼs 

works, and therefore Bīrūnī probably compiled it after 427 A.H. (1036 

A.D.). This work is the main subject of our thesis: an Arabic edition and 

English translation and commentary are given here for the first time. See 

below for an introduction to this work. Readership: level 2. 

5. Book on Bringing what is in the Potentiality of the Astrolabe into Actuality 

(Kitāb Ikhrāj mā fī Quwwat al-Usṭurlāb ilā al-Fiʿl; hereafter Ikhrāj) = 

Training of Thought and Mind on Bringing what is in the Potentiality of 

the Astrolabe into Actuality (Rīyāḍat al-Fikr wa al-ʿAql fī Ikhrāj mā fī 

Quwwat al-Usṭurlāb ilā al-Fiʿl): This 45-page treatise  on the applications 

of the standard astrolabe is mostly for a readership with level 1, although 

there are some more advanced applications. According to internal 

evidence, Bīrūnī compiled the work before he measured the radius of the 

earth in Nandana in present-day Pakistan (see below). The work may also 

have been written at a much earlier date. Nallino quoted the Arabic text of 

the last chapter of this work (on the determination of the circumference of 

the earth).4 The preface and the last chapter of this work were translated 

into German by E. Wiedemann.5 The rest of the work has never been edited 

and translated hitherto. This thesis contains a critical edition of the Arabic 

text with a tabular summary in English and a translation of selected 

chapters.  See below for an introduction to this work. 
 

Bīrūnī’s astrolabe works no. 2-5 on our list (and the Arabic manuscripts) have 

often been confused in the modern literature.  Many modern historians did not 

realize that these were four different works by Bīrūnī. The confusion is only 

clarified in this thesis by the publication of the two hitherto unpublished works 

no. 4 and 5 on the astrolabe. Astrolabes are also mentioned in short passages in 

                                                             
1 Bīrūnī, Pearls, p. 126. 
2 See Pearls in bibliography. 
3 Derayati, 1394, vol. 8, pp. 197-198. 
4 See Nallino in bibliography. 
5 See Wiedemann, 1908 and 1920 in bibliography. 
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other works by Bīrūnī. These will be indicated in the appropriate sections in the 

commentary to the Taṭrīq. 

Bīrūnī also wrote a short work on the use of the spherical (not plane) astrolabe 

which seems to be lost.1 A manuscript in Tehran (Daneshgah 5469/1, ff 1b-8a.) 

contains a short Treatise on the Construction of the Astrolabe (Maqāla fī Ṣanʿat 

al-Usturlāb) attributed to Bīrūnī,2 but the treatise is not mentioned in Bīrūnī’s list 

of his own works and it may not be genuine. 
 

In the commentary to the Taṭrīq we will analyze some of the passages and 

compare them to other works by Bīrūnī. We will refer to the works by an 

abbreviated title; the full titles and references can be found in the 

bibliography.  These works are the works on the astrolabe in the list; the Masudic 

Canon, the Introduction to Astrology, the India and the Chronology which have 

been mentioned, and also the following. In the Shadows (ca. 100 pages), Bīrūnī 

discusses everything that can possibly be related to shadows, including tangent 

functions, and prayer times. The Transits (ca. 60 pages) is about the astrologically 

important question when two celestial bodies have the same longitude, latitude, 

or (relative) distance from the earth. The Keys (ca. 80 pages) is an early work 

about the trigonometry of spherical triangles necessary for understanding 

astronomy. In the Projections of the Sphere (ca. 20 pages), Bīrūnī lists all 

projections of the celestial and terrestrial spheres and contributes some new 

projections. In the Coordinates (ca. 100 pages), he uses the determination of the 

qibla (direction of Mecca) in Ghazni as a pretext to deal with the determination 

of geographical longitude and latitude determinations from a theoretical and 

practical point of view. 

1-8:  The Taṭrīq and the Ikhrāj: Bīrūnīʼs Two Unpublished Treatises on the 

Astrolabe  

1-8-1: General Outline of the Treatises 

In what follows I will give a brief overview of the two hitherto unpublished 

astrolabe treatises by Bīrūnī which are presented in this thesis, the Taṭrīq and the 

Ikhrāj. For easy reference, I have subdivided the chapters and sections into 

paragraphs and introduced a numbering. For example (14-2-3) is the third 

paragraph in section 2 of Chapter 14 of the Taṭrīq, and (56-2) is the second 

paragraph in Chapter 56 of the Ikhrāj. 

This thesis contains a critical edition of the Arabic text of the Taṭrīq, 

together with an English translation and commentary. The Taṭrīq has never been 

                                                             
1 Boilot no. 50 p. 193. 
2 Sezgin, GAS, vol. 6, p. 269 no. 9; Derayati, 1389, vol. 9, p. 1116. 
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published before and only short passages have been published or summarized by 

Pines and King.1  

The full title of the Taṭrīq is: Treatise on Opening the Way towards Using 

the Different Kinds of Astrolabes (Maqāla fī al-Taṭrīq bi-Istiʿmāl Funūn al-

Usṭurlābāt; hereafter Taṭrīq).  

Bīrūnī addressed the Taṭrīq (0-0-1) to a shaykh (master) who is most likely 

the same as ʿAmr ibn Ḥasan Khwārizmī whom Bīrūnī introduced with the 

appellation of shaykh as the inventor of the scorpion-shaped astrolabe (0-4-1). As 

the title indicates, the text is about standard and non-standard astrolabes, but as 

we will see, Bīrūnī assumed that his reader was already familiar with the standard 

astrolabe. The Taṭrīq begins with brief explanations of previous works on the 

astrolabe, ancient history of the astrolabe, and stereographic projection as the 

principle of the astrolabe (0-0-3). This is followed by comparison between the 

northern and southern projection in the standard astrolabe (0-1) which is only 

comprehensible if the standard astrolabe is already known. He then introduces 

the following non-standard astrolabes: myrtle-shaped and drum-shaped (0-2), 

crab-shaped (0-3), scorpion-shaped and poppy-shaped (0-4), crescent-shaped (0-

5), boat-shaped (0-6), and finally of the plate of horizons (0-7) which belongs to 

the standard astrolabe. The sections on scorpion-shaped and boat-shaped 

astrolabes contain interesting historical information. The poppy-shaped 

(shaqāʾiqī) astrolabe was erroneously called anemone-shaped by Frank,2 but the 

name is corrected in the commentary to 0-4. The crescent-shaped astrolabe is 

reconstructed below in this introduction. A few other non-standard astrolabes are 

mentioned but not really explained (0-7-7), and they do not occur in the rest of 

the Taṭrīq. Then Bīrūnī introduces some special technical terms for non-standard 

astrolabes, for example the “transverse horizon” (0-8). He does not explain all the 

terminology for the standard astrolabe (for example, zenith, azimuthal lines, etc.) 

although such explanations are usually found in the medieval Islamic manuals on 

the astrolabe, such as the Ikhrāj below. In the Taṭrīq, the introduction is followed 

by a lengthy table of contents, listing the 69 titles of all the sections in which the 

20 chapters are subdivided. 

The body of the Taṭrīq contains 20 chapters on the applications of the 

standard astrolabe along with some (by no means all) non-standard astrolabes 

which were introduced in the introduction. A tabular survey of the contents of the 

Taṭrīq and comparison with the Ikhrāj is presented below. On the whole, Bīrūnī 

starts with chapters on elementary applications of the astrolabe with practical 

aspects, such as taking the altitude of the sun and stars. Then he goes through 

more theoretical subjects as well as mathematical operations necessary for 

astrology. It is interesting to note that he presented some astrological procedures 

                                                             
1 See King, 2004-5, vol. 2, p. 589, 60 (0-0-2); Pines, pp. 302-303 (0-6-1). 
2 Frank, 1920, p. 18. 
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following a methodology that was standard in his time but in which he did not 

believe himself (16-7-2). Not all chapters deal with non-standard astrolabes, see 

the table below for more details. In some chapters, he prescribed complicated 

methods some of which cannot be found in other astrolabe treatises. He concludes 

the Taṭrīq with chapters on terrestrial measurements using the astrolabe, on 

bending the star-pointers of a century-old astrolabe so it can be used in the present 

time, and on finding the radius of the earth.  

The subjects in the Taṭrīq are roughly comparable to other astrolabe 

treatises in the Islamic tradition, such as the astrolabe treatise of al-Ṣūfī that was 

printed in Hyderabad. However, Bīrūnī’s explanations in the Taṭrīq are much 

clearer and at a higher level than those of al-Ṣūfī. Bīrūnī gives interesting 

historical information, for example in (0-3-6, 0-3-7) where he introduces an 

amazing instrument consisting of 600 parts. The name of the designer is not 

mentioned, and the instrument was presented to the ruler Abū al-ʿAbbās 

Khwārizm-Shāh. A few sections contain unique material, for example a short 

section on the method of finding out the movement of a group of people by 

observation with an astrolabe: whether they are approaching you, or moving away 

from you, or are moving towards the right or towards the left (19-4). As far as I 

know, the topic is not treated in other astrolabe texts; perhaps it could be applied 

in warfare. Bīrūnī says that the astrolabe was not used in India, but he mentions 

a time-unit that was used in India, and also one of his (curious) procedures seem 

to be based on Indian sources.  

We now turn to the second text published in this thesis, the Ikhrāj. The full 

title is Book on Bringing what is in the Potentiality of the Astrolabe into Actuality 

(Kitāb Ikhrāj mā fī Quwwat al-Usṭurlāb ilā al-Fiʿl).  

The Ikhrāj contains a short preface and 69 chapters on applications of the 

standard astrolabe. Bīrūnī did not dedicate the Ikhrāj to anyone. Unlike the Taṭrīq, 

the Ikhrāj begins with an explanation of the terminology in the standard astrolabe. 

This is followed by 69 chapters on applications of the standard astrolabe. Bīrūnī 

focuses on the practical aspects of the astrolabe, although his theoretical interest 

shows up in some cases, for instance where he prescribes calculations for the 

southern hemisphere of the earth (61) or the localities further eastwards of India 

(28). He also briefly mentions “practical observers” (aṣḥāb al-tajārib; 52) who 

were trying to make prognostications based on their observations.1 Compared to 

the Taṭrīq, the Ikhrāj is a more standard and pedestrian text. We have provided a 

critical edition of the complete Arabic text of the Ikhrāj, (see the Arabic part of 

                                                             
1 Bīrūnī mentions these “practical observers” in his Chronology as well. The English term “practical observer” 

has already been used by C. Edward Sachau, see: Bīrūnī, Chronology, pp. 268-269 (Arabic), pp. 260-261 

(English).  
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the thesis) a tabular overview (below), and an English translation of all titles and 

of a few selected chapters.  

1-8-2: Reconstructing the Crescent-Shaped Astrolabe in the Taṭrīq 

The only extant manuscript of the Taṭrīq has empty spaces for the geometrical 

figures but the figures themselves were not drawn. This presents no problems for 

understanding most non-standard astrolabes because they are discussed with 

geometrical figures in two other works by Bīrūnī, namely the Astrolabe 

Construction and the Pearls. The only exception is the crescent-shaped (hilālī) 

astrolabe. This astrolabe is not mentioned in the Astrolabe Construction and the 

Pearls, but only in the Taṭrīq and also in a brief passage in an unpublished 

astrolabe work by Sijzī which is available to us in manuscript.1  

The passage in Sijzī’s work does not contain sufficient information and 

Sijzī does not give a geometrical figure either. Bīrūnī mentioned the crescent-

shaped astrolabe in many passages in the Taṭrīq, (0-5, 9-1-10, 9-2-3, 13-1-6, 13-

1-9, 14-1-5, 14-2-6). He must have found the crescent-shaped astrolabe very 

interesting when he wrote the Taṭrīq, which, as we will argue below, is a late 

work. I have used the information in the Taṭrīq to reconstruct the crescent-shaped 

astrolabe. 

 

Figure 19. The front (left) and the back (right) of the crescent-shaped astrolabe 

Figure 19 shows my reconstructed diagram of the crescent-shaped 

astrolabe. For simplicity I assume that there is only one plate, which is engraved 

on the mater. On the spider both halves of the ecliptic and also the astrolabe stars 

are mapped by the northern projection, and then the first half of the ecliptic from 

                                                             
1 Sijzī, f. 153 b, f. 114 a.  Sijzī’s passage is quoted in Arabic and translated in English in the commentary to (0-

4). 
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Aries to Virgo with the corresponding astrolabe stars (not shown) is mirrored in 

the straight line through the equinoxes, as suggested in Figure 19, to produce a 

crescent-shaped ecliptic in a semicircular spider. In other words, the spider of the 

standard astrolabe is folded along the line through the two equinoxes. The alidade 

of this type of astrolabe was probably located on the back. The spider and the 

alidade could turn around the center of the astrolabe, which was located at the 

center of the semicircular plate.  

Figure 20 shows the horizon, some almucantars and hour-lines on the plate 

of the crescent-shaped astrolabe according to Bīrūnī’s descriptions. As Bīrūnī 

mentions (14-1-5), the two parts of the horizon outside the celestial equator are 

the mirror images of those on the standard astrolabe. The middle part of the 

horizon together with the ecliptical arc from Aries to Virgo and the almucantars 

of the crescent-shaped astrolabe can be produced as follows. Set the spider on the 

standard astrolabe such that the ascendant is 0˚ Libra, and 0˚ Cancer is in the 

meridian above the horizon, and the descendant is 0˚ Aries. Then rotate the 

ecliptic arc from 0˚ Aries to 0˚ Libra, together with the horizons and almucantars 

inside the celestial equator by 180˚. So in the crescent-shaped astrolabe, the left 

side of the middle part of the horizon is western and its right side is eastern. This 

is also the case for the almucantars below the horizon and above the celestial 

equator. The hour-lines were engraved on the crescent-shaped astrolabe as on the 

standard astrolabe, but in dotted form so they could be easily distinguished from 

the almucantars (13-1-6). Apparently no azimuthal lines were engraved on this 

type of astrolabe. 

The spider and alidade could now be turned on the front and back of the 

semicircular plate, and the normal operations with the astrolabe could be carried 

out, but the operations would be confusing not only because the two halves of the 

standard astrolabe are superimposed on the crescent-shaped astrolabe, but also 

because the direction of rotation of the spider depends on the sign. Therefore this 

astrolabe was probably more a decorative piece of art than a practical instrument. 

No crescent-shaped astrolabes have been preserved. 
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Figure 20. The horizon, some almucantars and hour-lines on the plate of the crescent-shaped astrolabe  

 

1-8-3: The Peculiar Language of Bīrūnī 

Bīrūnī was not only an astronomer and a mathematician, but he was also 

interested in Arabic language and literature, and he even wrote poetry. In many 

(not all) of his mathematical and astronomical works, his style is different from 

other medieval Islamic mathematicians and astronomers (such as Thābit ibn 

Qurra, Ibn al-Haytham, Sijzī, al-Ṣūfī, etc.). Bīrūnī’s Arabic vocabulary is large 

and sometimes unusual, he plays with the language, and his style can be terse. E. 

Sachau who edited the Chronology of Bīrūnī, remarked in his introduction: 

“However, his style was ‒ and is ‒ extremely heavy; his writing is 

deliberate, not obscure, but short, precise and always only to the point; it is not in 

his intention to make the work easy for the reader, but he demands that the reader 

with his own effort and by using all his knowledge, works his way through the 

brittle form to the elusive content.”1 

In the Taṭrīq we also find many examples of the typical style of Bīrūnī, 

many more than in the Ikhrāj. He probably adapted his writing style to the 

scientific and cultural level of his intended readers and he may have wanted to 

show his versatility in Arabic, perhaps in a snobbish way. In the following cases 

in the introductory part of the Taṭrīq, Bīrūnī played with words to make rhymed 

sentences.  

 

 

 

                                                             
1 Sachau, p. vii; German original: “Jedoch sein Stil war - und ist - ausserordentlich schwer; er schreibt absichtlich 

- nicht dunkel, aber kurz, praegnant und stets nur zur Sache; es liegt nicht in seiner Absicht, dem Leser die Arbeit 

leicht zu machen, sondern er verlangt, dass dieser mit eigener Anstrengung und mit dem ganzen Aufwand seines 

eigenen Wissens sich durch die sproede Form den Weg zu den schwer fasslichen Inhalt bahne.” 
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ذإ حصلت ”...  ...“إلتقریبونقحت عن زوإئد  بالتهذیبإ 

“…Idhā Ḥuṣṣilat bi-al-Tahdhīb wa Nuqiḥat ʿan Zawāʾid al-Taqrīb…” 

“…when they were corrected and explanatory additions were 

removed…”  

(Taṭrīq, 0-0-2) 

 “بالعقد صورته. لاقمنظره و رإق...”

“…Rāqa Manẓaruh wa Lāqa bi-al-ʿIqd Ṣūratuh.” 

“…looks elegant, and the figure is properly connected.” 

(Taṭrīq, 0-4-3) 

 ”...أ وفق لشکله وأ لیق بخلقته...“

“…Awfaqa li Shaklih wa Alyaqa bi-Khilqatih…” 

“… is in better agreement with the shape and more appropriate for the 

structure...” 

(Taṭrīq, 0-5-1) 

 “.بینهم إلسعدإءوفائزون بعیش  غیرهمعلی  شهدإءوأ وساط إلناس في إل خلاق إلمعتدلة بین إلتفریط وإلا فرإط ”

“Wa Awsāṭ al-Nās fī al-Akhlāq al-Muʿtadila Bayn al-Tafrīṭ wa al-Ifrāṭ 

Shuhadāʾ ʿalā Ghayrihim wa Fāʾizūn bi-ʿAyshi al-Suʿadāʾ Baynihim.”  

“And in ethics the moderate people who are the equilibrium between excess and 

neglect are witnesses of the others, and they attain the life of the blissful people 

between them.” 

(Taṭrīq, 0-8-11) 

 

Rhymed sentences also occurred in the technical part of the Taṭrīq: 

لیه...حتی ینتهي  ”  “.علیهوینطبق  إ 

“…Ḥattā Yantahī ilayh wa Yantabiq ʿalayh.” 

“…until it (i.e., the ray) ends at it (i.e., the lower hole) and coincides with it…” 

(Taṭrīq, 1-1-8) 

 

 ...“منبسطةفي جنوب إلمقیاس  متقاطعة، أ و منفصلةفي شمال إلمقیاس  متصاغرة...حین یکون أ فیاء إلزوإل ”

“…Ḥīn Yakūn Afyā al-Zawāl Mutaṣāghira fī Shimāl al-Miqyās Munfaṣila, aw 

Mutaqāṭiʿa fī Janūb al-Miqyās Munbasiṭa…” 
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“…when the noon shadows [of the gnomon] shorten on the northern side of the 

gnomon [for localities north of the Tropic of Cancer], or lengthen on the 

southern side of the gnomon [for localities south of the Tropic of Cancer]…” 

(Taṭrīq, 5-1-2) 

ذإ أ زف طلوع إلشمس وهي تحتف ”  إرتفاعهاأ ن تصفر عند  إ لی هاعقابیل في  وتبقی فیهاتطلع  حتی بهاوإلثالثة إلحمرة إلمنتشرة علی إل فق إ 

 “.فیها تبقیو

“Wa al-Thālitha al-Ḥumra al-Muntashira ʿalā al-Ufuq Idhā Azaf Ṭulūʿ al-

Shams wa Hīya Taḥtaf bihā ḥattā Taṭlaʿ fīhā wa Tabqā fī ʿAqābīlihā ilā ʿan 

Taṣfarra ʿInda Irtifāʿihā wa Tabqā fīhā.” 

“The third one is the redness spread out on the horizon when sunrise is coming, 

and it (i.e., the redness) surrounds it (i.e., the sun) until it rises in it, and it (i.e., 

the redness) will remain in what follows until it turns yellow when its (i.e., the 

sun’s) altitude increases, and then it remains in this condition [of being 

yellow].” 

(Taṭrīq, 8-4-1) 

Such artistic phrases occur only rarely in the Ikhrāj, one of the very few examples 

is in section 1: 

لیها معلومة  مفصلةنفتتح إلقول بذکرها أ ن ”  “.محصلةلتکون وقت إلا شارة إ 

“An Naftatiḥ al-Qawl bi-Dhikrihā Mufaṣṣala li-Takūn Waqt al-Ishāra Ilayhā 

Maʿlūma Muḥaṣṣala.” 

“That we begin the treatise by mentioning them (i.e. the technical terms) 

in detail so that they are known and acquired [knowledge] at the time when 

reference to them is made.” 

(Ikhrāj, 1-1) 

The reader may wonder whether Bīrūnī wrote the Ikhrāj when he had not 

yet developed his style completely. However, the typical style of Bīrūnī is also 

found in the Astrolabe Construction, which is also an early work on the astrolabe. 

Here is an example. Bīrūnī says that one should work very hard to construct an 

auxiliary instrument.1 

نّ مدإر إل مر زلل، ولا یشوبه خلل... حتی لا یتخلله ” لیه، ومآ ل أ کثر إل عمال علیه، فا   “ .إ 

“…Ḥattā lā Yatakhallalah Khilal wa lā Yashūbuh Zilal fa Inna Madār al-Amr 

ʿAlayh wa Maʾāl Akthar al-Aʿmāl Ilayh.” 

                                                             
1 Bīrūnī, Astrolabe Construction, p. 7, lines 20-21. 
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Finally I want to mention some terms in the Taṭrīq which he may have invented 

and which could be interesting as example of his own astronomical terminology. 

Further research is necessary to establish that they were really his inventions.   

 “madār al-arḍ” (the orbit of latitude; 7-1-2): The circle on the 

celestial sphere around the celestial North Pole with radius the 

geographical latitude. 

 “mujtaniba” (0-8-2, 0-8-7, 0-8-8) which is derived from janūb 

(south) and means southern; 

 “mushtamila” (0-8-7, 0-8-8) which is derived from shimāl (north) 

and means northern; 

 “sāʿāt al-qīyās” (measurement hours; 11-3-2): Seasonal hours. 

 “al-ufuq al-muʿtariḍ” (transverse horizon; 0-8-8): the mirror image 

of the standard horizon in the East-West line. 

1-8-4: Tabular Overview of the Contents of the Taṭrīq and Ikhrāj 

Here is the comparative table of contents of the Taṭrīq, Ikhrāj and Introduction 

to Astrology (See table 4). In this table “M” is used for the mixed astrolabe, “B” 

for the boat-shaped astrolabe, “C” for the crescent-shaped astrolabe, and “P” for 

the plate of horizons. The letter “H” indicates a “halved” astrolabe, that is an 

astrolabe in which the plate is divided by the meridian in two parts with different 

types of almucantars (for example, for different latitudes). If no letter is added, 

the procedure is explained for the standard astrolabe only. The letter “T” indicates 

passages in the Ikhrāj which we have translated into English. A notation such as 

4-1-2/5 means paragraphs 2, 3, 4 and 5 of section 1 of chapter 4. The numbers for 

the Introduction to Astrology are the numbers of the questions in the edition of 

Ramsay Wright.  
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Taṭrīq Ikhrāj Introduction to 

Astrology 

Contents 

0.0 0-1  General introduction 

0-1   Northern astrolabe 

0-1 1-2 328 Southern astrolabe 

0-2‒0-6  328 Non-standard astrolabes 

0-7 1-24 328 Plate of horizons 

0-8 1 325/7 Terminology 

1-1B 2-1 330 Taking altitude of sun 

1-2 2-2,3 337 Taking altitude of stars 

1-3   Altitude (angle) of mountains and walls 

2-1 3  Depression of horizon on high mountains 

2-2 3  Depression of terrestrial things 

3-1-1/2 47 228 Shadow units 

3-1-4 48  Conversion rules for shadow types 

3-1-3,5 49 331 Solar altitude and direct shadow 

3-2   Solar altitude and reversed shadow 

3-3 50  Ladder shadow 

4-1/5 53, 55  Direct and versed sine 

4-2-1 54, 56  Arc of given direct or versed sine 

4-1-6 57  Sine of given arc by means of alidade 

4-2-2 58  Arc of given sine by means of alidade 

4-1-7 59  Versed sine of given arc by means of alidade 

4-2-3 60  Arc of given versed sine by means of alidade 

5-1   Obliquity of ecliptic 

5-2B 17-1  Declination of given ecliptical degree 

5-3B 17-1  Declination of star 

5-3-3 40  Coordinate conversion of astrolabe stars with 

special plate for arctic circle 

5-4 17-2  Culmination of star with respect to zenith 

6-1   Stars rotating in orbit of ecliptial degree 

 25  Ecliptical degree of sun from noon altitude 

6-2   Permanently (in)visible stars 

6-3 18-3  Maximum and minimum altitude circumpolar 
stars 

 20  Latitude of astrolabe plate 

7-1 22  Geogr. latitude from circumpolar stars 

7-2   Geogr. latitude from stars which rise and set 

7-3 21  Geogr. latitude by means of sun 

8-1 18  Noon altitude of sun and stars 

8-2 49  Noon shadow ↔ Solar noon altitude 

8-3 51  Prayer times from solar altitude 

8-4MB 52  Beginning of dawn and end of dusk 

9-1BC 23-1  Right ascensions of ecliptical arcs 

9-2BC 23-2  Oblique ascensions of ecliptical arcs 

9-3BC 24  Ecliptical arcs with given right or oblique 

ascensions 

10-1B 4  Placing the sun in the ecliptic (interpolation) 
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10-2B 5  Placing point of given altitude if almucantar 

not drawn (interpolation) 

10-3B 6  Ecliptical degree of ascendant or midheaven 

(interpolation) 

11-1B   Equation of day of sun or star 

11-2MB 8  Day arc and night arc 

 26  Ecliptical degree of sun from day arc 

11-3 9,10, 13 335-6 Conversion between equal and seasonal hours 

12-1B 30-3  Ecliptical degree of transit of star  

12-2MB 30-1,2  Ecliptical degree of rising or setting of star 

12-3B   Determination of stars rising, setting or 

transiting together with rising, setting or 

transit of another star 

12-4B 31-1  Does rising, setting or transit of star happen 

during daytime or at night? 

12-5B 31-2,3,4 340 Time of rising, setting or transit at day of night 

13-1MBCH 11‒13 333 Arc of revolution (hours since sunrise) from 

altitude of sun 

 19  Altitude of sun at the beginning of each hour 

  334 Altitude of sun at given time 

13-2 15  Arc of revolution using hour lines on alidade 

13-3 14  Arc of revolution by hour lines on back 

13-4   Arc of revolution by sine quadrant on back 

13-5MBH 11‒13  Arc of revolution from altitude of sun or star 

14-1MBCPH  332 Ascendant from observed altitude of sun 

14-1-2  338 Ascendant from observed altitude of star 

14-1-6P 61P  Ascendant from observed altitude of sun 

 7  Ascendant from observed depression of sun 

 27 334 Ascendant at given time, night or day 

  339 Time at night from given ascendant 

 28  Ascendant in middle of inhabited world 

(longitude 90) 

14-2BC 16 341 Astrological houses 

  342 Ascendant from midheaven 

 32  Whether pole of the ecliptic is circumpolar or 

rises and sets 

 33  Geographical longitude of localities 

15-1 34  Azimuth from altitude of sun 

15-2 34-6  Same by interpolation 

 34-8  Azimuth from altitude of star 

15-3 36  Rising amplitude of the sun and stars 

 37  Meridian line by “Indian method” (bisector of 

angle between two equal shadows) 

15-4 38  Meridian line form azimuth on astrolabe, set 

from observed altitude 

15-5   Arc of revolution and altitude from observed 

azimuth 

15-6 35  Azimuth of the qibla or of given locality 

 39  Ascendant from (observed) azimuth of sun 

 41  Arc distance between two stars (by 

observation) 

 42-1  Explanations for projection of rays 

16-1 43-1,2  “Distances” of points on ecliptic or planets 

from meridian 
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Table 4 

1-8-5: Bīrūnīʼs Authorship of the Taṭrīq and Ikhrāj  

We first deal with the authorship of the Ikhrāj. Bīrūnī mentions the Ikhrāj in the 

list of his own works under the title On what Brought the Potentiality of the 

Astrolabe into Actuality (Fī Mā Akhraja Mā fī Quwwat al-Usṭurlāb ilā al-Fiʿl).1 

Moreover all available manuscripts of the Ikhrāj mention his name as the author 

of this treatise. Thus there is no doubt that he is the author of the Ikhrāj.  

The title of the Taṭrīq is not mentioned in Bīrūnīʼs list of his own works, 

but there are other arguments to decide the authorship. In the unique extant 

                                                             
1 Boilot, pp. 243 (no. 49). 

16-2 43-3,4  Projection of rays without special plate, for 

planet on horizon 

16-3 43-5  Projection of rays without special plate, for 

planet in other positions 

16-4 46  Progressions of indicators to assumed 

positions 

16-5 29T  Year-transfers and progressions in our opinion 

16-6 42T  Projection of rays by special plate according to 
Ptolemy 

 44T  Projection of rays, “corrected method” by 

special plate 

16-7 45  Progressions by special plate 

17-1 62-1,3 345 Height of an object whose base can be reached 

by isosceles right-angled triangle 

17-2 62-2,4  Height of an object whose base can be reached 

by non-isosceles right-angles triangle 

 63  Horizontal distance to the mountain from 

height   

18-1   Height of an object whose base cannot be 

reached by two altitude measurements 

18-2   Height of an object whose base cannot be 

reached by two gnomons 

18-3 64-1 346 Height of an object whose base cannot be 
reached by shadow scales 

 64-2  Horizontal distance of object whose basis 

cannot be reached by shadow scales 

19-1 68 344 Depths of wells and pits 

19-2 65 343 Horizontal distance between observer and a 

point 

19-3 66  Horizontal distance between two points 

19-4   Finding out about the movement of a group 

 67  Distance between two points, one on horizon 

and one above it 

20-1-1/3 69-2T  Circumference earth from North-South 

distance 

20-1-4/7 69-1  Circumference earth from depression on high 

mountain 

20-2   Correction of star pointers on old astrolabe 
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manuscript of the Taṭrīq, Bīrūnīʼs name is mentioned as the author in the 

beginning of this treatise. In the text itself, the author refers to three other works 

which he had written, namely the Ikhrāj (0-0-1), [Observing] the Sunset from the 

Lighthouse of Alexandria (Fī Ghurūb al-Shams ʿinda Minārat Iskandarīya) (20-

1-2) and [Treatise] on the Determination of the Size of the Earth by Means of the 

Depression of the Horizon on Summits (Maqāla fī Istikhrāj Qadr al-Arḍ bi Raṣad 

Inḥiṭāṭ al-Ufuq ʿan Qulal al-Jibāl) (20-1-3). The last two works are not extant but 

their titles appear in Bīrūnī’s list of his own works.1 In addition, there are 

similarities between the contents of the Taṭrīq and other works by Bīrūnī. The 

Taṭrīq is devoted in part to non-standard astrolabes, and these were one of 

Bīrūnī’s interests as is shown by his extant works Astrolabe Construction and 

Pearls. The (unrealistic) interpolation method which he prescribes in Chapter 10 

of the Taṭrīq can also be found in the Ikhrāj (e.g., 4) and even in the Introduction 

to Astrology. In the Taṭrīq (11-2-2) he used the same terms as in the Masudic 

Canon. The term “transverse horizon” which he introduces in (0-8-8) is also 

found in the Pearls.2 Many more similarities can be found. Finally, the style of 

the Taṭrīq, which has been discussed above, is comparable to the style of other 

works by Bīrūnī. Thus there is no doubt that he is the author of the Taṭrīq. 

1-8-6: Dating the Taṭrīq and Ikhrāj  

Bīrūnī mentions the name of Abū al-ʿAbbās Khwārizm-Shāh (the governor of 

Khwārizm who was killed in 1017 A.D.) in the Taṭrīq (0-3-5) by using the 

appellations “the martyred commander” and “may God help him to be 

accountable [for his deeds]” for him (the latter appellation was used by Muslims 

for a deceased person). Therefore Bīrūnī must have written the Taṭrīq after 1017 

A.D. It would not be reasonable to use these sympathetic words for Khwārizm-

Shāh in the time of Maḥmūd of Ghazni (d. 1030 A.D.), who conquered Khwārizm 

just after Khwārizm-Shāh had been killed. Thus the Taṭrīq was probably 

composed after 1030 A.D. Bīrūnīʼs references to Kaharī (an Indian unit for 

timekeeping) shows that he probably wrote this work after his stay in India 

(around 1026 A.D.). In (20-1-4) Bīrūnī tells us that he intended in his “youth” to 

measure the radius of the earth. This is another piece of evidence that the Taṭrīq 

is a late work. Finally, although the Taṭrīq is a substantial work, it is not 

mentioned in the list of Bīrūnīʼs works. I conclude from all the previous evidence 

                                                             
1 Boilot, pp. 234-235 (no. 24, 25). 
2 Dallal p. 116, line 12; p. 117 line 23. Dallal translates “singular horizon”. 
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that the Taṭrīq was in all likelihood written after Bīrūnī compiled his list of works 

in 1036 A.D. 

The Ikhrāj was written before 1036 A.D. because Bīrūnī mentioned the 

title in the list of his own works.1 Bīrūnī states in the Ikhrāj (69-2) that he had not 

yet measured the radius of the earth by observation of the depression of the sun 

on the summit of high mountains. Bīrūnī made this measurement while he was 

residing at Nandana Fort in present-day Pakistan during the year 1018 A.D. or 

thereabout.2 So the Ikhrāj was written before 1018 A.D.  

There is another argument suggesting that the Ikhrāj might have been 

written at an earlier date. Bīrūnī presents in Ikhrāj (42) a method for the 

astrological projection of rays which he attributes to Ptolemy and which was 

standard in his time, and in Ikhrāj (44) another “corrected” method. Both the 

Ptolemaic and the improved method assume that the regular polygons which are 

used to define the rays are located on the celestial equator. During most of his 

life, Bīrūnī believed (just as modern astrologers do) that the polygons should be 

not on the equator but on the ecliptic; in his words, the theory of the projection of 

rays should be “freed from ascensions” (which are always on the equator). The 

presence of the “corrected” method in the Ikhrāj suggests that he had not yet 

developed his new theory at the time when he wrote the work.  If this is true, he 

must have written the Ikhrāj before the Chronology, which was written around 

1000 A.D. and in which the new theory is mentioned.3  

 Bīrūnī refers to a source called “al-Qanūn” (Ikhrāj, no. 29) but this is not 

the Masudic Canon (compiled in 1030 A.D.) but Ptolemyʼs Handy Tables, which 

were translated into Arabic and called al-Qanūn in the medieval Islam.4 Thus 

Bīrūnīʼs reference should not mislead us to conclude that he authored the Ikhrāj 

after the Masudic Canon.5 

1-9: Description of Manuscripts and Editorial Procedures 

A. Treatise on Opening the Way towards Using the Different Kinds of Astrolabes 

(Maqāla fī al-Taṭrīq bi Istiʿmāl Funūn al-Usṭurlābāt): 

                                                             
1 Boilot p. 193 no. 49. 
2 Bīrūnī, Coordinates, p. 222 (Arabic), p. 188 (English), Kennedy, 1973, p. 143. 
3 See Bīrūnī, Chronology, p. 10 line 9 (Arabic), p. 12 line 11 (English) where he refers to his work Tajrīd al-

Shuʿāʿāt wa al-Anwār (Freeing the Rays and the Light; meaning: freeing them from ascensions); see also: Keys, 

pp. 68, 265. 
4 Sezgin, GAS, vol. 5, p. 185. 
5 In the Transits (p. 22 (Arabic), p. 26 (English)), Bīrūnī referred to the al-Qānūn as well but attributed him to 

Theon of Alexandria, although it was authored by Ptolemy and reworked by Theon (Sezgin, GAS, vol. 6, p. 102). 
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The only extant manuscript of this treatise is part of the codex Fonds Arabe no. 

2498 preserved in the National Library of France (Bibliothèque nationale de 

France) in Paris. The codex 2498 is available online at: https://gallica.bnf.fr/ark.1 

The codex contains the following four treatises, written in the same hand: 

1. Maqāla fī al-Taṭrīq bi Istiʿmāl Funūn al-Usṭurlābāt (ff. 1b-62a) by Bīrūnī, 

that is the text published in this thesis; 

2. Fī Istikhrāj al-Khātam (On the Extraction of the Signet) by an anonymous 

author (ff. 62a – 63a). It is a short treatise on extracting gemstones which 

are suitable for rings.   

3. A short geographical fragment (f. 63b) which according to the text was 

copied from the Nihāyat al-Idrāk by Quṭb al-Dīn al-Shīrāzī. The Nihāyat 

al-Idrāk was completed in 1281 A.D./ 680 A.H. 

4. Risāla fī al-ʿAmal bi al-Usṭurlāb (Treatise on the Use of the Astrolabe) by 

ʿAbd al-Raḥmān al-Ṣūfī2 (ff. 65b – 177b). Kennedy and Destombes 

described the contents of this treatise in detail and sorted out its available 

manuscripts in chronological order.3 An uncritical edition of the whole text 

of this treatise was published by the Osmania Oriental Publications Bureau 

in Hyderabad, India, 1962 A.D. Flora Vafea investigated the treatise in her 

PhD dissertation, which has unfortunately not yet been published. 

The manuscript was carelessly written with a large amount of unclear and 

incorrectly spelled words, especially in case of astronomical terms. The 

diacritical points are often lacking or placed incorrectly. The scribe was 

unfamiliar with the subject and did not care about the Arabic grammatical rules 

regarding the gender of verbs. The manuscript is written in black ink but the titles 

of the chapters were probably in red; they show up in grey in the microfilmed 

versions which we have consulted. In the treatise by al-Ṣūfī there are some 

marginal remarks, of which most (or all) are in the same hand. The manuscript 

contains no geometrical figures, although in the Taṭrīq and the treatise by al-Ṣūfī 

spaces for figures are left open.  

The front page (f. 1a) of the manuscript carries partially erased old catalogue 

numbers, including “1159”. The manuscript is found under this number in Anicet 

                                                             
1 https://gallica.bnf.fr/ark:/12148/btv1b10037480t/f1.image (consulted February 23, 2019). 
2 For general information on this treatise by al-Sūfī see: Sezgin, GAS, vol. 6, p. 215. Flora Vafea has described 

this version of al-Sūfīʼs treatise and criticized Kennedy and Destombes in her unpublished PhD thesis, see: Vafea, 

pp. 55-57.  
3See: Kennedy and Destombes in bibliography.   

https://gallica.bnf.fr/ark:/12148/btv1b10037480t?rk=21459;2
https://gallica.bnf.fr/ark:/12148/btv1b10037480t/f1.image
https://gallica.bnf.fr/ark:/12148/btv1b10037480t/f1.image
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Mellotʼs catalogue, which was published in 1739 A.D.1 Thus the manuscript has 

been in Paris at least since the early 18th century A.D. There are also two 

handwritten notes, one in Judeo-Arabic on the front page (Arabic text in Hebrew 

alphabets) and the other in Latin on the flyleaf, stating that the manuscript 

contains two astrolabe treatises by Bīrūnī and al-Ṣūfī. The first page contains a 

partially erased owner’s mark which I have not been able to read. 

 In their catalogues, De Slane and Vajda stated that the manuscript was written 

in the 16th century A.D.2 More precise dates were given in the catalogue by Garel-

Grislin,3 which mentions the impossible date 1237 A.D. (that is 634-635 A.H.) 

without any argument, and by Kennedy and Destombes4 who believed that the 

manuscript was written in 916 A.H. (1510/11 A.D.). The only date that I have 

been able to find in the manuscript is in the colophon, where the copyist says that 

he finished the transcription at midnight in the first days of Rajab (the 7th month 

of the Islamic lunar calendar) of a year whose number is written in an ambiguous 

way (see figure 21). Under the word “year” there are three number symbols, 

probably in the Arabic alphanumeric abjad system. The possible readings of the 

three symbols are یج/یح/نج/نح ا د/و, that is 6 or 4; 1; 18, 13, 58 or 53, none of which 

makes sense in connection with the year number of the transcription. If we 

consider the number symbols as Hindu-Arabic digits (which is very unlikely), we 

may read them as (9?) 1 4. It is also possible that the three number symbols have 

no connection to the year number. The paper near the colophon is damaged and 

some symbols may have been lost. 

 

Figure 21. The colophon of the MS Arabe 2498 

 کتب إلکتاب في أ وإئل رجب في نصف إللیل س نة ؟

                                                             
1 Mellot, p. 224. Mellot notes that the ms. Came from the library of Cardinal Jules Mazarin (1602-1661 A.D.).  
2 Vajda, p. 74; De Slane, p. 443; Sezgin, GAS, vol. 6, p. 215. 
3 Garel-Grislin, p. 130. 
4 Kennedy and Destombes, p. 5. 
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Bīrūnīʼs introduction to the Taṭrīq is followed by a table of contents with the 

titles of all the chapters of the treatise. Very small differences between the titles 

in the table and the titles in the later sections show that the table of contents 

probably belonged to Bīrūnīʼs original, and that it was not composed by a later 

scribe.1 All chapters are also found in the manuscript, so the unique manuscript 

of the Taṭrīq which is available to us must be complete. Rosenfeld and Ihsanoğlu2 

mention another manuscript of this Bīrūnīʼs work preserved in Cairo (Mīqāt 914), 

but thanks to David King we know that this “manuscript” is just a set of photos 

of the Paris manuscript.3 

B. Book on Bringing what is in the Potentiality of the Astrolabe into Actuality 

(Kitāb Ikhrāj mā fī Quwwat al-Usṭurlāb ilā al-Fiʿl; hereafter Ikhrāj) = Training 

of Thought and Mind on Bringing what is in the Potentiality of the Astrolabe into 

Actuality (Rīyāḍat al-Fikr wa al-ʿAql fī Ikhrāj mā fī Quwwat al-Usṭurlāb ilā al-

Fiʿl) 

This treatise is to be found in several manuscripts under different titles, but 

only the following ten manuscripts have been available to me (the dated 

manuscripts are listed first, in chronological order of the date of copying): 

 Turkey, Diyarbakir, I1 Halk Kütüphanesi, no. A 2213, copied in Najaf : د .1

in 726 A.H. (1326 A.D.; cited in colophon), titled by the scribe: Book on 

Bringing what is in the Potentiality of the Astrolabe into Actuality (Kitāb 

Ikhrāj mā fī Quwwat al-Usṭurlāb ilā al-Fiʿl), complete;4 

 Iran, Tehran, Tehran University, Faculty of Theology, no. 51/1, copied : ت .2

in 791 A.H. (1389 A.D.; cited in colophon), titled by the scribe: Book on 

the Science of the Astrolabe (Kitāb fī ʿIlm al-Usṭurlāb), lacks the last 

section;5 

 .Germany, Berlin, National Library, no. 5794, copied in circa 1100 A.H : ب .3

(late 17th century A.D.; estimated by the cataloger), title by the cataloger: 

A Treatise on the Astrolabe (Risāla fī al-Usṭurlāb), complete;6 

 .Egypt, Cairo, Dar al-Kutub, no. Falak 3774/2, copied in 1269 A.H : ك .4

(1853 A.D.; cited in colophon), title by the cataloger: Training of Thought 

and Mind on Bringing what is in the Potentiality of the Astrolabe into 

                                                             
1 The differences occur in the titles of 5-3, 6-2, 8-3, 13-5, and 16-3. 
2 Rosenfeld and Ihsanoğlu, p. 151, no. A11. 
3 King, 1986, p. 48. 
4 I am very much thankful to Hüseyin Şen who provided me with the scan of this manuscript. 
5 See also: Derayati, 1394, vol. 3, p. 460. 
6 See: Ahlwardt, p. 228-230.  
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Actuality (Rīyāḍat al-Fikr wa al-ʿAql fī Ikhrāj mā fī Quwwat al-Usṭurlāb 

ilā al-Fiʿl), lacks first section;1 

 Iran, Tehran, Tehran University, Central Library, no. 1971/2, copied in : ز .5

1274 A.H. (1857/58 A.D.; cited in colophon), title by the scribe: Treatise 

on the Science of the Astrolabe (Risāla fī ʿIlm al-Usṭurlāb), lacks the last 

section;2 

 Iran, Tehran, Majlis (Congress) Library, no. 1516/1, copied in 1283 : م .6

A.H. (1866/67 A.D.; cited in colophon), title by the scribe: The Book on 

the Knowledge of the Astrolabe (Al-Kitāb fī Maʿrifat al-Usṭurlāb), lacks 

the last section;3 

 Egypt, Cairo, Dar al-Kutub, no. Falak 262, circa 1300 A.H. (late 19th : ق .7

century A.D.; estimated by the catalogue), title by the scribe: Training of 

Thought and Mind on Bringing what is in the Potentiality of the Astrolabe 

into Actuality (Rīyāḍat al-Fikr wa al-ʿAql fī Ikhrāj mā fī Quwwat al-

Usṭurlāb ilā al-Fiʿl), lacks the last section;4 

 Iran, Mashhad, Astan-e Qods (Holy Shrine) Library, no. 5594, 1318 : آ .8

A.H. (1900/01 A.D.),5 title by the scribe: The Book on the Knowledge of 

the Astrolabe (Al-Kitāb fī Maʿrifat al-Usṭurlāb), lacks the last section;6 

 :Iran, Yazd, Waziri Library, no. 3753/8, undated, title by the cataloger : ی .9

The Astrolabe (Usṭurlāb), complete;7 

 Iran, Tehran, Milli (National) Library, no. 21273, undated, title by the : ل .10

cataloger: Treatise on the Astronomy (Risāla dar Nujūm) contains only the 

first 16 sections.8 

The transcription dates and the characteristics of the text (marginal notes and 

spelling mistakes in the technical terms) prove that none of the available 

manuscripts was copied either by Bīrūnī himself or by a scribe whose manuscript 

had been read and authorized by him. According to the colophon, the Diyarbakir 

manuscript was transcribed in Dhū al-Qaʿda 726 A.H./October 1326 A.D (figure 

22); it is the oldest manuscript available to us.  

                                                             
1See: King, 1986, p. 48. 
2 Derayati, 1394, vol. 3, p. 460 wrote the date 1273 erroneously.  
3 See also: Derayati, 1394, vol. 3, p. 460. 
4 See: King, 1986, p. 48. 
5 Derayati, 1394, vol. 3, p. 460. 
6 See: Sezgin, GAS, vol. 6, p. 269; Derayati, vol. 3, p. 460. 
7 Derayati, 1394, vol. 3, p. 460. 
8 This manuscript is listed on the website of the National Library of Iran: opac.nlai.ir/opac-prod/index1.jsp. 
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Figure 22. The colophon of the Diyarbakir manuscript  

هجریة بالحضرة إلمقدسة إلشریفة إلعلویة إلغرویة 627حصل إلفرإغ من إلزُبرُ عصر إلثلثاء من أ یام شهر ذي إلقعدة لس نة   

The possible connections between the manuscripts have been figured out in 

the collating process. The Diyarbakir manuscript has the smallest number of 

technical and grammatical problems, and in case of scribal errors, the copyist 

often wrote the correct word(s) in the margin. Furthermore, some technical terms 

are represented in correct form only in this manuscript. Therefore we conclude 

that the Diyarbakir manuscript (denoted by د) has a direct connection with the 

missing original, indicated as “Or.” in the stemma in figure 23. The second 

manuscript with relatively few mistakes is the Berlin manuscript although this 

manuscript contains technical and spelling errors, and some words are missing.1 

Significant similarities between the Berlin, Yazd and Cairo (3774/2) manuscripts 

in the spelling errors and even in the missing words,2 lead us to conclude that all 

of them are based on the same (lost) manuscript, which is different from د and is 

indicated by the letter “A” in figure 23. 

A different title for the same treatise of Bīrūnī in the manuscript Cairo (262),3 

and some new scribal errors which are different from those in the previously 

mentioned manuscripts,4 reveal that this Cairo (262) manuscript was copied from 

a manuscript which is not the same as the Diyarbakir, Berlin, Yazd and Cairo 

(3774/2) manuscripts. The similarities between the Mashhad, Tehran (Central 

Library), Majlis, Cairo (262) and Tehran (Faculty of Theology) manuscripts5 

make it possible to conclude that all of them are based on one and the same lost 

manuscript, which is indicated here as “B”. Since some (not all) of these 

similarities can be found also in the Berlin, Yazd and Cairo (3774/2) 

                                                             
1 Such as the title of the first chapter of the treatise (Ikhrāj, 1): في معرفة موإضعات إل صطرلاب وأ سامیها. 
2 For instance the following sentence, which is written in the Diyarbakir manuscript is missing in the Berlin, Yazd 

and Cairo (3774/2) manuscripts (Ikhrāj, 6-1): 
 إلربع إلمقابل للربع إلذي فیه أ جزإء الارتفاع.وأ جزإء إلظل هي إلخطوط إلتي علی محیط 

3 This manuscript carries the title “Training of Thought and Mind on Bringing of the Potentiality of the Astrolabe 

to Actuality” (Rīyāḍat al-Fikr wa al-ʿAql fī Ikhrāj mā fī Quwwat al- Uṣṭurlāb ilā al-Fiʿl). 
4 Such as missing the words تسمی إلعضادة  (Ikhrāj, 3-1) or writing the word إلیمین instead of إلیسار (Ikhrāj, 4-1). 
5 Such as writing تقان یقاف instead of إلا   .(Ikhrāj, 3-1) شبیهة بمسطرة instead of ش به مسطرة or (Ikhrāj, 0-1) إلا 
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manuscripts,1 it is plausible that these manuscript as well as the manuscript B are 

based on the manuscript A. This agrees with the fact that Ch. 44 is included only 

in the Berlin, Diyarbakir, Yazd, and Cairo (3774/2) manuscripts and not in the 

others. Finally, all scribal errors in the Berlin manuscript can be found in the Milli 

manuscript, which has some additional mistakes. Therefore the Milli manuscript 

was most likely copied, directly or indirectly, from the Berlin manuscript.  

                                          

 

Figure 23. Possible connections between the manuscripts 

On the basis of the above analysis I have established my critical edition 

according to the following guidelines. The Diyarbakir and Berlin manuscripts 

have the closest connection to the lost original, and they have fewer errors and 

missing words than the other manuscripts. Almost all differences between these 

two manuscripts and the other eight manuscripts are due to the scribes and 

irrelevant for the critical edition. Therefore I have established my critical edition 

on the basis of the Diyarbakir and Berlin manuscripts. All variant readings in 

these two manuscripts have been mentioned in the critical apparatus. I have 

consulted the eight other manuscripts in order to decide the few ambiguous cases. 

However, I did not want to burden my apparatus with the readings of these eight 

other manuscripts. 

I have edited the following chapters of the Ikhrāj based on the all available 

manuscripts. The importance of the contents of each chapter is explained briefly: 

 Preface: Bīrūnī criticizes works on the astrolabe by his predecessors, and 

gives his motivation for writing his own treatise. 

                                                             
1 Such as missing the word وإلعروة (Ikhrāj, 1-10). 
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 Chapter 29 (Determination of the transfer of the years of birth and the 

world-years): Bīrūnī refers to some older sources including Ptolemyʼs 

Handy Tables (referred to as al-Qānūn).  

 Chapter 42 (Determination of the projection of rays according to the 

method attributed to Ptolemy by means of the plate [specially] constructed 

for this thing): Bīrūnī quotes Ptolemyʼs method for the determination of 

the projection of rays.   

 Chapter 44 (Determination of the projection of rays in the corrected way, 

by means of this plate): Bīrūnī first refers to Ptolemyʼs method from 

Chapter 42 as an imperfect method, then he describes a “corrected” 

method. This chapter has been used in an argument for dating the Ikhrāj 

(above, section 1-8-6). 

 Chapter 69-2 (Determination of the circumference of the earth): Bīrūnī 

mentions a certain Aristolos whose identity is unclear to us, and the 

Chapter gives precious information which can be used to determine when 

the Ikhrāj was written. 

  In their list of manuscripts of the Ikhrāj, Rosenfeld and Ihsanoğlu mention 

manuscript Central Library of Tehran University no. 5469/3,1 but this is another 

text by Bīrūnī, entitled Making Figures Plane and Making Spheres Flat (Tasṭīḥ 

al-Ṣuwar wa Tabṭīḥ al-Kuwar).2 The Ikhrāj is not included in the other folios of 

this manuscript 5469 either. Rosenfeld and Ihsanoğlu mention MS. Cairo, Falak, 

3929 as another manuscript of the Ikhrāj, but D. A. King has established that it is 

a set of photos of manuscript Dar al-Kutub, Falak no. 262.3 The two manuscripts 

of the Ikhrāj in India that were mentioned by Rosenfeld and Ihsanoğlu4 

(Hyderabad, Riyāḍa, 42, and Rampur, 3689) were not accessible to me so I could 

not check their contents. Boilot mentioned the title of the Hyderabad manuscript 

as Training of Thought and Mind (Rīyāḍat al-Fikr wa al-ʿAql).5 This is an 

indication that the manuscript really is a copy of the Ikhrāj, since the title is the 

same as in the beginning of the titles in the Cairo manuscripts of the Ikhrāj. King 

mentioned MS Istanbul Aşir Reisülküttap 577 and stated that it is an unidentified 

treatise on the astrolabe by Bīrūnī.6 The existence of this manuscript was known 

to Max Krause in the 1930s but the manuscript was inaccessible to him.7 In 

January 2019 Hüseyin Şen gained access to the manuscript and provided me with 

                                                             
1 Rosenfeld and Ihsanoğlu, p. 151, no. A 9. 
2 The Arabic edition of Bīrūnīʼs Kuwar has been published by A. S. Saidan entitled Kitab Tasṭīḥ al-Ṣuwar wa 

Tabṭīḥ al-Kuwar li Abī al-Rayḥān al-Bīrūnī, Amman, 1977. The work has been translated into English by 

Berggren, see bibliography. Both edition and translation are based on the (inferior) Leiden manuscript. 
3 King, 1986, p. 48. 
4 Rosenfeld and Ihsanoğlu, p. 151, no. A 9. 
5 Boilot, p. 287, no. 170. 
6 King, 1986, p. 48. 
7 King, 1986, p. 48. 
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photos, and thanks to him we now know that it is a copy of Bīrūnīʼs Astrolabe 

Construction.    

I now discuss the editorial procedures that I have used in my critical editions 

of the Taṭrīq and the Ikhrāj. I have applied the modern Arabic orthographic rules 

for hamza and I have used the modern spelling of the word astrolabe (أ سطرلاب) 

instead of its old form (أ صطرلاب), without noticing this in the apparatus. For the 

words ending with al-alif al-maqṣura (i.e., shortened alif), I have used the letter 

 In my apparatus I have kept the two abbreviations used by the .(ی   instead of) ی

scribe of the Diyarbakir manuscript of the Ikhrāj as labels of marginal notes: 

 صح or ص indicates a correction to a word marked in the main text. 

 نخ indicates different reading(s) from one or more other manuscripts for a word or 

phrase marked in the main text. 
 

In the manuscripts of the Taṭrīq and the Ikhrāj, many diacritical marks are 

omitted and words are often written in an ambiguous way. I only render the 

manuscript reading in a critical apparatus if my reconstruction is inconsistent with 

the reading in the manuscript.  Thus, I have not noted my additions of diacritical 

marks and my choices among the ambiguous readings, when my choice is 

consistent with what is written in the manuscript. I have used the following 

abbreviations and symbols in my edited Arabic text and apparatus of the Ikhrāj 

and the Taṭrīq: 

 د: Diyarbakir manuscript. 

 ب: Berlin manuscript. 

 ە (for hāmish [margin]) indicates a marginal note. 

 به indicates a marginal note in the Berlin MS. 

 ده indicates a marginal note in the Diyarbakir MS. 

  شطب إلکاتب indicates text that was crossed out by the scribe.  

 Vertical arrows in footnotes indicate that the given word is written above or below 

the word in the text. Two arrows indicate placement exactly above or below the 

word in the text, one arrow placement just before or after it. 

 + indicates superfluous words in the manuscripts. 

 I have added folio numbers between vertical lines |   |. 

 و (for wajh) indicates the front side of the folio (recto). 

 ظ (for ẓahr) indicates the back side of the folio (verso). 

 I have reconstructed some passages for mathematical sense, and added words and 

passages that were omitted by scribal error. Such reconstructed words and 

passages appear in angular brackets  <  >. 
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 For easy reference, I have divided the text into sections numbered (53-1), (53-2) 

etc. (for the Ikhrāj) and (14-1-2, 14-1-3 etc.) (for the Taṭrīq). These numbers 

appear in parentheses in the Arabic edition.  
 

I have used the following abbreviations and symbols in my translation of the 

Taṭrīq: 

 Vertical lines |   | contain folio numbers of the Paris manuscript. 

 f. indicates folio number. 

 a indicates the front side of the folio (recto). 

 b indicates the back side of the folio (verso). 

 Angular brackets  <  > contain translations of words and passages which I 

have added to the Arabic text in order to restore the original by Bīrūnī.  

 Square brackets [  ] contain English words which I have added to the literal 

translation of the Arabic in order to make the text comprehensible. Bīrūnī’s 

Arabic is often very concise. 

 Parentheses ( ) include additional explanations which I have inserted to 

clarify the translation. Further clarifications can also be found in the 

commentary. 

 Parentheses ( ) also include the numbers of the sections (14-1-2, 14-1-3 

etc.) in which I have divided the text for easy reference. 
 

1-10: The Methodology of Reconstructing the Taṭrīq and Ikhrāj  

The Taṭrīq and Ikhrāj are texts with technical contents, and therefore they require 

special editing methods. The methodology which I used here is essentially 

consistent with J. Hogendijkʼs explanations in his 2002 article on different 

editions of Ibn al-Haythamʼs Completion of the Conics.1 There are some details 

which should be explained here.  

In making my critical edition of the Taṭrīq I have used a specific method 

because we only have a single manuscript in which many errors occur. The 

purpose of my edition has been to reconstruct the original text as Bīrūnī wrote it. 

The errors in the manuscript can be scribal errors but also mistakes by Bīrūnī; in 

order to reconstruct the original, one has to correct the scribal errors but one 

should leave Bīrūnī’s mistakes. My approach has been to first try and explain the 

errors as scribal errors, not mistakes by Bīrūnī. In order to reconstruct the original 

I have tried to correct the text for mathematical sense, in such a way that the text 

in the manuscript can be explained as a plausible misreading or an oversight by 

the scribe. In this process I have often compared the text with other works by 

Bīrūnī including his Ikhrāj, Astrolabe Construction, Masudic Canon, Shadows 

and Introduction to Astrology, knowing that he also introduced some new terms 

in the Taṭrīq which cannot be found in his other works. I have also analyzed and 

                                                             
1  See: Hogendijk, 2002, pp. 249-251. 
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restored some passages by carrying out the procedures which Bīrūnī describes on 

paper models of the relevant non-standard astrolabes (such as the boat-shaped 

and crescent-shaped astrolabes) which I have tried to reconstruct from the text. 

In some cases the scribe skipped a word or even a complete line by mistake 

because his eye slipped from one line to the next (homoeoteleuton). In these cases 

I have tried to reconstruct the text according to the mathematical and astronomical 

content, using Bīrūnīʼs own words in similar passages (the reconstructed words 

and lines appear in pointed brackets < >). Bīrūnīʼs ability and versatility in Arabic 

are well known from his other works, so I have also observed the Arabic 

grammatical rules in both editions. We can assume that Bīrūnī avoided 

grammatical mistakes and chose his words carefully, so in restoring his original 

I have always tried to prefer a correct and meaningful reading over an unelegant 

reading if both are possible on the basis of the manuscript. This approach has 

been successful in almost all cases, although a few probable errors in the 

manuscript remain unexplained and some of my restorations are uncertain.1 

In a few cases, a mathematically and astronomically correct text cannot be 

restored using these considerations, but an incorrect text is plausible. In such 

cases I have assumed that Bīrūnī made a mistake.  I have kept the mistake in the 

main text and presented the corrected form in the commentary with a brief 

mathematical analysis.  

My critical edition of the Ikhrāj is based on the Diyarbakir and Berlin 

manuscripts. For some problematical passages I have consulted the other 

available manuscripts. In such cases I have compared the different readings of the 

text, and then I have chosen the one which I believe to be the original by Bīrūnī. 

I have usually made the choice on mathematical and astronomical grounds, and 

for the rest, I have also used the considerations which I have explained for the 

Taṭrīq. For the Ikhrāj the problems are not as serious because we have more 

manuscripts. If the Diyarbakir and Berlin manuscripts are different, the readings 

in the Diyarbakir manuscript are often (but by no means always) preferable. 

  

                                                             
1 See: (0-0-3), (0-8-8), (7-1-4), (10-2-1), (16-3-4). 
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1-11: Conclusion 

In this thesis we have restored the Arabic texts of two hitherto unpublished 

astrolabe treatises by Abū Rayḥān Bīrūnī (973‒1048 A.D.) and we have 

translated the most interesting of the two into English. The two treatises are the 

two last major treatises by Bīrūnī that were still unpublished. We have argued 

that the Ikhrāj is probably an early work by Bīrūnī and the Taṭrīq is a late work 

which he wrote in Afghanistan after 1036 A.D. 

One may well ask what Bīrūnīʼs motivation was for writing the Ikhrāj and 

the Taṭrīq. In the introduction to the Taṭrīq, Bīrūnī criticizes his predecessor al-

al-Ṣūfī (903‒986 A.D) for the excessive length of his astrolabe works. Thus 

Bīrūnī wanted to streamline the instructions for using the standard astrolabe and 

this may explain the motivation for the Ikhrāj, although al-Ṣūfī is not mentioned 

in that work. The Ikhrāj is a treatise for beginning students in astronomy on the 

applications of the standard astrolabe. Bīrūnī shows in some detail how the 

astrolabe can be used to solve relevant problems in timekeeping and astrology, 

almost without computations. The title (On Bringing what is in the Potentiality 

of the Astrolabe into Actuality) shows that he wanted to the work to be a complete 

user manual, while it is at the same time much shorter than the astrolabe work of 

al-Ṣūfī in any of its versions. 

The Taṭrīq is the only medieval Islamic treatise with elaborate instructions 

for standard and some types of non-standard astrolabes as well. The title of the 

Taṭrīq (Treatise on Opening the Way towards Using the Different Kinds of 

Astrolabes) suggests that it was Bīrūnī’s intention to put these instructions 

together in one treatise for the first time. The constructions in the Astrolabe 

Construction together with the instructions for use in the Taṭrīq are a complete 

treatment of a group of non-standard astrolabes. (An exception is the crescent-

shaped astrolabe which is not mentioned in the Astrolabe Construction, and 

which we have tried to reconstruct from the instructions in the Taṭrīq.) After 

Bīrūnī, such a treatment of non-standard astrolabes seems not to have been 

written again.   

Bīrūnī’s instructions show that the structure of these non-standard 

astrolabes usually causes complexities in problem solving, without new 

advantages. The aesthetic aspects of these astrolabes may have been more 

important than their (perhaps hypothetical) applications; one has the impression 

that non-standard astrolabes were suitable scientific gifts to be presented at the 

courts of kings. This impression is confirmed by Sijzīʼs dedication of the 

crescent-shaped astrolabe to the court of ʿAḍud al-Dawla, and Bīrūnīʼs report in 

the Taṭrīq of an amazing miniature instrument that was presented to Abū al-

ʿAbbās Khwārizm-Shāh. Therefore, Bīrūnīʼs Taṭrīq with its explanation of non-

standard astrolabes was probably written in the context of the scientific traditions 

at courts. The tradition of non-standard astrolabes at the courts and among 



61 

 

wealthy people was probably short-lived, because we hear little if anything about 

it after the time of Bīrūnī. Thus it may not be an accident that few if any non-

standard astrolabes have come down to us. 

Bīrūnī implies in the Taṭrīq (0-6-1) that the boat-shaped astrolabe with 

rotating horizon was invented because of its relationship with the theory of a 

rotating earth, which was known from India. Apparently there were also Islamic 

astronomers in Bīrūnī’s time who believed in this theory, although we do not 

know their names. In the Astrolabe Construction Bīrūnī says that the boat-shaped 

astrolabe with the rotating horizon is easier to construct than the standard 

astrolabe with a spider which is so difficult to make, but he does not give this 

easier construction as a motivation.1 In the Astrolabe Construction he attributed 

the invention of the boat-shaped astrolabe to Sijzī, but in the Taṭrīq he doubts the 

authorship of Sijzī who seems not to have subscribed to the rotating-earth theory. 

Perhaps the connection with the rotating earth was Bīrūnī’s own idea and the 

easiness of construction was the reason why the instrument was invented.  

Part of the contents of the Taṭrīq is practical. There are also more 

theoretical subjects, such as the interpolation method in Chapter 10, which is not 

realistic on the astrolabe of normal size, and the explanations about the rising and 

setting of ecliptic degrees of a star in different localities. More importantly, most 

of the instructions for the use of non-standard astrolabes were of theoretical 

interest only, because such astrolabes were hardly used in practice, if at all. Bīrūnī 

explicitly states in the preface that the Taṭrīq was intended for readers of 

intermediate level who are interested in more than the bare minimum.  

The fact that the Taṭrīq is available only in one manuscript may well be a 

consequence of its specialized contents or of the fact that the tradition of non-

standard astrolabes was short-lived. The peculiar language of the Taṭrīq, which 

reminds one of the complicated writing style of Bīrūnīʼs Shadows (also extant in 

a unique manuscript) reduces the readership, despite the didactical merits of the 

work. This can also be a reason for the lack of marginalia to the Taṭrīq in the Paris 

manuscript; the manuscript continues with a user manual of the standard astrolabe 

by al-Ṣūfī, which is less theoretically oriented, and has many more marginal 

remarks. The Ikhrāj is a different story; it is more practical in approach, and 

concerned with the standard astrolabe only, and it belongs to the five works by 

Bīrūnī which are extant today in more than ten medieval Arabic manuscripts (the 

other four are the Introduction to Astrology, the Masudic Canon, the Chronology, 

and the Astrolabe Construction). 

I conclude by proposing three subjects for further research. Bīrūnīʼs Taṭrīq 

is interesting from a linguistic point of view, and its terminology can be compared 

to the scientific terminology in Bīrūnīʼs other works, and perhaps related to the 

                                                             
1  Bīrūnī, Astrolabe Construction, p.130. 
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evolution of the scientific language in the Islamic tradition as a whole. A second 

subject of research is the possible influence of Bīrūnīʼs works on the astrolabe in 

later centuries. Here one can look at later astrolabe treatises but also at 

instruments; the instruments that were made in 17th century Lahore show several 

influences that can be traced back to Bīrūnī, and include relationships to non-

standard astrolabes. One may also investigate the mysterious relationships with 

the astrolabe tradition in the western part of the Islamic world, especially al-

Andalus.1 A third subject is a scientific edition of Bīrūnī’s works as a whole. 

Some of Bīrūnī’s works, such as the Keys to Astronomy, are available in 

outstanding editions2 but this is by no means the case for all works. Just like the 

Taṭrīq, there are other works which are available in only one single manuscript. 

Two such works, the Shadows and the Transits, are related to the Taṭrīq (as will 

be detailed in the commentary) but they have not been published in critical 

editions. The Arabic is difficult and many passages have not yet been 

understood.3 The new critical editions of the Taṭrīq and Ikhrāj will hopefully 

make it easier to produce new critical editions of the Shadows, the Transits, and 

other works by Bīrūnī as well. Ideally one would like to have editions and 

translations of the whole corpus of Bīrūnī but this is a daunting task. In 1973, the 

following resolution was adopted at the Bīrūnī conference in Tehran, organized 

on the occasion of his 1000th anniversary: 

“In view of the outstanding importance of al- Bīrūnī in universal history, of the 

primary role which he is capable of playing with regard to understanding between 

the different cultures of our time, the Congress has adopted the proposal 

submitted to the participants whereby a committee of specialists and scholars 

from all countries should be set up with the task of preparing a scientific edition 

of the al-Bīrūnī corpus containing all his works in Arabic and Persian.”4 

Unfortunately this project has by no means been achieved today, but we 

should remain optimistic, and my thesis is a step towards this ultimate goal. 

 

 

                                                             
1  See: Samsó. 
2  Bīrūnī, Keys, Debarnot edition. 
3  See the reviews by G.J. Toomer on the Shadows in Isis, vol. 69 (1978) pp. 619-622 and Toomer, 1965, pp. 45-

72. 
4 Quoted from H.R. Roemer, p. 101. 
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2. Taṭrīq 

2-1: English Translation of the Treatise on Opening the Way towards Using 

the Different Kinds of Astrolabes (Arabic: Maqāla fī al-Taṭrīq bi-Istiʿmāl 

Funūn al-Usṭurlābāt) Based on the Critical Edition in Pages 1-85 of the 

Arabic Part of this Thesis 

 

I have used the following abbreviations and symbols in my translation of the 

Taṭrīq: 

 

 Vertical lines |   | contain folio numbers of the Paris manuscript. 

 f. indicates folio number. 

 a indicates the front side of the folio (recto). 

 b indicates the back side of the folio (verso). 

 Angular brackets  <  > contain translations of words and passages which I 

have added to the Arabic text in order to restore the original by Bīrūnī.  

 Square brackets [  ] contain English words which I have added to the literal 

translation of the Arabic in order to make the text comprehensible. Bīrūnī’s 

Arabic is often very concise. 

 Parentheses ( ) include additional explanations which I have inserted to 

clarify the translation. Further clarifications can also be found in the 

commentary. 

 Parentheses ( ) also include the numbers of the sections (14-1-2, 14-1-3 

etc.) in which I have divided the text for easy reference. 
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|f. 1 b| In the name of Allah, the Beneficent, the Merciful 

Lord, make [the task] easy and make it end well! 

 

Abū Rayḥān Muḥammad ibn <Aḥmad> Bīrūnī’s  

Treatise on Opening the Way towards Using the Different Kinds of Astrolabes 

 

(0-0-1) The astrolabe ‒ may God prolong the life of the master (shaykh) ‒ is the 

noblest of the [astronomical] instruments by which the exact times can be 

established, if it is correctly constructed and nothing in the instrument prevents [us] 

to observe the sun or one of the fixed stars which are indicated on its spider by the 

sharp tips of the star-pointers. The reason is that the astrolabe has applications 

whose numbers is approximately one hundred, in chapters in my treatise On 

Bringing what is in the Potentiality of the Astrolabe into Actuality, which I 

composed, without adding applications that are complicated or misplaced, or 

applications that are the converse of one another, or similar to one another. If 

someone such as Abū al-Ḥusayn ibn al-Ṣūfī exaggerates them (i.e., the applications 

of the astrolabe) by subdividing the smallest and the largest chapters to make the 

number of the chapters one thousand and six hundred eighty, he cannot attempt to 

put these applications into practice in his own lifetime nor in the lifetime of anyone 

else. Nevertheless, we do not find in it a chapter without some use, [at least] for 

some [reader] who is unable to put his ideas to practice or to solve present 

[problems] in analogy with past [experiences]. For someone like that it is even 

possible to add to the chapters of ʿAbū al-Ḥusayn [other equally] lengthy and 

boring material. (0-0-2) The only book by the ancients on the use (as opposed to 

construction) of the astrolabe that we have been able to find is Abyūn/Ibūn the 

Patriarchʼs book On the Use of the Planispheric Astrolabe in which there are 

separate [sections with titles] named after [a kind of astrolabe] different from the 

spherical [astrolabe]. This book by this author included one hundred and fifty-

seven chapters, [but] when they were corrected and explanatory additions were 

removed, the number of chapters decreased significantly. Thus the chapters in the 

book are less than the number [of chapters] which were contained in the table of 

contents. In some of them, the applications are incomplete because of 

misrepresentations in the translation and corruption in the original that was 



65 
 

transmitted. Thābit ibn Qurra either supervised the translation, or revised the 

translation as far as possible while studying [the translated text]. 

(0-0-3) The [scholars of] India limited themselves in their [timekeeping] 

aims |f. 2 a| to the gnomon and its shadow as well as water clocks. None of them 

constructed the astrolabe or used anything similar to it, because it was specific to 

the Greeks and it was not transmitted from them to the [Indian scholars]. (0-0-4) 

The only book on the construction (as opposed to use) of astrolabes by them (i.e., 

the Greeks) that has come down to us is Ptolemy’s Book on the Projection of 

Spheres with the commentary on it by Pappus. If Ptolemy was the first in it, and 

the inventor of it, then he was strongly successful. Ptolemy completed his own 

invention[s] in the best possible way and to the highest degree, as he also did in the 

other branches [in the exact sciences] which he improved to the highest possible 

perfection with his (?)1 to the limit of perfection. In case he was not the first in this, 

and he was not the discoverer of it, then it is characteristic for him to surpass his 

predecessors, to (?)2 up to now. And if this instrument were not based on the 

foundation of necessary proofs, it would be considered a miracle. (0-0-5) The 

principle of the business is to imagine that the sphere of the universe is 

[represented as a] flat [plane], and that the material (i.e., the celestial bodies) and 

the circles on the surface of it, on the inside and the outside, are inscribed, and that 

the position of the observer of them is one of the poles of it. In this way he (i.e., the 

observer) would see those circles, which are either fixed or movable, appear by 

means of visual cones, on a plane surface which is assumed to be perpendicular to 

the celestial axis. 

(0-1) Description of the northern and southern astrolabe 

(0-1-1) The reason for calling them (i.e., the astrolabes) by these two directions is 

known by its relation to the two poles of the universe. The [astrolabes] are initially 

divided into two types: in one of them the observer is at the [celestial] South Pole, 

and in this situation the astrolabe is called northern, because [in this case] the plane 

in which the circles are drawn is to the north of the observer, regardless of whether 

the plane is tangent to the [celestial] sphere at the North Pole, or meets the celestial 

rotation axis in front of the pole or behind it. The pole of the astrolabe around 

which the spider rotates is in this projection the North Pole, so this astrolabe will 

be called northern. For this astrolabe, among the circumferences [of the plate], the 

[circumference surrounded by the] Tropic of Capricorn is to be preferred, because 

                                                             
1 The word is illegible. 
2 The word is illegible. 
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the sun |f. 2 b| does not pass this orbit during its motion toward the south. The other 

[astrolabe] type is the one in which the observer is at the North Pole. It is called a 

southern astrolabe because the plane in which [the circles] appear is south of the 

position of the observer and the pole around which the spider rotates is the South 

Pole. So this astrolabe is [also] named after its [southern] direction. The 

circumference of the Tropic of Cancer is to be preferred for [the circumference of 

the plate of] this [astrolabe] because of the same reason we gave for the northern 

[astrolabe]. 

(0-1-2) It is clear that for the eye of the observer, regardless of the pole at 

which it is located, the great and small circles on [the sphere] will either pass 

through the pole or will <not> pass through it. The circles which pass through the 

pole will appear on the astrolabe as straight lines, for it has been clearly explained 

in Euclid’s Book on Optics: that if the eye is in the plane of the circle, either 

outside the circle or on its circumference or inside its circumference, it will only 

perceive that circle as a straight line. And those [circles] which do not pass through 

that pole, will appear as circles on the astrolabe, as Apollonius clearly explained in 

the Book of Conics: if two sections of the cone have the alternate angles equal (i.e., 

are subcontrary sections), and if one of them is a circle, the other one will also be a 

circle. So this is the situation of these circles as long as the apex of the visual cone 

is on the pole of the [celestial] sphere.  

(0-1-3) Then, if the location of the eye is not at the pole but inside or outside 

the sphere, on the axis or on its rectilinear extension, the shapes of the [projections 

of the] above-mentioned circles on the astrolabe will be conic sections: hyperbolas, 

parabolas and ellipses, as Abū Ḥāmid Ṣāghānī explained in the Book on the Perfect 

Projection: he stated that an [any] assumed circle on the sphere can appear on the 

astrolabe as any [of the following] types [of lined] that are proposed: a  straight 

line or the circumference of a circle or one of the three conic sections. But since it 

is difficult to find a way to bring the [conic] sections into actuality |f. 3 a| by a 

practical method, and since it is unfeasible to engrave them on plane surfaces,  the 

astrolabes are limited to the two simple types, the northern and the southern (i.e., 

with the eye at the northern or southern celestial pole), because the engraving [of 

lines] on them does not go beyond circles and straight lines, and [the construction 

of] these two [types of astrolabes] is the simplest possible in the crafts. Likewise, 
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the northern astrolabe is easier [to make] than the southern one, because it is easier 

to make circles with small diameters than circles with large diameters: 

(0-1-4) If physical properties, inherent in the mathematical objects, are used 

in instruments, they help us in the [concrete] example to construct a circle with a 

radius of ten cubits or less. But for larger ones, the [construction] becomes 

unfeasible and difficult, until the situation becomes insurmountable for a circle 

with radius a hundred cubits, and a blockade appears for its construction. (0-1-5) 

The almucantars of altitude above the earth are in the northern astrolabe circles 

with centers located between its pole toward the throne (kursī) which protrudes 

from the rim toward the swivel and the ring (ḥalqa). Beginning from the horizon, 

they (i.e., the almucantars) rise and become closer to one another. The horizon is 

the largest of them and its concave side faces the throne. It is necessary that in it 

(i.e., the northern astrolabe), it (i.e., the horizon) intersects the celestial equator 

(literally: orbit of Aries) as well as the East-West [straight] line in a [single] point 

in the east which is on the left side, and in another similar point in the west which 

is on the right side. (0-1-6) And these two [lines] have a similar situation in the 

southern astrolabe but the horizon faces the throne with its convex side, not with its 

concave side. Those almucantars whose [altitude] numbers are less than the 

latitude for which the plate was made, have their centers on the other side of the 

pole than the throne, and their convex sides are toward it (i.e., the throne) and they 

become continuously wider until they reach the almucantar whose [altitude] 

number is the same as the latitude of the plate, and that is a straight line parallel to 

the East-West line. Then, the situation is reversed for almucantars whose [altitude] 

numbers are greater |f. 3 b| than the latitude of the plate, so their centers are located 

with respect to the pole in the direction of the throne, and they face it (i.e., the 

throne) with their concave side.  

(0-1-7) The almucantars of depression on the southern astrolabe, I mean by 

them (i.e., almucantars of depression) those which are under the earth, are the same 

as the almucantars of altitude on the northern [astrolabe], but they are drawn 

upside down. Similarly, the almucantars of depression on the northern astrolabe are 

the same as the almucantars of altitude in the southern [astrolabe], but they are 

drawn upside down. And the horizon is common to [both of] them, and for this 

reason it is dotted with consecutive dots, so it (i.e., the horizon) is easily 

distinguished from them and not confused with them. [Otherwise,] the matter will 
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become mixed up if there is no reference [to distinguish the horizon from the 

almucantars of altitude and depression] except its intersection with the celestial 

equator at the two points through the East-West line on both sides [of the 

astrolabe]. 

(0-2) The myrtle-shaped (āsī) and the drum-shaped (muṭabbal) astrolabes  

(0-2-1) The first combinations which appeared (i.e., was designed) in the astrolabe 

from the two simple types, the northern and southern [astrolabes], are the myrtle-

shaped and the drum-shaped [astrolabes]. (0-2-2) In the myrtle-shaped [astrolabe], 

the northern projection is used for the half of the ecliptic with northern declination, 

and the southern projection for the half with southern declination. It is called 

myrtle-shaped because it (i.e., the ecliptic) is similar to [the leaves of] the myrtle. 

The plate of this [astrolabe] is restricted to the part inside the celestial equator, and 

thus the plate [of this astrolabe] is made with this size, just as the plate of the 

northern [astrolabe] is made with the size of the Tropic of Capricorn and [the plate] 

of the southern [astrolabe] with the size of the Tropic of Cancer. And on the [plate 

of the] myrtle-shaped [astrolabe], the orbit (i.e., circle) which is inside the celestial 

equator, is a combination of [the orbits of] the beginning points of Cancer and 

Capricornus (i.e., the tropics of Cancer and Capricorn), as one orbit, and they both 

rotate on it [during the daily rotation of the universe]. To each half of the ecliptic 

one can join the [pointers for the] fixed stars one wants, according to their 

projections (i.e., northern projection for northern declination, southern projection 

for southern declination); it does not matter whether the stars are in northern or 

southern projection.  

(0-2-3) The drum-shaped [astrolabe] is the complement of the myrtle-shaped 

astrolabe, and its opposite, because [in this astrolabe] the half of the ecliptic with 

northern declination is projected according to the southern projection, and the half 

of the ecliptic with southern declination is projected according to the northern 

projection. And it is called “drum-shaped” because of its similarity to a [special 

kind of] drum named kurrāʿa. And [in this type of astrolabe] all of the zodiacal 

signs are rotating |f. 4 a| outside the celestial equator, and the tropics of Capricorn 

and Cancer are united in it. In this [astrolabe], just as we mentioned above for the 

myrtle-shaped astrolabe, the fixed stars in each half of the zodiac [are projected] 

according to the type of projection which is used for that half (i.e., northern 

declination according to the southern projection, etc). [In the figure below] we 
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draw the images of both of them joined to each other, in such a way that the drum-

shaped [astrolabe] is [depicted] yellow and the myrtle-shaped [astrolabe] is left 

white. So, if the colored [image] is dropped, [the image of] the myrtle-shaped 

[astrolabe] will remain, and if the white [page] is dropped, [the image of] the 

drum-shaped [astrolabe] will remain (figure missing). 

|f. 4 b| (0-2-4) The plate of almucantars is the same for the myrtle-shaped 

and the drum-shaped astrolabe and also the tracing of the lines is the same, as 

follows. [The plate contains] almucantars of altitude according to the northern 

projection, and below them [other] almucantars; if you want, you can call them 

either almucantars of depression in the sense that they are under the horizon or 

almucantars of altitude according to the southern projection, and the last term is the 

more suitable for them. The horizon is common between both of them (i.e., two 

types of almucantars) and it is represented as a dotted line, to be distinguished from 

the almucantars [of altitude and depression]. (0-2-5) It is also necessary to have 

another horizon equal in magnitude but in the opposite position (i.e., the mirror 

image). That is to say that both of them are facing each other inside the celestial 

equator with their concavity and outside it with their convexity, and they meet each 

other at the point in which the celestial equator intersects the East-West line. We 

will call it (i.e., the mirror image of the normal horizon) a transverse horizon. It 

does not have to be a dotted line, because it is not in a position similar to the 

almucantars, but it can be dotted to call attention to it. 

(0-3) The crab-shaped (musarṭan) astrolabe 

(0-3-1) Then Nasṭūlus decided to make an innovation in the art [of making the 

astrolabes] and to show his ability in the construction [of astrolabes], so he 

invented the crab astrolabe, which is composed of the myrtle-shaped and drum-

shaped [astrolabes]. (0-3-2) He cut [the spider of] the myrtle-shaped astrolabe in 

halves along its widest part, through the points of the solstices. He combined the 

ascending zodiacal signs which start with the beginning of Capricornus and end at 

the end of <Gemini and the beginning of Aries is at the middle of it, [and 

combined] the descending zodiacal signs which start with the beginning of Cancer 

and end at the end of> Sagittarius, and the beginning of Libra is in the middle of it, 

and he put them together from the two ecliptics which have been shown in the 

figure for the drum-shaped and myrtle-shaped astrolabes, in such a way that six 

zodiacal signs in the two opposite quadrants of spring and autumn [are drawn] 

according to the northern projection, and the six remaining zodiacal signs in the 
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quadrants of winter and summer according to the southern projection. He added to 

every zodiacal sign the fixed stars which are located in its domain, which is limited 

by the two lines from the pole of the astrolabe through its (i.e., the sign’s) 

beginning point and end point. For the fixed stars he used the same type of 

projection [used for] the sign, |f. 5 a| either the northern or the southern projection. 

And here is the figure of the spider of the crab astrolabe (figure missing). 

(0-3-3) The almucantars of the crab-shaped [astrolabe]: He (i.e., Nasṭūlus) 

drew almucantars of altitude in the right half of the plate from the meridian line 

toward the upper side of the plate, toward the midheaven-line, and [also 

almucantars of depression] in its (i.e., the plate’s) lower side toward the line of the 

pillar of the earth, based on the northern projection. These almucantars are cut off 

at the meridian line and they do not have a horizon in common since they are |f. 5 

b| <not> of the same type, but they are of two different types. The two horizons 

intersect the East-West line at the same points at which the celestial equator 

intersects it. We put successive dots on both of the horizons to make them clearly 

distinguishable [from the other lines].  

(0-3-4) Then he (i.e., Nasṭūlus) drew almucantars [of altitude] in the left half 

of the plate from the line of the meridian toward its upper side and lower side, 

based on the southern projection. So, there are also two horizons and they meet one 

another at the above-mentioned point of intersection of the celestial equator with 

the East-West line. We also put successive dots on them (i.e., the two horizons). It 

is a property of each almucantar that is drawn with the two types of projection that 

they meet in one point on the line of the meridian and are connected [in a straight 

line?]. And this is the figure of the almucantars of the crab-shaped astrolabe (figure 

missing).  

|f. 6 a| (0-3-5) Abū Saʿīd Aḥmad ibn Muḥammad ibn ʿAbd al-Jalīl Sijzī 

followed Nasṭūlus in inventing many types of them (i.e., astrolabes with mixed 

northern and southern projections) and he added to it [a new astrolabe (i.e., the 

poppy-shaped astrolabe)] by mixing [the projections of] the signs using different 

rulers by which the magnitudes of the diameters of their circles can be adjusted. (0-

3-6) Then one of our young [contemporaries], who is excellent in fine construction 

work and skillful in the crafts, used his superior intelligence and his good 

emulation of [the art] of invention to construct for the martyred commander, Abū 

al-ʿAbbās Khwārizm-Shāh, may God help him to be accountable [for his deeds], a 

curiosity composed of six hundred parts, including ivory and ebony and logwood 
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and two coupled coin-frames with their two scoops. One of them has no 

adornment, and the other is engraved by pure silver (sīmsukhtaj). The weight of the 

whole [coin frame] was less than half a dirham. Then he (i.e., the young boy) 

assembled them (i.e., parts of the instrument) and he (i.e., the Khwārizm-Shāh) 

gave him (i.e., the young boy) a handsome reward. (0-3-7) Then, he (i.e., the 

young boy) told me: “you know my avoidance of joking and play”. Thereafter this 

young boy donated me something useful with an admirable instruction, indicating 

scrupulousness in his character. Therefore I did it (i.e., I followed his instruction) 

and I applied it in the construction of the astrolabe and the construction of mirrors. 

He could become a genius in his time in it (i.e., the field of making instruments), if 

his inability in Arabic and his lack of interest had not stopped him from obtaining 

skillfulness in sciences. 

(0-4) The scorpion-shaped (muʿaqrab) astrolabe  

(0-4-1) This is the astrolabe which was realized according to the above-mentioned 

construction by the master (shaykh), may God support him, who is ʿAmr ibn al-

Ḥassan Khwārizmī. (0-4-2) He followed in it the tradition of Nasṭūlus in putting 

[the instrument] together from the two types of projection, but he took the 

[zodiacal] signs in each quadrant apart, and did not place them (i.e., their 

projections) in the same order as in the crab-shaped astrolabe [where all signs in 

the same quadrant were] of the same type [of projection]. And [he] used the drum-

shaped [astrolabe] as a base, and he drew in the half of the zodiac with southern 

declination, which is represented by the northern projection,  the signs of Scorpio 

and Aquarius in the southern projection, to make these [two signs] according to the 

system of the myrtle-shaped [astrolabe]. He also drew in the half of the zodiac with 

northern declination, which is designed according to the southern projection in the 

drum-shaped [astrolabe], the signs of Gemini and Cancer in the northern 

projection, to make these [two signs] according to the system of myrtle-shaped 

[astrolabe]. 

(0-4-3) Then he used intelligence and |f. 6 b| skill to connect the signs to one 

another, so that the result looks elegant, and the figure is properly connected. This 

he did as follows: he connected the beginning of Gemini to the end of Taurus by a 

piece similar to a half of the crescent figure so that the widest part is joined to the 

beginning of Gemini, and equal to the width of the [piece of metal representing 
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the] zodiac. Then the bent sides narrow to join the end of Taurus so that they come 

together at the inside of the [zodiacal] sign. The two convex sides containing the 

segment [of the crescent part] face the pole (i.e., center) of the astrolabe. He did the 

same to connect the end of Cancer to the beginning of Leo from the inside, and in a 

similar way [he] connected the beginning of Aquarius to the end of Capricornus, 

by [arcs] similar to those opposite concave arcs, which approach closely but do not 

meet, and which diverge towards the east. He left from the [normal] plate of the 

spider a ring which touches the rim, and he chose its width in a way which he 

found elegant, close to half of the width of the signs in the two zodiacs (i.e., the 

zodiacs in the two projections). This small ring is joined to two horns coming out 

from the end of Taurus and the beginning of Leo, and close to them also two 

straight segments, at which two small [pierced] sights, which seem to be two 

movers, are attached with cords, so that whenever they move, the spider moves 

with their rotation. He made them (i.e., two movers) with two parallel faces, and 

pierced them with holes similar to the holes in the two sights of the alidade, so that 

they can be used for measurements in taking the altitude. (0-4-4) The reason is that 

the back of the astrolabe [cannot contain an alidade because it] is used for the 

lunar-box (ḥuqq al-qamar) with its axes and [decorative] “horses’’, [including 

cogwheels] which can be rotated by rotating the pole of the astrolabe. So for this 

reason he omitted the alidade [on the back side]. But he also joined to that [outer] 

ring the straight perpendicular which passes through the circle in the middle of the 

spider. He put two [small] rings at their meeting points [of the perpendicular and 

the outer ring], which [small rings] curl away from it (i.e., the perpendicular) to 

form [nice] ends. He did not make the [outer] ring complete but cut it close to the 

beginning of Sagittarius to the end of Capricornus, by a segment which he joined 

to it (i.e., the ring) in a curved way, and which curls away from them (i.e., the 

endpoints of the ring) towards the pole.  

|f. 7 a| (0-4-5) He added the pointers of the fixed stars to the [outer] ring and 

the straight perpendicular and the two small rings at the ends of it, and to the circle 

in the middle. The rest of the metal network is used for joining, but he took care to 

use for the tips of [the pointers of] the fixed stars the same [type of] projection that 

was used for the signs which contain these stars in their domains, because this 

condition was also used in the crab astrolabe and the other mixed astrolabes. And 

here is a figure of the spider of this astrolabe (figure missing) and it is closest to the 
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figure of a crab, but the name [crab] was already used for the crab-shaped 

astrolabe. Therefore |f. 7 b| I avoided [to choose the name of crab] and returned to 

call it scorpion-shaped [astrolabe] because of the similarities between the crab 

and scorpion in their feet and claws and because they use them in the same way in 

hunting I even removed the two tangs and a tail and feet had been added to the 

myrtle-shaped astrolabe. He made the joint and the extremities [of the animal] 

fixed stars corresponding to the (i.e., with corresponding positions), and he 

assigned this name to it, with maximal intricacy to the eye.   

(0-4-6) And the almucantars of this astrolabe are a combination of two types 

[of projection] on the plate, just as the [signs of the] ecliptic [are projected] 

according to both projections. They follow (i.e., agree with) the two horizons, of 

which one is common to the two types of almucantars (i.e., of altitude and of 

depression) and the other [horizon] is the transverse [horizon], as the following 

figure (figure missing). 

|f. 8 a| (0-5) The crescent-shaped (ḥilālī) astrolabe  

(0-5-1) The inventor of this astrolabe is Abū Saʿīd Sijzī. At first sight, this 

astrolabe seems to be a combination of half a drum-shaped [astrolabe] and half a 

myrtle-shaped [astrolabe], but this is incorrect because it is based on only the 

northern projection. It can also be made on the basis the southern projection only, 

but the northern projection is in better agreement with the shape and more 

appropriate for the structure of [this astrolabe], and the southern [projection] does 

not suit it as well as the northern one.  

(0-5-2) And [in] the width of alidade a notch is made to make it possible [for 

the alidade] to reach ninety degrees of altitude, without being obstructed by the 

cord which contains the ring. If one does not want to do this (i.e., to make a notch), 

it is possible to shorten the alidade a little and decrease its length, or raise the hole 

of the throne a little to place the cord in a higher position, in such a manner that its 

edge doesn’t meet the degrees of the altitude, it would be sufficient, and one does 

not need to modify the shape of the alidade.  

(0-5-3) But if one sets two sights, having two holes in their centers and 

parallel planes facing us, on the spider on the vertical straight [piece] which 

contains the base (i.e., the widest part) of the crescent, tangent to its two sides, or at 
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two other points in the ring,  [so that] the pole and the horse are not located in the 

middle of them (i.e., the sights), then the alidade would not be necessary for 

measuring the altitude, if the beginning of the [scale of] numbers on the rim (ḥujra) 

is opposite the throne in each of the two quadrants. Moreover, the back of the 

astrolabe would become free [from the alidade], and can be used for whatever 

other application one may want. This is [a figure of] the spider of the crescent-

shaped [astrolabe] (figure missing). 

|f. 8 b| (0-5-4) The almucantars on the plate [of this astrolabe] differ from the 

well-known northern astrolabe in only two things. The first of them is the horizon. 

The difference is that for the part outside the celestial equator, the left side is the 

eastern horizon and the right side the western horizon, but for the part inside the 

celestial equator, the situation is the reverse, so the left side is the western horizon 

and the right side is the eastern horizon. The other [difference] is as follows. Since 

the part of [the astrolabe] under the horizon is cut off, the lines of seasonal 

(muʿwajja) hours are omitted from it. So if someone wants [to have] them 

[anyway], there is no other way than drawing them above the horizon and 

indicating them (i.e., the hour lines) by means of dotted lines, so they can be 

distinguished from the almucantars. But a person who has been guided in the 

proper way to do the operations does not need them (i.e., these hour lines) at all. 

(0-5-5) And just as we removed the obstacles caused by the cord to make it 

possible for the alidade to rotate, it is also necessary to remove [the obstacles for 

rotating] the spider. It is best to drill [holes] in the throne on both sides, not in the 

front, in such a way that the axis of the cord is away from the front (i.e., not in the 

middle), and [you can] put the ring everywhere you want on the face of the 

astrolabe or the back of it. Here is the figure of the plate of the almucantars of the 

crescent-shaped [astrolabe] (figure missing). 

|f. 9 a| (0-6) The boat-shaped (zawraqī) astrolabe 

(0-6-1) I saw a book on this astrolabe by Abū Saʿīd Sijzī, then I found one [boat-

shaped astrolabe] made by Jaʿfar ibn Muḥammad ibn Jarīr. It (i.e., this astrolabe) 

was undated, so I do not know its date in comparison to Abū Saʿīd [Sijzī] and 

whether he was imitating or imitated (i.e., whether he was the discoverer of this 

type of astrolabe) and how [the discovery] took place. (0-6-2) For he was not 
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informed [in his book] about the exact principle of the thing (i.e., the boat-shaped 

astrolabe), and that is the view of the Indian [astronomer] Aryabhata that the 

carrier of the prime circular motion by which the universe makes a complete 

revolution from east to west in almost one day and night [nychthemeron], is the 

earth, not the aether (i.e., the celestial matter). Ptolemy disagrees with [this view] 

and refutes it in the first Book of the Almagest. (0-6-3) So in [the instrument] 

which Abū Saʿīd made, the horizon resembles a boat. In the interior of it, he made 

a perpendicular which extends beyond the [small] circle [around the center of the 

plate], whose boundary is “halved” (mukharraqa) [as a type of alidade] and which 

[boundary] passes through the center [of the plate]. The pointer (shaẓīya) at its end 

meets the rim, so that if one works with the instrument, it (i.e., the pointer) 

corresponds to the pointer at the beginning of Capricornus [in the normal 

astrolabe]. The horizon is from the inside attached to the circle [around the center 

of the plate] in the same way as the spiders of the other astrolabes, because the 

horizon corresponds in this astrolabe to the spider in those (i.e., the normal 

astrolabes). It is as in the following diagram (figure missing). 

|f. 9 b| (0-6-4) The plates of almucantars of it (i.e., the boat-shaped astrolabe) 

are the same as in a common astrolabe, regardless of whether they are southern or 

northern [plates], except for an additional thing. This is the ecliptic belt which is 

drawn in this [type of astrolabe] before drawing the almucantars, just as the names 

of the zodiacal signs and their degrees are drawn in the spiders [of the] normal 

[astrolabes]. Around it (i.e., the ecliptic belt) the [the names of the] fixed stars are 

written, in the same way in which they are inscribed on the northern spider, and the 

almucantars are inscribed on it only afterwards. They are interrupted when they 

reach the belt, [not drawn between the two boundaries of the belt], and are 

displayed again in their correct position when they leave [the belt]. Thus they are 

as in this figure, which is drawn for one of the various possible types of plates 

(figure missing). 
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|f. 10 a| (0-7) The plate of horizons 

(0-7-1) This plate is not [for an] individual [latitude] (i.e., it is universal, for all 

latitudes), and it can be found in northern and southern astrolabes. It does not 

belong to their essence because it is related to (i.e., obtaining) knowledge of a type 

which does not belong to projection. [This is] knowledge of the arc of revolution of 

the celestial equator in time-degrees which have elapsed during the night or day, 

by means of sines (i.e., sine quadrants) and hour-lines which belong to the field of 

instruments but not to the doctrine of the projection of the sphere. (0-7-2) And this 

[plate] carries successive horizons in order of altitude [of the pole (i.e., 

geographical latitude)] which intersect the celestial equator in four diameters in 

the four quadrants of the plate. If they (i.e., the horizons) are drawn for successive 

[degrees in successive quadrants], they will differ in each quadrant by four 

[degrees]. If they are drawn with an assumed difference of degrees, the above-

mentioned difference [between two successive horizons in one quadrant] will be 

equal to that [difference of the latitude] of the drawn [lines] multiplied by four. But 

sometimes one does not consider a systematic order in the differences [in 

geographical latitude] between them and the drawing [of the successive horizons], 

but one follows oneʼs will, for a special reason or without any reason.  

(0-7-3) Then, some craftsmen draw for every horizon the entire part which is 

located on the plate, on the left and the right side, so that the [horizons] are for the 

east and the west together. Other craftsmen only draw the eastern half of each 

horizon, and omit the western part. Still others draw neither the complete horizons 

nor the halves, but only the eastern parts of the horizons between the tropics of 

Cancer and Capricorn, not the western parts of the horizons. This is all for 

aesthetic reasons, and has no effect on working with the plate. The figure of the 

[plate] of horizons is as follows (figure missing).  

(0-7-4) If someone wants to increase the number of horizons on one plate, he 

can divide the front side [of the plate] into eight parts by means of four diameters, 

in the same way as inscribing it by dividing it into four parts by means of two 

diameters. Then by means of them (i.e., the four diameters) the plate contains twice 

as many [horizons] as it contains by means of the two [diameters], and [this is 

possible] if two additional diameters are also drawn. As for the western horizons, 

they are not allowed to be entangled with the eastern ones, and it (i.e., this plate) is 
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decorated by inscriptions, compatible with the craftsman’s competence and ability 

in knowledge and practice to [achieve] the aims of the craft [of making such 

instruments]. 

|f. 10 b| (0-7-5) I think some craftsman have been inspired by the [plate of ] 

horizons to place almucantars in the south-eastern quadrant and the corresponding 

hour lines in the opposite quadrant, that is the north-western, and in the two other 

quadrants the same [lines (i.e., almucantars and hour lines)] for a different latitude. 

Thus one face [of a plate] serves two latitudes, and the two faces of the plate serve 

four latitudes. Then another [craftsman] added to [the number of latitudes] by 

means of doubling this, that is to say, he engraved on each quadrant of the plate the 

horizon for a latitude together with the corresponding almucantars, so the circles 

will repeat closely together, like the successive cogs of bobbins. Thus one face of 

the plate serves four latitudes. (0-7-6) After this, the [plate of] horizons was 

constructed for more horizons, but it is not used because those [additional 

horizons] are useless.  

(0-7-7) There are astrolabes, |f. 11 a| that have been composed from the two 

types of [projections] in a different arrangement [of the northern and southern 

projections of the zodiacal signs], such as the shell-shaped (ṣadafī), the fish-shaped 

(samkī), the turtle-shaped (sulaḥfī) [astrolabe] and similar ones, but someone who 

is guided by [our instruction] for using the [astrolabes] which we have described 

above, will also be guided by this to [use] those [other astrolabes]. (0-7-8) There 

are astrolabes which, although their construction is contrary to the well-known 

[astrolabe], their use is not different from it, such as the melon-shaped [astrolabe] 

which was set up by Yaʿqūb Kindī and perfected by Ḥabash Ḥāsib. (0-7-9) 

Another example is [the astrolabe] which I constructed on the basis of the 

cylindrical projection, and which I have called “the comprehensive [astrolabe]” 

(ḥāwī). The use of these two [astrolabes] is not different from the use of the well-

known [astrolabe]. (0-7-10) There are also unusual types not [directly] based on 

projections, and uncommon methods [for making astrolabes], following the ways 

for making timekeeping instruments, and horizontal plates for timekeeping and 

[determining] ascendants. Examples are the ruler-shaped (misṭarī), the cross-

shaped (ṣalībī) and the spiral-shaped (lawlabī) [astrolabes] and similar ones.  
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(0-8) Preliminary section, on some names and terms which we want to 

mention 

Simple astrolabes cannot [be discussed] without naming their parts and defining 

their lines and circles, so for mixed [astrolabes] this is needed even more urgently. 

And for this reason it is necessary that we have a look at this (i.e., the names and 

terms). 

(0-8-1) The spider is the pierced network carrying the zodiac and the 

pointers of the fixed stars; they are the sharp pointers like the ends of splinters, and 

near each of them the name of a star is inscribed. The place of the spider is on top 

of the plates, rotating on them while they are always fixed and do not move. The 

spider can be rotated either directly, that is [by a movement] from the left toward 

the throne, which protrudes from the rim so that the astrolabe can be 

suspended, and from the throne toward the right; or [it can be rotated] reversely 

that is [by a movement] from the right toward the throne [and then] toward the 

left. The [direct] order of the [zodiacal] signs is for instance from the sign Aries to 

Taurus and then to Gemini and in the same manner until the last [sign], and the 

reverse order of the [zodiacal] signs is from Aries to Pisces then to Aquarius and in 

the same manner until the first [sign]. 

(0-8-2) [Zodiacal] signs can be northern in two ways. First, |f. 11 b| by way 

of their declination toward these two directions, so those [signs that] are in the half 

from the beginning of Aries to the end of Virgo in the order [of the zodiacal signs] 

have northern declination and those [signs that] are in the other half from the 

beginning of Libra to the end of Pisces in the order [of the zodiacal signs] have 

southern declination. And [declination] is for them in the [celestial] sphere an 

essential property which does not change. And the second way is with regard to 

pole and projection. If the astrolabe is northern, then all of its signs will be 

[projected according to] northern [projection], and if it is southern, its signs will be 

[projected according to] southern projection, and if it is [of] mixed [type], each 

sign will keep (i.e., will be projected according to) one of the two above-mentioned 

types [of projection], and the stars in the domain of each sign follow its [type of] 

projection. The position of the celestial equator is the same for both types of 

astrolabe, in the northern astrolabe, the part of the spider which rotates inside it 

(i.e., the celestial equator) toward the pole of the astrolabe is of northern projection 
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and of northern declination, and the part [of the spider] which rotates outside it 

(i.e., the celestial equator) toward the rim, is of northern projection and of southern 

declination. In the southern astrolabe, the part of the spider inside the celestial 

equator, is of southern projection and of southern declination, and the part [of the 

spider] which outside of it is of southern projection and of northern declination. 

(0-8-3) The “absolute” pointer (murī) unrelated to an alidade or a fixed star, 

is a pointer which protrudes from the beginning of Capricornus in the northern 

astrolabe or from the beginning of Cancer in the southern [astrolabe], and which is 

tangent to the rim while the spider is rotating, as if it counts the degrees [on the 

scale] of it. And sometimes there is some distance between the [outer] tropic of the 

solstice and the rim, if the plate is large. Then the absolute pointer is not found on 

the astrolabe, but [in this case] it is necessary that there is a ring between them [the 

tropic and the rim]. This ring meets the rim and it carries a line which is part of the 

diameter passing through the two solstitial points. So its endpoint meets the rim 

while the spider rotates, and it represents the pointer of the beginning of 

Capricornus or Cancer in the applications [of the astrolabe]. So if we say pointer 

we mean in this case the end |f. 12 a| of that line.  

(0-8-4) The horizon is an arc intersecting the celestial equator at its two 

points of intersection with the straight East-West line. Its left half is called the 

eastern horizon and [its] right half the western horizon. In the northern astrolabe its 

concavity is towards the throne, and in the southern astrolabe its convexity. The 

part [on the plate] above it toward the throne is the domain of the day, and the part 

below it in the opposite direction of the throne is the domain of the night. 

Therefore the part above the horizon of the diameter which bisects the throne is 

called the midheaven-line (khaṭṭ wasaṭ al-samāʾ), and the part of it below [the 

horizon] is called the line of the pillar of the earth (khaṭṭ watad al-ʾarḍ). And this is 

the situation of the horizon and its figure for localities with [non-zero] latitude 

(figure missing). But on the [terrestrial] equator, the horizon is the same as the 

East-West line, and at the latitude of ninety [degrees] it (i.e., the horizon) is the 

same as the celestial equator.  

(0-8-5) The horizon is the beginning of the almucantars, which are nested 

circles and they can be either for altitude or for depression. [The almucantars] for 

altitude are located above the horizon and [almucantars] for depression are located 
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below the horizon, so [the horizon] is common to both of them (i.e., the two types 

of almucantars) and the numbers of each of them (i.e., the two types) begin at it 

(i.e., are zero at the horizon). 

(0-8-6) And if you hold the astrolabe opposite to your face [in such a way 

that] the throne is above [the astrolabe] in front of your face, it will be the standard 

position, but if you keep it [opposite to your face but in such a way that] the throne 

is under [the plate] in front of your breast, it will be the converse position. Then 

what is in this case [in the converse position] opposite to a side, takes the place [of 

that side]: the line of the pillar of the earth [takes the place of] the midheaven-line; 

the depression of the east which is in your left hand (i.e., when you hold the 

astrolabe with your left hand in the normal position) <is then (i.e., when the 

astrolabe has been turned) the altitude of the west in your right hand> and the 

western horizon in the standard position will become the eastern horizon in the 

converse position, and likewise the two directions of the straight East-West line 

will be interchanged. (0-8-7) And almucantars of depression in the standard 

position will become almucantars of altitude if the astrolabe is turned upside down, 

and then almucantars of altitude [in the standard position] will become almucantars 

of depression, and [thus] they belong to the type [of projection] that is different 

from the type [of projection] based on which the astrolabe is called [northern or 

southern], |f. 12 b| I mean that almucantars of altitude in the northern [astrolabe], 

by the turning upside down, become almucantars of depression on the southern 

astrolabe, and almucantars of depression on the northern [astrolabe], by the turning 

upside down, become almucantars of altitude on the southern astrolabe. In the 

southern astrolabe they are opposite of this description. This is why we have said: 

if you want, you can call them almucantars of  altitude and depression, or if you 

want, you can call them almucantars according to northern and southern projection, 

in the sense that you relate [the name] to the type [of projection]. 

(0-8-8) And the horizon is common between them and sometimes it can be 

according to northern [projection] and at other times it can be according to 

southern [projection]. In mixed astrolabes there is another horizon called 

“transverse”, and its position is in contrary to [the position of] the common horizon  

(i.e., common to the almucantars) in convexity and concavity. It (i.e., the common 

horizon) intersects it (i.e., the transverse horizon) at the celestial equator, 

and in order to make it better visible for the observer, it can, for instance, be 
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dotted, because if it is not dotted, it can only be distinguished from the almucantars 

by means of the numbers [of almucantars] (?).1 (0-8-9) They are the mirror images 

of each other in the plate of projection. I mean that if the common [horizon] is 

[drawn according to] the northern projection, the transverse [horizon] will be 

[based on] the southern projection, and vice versa. And the signs are of the same 

type [as the horizon (i.e., a sign should be used together with a horizon)] if they 

[are based on] the same projection, and they are incompatible (i.e., should not be 

used together) if their projections are different. 

(0-8-10) The [problems] for which the astrolabe is needed are: the 

determination of the four pillars, namely ascendant, descendant, midheaven, and 

the pillar of the earth (Imum Coeli); the determination of the centers (i.e., cusps) of 

the adjacent second, fifth, eighth and eleventh house; the determination of the 

remaining cadent houses; and the precise determination of the [time] which has 

elapsed from the day or night. This is sufficient for someone whose level in the art 

[of astronomy] is low. But there are problems which are indispensable for someone 

with an intermediate level in it (i.e., astronomy). As for the problems of the highest 

level, it is not satisfactory to just add [such problems], but one will only contented 

by [mathematical] proofs of them. (0-8-11) And therefore we will make it our aim 

here (i.e., in this treatise) to solve [the problems of] the intermediate level [of 

students of astronomy], because the best of things is the happy medium! |f. 13 a| 

And in ethics the moderate people who are the equilibrium between excess and 

neglect are witnesses of the others, and they attain the life of the blissful people 

between them; and God is a supporter of goodness. We have tabulated the chapters 

and their sections [below], to give comprehensive [information] for searching their 

contents. 

  

                                                             
1 The Arabic word is “awrāq” (papers) which does not make sense. Perhaps the original text had “arqām” (numbers) 

but the corruption is not very plausible. 
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Chapter one 

Section one: On taking the altitude of the sun.  

Section two: On taking the altitude of stars. 

Section three: On the determination of the altitude of mountains and walls. 

Chapter two 

Section one: On the determination of the depression of the sun below the 

horizon on high mountains. 

Section two: On [the determination of] the depression of certain things on 

the earth with respect to high(er) places. 

Chapter three  

Section one: On the determination of the [solar] altitude and the direct 

shadow (i.e., cotangent) from one another.  

Section two: On the determination of the [solar] altitude and the reversed 

shadow (i.e., tangent) from one another. 

Section three: On the use of the ladder shadow [on the back of the astrolabe] 

Chapter four 

Section one: On the determination of the direct sine (i.e., the normal sine) 

and the versed sine of an assumed arc.  

Section two: On the determination of the arc corresponding to [a given] 

direct sine or versed sine. 

|f. 13 b| Chapter five  

Section one: On the determination of the maximum obliquity in the northern 

and southern direction. 

Section two: On the determination of the amount of declination of each 

[ecliptical] degree. 
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Section three: On the determination of the distance of a star from the 

celestial equator. 

Section four: On the determination of the stars passing through the zenith 

and [the stars] passing [the meridian] north or south [of the zenith]. 

Chapter six 

Section one: On the determination of the stars rotating in the orbit of an 

[ecliptical] degree and the stars which do not [rotate in such an orbit]. 

Section two: On the determination of the permanently visible (i.e., 

circumpolar) stars and permanently invisible stars at a [given] locality. 

Section three: On the determination of the minimum and maximum altitudes 

of permanently visible [stars]. 

Chapter seven 

Section one: On the determination of the latitude of a locality by means of 

stars which are permanently visible in it. 

Section two: On the determination of the latitude of a locality by means of 

stars which rise and set at it (i.e., that locality).  

Section three: On the determination of the latitude of a locality by means of 

the sun. 

Chapter eight 

Section one: On the determination of the altitude of the sun or a star in the 

meridian circle. 

Section two: On the determination of the noon shadow and the 

corresponding [solar] altitude from one another.  

Section three: On the determination of the [solar] altitude [corresponding to] 

the two ʿaṣrs [prayer times] based on the shadow of [noon plus] one time [the 

gnomon] and the shadow of [noon plus] twice [the gnomon].  
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|f. 14 a| Section four: On the determination of the times of the beginning of 

dawn and the end of dusk. 

Chapter nine  

Section one: On the determination of right ascensions of [zodiacal] signs and 

of assumed arcs on the ecliptic, and the converse of this [process], that is the 

transformation of these ascensions into equal (i.e., ecliptical) degrees. 

Section two: On the determination of ascensions of equal (i.e., ecliptical) 

degrees and their descensions in localities with [non-zero] latitude (i.e., oblique 

ascensions or descensions). 

Section three: On conversion of [oblique] ascensions and descensions of a 

[certain] locality into [ecliptical] arcs. 

Chapter ten 

Section one: On taking the position of the sun on the ecliptic [on the 

astrolabe, if the solar ecliptical longitude is known].  

Section two: On determining the almucantar of a [given] altitude [on the 

astrolabe, if the corresponding almucantar circle is not drawn].  

Section three: On determining the [ecliptical] degree of the ascendant and 

midheaven [by interpolation]. 

Chapter eleven 

Section one: On [the determination of] the equation of daylight of the 

[ecliptical] degree of the sun or of the body of a fixed star.  

Section two: On [the determination of] the day arc and night arc.  

Section three: On the division of the day arc and night arc into the two types 

of hours (i.e., equinoctial and seasonal).  
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Chapter twelve  

Section one: On the determination of the degree of transit, that is [the 

ecliptical degree] which passes through the meridian together with (i.e., at the same 

time as) the [given] star. 

Section two: On the determination of the [ecliptical] degree which rises 

[simultaneously] with a star and the [ecliptical] degree which sets [simultaneously] 

with it. 

|f. 14 b| Section three: On the determination of the stars which rise or set or 

pass through the meridian [simultaneously] with the rising, setting or meridian 

transit of another [star].  

Section four: To determine whether the rising of a star or its setting or its 

meridian transit happens during daytime or night.  

Section five: On the determination of the time of rising, setting or meridian 

transit of a star during daytime or night. 

Chapter thirteen  

Section one: On the determination of the elapsed [time] of day from the 

altitude of the sun. 

Section two: On the determination of the arc of revolution [since sunrise] by 

means of the hour-lines which are engraved on the back of the alidade.  

Section three: On the determination of the arc of revolution by means of the 

hour-lines which are engraved on the back of the mater of the astrolabe. 

Section four: On the determination of the arc of revolution by means of 

[lines of] sines.  

Section five: On the determination of the arc of revolution and the altitude of 

the sun or star from one another. 

Chapter fourteen  

Section one: On the determination of the ascendant by means of the altitude 

of the sun or a star.  
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Section two: On the equalization (i.e., computation) of the houses other than 

the pivots (i.e., midheaven, imum coeli, ascendant and descendant). 

Chapter fifteen  

Section one: On the determination of the azimuth by an astrolabe on which 

azimuthal lines have been engraved.  

Section two: On taking the number of the circle of the azimuth [by 

interpolation, if the circle has not been drawn on the astrolabe]. 

<Section three:> On the determination of the rising amplitude of the sun and 

the stars. 

<Section four: On finding the meridian and East-West lines>.   

Section five: On how to observe the azimuth on the circle of the horizon and 

the determination of the arc of revolution and the ascendant <from it (i.e., the 

azimuth)>. 

|f. 15 a| Section six: On the determination of the azimuth of the qibla and the 

azimuth of any desired locality [from one's own locality]. 

Chapter sixteen  

Section one: On the determination of the distances of the degrees [of the 

ecliptic] or of the planets from the pivots (ascendant, descendant, midheaven and 

imum coeli).  

Section two: On the determination of the projection of the rays of a planet if 

it coincides with the degree of one of the pivots. 

Section three: On [the determination of] the projection of the rays of the 

planets when they are between the pivots.  

Section four: On the progression (tasyīr) of indicators (adillāʾ) to assumed 

positions. 

Section five: On the year-transfers (taḥwīl al-sinīn) and the amount of 

the progressions in our opinion. 
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Section six: On the projection of the rays [of the planets] by means of the 

[special] plate which is named after it (i.e., the “plate for the projection of the 

ray”). 

Section seven: On the progression of the indicators by means of this plate. 

Chapter seventeen  

Section one: On the determination of the height of an object whose base can 

be reached, by means of an isosceles right-angled triangle.  

Section two: On the determination of the height of an object whose base can 

be reached, by means of a non-isosceles right-angled triangle. 

Chapter eighteen  

Section one: On the determination of the height of an object whose base 

cannot be reached, by means of two altitudes (i.e., altitude measurements) of its 

top. 

Section two: On the determination of the height of an object whose base 

cannot be reached, by means of two gnomons. 

Section three: On the determination of the height of an object whose base 

cannot be reached, by means of the shadow [scales engraved] on the astrolabe. 

Chapter nineteen  

|f. 15 b| Section one: On the determination of the depths of depressed places (i.e., 

wells and pits) on the earth.  

Section two: On the determination of a distance [from the observer] on the 

surface of the earth, in the radial direction (samt al-ṭūl), which you follow, if you 

go forward. 

  Section three: On the determination of a distance [between two points] 

transverse to the radial direction which [distance] is taken towards the right or left 

or in both directions. 
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Section four: On finding out about the [movement of] a group [of people]: 

whether they are approaching you, or moving away from you, or are moving 

towards the right or towards the left. 

Chapter twenty  

Section one: On the determination of the diameter of the earth and its 

circumference.  

Section two: On the correction of [the locations of] the stars [for precession] 

on old astrolabes. 

This is the end of the table of contents.  

  



89 
 

Chapter one 

(1-1) Section one: On taking the altitude of the sun 

(1-1-1) The altitude of celestial bodies is the shortest spherical distance between 

the [body] above the horizon – of which [the altitude] is measured – and the circle 

of the horizon. Thus it is an arc of a great circle perpendicular to the horizon, 

between it (i.e., the horizon) and the [body] above the horizon. This circle receives 

its name from the altitude, because [the circle] between the two (i.e., the point on 

the horizon and the body) is the rising to the point above the head, and that is the 

highest [point] of that (i.e., the celestial sphere) which contains the locality. But if 

the body which is considered is below the horizon, under the earth, then the [arc] 

of the above-mentioned circle of altitude between it (i.e., the body) and the horizon 

is called depression. And if it is necessary to mention its circle, it is called “the 

depression circle” because of that (i.e., its being below the horizon). (1-1-2) And if 

a [body] above the horizon emits a ray, gnomons which are set up on the ground 

cast a shadow of it (i.e., the ray of the body), and its altitude [can be measured] by 

two sights with consecutive (i.e., parallel) faces, and they are also called “targets” 

because there are two holes |f. 16 a| in the middle of them in such a way that the 

ray enters the upper one and then reaches the lower one. And the astrolabe in this 

situation is freely suspended from the ring with a hole in it, and the targets are set 

up on the back of the astrolabe. Either [the targets are placed] on the alidade, a 

long rectangular piece like a ruler attached to the pole through a hole in its (i.e., the 

alidade’s) middle, and behind its two targets there are two sharp ends (shaziya), 

each of them called pointer (murī) of the alidade, or pointer of the altitude, because 

it indicates it and points it out. 

(1-1-3) There are two types of alidade. One is [called] perfect (tāmm), and it is 

such that the diameter through the pole [of the astrolabe] passes through the middle 

of it and bisects it in length. The other type is cut in half along the above-

mentioned diameter. One of its halves is discarded, except a circular piece around 

the pole which is maintained, so that the pole can be attached to it (i.e., the alidade) 

by it (i.e., the circular piece). It is called edged (muḥarraf(1 because so many 

applications are based on its edge, or because it is twisted from the perfect [form] 

                                                             
1 Muḥarraf (مُحَرَّف) has two literal meanings in Arabic: “edged” and “twisted”. Morrison (p. 13) translates it as 

“counterchanged”. 
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to the half. Some people call [it] torn (mukharraqa) because it has been torn by 

discarding half of it, just like the spider [of the astrolabe] is torn (i.e., pierced), to 

create the net. (1-1-4) Or the two targets may be placed on the circumference of a 

[special] pierced plate for the operations concerning the moon, its light[ed part], its 

increase, decrease, and its eclipse. Sometimes the back of the astrolabe is used in 

applications, as in [instruments] like the lunar box (ḥuqq al-qamar) with 

almucantars, for [different] poles and horses preventing the alidade from rotating. 

(1-1-5) Then the two targets of the ring of the spider are placed on the two ends of 

the straight [perpendicular] bar which passes through the disk of the pole. In these 

two cases, it is better that they (i.e., the targets) are distant from the bar in the same 

direction by the same amount, so that the pole will not be an obstacle between the 

two [targets], and [will not] prevent the ray [of the celestial body] to reach the hole 

of the lower target. This is just as the method which has been used by the designer 

of this scorpion-shaped astrolabe (i.e., the astrolabe which must have accompanied 

this treatise), and like [the method which] is always used in the crescent-shaped 

[astrolabe] and the boat-shaped [astrolabe]. 

(1-1-6) If the pole [of the astrolabe] with its horse is between the two targets, 

it is necessary in taking the altitude to turn the pole upside down and |f. 16 b| fasten 

it with its horse at the back of the mater of the astrolabe, and [thus] you empty the 

front [of the astrolabe] from obstacles. If the two sights are at the [required] figure 

(i.e., position), then it is necessary that the bar, which is in the middle between 

them as in the boat-shaped [astrolabe], indicates the altitude, or that the line 

[segment] of the diameter between them (i.e., the two sights) and the circular edge 

serves as the pointer. (1-1-7) And the design of [the circular scale of] the ninety 

degrees of altitude is that you divide [by ninety] the quadrant that [begins] from the 

throne toward the left.  And the numbers start from the horizontal line called “the 

line of east” which is at the back [of the astrolabe] and they end at the middle of 

the throne, and then they can be used by the perfect and the edged alidade, and also 

for the moon-plate if the two pointers of the altitude are at the two targets. But if 

the pointer of the altitude is in this plate at the middle between the targets on its 

(i.e., the plate’s) circumference, then the altitude degrees (i.e., scale) are in the 

quadrant which [starts] (with 90) from the throne toward the right, and the numbers 

begin (with zero) at the throne and they end at the “line of the west”.  
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(1-1-8) So if you want to determine the altitude of the sun at any time of day, 

suspend the astrolabe from your right [hand] freely and put the left quadrant [of the 

astrolabe, beginning] from the throne toward the sun, so that the back of the 

astrolabe faces you. Then look on the alidade and notice the position of the ray 

through the hole of the upper target. If it passes through the hole of the lower 

target, it is as required, but if it (i.e., the ray) passes above or below it (i.e., the 

lower hole), then move the alidade and rotate its lower edge toward the shadow of 

the upper sight, up or down, until it (i.e., the ray) ends at it (i.e., the lower hole) 

and coincides with it, and the light [spot] of the upper hole falls on the lower one. 

So if that has been obtained, you look at the upper pointer of the alidade [to find] 

on which degree of the altitude it is placed. And this is determined easily by means 

of the completely written fivefolds (5, 10, 15, 20, …) above (i.e., less than) it, to 

which have to be added [the amount] cut off from the incomplete fivefold by the 

pointer. |f. 17 a| The result is the altitude of the sun at that time. And if the pointer 

of the altitude is on the circumference of the plate of the moon between the two 

sights, then [the distance] to the vertical line – which bisects the throne – toward 

the right quadrant is the altitude of the sun.  (1-1-9) The [way of] taking the 

altitude of the moon will be the same, if it is shiny and objects casts shadows on 

the earth, but this is never used except in urgent cases, because working with the 

moon produces incorrect results on account of its parallax, the speed of its motion, 

and the [fast] change in its position [longitude] and latitude. If (1-1-10) the two 

targets are placed on the spider, then the front of the astrolabe must face you.  

(1-1-11) About the determination of the direction of the altitude: whether it is 

eastern or western is clear to someone who has noticed the course of it (i.e., the 

sun), except if it is close to the meridian. In that case, one should wait a moment 

then take the altitude of the sun at noon again. If [the second altitude] is more than 

the first, the first [altitude] is eastern and if they are equal, the situation is the same 

(i.e., the first altitude is eastern). If [the second altitude] is less than the first one, it 

is possible that the first one is western if it is less than the meridian altitude [of the 

sun on that day]. And that depends on the derivation of it (i.e., the meridian 

altitude) which will be discussed below, or on the almanac for the year if this 

contains a list of the maximum altitude of the sun for every day. It is possible that 

the first [altitude] is for the meridian, if it is equal to [the meridian altitude] known 

from [the almanac]. It is possible that the first altitude is eastern when it is equal to 
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the second altitude, and is less than the maximum altitude at the meridian. But this 

time interval should not be [too] long, for if this is the case, one cannot feel safe 

from the [following] error and mistake: that the western altitude is greater than the 

first altitude, although it is eastern, [which could happen] if the [meridian] altitude 

which is greater than both of them is in [the time interval] between them [and has 

been ignored by the observer]. 

(1-2) <Section two:> On taking the altitude of the stars 

(1-2-1) And about the altitude of the stars: [the altitude] of the planets is not [often] 

used, because they are in a similar situation as |f. 17 b| the moon; except if you 

look carefully at it (i.e., the altitude) and avoid the passing of time. And likewise, 

[the altitude] of fixed stars is only considered for stars whose names and pointers 

are recorded on the astrolabe. [For] other [stars] you should use the calculations 

which are included in astronomical handbooks (zījes) instead of using it (i.e., the 

astrolabe). (1-2-2) If you want to take the altitude of the star, while the star is not 

so clear that it is possible to use [its light] as described previously [for the sun and 

moon], then suspend the astrolabe from your right hand freely, and put the 

quadrant of the altitude toward that star. Lift the upper edge of the alidade toward 

it (i.e., the star) and look toward it through the hole of the lower sight by one eye 

while keeping the other eye closed.  Lift the alidade toward it and align it so you 

see the star through the two holes [at the same time]. Then at that time, look at 

which degree of altitude the pointer of the alidade is located, just as you did fur the 

sun, then it (i.e., the degree) is the altitude of the star at that time. Whether it is 

eastern or western can be known as has been explained before for the sun. (1-2-3) 

Sometimes there is a notch on the upper side of the two sights, above the hole, for 

finding the stars [in the sky] easily. And if it is hard for you to look through the 

two holes at the same time, take a small hollow pipe of silver, so that the width 

inside is exactly six lentils, and it should be completely even and straight, and its 

inside [should be] devoid of irregularities. Then attach it to the brass, along an 

arbitrary side of the alidade. Rotate the alidade and look through the interior of the 

pipe by one eye, as if looking through the holes or the notches. Then, when you see 

the star through the inside of it (i.e., the pipe), the pointer of the alidade shows its 

altitude. 
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(1-3) <Section three:> On the determination of the altitude of mountains and 

walls 

(1-3-1) Taking the altitude of mountains and buildings such as minarets, pyramids 

and so on, is similar to the |f. 18 a| measurement of the altitude of the stars as has 

been described before: you look through the two holes of the alidade or [through] 

the interior of the pipe by one eye toward the summit of the mountain or the 

minaret or the highest point of the pyramid until you see it. Then [the degree] on 

which the pointer of the alidade is located, is its altitude at the locality of 

observation. 

<Chapter two 

(2-1) Section one:> On the determination of the depression of the sun below 

the horizon on high mountains 

(2-1-1) If the altitude of the sun is taken at the same time at the summit of a 

mountain and at its foot, there is necessarily a difference, but the very small size of 

the height of the mountain compared to the large size of the earth makes this 

difference very small, just like the small size of the earth compared to the large 

size of the orb of the sun [with radius the distance sun-earth] makes the location [of 

the sun] with respect to the center of the earth not sensibly different from its 

location as seen on its (i.e., the earth’s) surface. (2-1-2) But if the instrument for 

measuring the altitude is so large that the [integer] degrees on its [scale] are 

subdivided, and the mountains are high, then this difference will be perceptible. 

Abū Ṭayyib Sind ibn ʿAlī narrated that Maʾmūn ordered him [to observe the 

depression of the sun] and he did that and found for it (i.e., the sun) a depression of 

(?)1 [minutes] below the East-West line [on the astrolabe]. He presented that to 

Maʾmūn and he showed him by means of it (i.e., this value) the method for the 

determination of the diameter of the earth. (2-1-3) And likewise we followed [his 

example] in the land of India on a mountain which is not very high and its height in 

cubits does not reach one thousand. We measured on the summit of it (i.e., the 

mountain), the apparent meeting of the sky and the earth (i.e., apparent horizon). 

Thus we found its depression [as measured from the summit] below the horizon on 

the foot of it (i.e., the mountain) [equal to] two-fifths plus one sixth of a degree 

                                                             
1 The word is illegible. 



94 
 

(i.e., 34 minutes). (2-1-4) So let it be granted that the mountain is as high as 

possible, such as the mountain of Dīnbāvand (Damāvand) in Ṭabaristān 

(Māzandarān) or Ḥuvayrith (Ararat) in Azarbāyjān (now Turkey) or Qāqūs (the 

Caucasus Mountains, between the Black sea and Caspian Sea) in Anatolia, then 

this depression is even more noticeable in it. If [the depression of] |f. 18 b| the body 

of the sun is measured on its (i.e., the mountain’s) summit by the two holes of the 

two targets while half of it (i.e., the disk of the sun) has risen or set, the pointer of 

the alidade is found depressed below the horizontal line [on the astrolabe] by the 

same magnitude as the depression [of the sun] below the horizon at that locality; 

this magnitude is not variable and we call it “total” [magnitude]. (2-1-5) So if the 

lower quadrant, to which the pointer of the alidade [is pointing], is divided [in 

degrees and minutes] in the same way as the quadrant of the altitude, the 

magnitude of it (i.e., the depression) is obtained in these units. Otherwise it is 

necessary to suspend the astrolabe from your left [hand] and put the quadrant of 

the altitude toward your face, then you measure [the depression of] the sun. Then 

the altitude of the pointer of the alidade in the altitude quadrant is the magnitude of 

the depression of the apparent [horizon] in that locality, below the observed 

horizon at the foot [of the mountain]. And while the sun is between its rising place 

and the place in which the pointer reaches the East-West line [on the astrolabe], it 

(i.e., the sun) is depressed by a magnitude less than the total [depression]. And if 

this total [depression] as obtained for here is retained, and then the altitude in the 

mountains is increased, then [the new] horizon is depressed below the horizon at 

the lower place (i.e., the “here”). 

(2-2) Section two: On [the determination of] the depression of certain things 

on the earth with respect to high(er) places 

(2-2-1) If the object is close [to the observer], even if the place of the observer is 

not very high, this [type of] depression can exceed the fractions of the one degree, 

and it becomes a multiple of [one degree]. So when you are in place high above the 

surface of the earth, above the place which has been indicated to you or of 

something specific on its (i.e., the earth’s) surface, look towards it through the two 

holes or through the pipe, while the astrolabe is suspended from your left [hand]. If 

you see it (i.e., the object), the height of the pointer of the alidade on the [scale of] 

degrees of the altitude [quadrant] is equal to the depression of the object. 
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Chapter three 

(3-1) Section one: On the determination of the [solar] altitude and the direct 

shadow (i.e., cotangent) from one another 

(3-1-1) The shadow is [indicated] on the astrolabe on the circumference of the 

quadrant opposite to the altitude quadrant, in [a scale of] unequal parts beginning 

|f. 19 a| at the vertical line. Sometimes [the shadow] is [reckoned] in digits if its 

gnomon is divided into twelve equal parts, <and sometimes it is reckoned in feet, 

categorized in two types, one of which is divided into seven equal parts>, and is 

called “integer” [feet] and “sevenfold” [feet], and the other [type] is when it is 

divided into six and one-half and it is called “fractional’’ [feet]. (3-1-2) And to 

determine what type [of shadow] is used on the astrolabe, put the pointer of the 

alidade at forty-five degrees on the altitude [quadrant], and read what [number] of 

the shadow [scale] is shown by the other pointer, then that is the number of parts 

(i.e., units) of the gnomon by which [we measure] the shadow. So if it shows 

twelve, the shadow is [measured]  in digits, and if it shows seven, the shadow is in 

integer feet, and if it shows six and a half, [the shadow] is in fractional feet. (3-1-3) 

Then if the shadow is given in [units of] the type which is [used] on the astrolabe, 

put the pointer of the alidade on the magnitude of the given shadow, and look at 

which degree of the altitude [quadrant] the other pointer is located, then that is the 

altitude of the sun at the time when the shadow has the given magnitude. And if the 

given shadow is not of the type [used] on the astrolabe, you first have to convert it 

to that [type], and then do as we have explained. (3-1-4) [The method of] 

converting it, is that you multiply it by the [number of units of the] gnomon to 

which you want to convert it and then divide the product by [the number of units 

of] the gnomon from which you want to convert it, and then the result of the 

division is [the shadow] converted to the type on the astrolabe. Then you do as we 

have explained so that you find the altitude. If you want, you can convert digits to 

integer feet by dividing the digits in half and adding to the half one-sixth of it. [To 

convert digits] to fractional feet, add to the digits one-twelfth of them and divide 

the result in half. To convert integer feet to fractional feet, subtract one-fourteenth 

from the [integer feet], and [to convert integer feet to] digits, subtract one-seventh 

of its double from its double. And to convert fractional feet to integer [-feet], add 

one-thirteenth of [the fractional feet], and to convert [fractional feet] to digits, 

subtract |f. 19 b| one-thirteenth of its double from its double. So, if you have 

converted the shadow to [units] of the type on the astrolabe, the altitude can be 
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derived as has been explained, and this is for the direct shadow which is cast on the 

surface of the earth by a [vertical] gnomon perpendicular to it. (3-1-5) And in the 

converse situation, if the altitude is given to you and the shadow is wanted, put the 

pointer of the alidade on the given altitude and look on what number on the 

shadow [scale] the other pointer is located, then that will be the required 

[shadow] if the astrolabe is of the indicated type; otherwise convert it (i.e., the 

shadow) to that [type] as explained. 

(3-2) Section two: On the determination of the [solar] altitude and the 

reversed shadow (i.e., tangent) from one another 

(3-2-1) The reversed shadow is cast on a wall facing the sun by a gnomon that is 

fixed perpendicular to it (i.e., the wall) and it is not usual on the astrolabe. [The 

method] of engraving it is to divide its gnomon into sixty equal parts and they are 

called “parts” and they are subdivisions for it.  So if an assumed [magnitude for 

the] altitude of the sun is given to you, and the [corresponding] reversed shadow is 

wanted, subtract the altitude from ninety and put the pointer of the alidade on the 

remainder, and take (i.e., find) its [corresponding direct] shadow by means of the 

other pointer, and multiply it by sixty and divide the result [number of units of the] 

gnomon of the shadow which is [used] on the astrolabe, then the result is the 

reversed shadow of the given altitude. (3-2-2) And conversely, if a reversed 

shadow is given to you and its [corresponding] altitude is wanted, first convert it to 

the [type of] shadow on the astrolabe by multiplying it by its gnomon and dividing 

the result by sixty, then put the pointer on the number on the shadow [scale] equal 

to the result [of the calculation] and look at what degree of altitude the other 

pointer is located. If you subtract it from ninety, the remainder is [the altitude of] 

the sun corresponding to that shadow. 

(3-3) Section three: |f. 20 a| On the use of the ladder shadow [on the back of 

the astrolabe] 

(3-3-1) This shadow is [in] a square in the quadrant located opposite to the altitude 

quadrant, [and] one of its angles is at the center [of the astrolabe], the angle 

opposite to it is located at the middle of the quadrant, and its two closest sides on 

the circumference [of the square] are divided into the [number of] units of the 

gnomon of the shadow, which [units] are counted from the two diameters, I mean 

the horizontal line and the vertical line. So the ends of the two numbers (i.e., the 

maxima of the two scales) meet at the circumference, and one of these two sides is 

toward the earth (i.e., horizontal) and the other is perpendicular to it, and in the 
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middle of the quadrant on its diagonal, the base-number of the division is written: 

If the shadow is [measured in terms of] digits, one hundred and forty four, and if 

[the shadow] is [measured in terms of] fractional feet, forty two and a quarter. This 

quadrant is only [found] in astrolabes with edged alidade [because we need the 

edge to read the quadrant]. (3-3-2) So if it (i.e., the ladder shadow) is engraved on 

the back of the astrolabe and an altitude of the sun is given to you and the direct 

shadow is wanted for that time, put the pointer of the alidade on the given altitude 

and look through which of the two sides [of the square] the edge [of the alidade] 

passes. So if passes through the lower [horizontal] side, the number [through which 

the edge passes] is the shadow; and if it (i.e., the edge) passes through the vertical 

[side], divide the number [written] in the middle of the square as the base [number] 

for division, by this number [indicated by the edge of the alidade], then the result is 

the [direct] shadow. If it (i.e., the result of the division) is in terms of the required 

type [of shadow], that is it (i.e., the result), otherwise convert it [to the required 

type]. (3-3-3) And in the converse situation when [the magnitude of] the shadow is 

given to you and [the magnitude of] the altitude of the sun at that time is wanted, if 

the shadow is of the type used on the astrolabe [then proceed], otherwise convert it. 

Then if it (i.e., the magnitude of the shadow, converted if necessary) does not 

exceed [the units of] the gnomon, put the edge of the alidade on the same [number] 

on the lower side, then the upper pointer shows the desired altitude. And if the 

given shadow, converted [if necessary], is more than [the parts of] the gnomon, 

divide the base number by it, then put the edge of the alidade on the same as it (i.e., 

the quotient) on the vertical side, then the pointer shows the magnitude of the 

altitude in degrees (i.e., scale). 

(3-3-4) And if the height on |f. 20 b| a wall of a shadow [cast] by another 

[wall] opposite to it is given to you, look how much is the total height of the wall 

casting the shadow in the units (i.e., the scale) of the shadow which is given to you, 

and subtract [the magnitude of] the given shadow from it (i.e., the total height of 

the shading wall). Multiply the remainder by the gnomon which is [used] on the 

astrolabe, and divide the result by the distance from the shading wall [to the other 

wall], then the result is the converted [shadow]. So if this converted [shadow] is 

equal to the gnomon, the altitude is forty-five degrees, and if the converted 

[shadow] is less than the magnitude of the gnomon, put the edge of the alidade on 

the same [number] of the vertical side, then the pointer shows the altitude. And if 

the converted [magnitude] is more than the gnomon, divide the base number by the 
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converted [magnitude], then put the edge of the alidade on the same [number] on 

the lower side, and look at the altitude shown by the pointer, and that is the desired 

[altitude]. (3-3-5) Sometimes the square is not engraved on the back of the mater 

but on the back of the plate of the moon, at a center which does not coincide with 

the pole. Then an alidade is suspended from it which moves smoothly, and is 

edged and thin, and whose length is equal to the diameter of this square, and which 

rotates easily around its pole. Its end is pierced so that a plumb line can be 

attached, in order to prevent it from being an obstacle, and to make its suspension 

stronger.1 So if the altitude is taken by means of this plate, the motion of this 

alidade on the two sides of this square replaces the motion of the edged alidade of 

the astrolabe on the two [sides]. 

Chapter four 

(4-1) Section one: On the determination of the direct sine (i.e., the normal 

sine) and the versed sine of an assumed arc 

(4-1-1) The arc is a piece of the circumference of a circle, its chord is the straight 

line between its two ends, and its direct sine is half of the chord of the double of it 

(i.e., the arc), and its versed sine is the arrow (sagitta) of its double. Thus the 

square of the chord of the arc is equal to the sum of the squares of its direct and 

versed sine. (4-1-2) The sine [-lines] on the astrolabe are parallel straight lines on 

its back, each of them drawn from each of the degrees of altitude |f. 21 a| parallel to 

the horizontal line. In this way half of the vertical line is divided into ninety 

unequal parts. (4-1-3) One of the halves of the alidade is divided in the same 

[unequal parts] and is called the “half for finding arcs” or “ninety-division half”, 

and its other half is divided into sixty equal parts and is called the “half for finding 

sines” or “sixty-division half”. (4-1-4) Sometimes, in addition to [the horizontal 

sine lines] similar lines are also drawn from the degrees of altitude parallel to the 

vertical line. Some of them (i.e., astrolabe makers) limit the sine lines to the left 

altitude quadrant, and others extend these lines in both upper quadrants [of the 

astrolabe] so that the entire [upper] half of it (i.e., the astrolabe) looks like a sieve. 

(4-1-5) So if you have a known arc and want its direct sine: if the arc is ninety 

equal degrees, its sine will be sixty equal parts, and it is called the total sine. And if 

[the arc] is less than ninety degrees, put the sixty-division half [of the alidade] on 

the vertical line and take [on the circular scale] the degrees of altitude equal to that 

                                                             
1 The meaning of the text is not clear to me. 
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arc, and look at the [horizontal] line which begins [at the altitude arc] and [find] at 

which of the numbered parts on the edge of the alidade this [horizontal] line ends, 

where the numbers begin at the middle, the pole, and that [number] is the number 

of its direct sine. And if the arc is more than ninety, subtract it from one hundred 

eighty, then take the sine of the remainder as has been [explained] before, then that 

is the direct sine of that arc. (4-1-6) And if the sines (i.e., the sine lines) have not 

been engraved on the back of the astrolabe, but the two halves of the alidade have 

been divided as we have explained, then put the edge of the ninety-division half on 

either the vertical line or the horizontal line, and, beginning from the center of the 

pole, count [the number] of unequal parts equal to [the number of degrees] of the 

arc which is given to you. Where you end, put a mark on the line and then rotate 

the alidade until its sixty-division edge coincides with that [horizontal or vertical] 

line. Then the part which coincides with that mark is the number (i.e., magnitude) 

of the direct sine of that |f. 21 b| |f. 22 a| arc. (4-1-7) And if you want the versed 

sine of an arc, take the difference between it and ninety and obtain the direct [sine] 

for this difference. If the arc is less than ninety, subtract this sine from sixty, and if 

the arc is more than ninety, add this sine to that (i.e., sixty), and the result of the 

addition or subtraction is the versed sine for that arc. 

(4-2) Section two: On the determination of the arc corresponding to [a given] 

direct sine or versed sine 

(4-2-1) If you have [the magnitude of] a direct sine and want its arc, put the sixty-

division half [of the alidade] on the vertical line and count of its numbered parts 

beginning from the pole [a number] equal to the sine which you have. Then 

look at the straight line issuing from this end, and find which degree of altitude it 

reaches, then that is the arc of the direct sine. (4-2-2) And if the sine-lines are not 

engraved on it (i.e., the astrolabe) but the two halves of the alidade are divided into 

the parts [we mentioned], put the sixty-division half on one of the two above-

mentioned (i.e., horizontal or vertical) lines and count the same [amount] on it (i.e., 

the sixty-division half) as the direct sine which you have, and put a mark at the end 

of the segment [between the pole and the endpoint], then rotate the alidade until its 

sixty-division half coincides with the segment, and then the [number] of its [scale] 

divisions which coincides with the mark, is [the magnitude] of the arc of that direct 

sine. (4-2-3) If it is a versed sine and you want its arc, take the difference between 

it and sixty, and determine its arc as we have explained for the direct [sine]. If sixty 

is more than this [versed] sine, subtract this arc from ninety, and if this [versed] 
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sine is more than sixty, add this arc to ninety, then the result of the addition or 

subtraction is the arc of this versed sine. And if the sine of any type, direct or 

versed, is equal to sixty, its arc will be equal to ninety, |f. 22 b| just as if the arc is 

equal to ninety, its sines of both types will be equal to sixty. 

Chapter five 

(5-1) Section one: On the determination of the maximum obliquity in the 

northern and southern direction 

(5-1-1) The sun approaches the zenith of the people who live in the inhabited part 

of the earth, in the northern region [of the sky] during the summer, and is far away 

from them towards the south during the winter, by a deviation [from the mean] in 

both directions with the same magnitude, which does not exceed its two limits (i.e., 

north and south). Each of them is called “maximum obliquity”. And whenever you 

want to find it on the plate [of the astrolabe], look at the midheaven-line [and 

consider] the number of almucantars between the celestial equator and either the 

circle of Capricornus or Cancer: that is the maximum obliquity. If they (i.e., the 

almucantars) are towards the beginning of Cancer (i.e., the summer solstice), it 

(i.e., the maximum obliquity) is northern, and if they are towards the beginning of 

Capricornus (i.e., the winter solstice), it is southern. (5-1-2) If you intend to find it 

(i.e., the maximum obliquity) by arranging an observation, then observe at the end 

of spring, when the noon shadows [of the gnomon] shorten on the northern side of 

the gnomon [for localities north of the Topic of Cancer], or lengthen on the 

southern side of the gnomon [for localities south of the Tropic of Cancer], the 

meridian altitude of the sun every day, when its altitude reaches the maximum 

magnitude in the middle of the sky, and [after this moment] the going-down of the 

sun to the western region is definite and continuous. Then you will find [in 

localities north of the Tropic of Cancer] that it increases every day if it is in the 

southern region [of the sky] and compared to what you found on the previous day, 

until the noon-altitude [of the sun] reaches the maximum magnitude of [all] days, 

and thereafter it starts to decrease. Or  you find it [in localities south of the Tropic 

of Cancer] decreasing if it is in the northern region [of the sky] compared to what 

you found on the previous day, until the noon-altitude reaches its [minimum] limit 

of [all] days, thereafter it starts to increase. So, when it (i.e., the sun) is situated at 

the limit which is followed by decrease after increase, or [is followed by] increase 

after decrease, you retain it (i.e., its altitude) for what follows. (5-1-3) Then, 
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observe the meridian altitude of the sun every |f. 23 a| day in late autumn when 

the noon-shadows [of the gnomon] increase until they also stop at a magnitude, 

and do not decrease [on the next day] afterwards, but stop at a unique magnitude, 

and then [after some days] they start to increase, and retain this limit too. Then, 

return to what you retained first at the beginning of the summer. (5-1-4) And if the 

decrease followed the increase (i.e., if you are north of the Tropic of Cancer), you 

subtract the retained [minimum altitude] for the winter from it, and take half of the 

remainder; it will be the maximum obliquity. But if the summer [limit] turned out 

to increase after the decrease, subtract the summer [limit] from one hundred and 

eighty, then subtract the winter [quantity] from the remainder and take half of the 

difference; that is the maximum obliquity. And if you want, subtract each of the 

two retained quantities from ninety, add the remainders and take half of the [sum]. 

Or add the two retained quantities, subtract the sum from one hundred and eighty, 

and halve the remainder; then in all these methods the result is the maximum 

obliquity. 

(5-2) Section two: On the determination of the amount of declination of each 

[ecliptical] degree 

(5-2-1) On the plate [of the astrolabe], put the [intended] degree on the midheaven-

line and look at the almucantars on this line between the degree and the celestial 

equator, then that is the declination of the degree. So if it is inside the celestial 

equator on the northern astrolabe or outside it on the southern [astrolabe], the 

declination is northern, and if it is outside the celestial equator on the northern 

astrolabe or inside it on the southern [astrolabe], the declination is southern. And 

the total maximum declination (i.e., the obliquity of the ecliptic) only belongs to 

two degrees, namely the beginning of Cancer and the beginning of Capricornus. 

And the partial declination which belongs to the [other ecliptical] degrees is the 

same amount for four degrees, at equal distances from both sides of the two 

equinoxes, that is, the beginning of Aries and Libra. (5-2-2) Example: [if] the 

declination is seventeen degrees |f. 23 b| northern, for the seventeenth degree of 

Taurus, whose distance from the beginning of Aries ‒ in the [direct] order of the 

[zodiacal] signs ‒ is forty-seven, then it is also the northern declination of the 

thirteenth degree of Leo, whose distance from the beginning of Libra in the reverse 

order of the [zodiacal] signs is also forty-seven degrees, and that is [also] the 

southern declination of the seventeenth degree of Scorpio and of the thirteenth 
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degree of Aquarius. It (i.e., the declination) is increasing and rising (i.e., northern) 

in the spring quadrant, from the beginning of Aries to the end of Gemini, by the 

same amount by which it is decreasing and rising (i.e., northern) in the summer 

quadrant, decreasing and falling (i.e., southern) in the autumnal [quadrant], and 

increasing and falling (i.e., southern) in the winter [quadrant]. 

(5-2-3) On the boat-shaped astrolabe, you determine it (i.e., the declination) 

as follows: Place the edge of the mast on the [ecliptical] degree and put a mark on 

it, then rotate the boat to place the mark on the midheaven-line and count [the 

number of] the almucantars between it (i.e., the mark) and the celestial equator, 

that is the declination of the degree.  

(5-2-4) If the back of the astrolabe is [engraved with] sines (i.e., sine lines) 

and there is a small quarter circle around the pole in its sine quadrant, that is the 

circle of the maximal declination. To determine the declination of the [given 

ecliptical] degree by it, take the shortest distance between the degree and the 

closest equinox in either direction, in the [direct] order or reverse order of the 

[zodiacal] signs; this distance will never exceed ninety degrees. Then count the 

same distance from the beginning degree of [the circular scale of] the sine 

quadrant. Put the end of the edged alidade on [that] amount [on the circular 

scale] and put a mark on [the point of] the edge [of the alidade] which passes 

through the [maximal] declination circle, then look at the sine [line] which passes 

through that mark [and find] the degree of [the circular scale of] the quadrant 

where [the sine line] ends, that is the declination of the degree. (5-2-5) And in the 

converse situation, if the declination is given and the distance of its degree from 

the equinox is required, count the same amount as the given declination from the 

beginning of the [circular scale of] degrees |f. 24 a| on the sine quadrant, and look 

where the sine [line] which begins at its end (i.e., at the amount) intersects the 

declination-circle, then mark on it at that [point], and put the edge of the alidade on 

the mark, then its pointer intersects one of the degrees of [the circular scale of] the 

quadrant, and that is the distance of the degree with that declination from the 

equinox. (5-2-6) To determine which equinox it is and whether the distance is in 

the [direct] order or the reverse order [of the zodiacal signs] will only be possible if 

one knows the season of the year. So if it is spring, the distance is in the [direct] 

order [of the signs] from the beginning of Aries, and if it is summer, it is in the 

reverse order from the beginning of Libra, and if it is autumn, it is in the [direct] 
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order from it (i.e., the beginning of Libra) and if it is winter, it is <from> the 

beginning of Aries in the reverse order. 

(5-3) Section three: On the determination of the distance of a star from the 

celestial equator 

(5-3-1) The distance of the sun from the celestial equator is the declination of its 

[ecliptical] degree, and we do not take into account planets which are different 

from it (i.e., the sun) in this chapter. For fixed stars whose pointers are constructed 

on the astrolabe: to determine its distance from the celestial equator, its pointer 

should be placed on the midheaven-line, then [the number of] almucantars which 

are between it and the celestial equator are the required distance which is called its 

“declination” or “declination of transit”. And for [finding] the direction of its 

[declination], look at the vertex of its pointer: if it is located inside the celestial 

equator in the northern astrolabe, or outside it on the southern [astrolabe], that 

distance is northern, and if it (i.e., the pointer) is located outside the celestial 

equator on the northern [astrolabe] or inside it on the southern [astrolabe], that 

[distance] is southern. (5-3-2) And for [a fixed star] which does not have a pointer 

on the astrolabe, there is no way to know the desired [distance] by it (i.e., the 

astrolabe) unless there is a plate on the astrolabe for the latitude of sixty-six plus 

one quarter plus one-sixth of a degree, and the almucantars of altitude and 

depression should be engraved  on it (i.e., the plate of the astrolabe) |f. 24 b| 

together and select (i.e., consider)1 the azimuth-circles on both [parts] of them 

[altitude and depression]. If it (i.e., the plate) is in it (i.e., the astrolabe) according 

to this description, put the pointer of the beginning of Capricornus [on the northern 

astrolabe] or of the beginning of Cancer [on the southern astrolabe] on the 

midheaven-line. Then obtain the azimuthal circle which passes through the 

[ecliptical] degree of the given star which does not have a pointer on the spider, 

and count on it (i.e., the azimuthal circle), starting at its degree on the ecliptic, by 

means of the almucantars exactly the same [number] as [the number of] the 

[ecliptical] latitude of the star: if its [ecliptical] latitude is northern, then on the 

northern astrolabe count [the latitude] inside the ecliptic and on the southern 

[astrolabe] count outside it, and if its [ecliptical] latitude is southern, on the 

northern [astrolabe, count] outside the ecliptic and on the southern [astrolabe, 

                                                             
1 The Arabic “ikhtar” can also be read as “anqar” and translated as “engrave”. 
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count] inside it. Where your [counting] ends will be the place of the pointer of that 

star on the plate. So around it (i.e., the star) towards the ecliptic, attach a thick 

[piece of] paper with a pointed end to the brass [of the spider in such a way that] its 

pointed end represents the pointer of the star which you have marked on the plate. 

Then rotate the spider until the pointed end of the paper coincides with the 

midheaven-line, and measure by it as has been explained for stars which have been 

recorded [by a pointer] on the astrolabe. (5-3-3) And if you want [to determine] the 

distances of the planets, apply the same instruction to its [ecliptical] degree and its 

latitude in its direction (i.e., north or south), until its pointer has been realized, and 

do with it what has been explained above. 

(5-3-4) In the boat-shaped astrolabe, place the edge of the mast on the 

middle of the circle of that star and put a mark on the [point] on the [edge] which 

coincides with it, then this mark will represent its pointer, so if you put it (i.e., the 

mark) on the midheaven-line and count the almucantars from it (i.e., the mark) 

towards the celestial equator, then it will be the distance of that star from the 

celestial equator. 

(5-4) Section four: On the determination of the stars passing through the 

zenith and [the stars] passing [the meridian] north or south [of the zenith] 

(5-4-1) If the sun reaches each of the equinoxes, it passes through |f. 25 a| the 

zenith of the equator and of its inhabitants. After [passing through] the beginning 

of Aries, it (i.e., the sun) inclines from the zenith towards the north, and after 

[passing through] the beginning of Libra, it [inclines from the zenith] towards the 

south. In localities with [non-zero] latitude, which are in the northern region [with 

respect to the equator], it is (i.e., culminates) south of the zenith [when it is] in the 

two equinoxes. There are two types of localities that are distant by their [non-zero] 

latitudes from (i.e., not located on) the equator: one of them is called “with two 

[types of] shadows” and the other [is called] “with only one [type of] shadow” (i.e., 

a northern shadow). The first type consists of [localities] whose latitudes are less 

than the obliquity of the ecliptic; then the sun passes through the zenith twice a 

year, when it (i.e., the sun) is located in two [ecliptical] degrees which are not the 

equinoxes and which have equal declinations. The time interval between the two 

passings through the zenith shortens as the latitude increases, until the latitude is 

equal to the obliquity of the ecliptic. Then the two passings through the zenith 
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coincide and the noon shadow shortens and becomes slight until it corresponds to 

nothing. That is the beginning of the localities with only one shadow.  

(5-4-2) So if you want to determine the two different [ecliptical] degrees of 

the passings through the zenith, rotate the spider on the plate for the latitude for 

which one wants to determine that (i.e., the two mentioned degrees), and look at 

the degrees of the spring quadrant and the summer quadrant which pass through 

the point 90 of the almucantars ‒ which is their limit ‒ and in the plates for these 

localities with two shadows, this point is located between the celestial equator and 

the Tropic of Cancer. So if you have determined the two degrees which pass 

through the point 90, the one in the spring quadrant is [the degree] in which the 

first passing through the zenith happens, and the one in the summer quadrant is 

[the degree in which] the other zenith passing [happens]. The time interval between 

them is the period in which through which the sun traverses [the arc] between the 

two degrees, [to find it] you take by approximation for every degree of [the 

interval] one day. (5-4-3) For the second type of localities, whose latitudes are 

more than the obliquity of the ecliptic, the sun does not pass through the zenith of 

any of them, and the end of the noon shadow of the gnomon is never found |f. 25 b| 

towards the south, unlike [the localities] with two shadows, where [the end of the 

shadow] is sometimes towards the north, and towards the south at other 

times [when the sun is] between the two zenith passings. (5-4-4) The [locality] 

whose latitude is equal to the obliquity is the beginning of the second type [of 

localities] but it can also be considered as an intermediate between the two types. 

For it is like [localities] with two shadows, because the sun passes through the 

zenith once, at the beginning of Cancer, and it is like [the localities] with only one 

shadow since the noon shadow of the gnomon is never towards the south.  For this 

latitude, the point 90 is located exactly on the circumference of the Tropic of 

Cancer, and for [latitudes] with only one shadow, [the point 90] is located inside 

this tropic. (5-4-5) And this is for the northern astrolabe which is more clear than 

in the southern [astrolabe], except in case it (i.e., the southern astrolabe) has a 

considerable space outside the Tropic of Cancer, in which the remaining [parts of 

the] southern almucantars have been engraved. (5-4-6) And regarding the fixed 

stars, put their pointers on the midheaven-line. If [a pointer] passes through the 

point 90, it (i.e., the star) will pass through the zenith at that latitude for which this 

plate has been drawn. If [the pointer] passes behind it towards the rim in the 
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northern [astrolabe], or in front of it towards the pole in the southern [astrolabe], 

then [the star] passes [the meridian] south of the zenith at that latitude. [Stars] 

whose [pointer] passes in front of it (i.e., 90) towards the pole in the northern 

[astrolabe] or behind it towards the rim in the southern [astrolabe], pass [the 

meridian] north of the zenith at it (i.e., that latitude). 

Chapter six 

(6-1) Section one: On the determination of the stars rotating in the orbit of an 

[ecliptical] degree and the stars which do not [rotate in such an orbit] 

(6-1-1) Each star whose distance from the celestial equator is less than the 

obliquity of the ecliptic, necessarily rotates in the orbits of two ecliptical degrees 

which are northern if the distance of the star [from the celestial equator] is northern 

and southern if [the distance of the star from the celestial equator] is southern. So if 

you assume a star and you want to know whether it is like this, put its pointer 

which is engraved on the spider or |f. 26 a| added [to the spider] as [a piece of] 

paper as we have explained, on the midheaven-line. If it (i.e., the pointer) is located 

between the two tropics of Cancer and Capricorn, it (i.e., the star) is like this (i.e., 

it rotates in the orbit of an ecliptical degree), and if it is located outside or inside 

both of them, it (i.e., the star) does not belong to those which are in the orbit of any 

[ecliptical] degree. (6-1-2) And [for] the determination of the two [above-

mentioned ecliptical] degrees, you should mark the place where its pointer meets 

the midheaven-line, then rotate the spider back and forth, and the two degrees 

which pass through the mark are the [ecliptical] degrees in whose orbit the star 

rotates. If its distance [from the celestial equator] is northern, one of the degrees 

passing through its mark belongs to the spring quadrant and the other to the 

summer quadrant, and if its distance [from the celestial equator] is southern, one of 

the two degrees is in the autumnal quadrant and the other is in the winter 

[quadrant]. If the pointer coincides with the Tropic of Cancer or the Tropic of 

Capricorn, it (i.e., the star) rotates in the orbit of a unique [ecliptical] degree which 

is the beginning of one of them (i.e., Cancer or Capricornus): if its distance [to the 

equator] is northern, then the beginning of the sign of Cancer, and if southern, then 

the beginning of the sign of Capricornus. 
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(6-2) Section two: On the determination of the permanently visible (i.e., 

circumpolar) stars and permanently invisible stars at a [given] locality 

(6-2-1) If the distance of any star from the celestial equator is equal to the 

difference between the latitude of the locality and ninety, it meets the horizon 

during its [daily] rotation, but does not rise or set. If its distance from the celestial 

equator is less than the [above-mentioned] difference, it rises on the eastern side 

and sets on the western side [of the horizon]. And if its distance [from the celestial 

equator] is more than the [above-mentioned] difference, then you look: if its 

distance is northern, it will be permanently visible, and if [its distance is] southern, 

it will be permanently invisible. If the excess [of the distance] for a permanently 

visible star over the [above-mentioned] difference is more, then its circular path in 

the sky is higher, it is farther away from the earth (i.e., the horizon), and its 

movement is seen to be slower because it closeness to the [celestial] pole. (6-2-2) 

And to determine this |f. 26 b| by the astrolabe, if there is a pointer for it (i.e., the 

star) on the spider, or [a pointer] is made for it (i.e., the star) of paper, you put its 

pointer on the “line of the pillar of the earth” (i.e., the part of the meridian line 

below the pole). Then if [the pointer] is located exactly on the horizon, it (i.e., the 

star) is tangent to it (i.e., the horizon) in its [daily] rotation. On the northern 

astrolabe, this is the beginning of the permanently visible [stars], and on the 

southern [astrolabe] this is the beginning of the permanently invisible [starts]. And 

if it (i.e., the pointer) is located under it (i.e., the horizon) in the night region, then 

on the northern astrolabe [the star] would be rising and setting, and on the southern 

[astrolabe] it would be permanently invisible. If it (i.e., the pointer) is located 

above it (i.e., the horizon) in the day region, it (i.e., the star) is on the northern 

[astrolabe] permanently visible, and on the southern [astrolabe] it rises and sets. 

(6-3) Section three: On the determination of the minimum and maximum 

altitudes of permanently visible [stars] 

(6-3-1) From what has been explained it has become clear that there are three types 

of stars in every locality with [non-zero] latitude: [stars] which rise and set in it 

(i.e., the locality), describe a day arc above the earth (i.e., the horizon) and a night 

arc below it; permanently visible [stars] which rotate around the North Pole, are 

visible and neither rise nor set and their entire orbit is [their arc of] day; and 

permanently invisible [stars] which rotate around the South Pole below the earth, 
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are invisible, neither rise nor set and their entire orbit is [their arc of] night. On the 

equator there are only [stars of] the first type; all stars rise and set there in such a 

way that the times of their day and their night (i.e., their day arc and night arc) are 

the same. Then, in the localities outside the equator they (i.e., the stars) become a 

mixture: the first type turns into the second [one] by going towards the north, and 

the second [type] turns into the first [one] by returning from the north, and likewise 

the third [type] turns into the first [type, by going] towards the south, and the first 

[type turns] into the third [type] by returning from the south. (6-3-2) And one of 

the characteristics of the permanently visible [stars] is that every day and night 

(nychthemeron) they pass through the meridian circle twice above the earth (i.e., 

the horizon): once above the [celestial] pole |f. 27 a| and this can be distinguished 

because it is higher than Polaris, which is the daughter farthest away from the 

small “Naʿsh”1 and the closest [of the two meridian passings] to the zenith, and this 

[position] is its maximum altitude; and the other [transit of the permanently visible 

star] is below the pole and it can be distinguished because it is below Polaris and 

by its [greater] distance from the zenith towards the northern horizon, and that is its 

minimum altitude. (6-3-3) And if you want to determine it (i.e., the maximum and 

minimum altitude of a permanently visible star) by the northern astrolabe‚ because 

there is not any approach (i.e., easy way) to [find] it by the southern astrolabe‚ put 

the pointer of the [permanently visible] star on the midheaven-line between the 

pole and the throne, and look at the almucantar which coincides with it, then that 

(i.e., the number) is its maximum altitude. Rotate it (i.e., the pointer) until it 

coincides with the midheaven-line below the pole, between [the pole] and the 

horizon, and look at the number of the almucantar on which the pointer is located, 

then that is its minimum altitude.  

(6-3-4) If you consider something like that by means of the southern 

astrolabe, then the fixed stars which rotate around the pole below the horizon are 

permanently invisible, and there is no use in knowing their maximum depressions. 

The other [stars] rise and set, and you do not find any permanently visible [star] 

except if the plate is so big that the horizon is completely drawn on it, and then 

beyond it (i.e., the horizon) is [also] the circle tangent to it (i.e., the horizon) which 

is the first [orbit of the] permanently visible [stars], and [the plate also contains] 

the remaining orbits inside it at the latitude of that place. And I do not think if 

                                                             
1 An Arabic star name for the four stars forming a parallelogram in Ursa Minor. 
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anybody has bothered to do that, because it is difficult to make and not elegant in 

appearance. 

Chapter seven 

(7-1) Section one: On the determination of the latitude of a locality by means 

of stars which are permanently visible in it 

(7-1-1) The latitude of a locality on earth is the shortest spherical distance between 

that locality and the equator. Someone who is unable to travel along it (i.e., the 

distance) and to measure it ‒ because of the long distance and the mountains, rivers 

and seas which are obstacles in it ‒ [can] suppose it similar to [the arc] of the sky 

|f. 27 b| between the zenith and the celestial equator on the meridian circle, or make 

it equal to the altitude of the North Pole for the senses (i.e., the difference is 

negligible). And these two [methods] are sufficient for determining the latitude of 

the locality. Since the altitude of the pole and the latitude are the same, both of 

them are nonexistent (i.e., zero) on the equator because the latitude is [counted] 

from it, but it does not have latitude and the pole is attached to its horizon and is 

not above it. If the locality deviates from the equator, the altitude of the pole is 

above it, [and equal to] the magnitude of its deviation from it (i.e., the equator). (7-

1-2) If it (i.e., the pole) has [non-zero] altitude, stars which rotate around it are 

[always] visible (i.e., above the horizon) in that locality and do not rise from the 

east, nor set in the west, but during the day they are invisible because of the 

sunlight. The number of these stars is low if the orbit of the latitude is small, and 

the number is big if it (i.e., the orbit) is big. [Examples] among these stars are 

Kochab and Pherkad (al-farqadān, β and γ Ursae Minoris) and the rectangle 

(naʿsh, i.e., the stars α, β, γ, δ Ursae Majoris) from the daughters of the rectangle 

(i.e., Ursa Major the Big Dipper), which are circumpolar in the area of the 

Maghreb. (7-1-3) Some of the daughters [of the rectangle] are visible in the third 

climate, and all of them are in the fifth climate [always] above the horizon. And if 

the orbit of the star is completely visible, it (i.e., the star) meets the meridian circle 

above the pole at its maximum altitude, and a second time below the pole at its 

minimum altitude. (7-1-4) If you want to determine the latitude of a locality by 

means of one of the permanently visible [stars], choose one of the well-known 

[stars], which you cannot easily confuse with [another star]. Observe its maximum 

altitude, at the moment when it (i.e., the permanently visible star) stops to increase 
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its altitude and starts to decrease [its altitude], and retain it. It (i.e., the maximum 

altitude) is not useful without obtaining the minimum altitude, so observe it (i.e., 

the altitude) when it stops decreasing and starts to increase. And it is obvious that 

observing the stars by eyesight is possible only at night. The remaining sunlight in 

the beginning or end of a night makes it impossible to observe the same star on the 

meridian circle two times during the same night or in successive nights, except at 

certain localities in the north. At other [localities] an interval not less |f. 28 a| than a 

month is needed between the two observations. (7-1-5) So when you have obtained 

the two altitudes of a star, the minimum is necessarily northern, but three cases are 

possible for the maximum [altitude]: in the first case it is northern, in the second 

case it is southern, and in the third case it is neither northern nor southern but 

exactly ninety degrees. In the first case, where both altitudes are northern because 

the star passes [the meridian] north of the zenith, add them and take half of the 

sum, then this is the latitude of the locality. If you want, add half of the difference 

between them to the minimum or subtract it from the maximum, then the latitude 

of the locality is obtained in both [methods]. In the second case, where the 

directions of the two altitudes are different because the star passes [the meridian] 

south of the zenith, subtract the maximum from one hundred and eighty and add 

the minimum to the remainder, and take half of the sum, then this is the latitude of 

the locality. If you want, subtract the northern [altitude] from the southern 

[altitude], halve the remainder and subtract it from ninety, then the result is the 

latitude of the locality. In the third case, where the maximum is [equal to] a 

quadrant of a circle (i.e., 90˚) because the star passes through the zenith, do exactly 

as explained for the first case. If in this third [case] it happens that the minimum 

[altitude] disappears (i.e., becomes zero) and the star does not rise and set, its orbit 

is tangent to the horizon, so then the latitude is exactly forty five [degrees], nothing 

else. But the tangency of the star to the horizon cannot be observed by the senses 

although it can be imagined in thought. 

(7-2) Section two: On the determination of the latitude of a locality by means 

of stars which rise and set at it (i.e., that locality) 

(7-2-1) If a star which rises and sets in a [given] locality is not recorded on the 

astrolabe, it is not useful for determining the latitude. This is because of the need 

for calculation in most [parts] of the operations, and because of those [calculations] 

it does not belong to the type of applications of the astrolabe. But if the chosen star 
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is recorded on it (i.e., the astrolabe), observe its |f. 28 b| eastern altitude until it 

stops to increase and its body is [exactly] in the middle of the positions of its rising 

and setting, and that is its meridian altitude. (7-2-2) When you have obtained it, put 

the pointer of the star on the midheaven-line and look at the [number of] 

almucantars between it and the celestial equator and retain it (i.e., the number). If 

[the star-pointer] is inside the celestial equator, then it (i.e., the star) is northern, or 

if it is outside it, then it (i.e., the star) is southern, and [if] the altitude which you 

found is taken on the side of the south, subtract the altitude from ninety and add the 

remainder to the retained [number], then the sum is the latitude of the locality. And 

if the altitude is exactly ninety degrees, the retained [number] is the latitude of the 

locality. And if the found altitude of it (i.e., the star) has been taken from the north, 

because the star passes [the meridian] north of the zenith, subtract the altitude from 

ninety and subtract the remainder from the retained [number], then the result is the 

latitude of the locality. 

(7-3) Section three: On the determination of the latitude of a locality by means 

of the sun 

(7-3-1) This [method] is analogous to [the method of determining the latitude by 

means of] stars which rise and set in the locality. So if you want [to do] that, 

observe the maximum altitude of it (i.e., the sun) on that day and whether its 

direction is southern or northern. Then derive its declination and the direction of it 

(i.e., the declination) for that moment. Then, if the same direction is assigned to the 

altitude and declination, and the direction is southern, add the declination and the 

altitude, and subtract the sum from ninety, then the remainder is the latitude of the 

locality, but if the direction [of the altitude and the declination] is northern, 

subtract ninety from the sum, then the remainder is the latitude of the locality. If 

different directions are assigned to the altitude and the declination, take the 

difference between the declination and the altitude, and subtract it (i.e., the 

difference) from ninety, then the remainder is the latitude of the locality. If the 

altitude is exactly ninety [degrees], you do not need it (i.e., the calculation), for 

then the declination of the sun is [equal to] the latitude of the locality. 
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|f. 29 a| Chapter eight 

(8-1) Section one: On the determination of the altitude of the sun or a star in 

the meridian circle 

(8-1-1) The altitudes of the sun and stars are [measured by means] of a great circle 

passing through the zenith. If [this circle] passes through the pole of the universe, it 

is the meridian circle, and the altitude which is found on it is the meridian altitude. 

So if you want [to determine] it for the sun, use its [ecliptical] degree for that day, 

and if you want [to determine] it (i.e., the meridian altitude) for a fixed star, use its 

star-pointer. Put the degree or the star-pointer on the midheaven-line, then the 

almucantar which passes through it (i.e., the degree or pointer) is its meridian 

altitude. If it is with respect to the point 90 (i.e., projection of the zenith) towards 

the rim on the northern [astrolabe] or towards the pole on the southern [astrolabe], 

the altitude is southern, and if it is with respect to the point 90 towards the pole on 

the northern [astrolabe] or towards the rim on the southern [astrolabe], the altitude 

is northern. If the degree or the star-pointer passes through the point 90 itself, that 

altitude is exactly ninety [degrees] and not attributed to the north or south. (8-1-2) 

If the line of noon is engraved on the back of the astrolabe, it is on the quadrant 

opposite to the altitude quadrant. [To use it,] find the position of the sun in its 

zodiacal sign, and look at the end (i.e., intersection) of the circle [on the quadrant] 

through this [ecliptical] degree and this line [of noon], and put the edge of the 

alidade on it (i.e., the intersection), then the altitude degree shown by the pointer is 

the meridian altitude of the sun in that day. 

(8-2) Section two: On the determination of the noon shadow and the 

corresponding [solar] altitude from one another 

(8-2-1) The noon shadow at the moment of noontime is called Abū Mirjaʿa (“father 

of return”) because the shadows of the gnomon, at the beginning of the day, have 

[their] greatest length, and their amounts shorten and decrease continuously until 

reaching the shortest [size] at noon, then they start to lengthen and return to their 

earlier amounts |f. 29 b| until reaching the greatest length again at nightfall. (8-2-2) 

If you want to know the shortest of the day shadows on a certain day, determine 

the noon altitude of the sun and put the pointer of the alidade on the corresponding 

altitude degree [on the rim], then the shadow division (i.e., marking on the shadow 
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scale) upon which its other pointer falls is the noon shadow. If the altitude is 

southern, the end of the shadow is toward the north, and if the altitude is northern, 

the end of the shadow is toward the south, and if it (i.e., the altitude) is exactly 

ninety [degrees], the [number of] feet of their shadows becomes small and then 

completely annihilated at midday. 

(8-2-3) And if [the length of] the noon shadow is known, you put the pointer 

of the alidade on it, and then its other pointer shows you the noon-altitude. And if 

you want to put the edge of the alidade on the intersection of the circle [of the 

ecliptical degree] of the sun and the line of noon, put its pointer on the divisions 

(i.e., the scale) of the shadow at the [given] noon shadow; but by this method 

it is difficult to determine the direction of the end of the shadow and the direction 

of the altitude, except for an astrolabe maker who can achieve this by tricks, if he 

is blessed by a perfect knowledge and a complete adeptness in [this] science, 

together with a fine competence, intelligence and skill in astrolabe making.  

(8-3) Section three: On the determination of the [solar] altitude 

[corresponding to] the two ʿaṣrs [prayer times] based on the shadow of [noon 

plus] one time [the gnomon] and the shadow of [noon plus] twice [the gnomon] 

(8-3-1) When you have determined the noon shadow as a known magnitude of 

digits or feet, add to it the gnomon which belongs to [the same scale], then the sum 

is the shadow [length] of the gnomon for the beginning time of the ʿaṣr prayer 

based on the Ḥijāzī school. And if you put the pointer of the alidade on the same 

amount of the divisions of the shadow, its other pointer will show the altitude of 

the sun in the beginning time of the ʿaṣr. (8-3-2) Then add to the first ʿaṣr [the 

length of] the gnomon once again, then the sum is the shadow of the end of the 

ʿaṣr, but that is the beginning of its time [interval] based on the Irāqī school. From 

this you [can] determine the altitude of the sun as has been explained before. |f. 30 

a| (8-3-3) And between the leaders of the two factions there are many differences 

and particular traditions regarding this subject, which are outside the scope of our 

discussion but they concern what we have said. They (i.e., the leaders) determine it 

(i.e., the ʿaṣr prayer time) by means of one times or two times, that is one gnomon 

or two gnomons after (i.e., added to) the noon shadow. And some of them (i.e., the 

leaders) do not mention the noon shadow together with (i.e., which should be 

added to) one or both of them (i.e., the gnomons), and they do not know the subject 
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exactly, whether they should mention or omit it (i.e., the noon shadow), so they 

cause mistakes to others, and trouble and hardship for themselves. 

(8-3-4) And if the line of noon has been engraved on the back of the mater of 

the astrolabe, the lines of the beginning and the end of the ʿaṣr [prayer time] are 

also engraved together with it, intersecting the circles. So if you know the 

intersection point of the circles of the [ecliptical] degree of the sun with each of 

them (i.e., theʿaṣr prayer time lines) and do as we have explained for the line of 

noon, you will obtain their altitudes and shadow [lengths] in any scale you want. 

(8-4) Section four: On the determination of the times of the beginning of 

dawn and the end of dusk 

(8-4-1) The sunlight causes three types of rising [phenomena] which rise before 

[the sun] itself. The first is the “false dawn” (ṣubḥ kāḍib) which is oblong, high, 

and thin, and it is called the “wolf tail” (dhanab al-sirḥān) to which it is similar, 

and it is not used in any religious rules and bans. The second is the dawn which 

extends across the horizon, and the rules for fasting and prayer are based on it. The 

third one is the redness spread out on the horizon when sunrise is coming, and it 

(i.e., the redness) surrounds it (i.e., the sun) until it rises in it, and it (i.e., the 

redness) will remain in what follows until it turns yellow when its (i.e., the sun’s) 

altitude increases, and then it remains in this condition [of being yellow]. 

(8-4-2) And for the sun there are also three types of dusk, i.e., remaining 

phenomena which follow it (i.e., the sun) after sunset, and these phenomena are 

connected to the [three] dawns in inverse order. The first is the redness spread out 

above the horizon after sunset, like the third dawn‚ and this is dusk according to 

the followers of the Prophetic tradition. The second one is the whiteness extended 

above the horizon, like the second phenomenon of dawn, and this is dusk 

according to the school of the speculative jurists. |f. 30 b| The third one is a thin 

oblong whiteness which remains until the ʿatama and a bit after, and which 

corresponds to the first phenomenon of dawn, so you can call it “false dusk” or 

whatever you want. 

It is not used in any rule, and the common people hardly ever notice it, just as 

they [hardly ever] notice the “false dawn”. (8-4-3) For [the phenomena] which are 

used in [religious] rules, there are <on> some astrolabes two arcs similar to the 
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seasonal hour lines; with “beginning of dawn” written on the eastern [arc] and “end 

of dusk” written on the western [arc], and the degree of the sun reaches these two 

[arcs] at these two times (i.e., beginning of dawn and end of dusk). If you want to 

know the time [interval] between the beginning of dawn and sunrise, and [if] the 

two above-mentioned lines are engraved on the astrolabe, put the [ecliptical] 

degree of the sun on the arc of the beginning of dawn and make a mark on the 

location of the pointer [of the alidade] on the rim, then rotate the spider directly 

(i.e., clockwise) until the [ecliptical] degree of the sun coincides with the eastern 

horizon. Then of the degrees which the pointer moved from the mark, every fifteen 

degrees is equal to one equal (i.e., equinoctial) hour, and of [the remaining 

degrees] which are less than fifteen, every degree is equal to four minutes of an 

hour, and they are until sunrise. If you put the degree of the sun on the line of the 

beginning of dawn, look up the fixed star whose pointer coincides with the eastern 

horizon, then it will be the rising [star] at the time of [beginning of] dawn, and the 

[fixed] star whose pointer coincides with the western horizon will be the setting 

star for that moment. (8-4-4) And in the same way, if you want to [know] the 

interval between sunset and the end of dusk, put the [ecliptical] degree of the sun 

on the western horizon and  mark the position of the pointer [of the alidade] on the 

rim. Then rotate the spider directly (i.e., clockwise) until the degree of the sun 

reaches the line of the end of dusk, and [look] how far the pointer moved from the 

mark: every fifteen degrees is one equal hour, and if [remaining] degrees are less 

than fifteen, multiply them by  four, then the result will be minutes of an hour. 

Likewise, notice |f. 31 a| which star-pointer coincides with the eastern horizon at 

that moment, that [star] will be rising, and [the fixed star whose pointer] coincides 

with the western horizon is the setting [star].  

(8-4-5) If these two arcs have not been engraved [on the astrolabe], put the 

[ecliptical] degree diametrically opposite the [ecliptical] degree of the sun on the 

western side of the almucantar of eighteen, and place a mark on the location of the 

pointer [of the alidade on the rim]. Then rotate the spider directly (i.e., clockwise) 

until the [ecliptical] degree [of the sun] coincides with the eastern horizon, then the 

interval which the pointer moved from the place of the mark is the revolution in 

time-degrees, so convert it to hours and their fractions. And for the determination 

of the [time] interval between sunset and the end of dusk, put the degree of the sun 

on the western horizon and place a mark on the location of the pointer [on the rim]. 
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Then put the [ecliptical] degree diametrically opposite to the degree of the sun on 

the eastern side of the almucantar of eighteen, and notice how much the pointer 

moved away from the mark, then that is the [arc of] revolution between them, so 

convert it to hours. 

(8-4-6) And on mixed astrolabes these two lines are not engraved, so use the 

second method after observing the condition which is general for all its types: you 

look at the zodiacal sign of the sun and its projection [on the astrolabe] and find 

which of the two projections (i.e., northern or southern) was used, and then use it 

for the almucantars of the same type [of projection] and [also] for the horizon, 

whether it is the common or the transverse [horizon]; and do not use two 

conflicting things, I mean a zodiacal sign in northern projection on a horizon or  

almucantar in southern projection. 

(8-4-7) On the boat-shaped astrolabe, put the edge of the eastern horizon of 

the spider ‒ which is the left side of the boat ‒ on the [ecliptical] degree of the sun 

on the plate, and place on the edge of the horizon a mark on the degree. Similarly, 

put the edge of the western horizon ‒ which is the right side of the boat ‒ on the 

[ecliptical] degree diametrically opposite the degree of the sun, and place a mark 

for the diametrically opposite degree on the edge [of the horizon]. Put this mark on 

the almucantars of eighteen in the west side, and put a mark on [the position of] the 

pointer of the mast, that is the straight perpendicular, on the rim. Rotate |f. 31 b| the 

boat directly (i.e., clockwise) until the degree-mark coincides with the horizon of 

the plate. Then the [interval] moved by the pointer from [the place of] the mark, is 

the arc of revolution of the time interval between the beginning of dawn and 

sunrise, and it is the remaining [part] of night. (8-4-8) And for the end of dusk, put 

the degree-mark [of the eastern horizon] on the almucantar of eighteen among the 

eastern almucantars, then rotate the boat conversely (i.e., counter-clockwise) until 

the degree-mark coincides with the eastern horizon on the plate. Then the interval 

moved by the pointer from [the place of] the mark, is the arc of revolution between 

the two disappearances (i.e., sunset and the end of dusk). 
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Chapter nine 

(9-1) Section one: On the determination of right ascensions of [zodiacal] signs 

and of assumed arcs on the ecliptic, and the converse of this [process], that is 

the transformation of these ascensions into equal (i.e., ecliptical) degrees 

(9-1-1) Assumed arcs on the ecliptic, regardless whether they are complete signs, 

less than one sign or multiple [signs]‚ are measured in parts (i.e., units) called 

“equal degrees”, and on the celestial equator, [the units are called] “time-degrees” 

(literally: “times”) or “ascensions”. The ascensions of all assumed arcs of the 

ecliptic are the time-degrees which rise simultaneously with them, and the 

corresponding descensions are the time-degrees which set simultaneously with 

them. (9-1-2) If the latitude of the horizon on which the rising or setting happen is 

zero, the ascensions are called ascensions “in the right sphere” (sphaera recta),1 but 

for the two [ascensions and descensions] it is better not to use this term, for reasons 

whose explanation is outside the scope of this work. The best is to use “on the 

equator” instead of it, and we have done this. The descensions of every arc here 

(i.e., on the equator) are equal to its ascensions on it (i.e., the equator). 

(9-1-3) And if the horizon belongs to a locality with non-zero latitude, [its 

ascensions] are called “ascensions at the locality” and they are different from the 

descensions, which are at it (i.e., the locality) equal to the ascensions of the 

diametrically opposite arcs. In some cases the ascensions at the locality are more 

than the ascensions [of the same arcs] at the equator, and in other cases they are 

less, and the difference between them is called the “ascensional difference”. (9-1-

4) So, if a zodiacal sign <or> [an arc] less |f. 32 a| or more than it is assumed for 

you and its right ascension is required, put the beginning of your assumed arc on 

the midheaven-line and mark the position of the pointer [of the spider, at the 

beginning of Capricornus] on the rim. Then rotate the spider directly (i.e., 

clockwise) until the end of your assumed arc coincides with the midheaven-line, 

then, the interval which the pointer has moved from the mark is the [right] 

ascension of your assumed [arc], which can be a zodiacal sign or more or less. (9-

1-5) And if the right ascension of [an arc] from the beginning of Aries to an 

assumed ecliptical degree is wanted, put the beginning of Aries on the midheaven-

line and mark the [position of the] pointer [on the rim], then rotate the spider until 

                                                             
1 We will translate this expression as “right ascension” in the following. 
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that [assumed ecliptical] degree coincides with the midheaven-line, then [the 

interval] which the pointer has moved away from the mark is the desired 

ascension. (9-1-6) And if it (i.e., the right ascension) is wanted from the beginning 

of Capricornus, for this method is sometimes used: then either you put the assumed 

degree on the midheaven-line and look at the number on the [scale of the] rim 

which the pointer shows ‒ the numbers begin from the middle of the throne and 

they continue (i.e., increase) towards the right ‒  then that is the required 

ascension; or you always add ninety to the result which you obtained from the 

beginning of Aries,  then it will be converted from the beginning of Aries to the 

beginning of Capricornus. 

(9-1-7) And for [doing the] converse [process] for these ascensions and taking 

the amounts of their equal (i.e., ecliptical) degrees: If you are given the [right] 

ascension of an arc of the ecliptic, and either its beginning or its end is [also] 

known, and you want [to determine] the other (i.e., the end or the beginning): 

put the known one of the two (i.e., the beginning or end) on the midheaven-line 

and mark [the position of] the pointer. If the known [point] is the beginning of the 

arc, count from it (i.e., the mark) towards the right [an amount] equal to the given 

ascension, and if the known [point] is the end point of the arc, [count the amount 

from the mark] toward the left. Then put the pointer on [the end of] whatever of the 

amounts it is (i.e., the amount which the pointer has rotated), then [the degree] of 

the ecliptic that coincides with the midheaven-line is the end point [of the required 

arc] |f. 32 b| if the beginning was supposed [to be known]; or it is the beginning [of 

the required arc] if the end was supposed [to be known]. Since you now know the 

beginning and the end [of the required arc] in the ecliptic, the [interval] between 

them are the equal degrees which have that ascension. (9-1-8) And if the assumed 

ascension is [reckoned] from the beginning of Aries or the beginning of 

Capricornus, put either of them on the midheaven-line and count from the pointer 

toward the left [an amount] equal to the [assumed] ascension, and move the pointer 

to the amount [on the rim] which has been reached. Then the equal (i.e., ecliptical) 

degree which coincides with the midheaven-line is the degree to which the given 

ascension belongs. The conversion of ascensions into equal (i.e., ecliptical) degrees 

is called “transforming into an arc”. 

(9-1-9) To determine the right ascension on the boat-shaped astrolabe, [you 

should] put the edge of the mast on the degree which is the beginning of the given 
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[arc of] equal (i.e., ecliptical) degrees and mark the location of the pointer on the 

rim. Then rotate the boat (zawraq) conversely until the edge of the mast is located 

on the degree which is the end of [the given arc of] equal (i.e., ecliptical) degrees. 

Then the [interval] moved by the pointer of the sail away from the mark is the 

required ascension. 

(9-1-10) And on the crescent-shaped astrolabe, the pointer [of the spider] 

sometimes meets the parts (i.e., the scale) of the rim and sometimes does not reach 

[the scale] because [the rim] is cut off. But then it can be replaced by every straight 

line which passes through the center of the spider and reaches it, such as the 

interior edge of the straight line which divides the ecliptic into two halves (i.e., the 

northern and the southern parts), and also lines similar to it, after it has been 

determined and retained. (9-1-11) So if you want [to determine] the [right] 

ascension of [an arc consisting of] a zodiacal sign or part of it or one sign together 

with [another] sign, so look: if both the beginning and the end of the assumed [arc] 

are located in the same half of the ecliptic, either the northern or southern half, put 

the beginning ecliptical degree [of the arc] on the midheaven-line, and mark the 

position of the pointer or its replacement on the rim. If the given [arc] belongs to 

the southern half [of the ecliptic], rotate the spider directly (i.e., clockwise) until 

the end of those equal (i.e., ecliptical) degrees (i.e., the end of the arc) assumed by 

you coincides with the midheaven-line. Then [the interval] moved by |f. 33 a| the 

pointer ‒ or its replacement - from the mark is the right ascension of the [given arc 

of] equal (i.e., ecliptical) degrees. If it (i.e., the assumed arc) belongs completely to 

the northern half [of the ecliptic], then do as has been explained above, but the 

rotation [of the spider] should be in the converse direction to obtain the ascensions. 

And if part of your assumed [arc] belong to one half [northern or southern] and 

part to the other, determine the ascensions of both parts [individually] by the two 

different rotations, and add the two results, then the sum will be the right ascension 

of your assumed [arc] of equal (i.e., ecliptical) degrees. 
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(9-2) Section two: On the determination of ascensions of equal (i.e., 

ecliptical) degrees and their descensions in localities with [non-zero] latitude 

(i.e., oblique ascensions or descensions) 

(9-2-1) Put the beginning of the zodiacal sign or of the part or multiple of it which 

is assumed, on the eastern horizon in the plate of that latitude, and mark [the 

position of] the pointer on the rim, then rotate the spider directly (i.e., clockwise) 

until the end of the assumed [arc] coincides with the eastern horizon. Then [the 

interval] moved by the pointer away from the mark (i.e., the difference between the 

mark and the point reached by the pointer) is the ascension of the [given arc of] 

equal (i.e., ecliptical) degrees for that locality. So if [the ascensions] are required 

<from> the beginning of Aries ‒ and it is not common [to do this process] from the 

beginning of Capricornus and it is not permissible unless it is clearly permitted1 ‒ 

put the beginning of the one you want (i.e., Aries or Capricornus) on the eastern 

horizon and mark [the position of] the pointer, then rotate the spider directly (i.e., 

clockwise) until the assumed degree at the end [of the arc] rises, [then] look how 

much the pointer has moved from the mark, and that is the ascension of the 

[assumed] degree from the beginning of Aries or Capricornus in the locality in 

question. Whenever you do exactly the same process on the western horizon, then 

the amount which the pointer moved from the mark is the same amount as the 

descensions of [the ecliptical arc] that was assumed by you for the latitude of that 

locality.  

(9-2-2) For the boat-shaped astrolabe: put the edge of the eastern horizon of 

the boat on the beginning of the given [arc of] equal (i.e., ecliptical) degrees, and 

mark [the position of] the pointer of the mast. Rotate the boat conversely (i.e., 

counter-clockwise) until that edge coincides with the end of them (i.e., the 

ecliptical degrees of the given arc). |f. 33 b| Then look how much the pointer has 

moved from the mark, and that is the required ascension for the latitude of the boat. 

And whenever you want [to determine] the descension, do exactly the same 

process on the edge of the western horizon on the boat, so you obtain the 

descension.  

(9-2-3) For the crescent-shaped astrolabe: if both assumed ends (i.e., the 

beginning and the end of the ecliptical arc) are located in the same [northern or 

                                                             
1 This is perhaps a sarcastic remark, aimed at other authors who wrote about the astrolabe. 
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southern] half of the ecliptic, then work for [determining] the ascensions by means 

of the eastern horizon and for descensions by means of western horizon, and do the 

same thing that has been explained for [determining] the right ascensions but in 

this case use the horizon instead of the midheaven-line. If it (i.e., the assumed 

ecliptical arc) is divided to two halves such that one end is located in one of the 

two [halves of the ecliptic] and the other end is located in the other [half of the 

ecliptic], then follow the instruction for the different [sense of] rotation for each of 

the two parts, and add the two outcomes, then the sum is the required [oblique] 

ascension if you work with the eastern horizon, and the required [oblique] 

descension if you work with the western horizon. (9-2-4) For the mixed astrolabes, 

in order to [determine] the ascensions and descensions, use every zodiacal sign 

together with the horizon for the same type of projection [as used for the sign], and 

ignore [the horizon] for the other type of projection. Then add the results for the 

different signs, and follow the example of what has been explained, then you will 

obtain the required thing. 

(9-3) Section three: On conversion of [oblique] ascensions and 

descensions of a [certain] locality into [ecliptical] arcs 

(9-3-1) [For this converse process] it is necessary to know the beginning or the end 

of the [required arc of] equal (i.e., ecliptical) degrees to which the ascension or the 

descension belongs. Then put it (i.e., the known beginning or end) for the 

ascension on the eastern horizon, and for the descension or on the western horizon, 

and mark [the position of] the pointer. If the supposed (i.e., known point) is the 

beginning, rotate the spider directly (i.e., clockwise) and if the supposed [point] is 

the end, [rotate the spider] conversely (i.e., counter-clockwise) until the pointer has 

moved away from the mark by the given amount of ascension or descension. Then 

look at the horizon on which you put [the known point] and find with which 

ecliptical [degree] it coincides. That is the end of those equal [ecliptical] degrees if 

you had [first] put the beginning [on the horizon], |f. 34 a| or the beginning, if you 

had put the end [on the horizon]. When you have determined the beginning or the 

end, you know how many equal degrees are between them [and hence the required 

ecliptical arc]. 

(9-3-2) On the boat-shaped astrolabe, put the edge of the eastern horizon ‒ 

for the ascensions ‒ or of the western horizon ‒ for the descensions ‒ on the one of 
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the two ends [of the arc of ecliptical degrees] which is known to you, and mark the 

[position of the] pointer of the mast. Then rotate the pointer directly (i.e., 

clockwise), if you have put (i.e., fixed) the beginning of it (i.e., the unknown arc) 

by it (i.e., the mast), and conversely (i.e., counter-clockwise), if you have put [the 

pointer] towards it (i.e., the end). Move it until the pointer has moved from the 

mark by the amount of ascensions or descensions which have been given to you. 

Then look which ecliptical [degree] has been reached by the horizon of the boat 

which you have used, and that is the other end of the [required ecliptical] arc of 

equal degrees. (9-3-3) It will be clear to you how to do that on the crescent-shaped 

astrolabe if you carefully consider what we have explained about the operations 

with it. 

Chapter ten 

(10-1) Section one: On taking the position of the sun on the ecliptic [on the 

astrolabe, if the solar ecliptical longitude is known] 

(10-1-1) The [number of] degrees of the ecliptic is three hundred and sixty. If 

every zodiacal sign is divided into thirty [equal] parts, the astrolabe is called 

complete or perfect, and if [every zodiacal sign] is divided into fifteen [equal] 

parts, [the astrolabe] is called bipartite, and if [every zodiacal sign] is divided into 

ten [equal] parts, [the astrolabe] is called tripartite, and if [every zodiacal sign] is 

divided into five [equal] parts, [the astrolabe] is called sexpartite. And that is 

according to the division that is possible for the zodiacal signs, according to 

divisibility [of 30] and size [of the astrolabe]: if [minimally] it becomes so small 

that the signs are divided into three parts, it (i.e., the astrolabe) is called ten-partite. 

And let [each of] these numbers (2, 3, 6, 10) be called “the division base”. 

But the numbers four, seven, eight and nine are not used in it (i.e., the division) 

because thirty cannot be divided by them in a numerical way without fractions. 

When [the astrolabe] is not complete but divided by the division base‚ the 

remaining degrees between the lines in (i.e., dividing) the zodiacal signs are 

omitted, and there are two ways to know them. 

(10-1-2) [The first method] is estimating them by just looking at them (i.e., 

the degrees) conjecturally. This does not allow [the user] to divide |f. 34 b| the 

zodiacal sign into six [equal parts], because [then] the interval between the two 
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lines [of the ecliptic] is five degrees, and dividing a distance into five [equal] parts 

is not usually easy by approximation, in comparison with the easy division of it 

into three parts to obtain one-third, and the division of each of two halves into 

three [equal parts] to obtain one-sixth. Because of this (i.e., difficulty in division), 

it is not common to draw quinquepartite (i.e., five-degree interval) [divisions] on 

the astrolabe, but if a craftsman tries to do this, he will not receive any complaint.  

(10-1-3) [The second method] is calculation, as follows:  you [should] put 

the first (i.e., closest) line before the degree of the sun on the midheaven-line and 

mark [the position of] the pointer. Then put the second (i.e., closest) line after the 

degree of the sun on the midheaven-line and look how much the pointer has moved 

away from the mark, and that is the “degree base”. Then you obtain how much [the 

distance] is between the first line and the degree of the sun, and you take the ratio 

of it to the “division base”‚ to know whether [to take the longitude difference 

times] one-half, or one-third, or one-sixth or one-tenth, and take the corresponding 

ratio times the “degree base”, then that is “the equation”. Then, count [an amount] 

equal to it from the mark towards the left, and put the pointer on the result, then 

look which [point] between the first line and the second line coincides with the 

midheaven-line, then that is the degree of the sun, so make a mark on it on the 

ecliptic. And if you want [to know] the equation by calculation, multiply what is 

between the first line and the degree of the sun by “the degree base” then, divide 

the result by “the division base”‚ then, the result will be that equation. 

(10-1-4) And the situation is also like this on the boat-shaped astrolabe: if 

the edge of the mast coincides with the first line, mark [the position of] the pointer 

on the rim. Then put it (i.e., the edge of the mast) also on the second line, and then 

the pointer will move by an amount [equal to] “the degree base”.  Then obtain the 

“equation” and count [this amount] from the mark towards the left and put the 

pointer on the end point, then, the edge of the mast will coincide with the degree of 

the sun. Put a mark on it on the ecliptic. 
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|f. 35 a| (10-2) Section two: On determining the almucantar of a [given] 

altitude [on the astrolabe, if the corresponding almucantar circle is not 

drawn] 

(10-2-1) If the astrolabe is not perfect and complete[ly graduated], then its 

almucantars are engraved with the same [difference] as the difference between the 

degrees on the ecliptic. This is done because it looks nice, not by necessity. So if 

they are not engraved (for each integer degree of altitude)1 and the [observed] 

altitude of the sun or a star is [a number] between two almucantars, put the degree 

[of the sun] or the star-pointer at the almucantar whose number is the lesser of the 

two, and it is the first [almucantar], [and put it] on the side of the altitude (i.e., the 

side where the sun or star is), either eastern or western, and put a mark on [the 

position of] the pointer [of the spider] on the rim. Rotate the spider directly (i.e., 

clockwise) for an eastern altitude, or conversely for a western altitude, until the 

degree [of the sun] or the star-pointer2 ends at the second almucantar with the 

greater number. Then the amount by which the pointer has moved from the mark is 

“the almucantar base”. Look how much is [the difference] between the first 

almucantar and the found (i.e., observed) altitude, and take the ratio of it to 

“division base” as has been explained above, and take the equal [ratio] times the 

“almucantar base”‚ that is the equation. And if you want, you multiply [the 

difference] between the first almucantar and the given altitude by the “almucantar 

base” and divide the result by the “division base”‚ then the result is the equation. 

Count this amount from the mark on the rim towards the right for an eastern 

altitude and towards the left for a western altitude, and put the pointer on the result. 

Then [the point] reached by the degree [of the sun] or the star-pointer is the 

position of the almucantar of altitude. 

(10-2-2) On the boat-shaped [astrolabe] put the edge of the mast on the 

degree of the sun or on the center of the star and mark its [position] on the [edge of 

the] mast. Put that mark on the first almucantar <and> mark [the position of] its 

pointer on the rim.  Find the “equation” by means of the mark on the mast between 

the two almucantars, and count [an amount] equal to that from the mark in the 

[direction] according to the previous consideration, and put the pointer of the mast 

                                                             
1 One Arabic word is illegible. 
2 Bīrūnī means: the mark on the edge of the mast.  
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on the resulting point, then, <the replacement of> the degree [of the sun] or of the 

pointer of the star will coincide with |f. 35 b| the given altitude. 

(10-3) Section three: On determining the [ecliptical] degree of the ascendant 

and midheaven [by interpolation] 

(10-3-1) The sign of the ascendant is [the zodiacal sign] which is situated on the 

eastern horizon, and the degree of [the ascendant] is [the degree] which coincides 

with it (i.e., the eastern horizon). So if the horizon is located between two lines of 

the sign of the ascendant [on the ecliptic], make a middle mark [on the position of] 

the pointer on the rim. Rotate the spider conversely until the eastern horizon 

coincides with the first line of the ecliptic, and <put the first mark on the place of 

the pointer on the rim, and rotate the spider directly (i.e., clockwise) until the 

eastern horizon is put on the second line of the ecliptic> and make a second mark 

on the rim at [the position of] the pointer, and take the ratio of [the difference] 

between the first and the middle mark to [the difference] between the first and the 

second [mark], and take an amount equal to this [ratio] times the “division base”‚ 

then this is the equation. And if you want, multiply [the difference] between the 

first and the middle mark by the “division base” and divide the result by [the 

difference] between the first and the second mark, then the result is the equation. 

Then always add the equation to the number of the first line (i.e., the ecliptical 

degree), then the sum will be the number of the degree of the ascendant in its sign. 

The situation is similar for the [zodiacal] sign of the midheaven, which is situated 

on its (i.e., the midheaven) line, and its degree [of the sign of the midheaven] 

which coincides with it (i.e., the midheaven-line). If the midheaven-line is situated 

between the two lines of its [zodiacal] sign, then if you do for the midheaven-line 

the same as what you did for the horizon, you will obtain the degree of the 

midheaven in its [zodiacal] sign.  

(10-3-2) And likewise, in the boat-shaped astrolabe, if the edge of the 

eastern horizon on the boat is situated between two lines of the ecliptic, do with it 

what you did for the horizon there (i.e., for the normal astrolabe), and if the edge of 

the mast is situated between two lines of it (i.e., the ecliptic) do with it (i.e., the 

mast) what you did for the midheaven-line there (i.e., for the normal astrolabe), so 

that you obtain what you desired. 
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Chapter eleven 

(11-1) Section one: On the [determination of the] equation of daylight of the 

[ecliptical] degree of the sun or of the body of a fixed star 

(11-1-1) The equinoctial day is [the day] which is equal |f. 36 a| to its night, and 

each of them is [equal to] a semicircle containing one hundred and eighty “parts” 

(i.e., degrees), when it (i.e., the sun) is at the beginning of either the sign of Aries 

or the sign of Libra. So, if they are equal at the beginning of Aries, it is called 

“vernal equality” and at the beginning of Libra, it is called [autumnal] equinox or 

“autumnal equality”. Thereafter, in the northern [celestial] hemisphere, the day 

increases over the equinoctial day, and the part of its [equinoctial] night which 

enter into it is called “excess of daylight”, that is, excess over its night or over the 

equinoctial day, and half of this excess is called the “equation of daylight”. (11-1-

2) And in the southern hemisphere, the day becomes shorter than the equinoctial 

day and the part of it which enters into its night is called the “excess of daylight”, 

but it should be called “excess of night”‚ that is, [excess] over its day or over the 

equinoctial night. But it is better to call it “increase of daylight” in the northern 

[hemisphere], and “decrease of daylight” in the southern [hemisphere]. Its half 

which is [called] the “equation of daylight”‚ is always for every [ecliptical] degree 

equal to the difference between its right ascension and its [oblique] ascension in 

the [assumed] locality. (11-1-3) So if you want [to determine] the equation of 

daylight for an assumed [ecliptical] degree, put it on the straight East-West line 

and mark the position of the pointer on the rim. Rotate the spider until that degree 

coincides with the eastern horizon. Then the [interval] which the pointer moved 

from the mark is the equation of daylight, and its daylight is more than the 

equinoctial day if the rotation towards the horizon is in the converse direction; and 

less if the rotation towards the horizon is direct [clockwise]. For the stars, do with 

their star-pointers as you did with the [ecliptical] degree, and this will lead you to 

their equation of daylight. 

(11-1-4) On the boat-shaped astrolabe, put the eastern horizon of the boat on 

the [ecliptical] degree and make a mark on it (i.e., the boat) at it (i.e., the degree), 

then [rotate the boat to] put the mark on the East-West line. Then the [interval] 

between the beginning point (i.e., zero point) of the numbers in the middle |f. 36 b| 

of the throne and the pointer of the mast is the equation of daylight; if it is from the 
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beginning point towards <the right>, its day is more [than the equinoctial day], and 

if it is towards the left, its day is less [than the equinoctial day]. For the stars, put 

the eastern horizon on the center of that star, and place a mark on it (i.e., the 

eastern horizon) at [that position], and follow the above-mentioned [instruction] for 

the mark of the [ecliptical] degree. 

(11-2) Section two: On the [determination of the] day arc and night arc 

(11-2-1) What is above the earth is characterized as “day” and what is below the 

earth is characterized as “night”. The day in the absolute (i.e., natural) sense is the 

period in which the sun is above the horizon, and night in its absolute (i.e., natural) 

sense is the period of its concealment below the horizon. 

(11-2-2) The situation for every star or every assumed point is similar, but 

its “day” or “night” are [artificial concepts] assigned to it and ascribed to it (i.e., 

the star or the point). And to each “day” or “night” a word “arc” is added, because 

every moving [celestial body] describes during the circular movement [of the 

universe] a circle  in the aether (the fifth element), which is divided by [its] rising 

and setting into day and night, and each of them (i.e., day and night) are an arc of it 

(i.e., the circle). Moreover, it (i.e., the path) is clearly curved to the eye, especially 

for the case of oblique movement, nor for the vertical [movement] which happens 

on the equator, nor the horizontal1 [movement] which happens under (i.e., near) the 

pole. (11-2-3) So if you want to determine the day arc of an [ecliptical] degree, put 

it (i.e., the degree) on the eastern horizon and make a mark on [the position of] the 

pointer [on the rim], then rotate the spider directly (i.e., clockwise) until the mark 

coincides with the western horizon, then the day arc of it (i.e., the degree) is [the 

interval] moved by the pointer on the rim. If you rotate the spider conversely (i.e., 

counter-clockwise), the interval is the night arc of it (i.e., the ecliptical degree). 

And by the direct motion (i.e., rotation), if you begin by putting the [ecliptical] 

degree on the western horizon, then you rotate the spider directly (i.e., clockwise) 

until [the ecliptical degree] coincides with the eastern horizon, [then,] the [interval] 

moved by the pointer is equal to the magnitude of the night arc of it (i.e., the 

ecliptical degree). And if you know one of the |f. 37. a, l. 12| day [arc] or night 

[arc] and subtract it from three hundred and sixty, the remainder is the other [arc]. 

                                                             
1 Literally: millstone-shaped 
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The situation for the day arc and night arc of the stars is similar if you use their 

star-pointers as you used the [ecliptical] degree [above]. 

(11-2-4) And in the boat-shaped astrolabe put the eastern horizon of the boat 

on the [ecliptical] degree on the spider or on the center of the stars, and make a 

mark on it (i.e., the boat), then you do as we have explained above with this mark 

on the fixed horizon on the plate. Then you obtain the day arc and the night arc of 

the [ecliptical] degree or of the stars.  

(11-2-5) And in mixed astrolabes this application is not different [from the 

above-mentioned astrolabes], if you observe the type [of the projection] in it |f. 37 

b|, so, apply the [zodiacal] sign and the [ecliptical] degree with the corresponding 

horizon in the projection. 

Section three: On the division of the day arc and night arc into the two types 

of hours (equinoctial and seasonal) 

(11-3-1) The hour is a technical term for the period of the rotation of fifteen time-

degrees [by the daily motion of the universe], so, the [total] rotation [of the 

celestial sphere] is divided into twenty four hours by means of it. They are 

called equal [hours] because their magnitude is constant, it changes neither during 

the day nor during the night. The day and night are different [from one another] 

during the year except at the two times of equinox, so the number of the hours of 

each of them (i.e., the day and night) is not equal except in case of the twelve 

which is the number of the hours of the equinoctial day and night. So the equal 

hours are equal in magnitude, but different in number for every day and its night. 

They (i.e., the equal hours) are also called equinoctial and equatorial, in the sense 

that they are the hours of day and night at the equator during the year and because 

they are also the number of hours at the equinox in all localities, and because they 

are the average between the magnitudes of the summer and winter [seasonal] 

hours. 

(11-3-2) And although six [zodiacal] signs rise during every day and every 

night, and it (i.e., six) has [an integer] half, third and sixth, the users of hours prefer 

to halve them (i.e., the signs) so that their number (i.e., 24) agrees with the number 

of hours of the equinoctial day, and in order that two fractions be added to their 

[integer] fractions which are “a quarter” and “half of sixth (twelfth)”. So they made 
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each day and night twelve hours, and called them seasonal (literally: crooked, 

distorted) as opposed to the equal (literally: smooth) hours, because their distortion 

appears by comparing the magnitude of a [seasonal] hour of a non-equinoctial day 

with the magnitude of an [seasonal] hour of its night; thus they are the same in 

number and different in magnitude during the day and night. And they are also 

called “temporal” because by means of them, the elapsed time of day or night can 

be expressed in proportion to the whole of it (i.e., day or night), so it can be called 

half, third and fourth [of a day or night].  They are also called “measurement 

hours” |f. 38 a| because they are used in sundials and [other timekeeping] 

instruments and they (i.e., these hours) are measured by means of them.  

(11-3-3) To convert them to equal hours, you only need to know how much 

is the arc of day or night in it (i.e., in degrees): if you divide it (i.e., the day or night 

arc) by fifteen, the number of their (i.e., day's and night's) equal hours will be 

derived. If you determine it (i.e., the number of equal hours) for one of the two 

(i.e., day and night) and subtract it from twenty-four, the remainder will be the 

[number of] equal hours of the other. And regarding the seasonal [hours] you do 

not need [to determine] their number, because it is always exactly twelve, but you 

need [to determine] the length of one of them, because it (i.e., one seasonal hour) is 

longer [while the sun is] in the northern half [of the ecliptic] and shorter [while the 

sun is] in the southern half [of the ecliptic], and it is different for the day and the 

night. The parts (i.e., time-degrees) of the celestial equator which rotate during one 

[seasonal hour] are called the “parts” (i.e., degrees) of the hours and also their 

time-degrees, and they can be diurnal and nocturnal. So if you want them, divide 

the arc of day or night by twelve, then the result is the degrees of the hour. 

(11-3-4) Alternatively, put the [ecliptical degree] diametrically opposite the 

degree of the sun  on one of the lines of seasonal hours below the horizon, and 

make a mark on [the position of] the pointer on the rim, then, rotate the spider 

directly (i.e., clockwise) or conversely (i.e., counter-clockwise) until the degree 

diametrically opposite the degree of the sun is moved down one hour and reaches 

the other [hour-line] from the two [hour-lines] which surround the (i.e., one 

assumed) hour. Then the [interval] moved by the pointer from the mark is the 

degrees of the hour of the day. And if you do with the degree of the sun itself what 

you did with the diametrically opposite degree, the degrees of the night hour will 

be obtained. If you know it for one of the two (i.e., the time-degrees of the seasonal 
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hour of the day or of the night) and subtract it from thirty, the remainder will be the 

degrees of the other. And if you want [to determine] the “degrees of the equal 

hours” add one-fourth to it, [and you do this] by multiplying it by five and dividing 

the product by four, then the result is the degrees of the “degrees of the hours”. In 

the converse situation, if you subtract from the “degrees of the hours” one-fifth, by 

multiplying it by four and dividing the product by five, the number of equal hours 

will be obtained.  

(11-3-5) The people of India use an amount which they call “Kaharī”, and 

they call it “minutes of days”. If you divide the day arc or the night [arc] by six, the 

number of Kaharī’s for it (i.e., one for the day and the other for the night) will be 

obtained. And if you want [to determine] it (i.e., the Kaharī’s) from the number of 

equal hours, [you should know that] they (i.e., the Kaharī’s and the number of the 

equal hours) are proportional. Therefore put it (i.e., the number of the equal hours) 

|f. 38 b| in two places, and halve one of them and double the other, then, add both 

of them and the sum is the number of the Kaharī’s. And to determine the number 

of equal hours from a number of Kaharī’s, take two-fifths of it by doubling it and 

dividing the result by five, then the number of equal hours will be obtained. And if 

you want [to determine] the number of Kaharī’s from the degrees of the hours, 

double them, and in the converse situation, if you want [to determine] the degrees 

of the hours from the number of the Kaharī’s, halve them. 

Chapter twelve 

(12-1) Section one: On the determination of the degree of transit, that is [the 

ecliptical degree] which passes through the meridian together with (i.e., at the 

same time as) the [given] star 

(12-1-1) The sun and any star which does not have latitude (i.e., with zero 

ecliptical latitude) pass through the midheaven (i.e., meridian) [at the same time as] 

their longitudinal degrees.  If a star with [non-zero ecliptical] latitude is in the 

beginning of Cancer or Capricornus, its [longitudinal] degree is not different from 

its degree of transit. But if its [ecliptical] degree does not coincide with the 

solstices, then its degree of transit passes the midheaven-line before its 

[longitudinal] degree if its [longitudinal] degree is in the ascending half [of the 

ecliptic], which is bisected by the beginning of Aries, and if its latitude is northern, 
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or [if] it is in the descending half [of the ecliptic], which is bisected by the 

beginning of Libra, and its latitude is southern. And its degree of transit is behind 

its [longitudinal] degree if its [longitudinal] degree is in the ascending half [of the 

ecliptic] and its latitude is southern, or [if its longitudinal degree is] in the 

descending half [of the ecliptic] and its latitude is northern. The [size of the] 

difference between them depends on its latitude, whether it is small or large, and 

its distance from the beginning of Cancer or Capricornus, so that its magnitude is 

maximal at the beginning of Aries or Libra. (12-1-2) So if you want to determine 

that degree which coincides with the midheaven-line at the time when it (i.e., the 

star) [also] coincides with it (i.e., the midheaven-line), then put its star-pointer, or 

the endpoint of the special piece of paper [for the star], which was provided by the 

[special] plate for the latitude of sixty-six degrees and one quarter plus one sixth of 

a degree, on the midheaven-line [on the normal plate for the latitude of the 

locality]. Look at the [zodiacal] sign and the degree which coincides with this line: 

it is its degree of transit on the |f. 39 a| midheaven-line or the line of the pillar of 

the earth. (12-1-3) And in the boat-shaped astrolabe put the sail on the center of the 

star, then the degree of the ecliptic which coincides with its edge is its degree of 

transit. 

(12-2) Section two: On the determination of the [ecliptical] degree which rises 

[simultaneously] with a star and the [ecliptical] degree which sets 

[simultaneously] with it 

(12-2-1) The sun and stars which do not have ecliptical latitude in either direction, 

rise and set together with (i.e., at the same time as) their [ecliptical] degrees. For 

[stars] with [non-zero] latitude, their situations are different in localities with only 

one [type of] shadow or [localities with] two [types of] shadows. The reason is that 

the ecliptic pole is always visible (i.e., above the horizon) in [localities] with only 

one [type of] shadow, so any star with northern latitude rises before its [ecliptical] 

degree and sets after it, and any [star with] southern latitude rises after its 

[ecliptical] degree and sets before it, and none of them (i.e., the stars) rises or sets 

simultaneously with its [ecliptical] degree in it (i.e., this kind of locality) at all. But 

regarding the localities where the sun passes through the zenith once or twice a 

year: in the [localities] where the sun passes once [through their zenith during a 

year], the orbit of the pole of the ecliptic is tangent to the horizon, and the situation 

of the rising and setting of the stars in it (i.e., this locality) is similar to what we 
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have said regarding [the localities] with only one [type of] shadow, but [the only 

difference is that] when the beginning of Cancer is in the midheaven, the ecliptic 

pole is on the horizon. Then if it happens that at that moment a star with [non-zero] 

latitude is at [ecliptical longitude] the beginning of Libra, then it rises together with 

its [ecliptical] degree, and if it is at the beginning of Aries, [the star with non-zero 

latitude] sets together with its [ecliptical] degree. (12-2-2) And regarding the 

[localities with] two [types of] shadows and two [yearly] passings [of the sun 

through their zenith], the orbit of the ecliptic pole intersects its horizon, and it (i.e., 

the pole) rises and sets in it (i.e., the locality). Thus, as long as it (i.e., the ecliptic 

pole) is above the horizon, the rising and setting of the stars are the same as in 

[localities] with one shadow. And when [the ecliptic pole] is at the eastern horizon, 

any star on it (i.e., the horizon) rises together with its [ecliptical] degree. And when 

[the ecliptic pole] is on the western horizon, any star on that horizon sets together 

with its [ecliptical] degree as well. But when the ecliptic pole |f. 39 b| is under the 

horizon there (i.e., in that locality), what we have said [regarding the rising and 

setting of the star] is reversed. Thus the rising of a star with northern latitude 

occurs after [the rising of] its [ecliptical] degree, and its setting occurs before [the 

setting of] its [ecliptical] degree, and the rising of the star with southern [ecliptical] 

latitude [occurs] before [the rising of] its [ecliptical] degree, and its setting [occurs] 

after [the setting of] its [ecliptical] degree. 

(12-2-3) And, in this regard, the equator is not different from [localities] 

with two [types of] shadows, except at two [ecliptical] degrees where the rising 

and setting of [a star] are at the same time as [the rising and setting] of the 

[ecliptical degree] of the star. For that is on the equator at the time of rising of the 

two solstices and at their setting (i.e., when the ecliptical longitude of the star is at 

one of the two solstices), and in that [case], the rising and setting degrees [of the 

star] are [also] the same as [its] degree of transit. But that is not the case in the 

[localities] with two [types of] shadows. So if you want to determine the rising 

degree of a star, put its pointer on the eastern horizon and look at the [zodiacal] 

sign and degree which coincides with this horizon; this [is the degree which] rises 

[simultaneously] with it. And for its setting, put its pointer on the eastern horizon 

and look at the [zodiacal] sign and the [ecliptical] degree which coincides with this 

horizon, and that [is the degree] which sets [simultaneously] with it (i.e., the star). 

And if you want to examine that on the equator, use the east[ern part of the East-
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West] straight line instead of the eastern horizon, and [use] the west[ern part of the 

East-West]  line instead of the western horizon, and do with them what you did 

with the two horizons, then, it (i.e., this method) will show you its rising and 

setting [on the equator]. 

(12-2-4) And in the mixed astrolabes, [first, you should] know by which 

[type of] projection the pointer was constructed, by means of the [zodiacal] sign in 

whose domain it (i.e., the star) is located, [that is, the domain] between the two 

diameters passing through the beginning and end [of the sign]. Then, put its pointer 

on the eastern horizon which has the same type [of projection] as it, either the 

common horizon or the transverse horizon. Look at the [zodiacal] signs and their 

degrees which coincide with both of them (i.e., the two kinds of horizons), and 

take [the zodiacal sign and degree] by means of the horizon with the same type of 

projection, that is to say, the two projections [of the zodiacal sign and the horizon] 

are both northern or both southern, and avoid the [zodiacal] sign whose projection 

is different from the horizon on which it (i.e., the sign) is located. Then the 

ecliptical degree which is the same type of projection of its horizon, not [the degree 

whose type of projection is] different from it (i.e., the type of projection of the 

horizon), is [the degree which] rises with the star [simultaneously]. (12-2-5) And 

[to determine] the [ecliptical] degree which sets with it (i.e., the star), put the star-

pointer on |f. 40 a| the western horizon with the same type of projection [as the 

star], and look at the [zodiacal] signs and [ecliptical] degrees which coincide with 

the two western horizons (i.e., both the common and opposite horizon). Take the 

[ecliptical degree] by means of the [horizon] with the same type of projection, not 

the different [type of projection], then it is the [ecliptical] degree which sets with it 

(i.e., the star). And in the boat-shaped astrolabe, put the edge of the eastern horizon 

for rising, and of the western [horizon] for setting, on the center of the star on the 

plate, and look at the [point] of the ecliptic which coincides with that horizon, then 

it is the rising or setting [ecliptical] degree for whichever of the two [situations] 

you worked out. 
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(12-3) Section three: On the determination of the stars which rise or set or 

pass through the meridian [simultaneously] with the rising, setting or 

meridian transit of another [star] 

(12-3-1) Put the pointer of the proposed star on the eastern horizon and look: if the 

pointer of another star coincides with it (i.e., the eastern horizon), that one rises 

[simultaneously] with it, and [a star whose pointer] coincides with the western 

horizon sets while it (i.e., the proposed star) is rising, and similarly, [a star whose 

pointer] coincides with the midheaven-line passes through the midheaven-line at 

the moment when it (i.e., the proposed star) is rising. Then put the pointer of the 

proposed star on the western horizon, then [a star] whose pointer coincides with 

the eastern horizon rises while it (i.e., the proposed star) is setting; and [a star] 

whose pointer coincides with the midheaven-line passes through the midheaven-

line while it (i.e., the proposed star) is setting. Likewise, put the pointer of it (i.e., 

the proposed star) on the midheaven-line, and consider [the stars] whose pointers 

coincides with it (i.e., the midheaven-line) or the eastern horizon or the western 

horizon. If it happens in these three situations that the degree diametrically 

opposite the sun is on the almucantar of eighteen [degrees], the [following] 

situation happens for the star: if the almucantar is western, the beginning of dawn 

[happens simultaneously] with it (i.e., the situation); and if [the almucantar] is 

eastern, the end of dusk [happens simultaneously] with it (i.e., the situation). 

(12-3-2) And in the boat-shaped astrolabe, put the edge of the eastern 

horizon of the boat on the center of the proposed star and look at that edge: if it 

passes through the center of another star, it rises simultaneously; if the edge of the 

western horizon on the boat passes through the center of a star, it sets 

simultaneously with the rising of it (i.e., the proposed star), and if the edge of the 

mast passes through the center of a star, it passes through the meridian 

[simultaneously]. 

(12-4) Section four: |f. 40 b| To determine whether the rising of a star or its 

setting or its meridian transit happens during daytime or night 

(12-4-1) Put the star-pointer on the eastern horizon, then, if the degree of the sun 

coincides with it (i.e., the eastern horizon) simultaneously with it (i.e., the star), it 

(i.e., the star) rises simultaneously with it (i.e., the sun), and if [the sun] coincides 
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with the western horizon, it (i.e., the star) rises at the time of the sunset in the 

evening. If the degree of the sun is above the horizon in the daytime part [of the 

celestial sphere], the star rises during daytime, and if it (i.e., the degree of the sun) 

is below the horizon, the star rises during the night. Then put the pointer of it (i.e., 

the star) on the western horizon. If the degree of the sun coincides with it (i.e., the 

western horizon) simultaneously with it (i.e., the star), the setting of it (i.e., the 

star) happens at sunset, and if it (i.e., the degree of the sun) coincides with the 

eastern horizon, the setting of it (i.e., the star) happens [simultaneously] with 

sunrise in the morning; and  if it (i.e., the degree of the sun) is above the horizon, 

the setting of it (i.e., the star) happens during daytime, and if it (i.e., the degree of 

the sun) is below the horizon, the setting of it (i.e., the star) happens during the 

night. And likewise, put the pointer of it (i.e., the star) on the midheaven-line and 

consider the degree of the sun [in the same way] to know whether its meridian 

transit happens during daytime or night. 

(12-4-2) On the boat-shaped [astrolabe], put the edge of the eastern horizon, 

the edge of the western [horizon], and [the edge of the] the mast on the center of 

the star, and in each [situation], consider which [of the following two degrees] is 

inside the boat: if the degree of the sun is there, that situation happens during 

daytime, and if de degree diametrically opposite the sun is there, it (i.e., that 

situation) happens during the night. 

(12-5) Section five: On the determination of the time of rising, setting or 

meridian transit of a star during daytime or night 

(12-5-1) Put the star-pointer on the eastern horizon and make a mark on the rim at 

the position of the pointer of the beginning of Capricornus or Cancer. If the star 

rises during daytime, rotate the spider conversely (i.e., counter-clockwise) until the 

degree of the sun coincides with the eastern horizon. Then in the interval between 

the pointer and the point, take every fifteen degrees as one hour, and [take] every 

degree in the remainder which is less than one hour as four minutes. The result is 

the time elapsed from the [beginning of] day until the rising of the star. And if the 

star rises during the night, put its pointer on the eastern horizon and put a mark on 

the position of it (i.e., the pointer on the rim). Rotate the spider |f. 41 a| conversely 

(i.e., counter-clockwise) until the degree of the sun reaches the western horizon. 

The interval which the pointer moved from the mark is the arc of revolution of [the 
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time] elapsed from the [beginning of the] night until the rising of [the star], so, 

convert it to hours. And likewise, operate for its meridian transit by putting the 

pointer of it (i.e., the star) on the line of it (i.e., the midheaven-line) and consider 

the night and daytime and the degree of the sun in it (i.e., the situation when the 

star is on the meridian). Then, to [determine] the setting of it (i.e., the star), put its 

pointer on the western horizon and make a mark on [the position of] the pointer. 

Rotate the spider conversely (counter-clockwise) until the degree of the Sun 

coincides with the eastern horizon during the day and the western horizon during 

the night.  

(12-5-2) On the boat-shaped astrolabe, put the edge of the eastern horizon on 

the center of the star and make a mark on the [position of the] pointer of the mast 

[on the rim]. If the rising of the star happens during daytime, rotate the boat 

directly until the edge [of the boat] coincides with the degree of the sun. Then the 

interval moved by the pointer from the mark is the arc of revolution of the [time 

which] elapsed from the day. If the rising of it (i.e., the star) happens during the 

night, and if the edge [of the boat] coincides with the degree diametrically opposite 

to the degree of the sun, then the interval which the pointer moved from the mark 

is equal to the magnitude of the arc of revolution of the [time which] elapsed from 

the night. And use the western horizon for the setting of it (i.e., the star) and the 

edge of the mast for its meridian transit, similar to what we have described for the 

eastern horizon. 

Chapter thirteen 

(13-1) Section one: On the determination of the elapsed [time] of day from the 

altitude of the sun 

(13-1-1) Find the degree of the sun in the ecliptic, and on the plate [find] the 

almucantar whose number is equal to the altitude of the sun you found, and put the 

degree of the sun on that side of the almucantar in which you found the altitude, 

either eastern or western, and make a mark at the position of the pointer on the rim. 

Then rotate the spider conversely (i.e., counter-clockwise) until the degree of the 

sun coincides with the eastern horizon. Then the distance between the pointer and 

the mark is the arc of revolution [of the universe] from sunrise until the moment at 

which you measured its altitude, [and the method is valid] on both sides. (13-1-2) 
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So if you divide this arc by fifteen, you will obtain the corresponding equal hours. 

But if you divide it by the “degrees of the hour” corresponding to the degree of the 

sun, |f. 41 b| you will obtain the corresponding [number of] seasonal hours, and if 

you divide it by six, you will obtain the Kaharī’s. [You do this] just as you find 

these quantities when it (i.e., the time) is known, for [then] you multiply it by what 

you have used for the division [above]. This is to say: [you multiply] equal hours 

by fifteen; and seasonal [hours], if they are diurnal, by the “hour degrees” 

[corresponding] to the degree of the sun, and if they are nocturnal, then by the hour 

degrees [corresponding to] the degree diametrically opposite to it (i.e., the sun); 

and [you multiply] Kaharī’s by six. Then you obtain the arc of revolution of the 

universe in time-degrees corresponding to it (i.e., the elapsed time). (13-1-3) And 

if you put the degree of the sun on [the almucantar of] its altitude, look at which of 

the hours (i.e., hour lines), whether equal or seasonal hours, the diametrically 

opposite degree is located. If it (i.e., the diametrically opposite degree) coincides 

with one of the [hour] lines, their numbers, beginning from the western horizon 

downwards, enable you [to know] the elapsed [hours], and they are complete 

[hours]. (13-1-4) But if the degree diametrically opposite the sun is located 

between two hour lines, there will be some fraction together with the complete 

[hours]. And [to] determine the amount of it (i.e., the fraction) of the hour, mark 

the position of the pointer on the rim as a “middle mark”, then rotate the spider 

conversely (counter-clockwise) until the degree diametrically opposite [the degree 

of the sun] coincides with the first hour line, and mark the [position of] the pointer 

on the rim as a “first mark”. If the hours are equal, consider each [degree] between 

the first and the middle mark as four minutes of an hour, then the result is the 

fraction which follows the complete [hours]. (13-1-5) If [the hours] are seasonal 

hours, rotate the spider directly (i.e., clockwise) until the degree diametrically 

opposite [of the degree of the sun] coincides with the next of these hours (i.e., hour 

lines), and make a mark on [the position of] the pointer as a “second mark”. Then 

find the ratio of the difference of the first and the middle [marks] to the difference 

of the first and the second [marks], then this is the fraction which follows the 

complete [hours]. The method for this is to multiply the difference between the 

first and the middle [mark] by sixty, and divide the result by the difference 

between the first and the second [marks], then the result is the fraction in minutes.  
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(13-1-6) Sometimes the hour lines are constructed above the horizon in dotted 

form to be distinguished from the almucantars, as is necessarily the case on the 

crescent-shaped astrolabe. Then their beginning [in numbers] is at the eastern 

horizon. Therefore use [in such hour lines] the degree of the sun itself, as you |f. 42 

a| have used the degree diametrically opposite it when they were drawn below the 

horizon. (13-1-7) If the astrolabe is halved, containing the halves of the eastern 

almucantars between the eastern horizon and the midheaven-line, but not their 

western halves, then the determination of the arc of revolution [of the universe] is 

as we have described above if the altitude is eastern. But if it (i.e., the altitude) is 

western, you consider it as eastern, find its almucantars and put the degree of the 

sun on it. <Then put a first mark at the position of the pointer. Then put the sun on 

the meridian line and> put a second mark on the position of the pointer. You retain 

the difference between the two marks and call it “the retained [quantity]”. Then 

rotate the spider conversely (i.e., counter-clockwise) until the degree of the sun 

coincides with the eastern horizon, and add the “retained [quantity]” to the interval 

moved by the pointer from the second mark. The sum of them is the arc of 

revolution [corresponding to the time since sunrise]. 

(13-1-8) On the boat-shaped astrolabe, put the edge of the eastern horizon of 

the boat on top of the degree of the sun and make a mark [at the position of the 

degree] on the edge of it (i.e., the boat). Rotate the boat until this mark coincides 

with the eastern horizon on the plate, and mark the position [on the rim] of the 

pointer of the mast. Then rotate the boat directly until that mark [on the edge] 

coincides with the almucantar of the altitude on the side where the altitude was 

measured, that is, eastern or western. Then the interval moved by the pointer [of 

the mast] from the mark [on the rim] is the arc of revolution [corresponding to the 

time since sunrise]. 

(13-1-9) The operation in the crescent-shaped [astrolabe] is similar to what 

has been described above, if it is applied [separately] for the signs of the concavity 

of the northern crescent and its southern convexity. It is as follows: The degree of 

the sun [should] be put on its (i.e., the sun’s) altitude on the same side [of the side 

of the altitude, i.e., eastern or western], if the degree is southern, and on the 

opposite side, if it is northern. You mark [the position of] the pointer [on the rim] 

or of the fixed [replacement] of it. Then the spider is rotated conversely (i.e., 

counter-clockwise) for the southern [signs] and directly (i.e., clockwise) for the 
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northern [signs], until the degree [of the sun] coincides with the horizon (i.e., the 

eastern horizon for the southern signs and the western horizon for the northern 

signs). Then the interval moved by the pointer from the mark is the arc [of 

revolution corresponding to the time since sunrise].  

(13-1-10) In the mixed [astrolabes], the situation is similar, if you observe the 

condition that the same type [of projection] has to be used for [1] the [zodiacal] 

sign of the degree of the sun and its (i.e., the sun’s) altitude, |f. 42 b| and [2] the 

horizon which coincides with it (i.e., the zodiacal sign) by the converse rotation. 

(13-2) Section two: On the determination of the arc of revolution [since 

sunrise] by means of the hour-lines which are engraved on the back [of the 

scale] of the alidade 

(13-2-1) Turn one of the sights of the alidade downward, that is the sight on which 

the letter waw (6) is written. Set the pointer of the other [sight] on the [number of] 

altitude degrees equal to the meridian altitude of the day which you [assumed]. 

Then align the altitude quadrant exactly with the sun, and do not move the alidade 

from that position. Then the shadow of the edge of the upper sight, namely the 

lowest of the two edges, crosses [one] of the longitudinal  lines on the alidade, 

which [line] passes through the middle of the pole (i.e., the center) and bisects it 

(i.e., the alidade), at the [point of] intersection of one of the [little] hour lines with 

it. Then you take the number of the elapsed seasonal hours of the day, which is 

written on the two sides [of the hour line]. If the time is before noon, then [take] 

the number less than six, and if it is after noon, then [take] the number greater than 

six. (13-2-2) If the shadow of that edge does not pass precisely through the 

intersection but crosses the longitudinal line on the alidade between two [little] 

hour lines, then make a mark on it (i.e., the intersection with the shadow). Find the 

[number of] complete hours before it, and make a mark on the end of it [on the 

hour line] so that you can determine the [remaining] fraction of the seasonal hour 

by approximation, as follows. Place a ruler on the intersection of the beginning of 

that [incomplete seasonal] hour with the longitudinal line on the alidade, while the 

side [of the ruler] is tangent to side of the alidade which casts the shadow, that is 

[the side of the alidade] towards the earth. Make a first mark on the amount 

[corresponding to the incomplete hour] on the altitude scale of the edge of the 

ruler. Then place the edge of the ruler on the mark which you have made on the 
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crossing of the shadow with the longitudinal line on the alidade, tangent to that 

edge [of the ruler], and make a second mark on the [corresponding] amount on the 

altitude scale on the edge [of the ruler]. Place the ruler also on the intersection of 

the line of the end of that [incomplete] hour with the longitudinal line on the 

alidade, tangent to the above-mentioned [side of the alidade which is joined to the] 

edge of the sight |f. 43 a| and make a third mark on the amount on the altitude scale 

on the edge of the ruler. Then multiply the difference between the first and the 

second mark by sixty, and divide the amount by the difference between the first 

and the third mark, then the outcome is the fraction [of the hour] in minutes. You 

add them to the complete [hours] which you have, and the result will be seasonal 

[hours]. (13-2-3) If you want [the time] in equal (i.e., equinoctial) hours, convert 

them (i.e., the seasonal hours) into the arc of revolution, and from that into equal 

[hours] by division by fifteen. You [should] know that the same one of these hour 

lines is before noon the beginning of an hour, and after noon the end of another 

hour. So study this very carefully and apply it in all that is done on the instruments 

by means of [seasonal] hour lines. This is inexact in every respect, except the 

division of the arc of revolution by the degrees of the [seasonal] hours. 

 

(13-3) Section three: On the determination of the arc of revolution by means 

of the hour-lines which are engraved on the back of the mater of the astrolabe 

 

(13-3-1) These hours (i.e., hour-lines) are engraved either on the altitude quadrant 

or on the quadrant opposite it, and their lines are diverging between the concentric 

circles which have been drawn [on the quadrant] at equal distance. They can be 

constructed for the two types: seasonal and equal [hours]. Their situation (i.e., 

whether the lines are for equal or seasonal hours) will not be hidden to you: if you 

consider the Tropic of Cancer and [find that] there are more than six hours in it, or 

in the Tropic of Capricorn less than six, then they are for equal [hours], and such a 

construction is rare; but if they are [constructed in such a way that they are] in 

them (i.e., the tropics of Cancer and Capricorn) six regardless [of which tropic], 

they are for seasonal [hours]. (13-3-2) And [to] determine the elapsed time from 

the day by means of them: if they (i.e., the hour lines) are in the altitude quadrant, 

you investigate the altitude of the sun, and it is necessary that the alidade is edged. 

Look at the intersection of its edge with the [concentric] circle of the degree of the 
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sun of that day. Then, if it (i.e., the intersection) coincides with the line of the 

beginning of an hour and if the altitude is eastern, then [the hours] under it (i.e., the 

hour line) are the complete hours of the day which have elapsed. (13-3-3) If the 

intersection [between the edge of the alidade and the circle of the degree of the 

sun] is somewhere between two hour-lines, you make a “second mark” on the 

position of the pointer of the alidade [on the rim]. Then rotate it (i.e., the alidade) 

towards the beginning (i.e., zero) point of the altitude degrees until you put the 

edge of it (i.e., the alidade) |f. 43 b| on the intersection of the circle of the degree of 

the sun and the line of the beginning of the hour, and put a “first mark” on [the 

position on the rim of] the pointer of it (i.e., the alidade). Then rotate it (i.e., the 

alidade) towards the throne until you put its edge on the intersection of the line of 

the end of the hour and the orbit [of the degree of the sun], and make by means of 

the pointer [on the rim] a “third mark”. Then, multiply the difference between the 

“first” and the “second mark” by sixty and divide the result by the difference 

between the “first [mark]” and the “third [mark]”, then the result is the minutes of 

the fraction of the hour. Add it to the complete [hours] which you have, and the 

sum is the elapsed time from the day. (13-3-4) And since the method of converting 

one [type] of them (i.e., the hours) into another [type of hours] has been described, 

it is not necessary to repeat it here. And if the altitude is western, then the result of 

this operation is the remaining time of the day. So if the [hours] are seasonal, 

subtract it from twelve hours so that the remainder is the elapsed [time] of the day. 

If [the hours] are equal [hours], [subtract the result] from the day arc so that the 

remainder is the elapsed [time of the day]. 

(13-4) Section four: On the determination of the arc of revolution by means of 

the [lines of] sines 

(13-4-1) By approximation, from the center of the half [of the alidade] with the 

scale of 90, count [the degrees] equal to the meridian altitude of the day which you 

[assumed], and place a mark on the edge of the alidade at the [altitude] amount. 

Rotate it (i.e., the alidade) until the mark coincides with the sine-line which issues 

from the observed altitude (i.e., from the point on the rim), and then look at the 

number which is shown by the pointer of the alidade on the altitude scale. Then [of 

this number], you take every fifteen degrees as one seasonal hour and you multiply 

[the remaining degrees] less than fifteen by four to find the minutes of the hour; 

[the sum] is the elapsed time of the day if the altitude is eastern, or the remaining 
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[time] of it (i.e., the day) if [the altitude] is western. (13-4-2) For the exact result: 

subtract the latitude of the locality from ninety, then the remainder is its 

complement. Put the pointer of the alidade on that [amount] (i.e., the complement 

of the local latitude). If the quadrant opposite the altitude quadrant is divided into 

the same parts as it (i.e., the altitude quadrant), count from each one of the two 

pointers, [an amount] equal to the declination of the sun, if it (i.e., the declination 

of the sun) is northern, towards the throne, and if it is southern, in the opposite 

direction. Then, put the edge of a ruler on the end of the given declination |f. 44 a| 

at each one of two pointers toward one [certain] direction, and put a mark on the 

intersection of it (i.e., the edge of the ruler) and the horizontal line. Then, attribute 

it to the north, if the declination is northern, and [attribute it] to the south, if [the 

declination] is southern. And if the quadrant is <not> graduated, to derive these 

two marks, obtain the equation of daylight on that [assumed] day. (13-4-3) Then, 

take the alidade away from the pole, [and] if the declination of the sun is northern, 

on the half with the [sinusoidal] ninety-scale, count [degrees] equal to the equation 

of daylight from the pole, and put a mark on the end [of the degrees]. Then put the 

pointer of the sixty-half on the altitude degree which is equal to the meridian 

altitude of the day which you [assumed] and hold it (i.e., the pointer) on [that 

position], and move the alidade until the mark at the end coincides with the 

horizontal line, then that is the northern mark; and if the declination of the sun is 

southern, in the sixty-half [of the alidade], count the amount which is equal to the 

sine of the equation of daylight from the pole, and put a mark on the end [of the 

amount on the alidade], then, put the pointer of the sixty-half [of the alidade] on 

the amount which is equal to the meridian altitude of the day which you [assumed] 

and hold it (i.e., the pointer) and move the alidade until the ending mark coincides 

with the horizontal line, it would be the northern mark, and hold the pointer of the 

alidade on the mark of the meridian altitude regarding the direction of the 

declination, and look up the point at which the sine [-line] ‒ which comes out from 

the altitude of the sun of the [assumed] time ‒ coincides with the edge of the sixty-

alidade, and in that situation, count from it (i.e., the point) to the pointer, it is a 

versed sine, [then,] take its arc as has been described above. (13-4-4) If the altitude 

is eastern, take the difference between this arc and half the day arc, and if the 

altitude is western, add this arc to the half the day arc, then, the difference or sum 

is the arc of revolution [of the universe] from sunrise to the time at which you 

measured its altitude. If it is night time, and the altitude [which you measured] 
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belongs to a star which has a pointer on the astrolabe: find its declination, which is 

its distance from the celestial equator, and hence its meridian altitude and its 

equation of daylight. Do similar to what has been described above during daytime 

for the sun, then you will obtain the arc of revolution |f. 44 b| from the rising time 

of it (i.e., the star) until the time when you took its altitude, based on it and on the 

degree of the sun the elapsed time of night can be determined. 

(13-5) Section five: On the determination of the arc of revolution and the 

altitude of the sun or star from one another 

(13-5-1) If you know the degree of the sun in the ecliptic and [on which] 

almucantar of altitude and on which side [that is, whether the sun is eastern or 

western], among the almucantars, put the degree [of the sun] on the altitude of it 

(i.e., the sun) and make a mark at the position of the pointer on the rim. Rotate the 

spider conversely (i.e., counter-clockwise) until the degree of the sun coincides 

with the eastern horizon, then the interval moved by the pointer from the mark is 

the arc of revolution corresponding to the elapsed [time] of the day. (13-5-2) And 

in the converse situation, when the arc [of revolution] is known and the altitude is 

wanted, put the degree of the sun on the eastern horizon and make a mark on the 

position of the pointer [on the rim]. Rotate the spider until the pointer is distant 

from the mark by an amount equal to the given arc [of revolution]. Then look with 

which almucantar the degree of the sun coincides, then it (i.e., its number) is the 

altitude of the sun, which is on the same side [eastern or western] as on the 

almucantar. (13-5-3) If the degree of the sun is located between two almucantars, 

make a “middle mark” at [the position of] the pointer on the rim. Then put the 

degree of the sun on that one of the two different almucantars which has the lower 

[altitude] number, and make a “first mark” on [the position of] the pointer [on the 

rim]; put it (i.e., the degree of the sun) on that one of the two almucantars which 

has the higher [altitude] number and put also a “second mark” [on the rim]. 

Multiply the difference between the first mark and the middle one by the division 

base and divide the result by the difference between the first mark and the second 

[one]. Then add the result to that one of the two almucantars which has the lower 

number, then the sum is the altitude of the sun for the time at which the arc [of 

revolution] is given. (13-5-4) If you replace the degree of the sun by a star-pointer, 

and apply to it what we have described [above concerning the degree of the sun], 

then you will obtain the arc [of revolution] since [its] rising time, or its altitude 
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corresponding to that arc. (13-5-5) If you want the arc [of revolution] from the 

beginning of the night, put the star-pointer on the given altitude of it (i.e., the star) 

and make a mark on the [position of the] pointer [on the rim]. Then rotate the 

spider conversely (i.e., counter-clockwise) until the degree diametrically opposite 

the degree of the sun coincides with the eastern horizon |f. 45 a|. Then the interval 

which the pointer moved from the mark is the arc [of revolution]. In the converse 

[situation], put <the degree diametrically opposite to> the degree of the sun on the 

eastern horizon and make a mark on the [position of the] pointer [on the rim]. Then 

rotate the spider directly (i.e., clockwise) [so the pointer] moves on the rim away 

from the mark by an amount equal to the arc [of revolution] corresponding to the 

elapsed time from the night. Then the [almucantar of the] star-pointer corresponds 

to its altitude at that time. (13-5-6) If the astrolabe is of the halved [type] and the 

altitude is western, consider it as eastern. Put the degree of the sun on its 

almucantar and make a mark on the [position of the] pointer [on the rim]. Rotate 

the degree of the sun directly until it is located on the midheaven-line. Then, add 

[the interval] moved by the pointer to half the day arc of it (i.e., the sun), then the 

sum is the arc of revolution. And if the arc of revolution is given and [if] it is more 

than half the day arc, retain the difference between them. Then put the degree of 

the sun on the midheaven-line, make a mark on [the position of] the pointer and 

rotate the spider conversely (counter-clockwise) until the pointer moved away 

from the mark by an amount equal to the retained [amount]. Then, the degree of 

the sun is located on the almucantar of its altitude, although it is western; and work 

in the same way with the star-pointers. (13-5-7) And in the boat-shaped astrolabe, 

put the edge of the eastern horizon on the degree of the sun and make from that 

(i.e., the position of degree of the sun) on it (i.e., the edge of the horizon) a mark 

for the degree. Put it (i.e., the degree mark) on the eastern horizon of the plate, and 

put a mark on the position [on the rim] of the pointer of the mast. Then rotate the 

boat directly until the degree-mark is located on [the almucantar with number] 

equal to the given altitude, and at the [corresponding] side [eastern or western]. 

Then the interval which the pointer of the mast moved from the mark is the arc of 

revolution. And if the altitude is wanted from the arc of revolution, count an 

amount equal to it (i.e., the arc of revolution) from the mark [on the rim] towards 

the left, and move the pointer of the mast to its endpoint [of the counting]. Then 

the degree-mark shows [by its position on an almucantar] the altitude of it (i.e., the 

sun) and its side [eastern or western]. And if you make by means of the center of a 
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star [a mark] similar to the degree-mark, and use it (i.e., the mark of the star) 

instead of it (i.e., the mark of the degree of the sun), you will find out the two 

subjects. (13-5-9) And in the mixed [astrolabes] the procedure is according to these 

examples, if you observe the above-mentioned conditions in them.  

Chapter fourteen 

(14-1) Section one: On the determination of the ascendant by means of the 

altitude of the sun |f. 45 b| or a star 

(14-1-1) In the revolution of the first movement [of the universe] (i.e., the rotation 

of the celestial sphere from east to west), the horizon and the meridian circle are 

the positions of the beginnings of the daily changes, and [the four points] of the 

ecliptic which coincide with them are called “pivots”. Two corresponding [circles] 

(i.e., corresponding to the horizon and the meridian) in the orbit of the moon also 

define the beginnings of the changes relating to the months: in the two of them are 

new moon, full moon, and the equality of light and darkness (i.e., first and last 

quarter). There are also two corresponding [circles] in the orbit of the sun for that 

(i.e., to define the beginning of the changes of the months and seasons), and in 

them (i.e., these two circles) are the two equinoxes and the two solstices, which are 

called “the transforming points” by the natural philosophers. 

(14-1-2) If you have determined the altitude of the sun and its side (i.e., 

eastern or western), and put the degree of it (i.e., the sun) on the almucantar of it 

(i.e., the altitude), then the eastern horizon coincides with the degree of the 

ascendant, and the western horizon coincides with the degree of the descendant, 

and the lines of the midheaven and of the pillar of the earth [coincide with] their 

degrees and [zodiacal] signs. The situation for the stars is similar, if you put their 

pointers on the almucantar of their found (i.e., observed) altitude. (14-1-3) If the 

astrolabe is [of] halved [type], [its situation] is not different from the complete 

[astrolabe] as long as the altitude is eastern. But if it (i.e., the latitude) is western, 

you consider it eastern, and you put the degree of the sun on it (i.e., the 

almucantar) and make a “first mark” on the position of the pointer [on the rim]. 

Then you rotate the spider directly (i.e., clockwise) until the degree of the sun 

coincides with the midheaven-line and you make a “second mark” on the position 

of the pointer [on the rim]. You rotate the spider directly (i.e., clockwise) until the 
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distance of the pointer from the second mark is equal to the distance between the 

first and second [marks]. Then look at the eastern horizon - there is no other 

[horizon] than it (for the ascendant) to coincide with - then it will show the sign of 

the ascendant with its degree. The descendant [zodiacal sign] is the corresponding 

[degree] in the seventh sign of it (i.e., the diametrically opposite sign). The degrees 

of the midheaven and the pillar of the earth are on their two lines in their two 

[zodiacal] signs. 

(14-1-4) On the boat-shaped astrolabe, you [should] extract the arc of 

revolution for the elapsed time of day. Then put the edge of the eastern horizon of 

the boat on the ecliptical degree of the sun, and count from the position of the 

pointer of the mast towards the left |f. 46 a| [an amount] equal to that arc [of 

revolution]. You move the pointer to the end [of the arc of revolution] by moving 

the boat conversely. Then look where the edge of the eastern horizon of the boat 

meets the ecliptic, that is the degree of the ascendant in its [zodiacal] sign. The 

meeting [point] of the edge of the mast with it (i.e., the ecliptic) is the [zodiacal] 

sign of the midheaven and its degree, and the degrees of the two other pivots are 

diametrically opposite to these two [ascendant and midheaven]. 

(14-1-5) On the crescent-shaped astrolabe, the [zodiacal] signs which have 

southern declination are located on the convexity of its crescent, and their segment 

[of the ecliptic] is between the celestial equator and the Tropic of Capricorn. In this 

segment, the horizon and the almucantars are eastern on the left side of the 

midheaven-line and western on the right side [of the midheaven-line]. The 

[zodiacal] signs with northern declination are in the concavity of its crescent and 

their segment [of the ecliptic] is between the celestial equator and the Tropic of 

Cancer. In this segment the horizon and the almucantars are eastern on the right 

side of the midheaven-line and western on the left side, and that is written below 

these two segments on the two sides. If the degree of the sun is on the convex side, 

put the degree [on the correct side, i.e., eastern or western] on the almucantar of the 

altitude of it (i.e., the sun), and look at the eastern horizon in the segment of it (the 

sun, i.e., the segment between equator and Tropic of Capricorn). Then, if a 

[zodiacal] sign with southern declination coincides with it (i.e., the eastern 

horizon), it is the ascending [zodiacal sign] with its degree; and if a [zodiacal] sign 

with northern declination coincides with it (i.e., the eastern horizon), you look at 

the western horizon in the [same] southern segment [of the ecliptic], then, the 
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southern [zodiacal] signs which coincides with it (i.e., the western horizon), shows 

the descending [zodiacal sign] with its degree, and the ascendant [zodiacal sign 

and] degree is diametrically opposite to it. (14-1-6) If the degree of the sun is on 

the concave side and the altitude is eastern, then take it (i.e., the altitude) from the 

western [almucantars in a normal astrolabe], which are [on this astrolabe] eastern 

in the northern segment, and if [the solar altitude] is western, you take it from the 

eastern [almucantars in a normal astrolabe] which are in this segment western. Put 

the degree of the sun on its almucantar and look at [the point on the ecliptic] which 

coincides with the eastern horizon of this segment [between equator and Tropic of 

Cancer]; if the declination of the [zodiacal] sign is northern, it is the ascendant 

[sign] with its degree. If the declination of the [zodiacal] sign is southern, look at 

the western horizon which is on the left side |f. 46 b| [of the meridian] in this 

segment, then [the ecliptical degree] which coincides with it (i.e., the western 

horizon) is the descending [zodiacal] sign with its degree, which is diametrically 

opposite to the degree of the ascendant. (14-1-7) And according to what we have 

described previously regarding this astrolabe: if you put the degree of the sun on 

the altitude (i.e., almucantar) of it in its [corresponding] side, it is possible that the 

horizon is devoid of the [zodiacal] sign. So if that happens, look at the position of 

the pointer among the numbers of the rim; these numbers begin (i.e., are zero) on 

both ends of the East-West line on the right and the left and end with ninety on the 

midheaven-line. Look at which number the pointer is located, then shift it (i.e., the 

pointer) to the equal number on the other side. Then look at the [zodiacal] sign and 

degree which coincide with the eastern horizon in that segment. And subtract the 

number [of complete signs], taken from the beginning of Aries, from twelve signs, 

then, the remainder is the number of the ascending [zodiacal] sign. Subtract the 

degree from thirty, then, the remainder is the degree of the ascendant. 

(14-1-8) On the [astrolabes with] mixed projections, put the degree of the sun 

on the almucantar of its altitude whose type of projection corresponds to the 

[zodiacal] sign [of the sun], and look at the [zodiacal] sign and [ecliptical] degree 

which coincide with the eastern [part of the] common and transverse horizons. The 

ascendant is the one of the two [zodiacal signs] which coincides with the horizon 

whose type of projection is the same [as that of the sign in which the sun is 

located], and you should ignore [the other zodiacal sign] whose horizon is [of] 

different [type of projection]. 
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(14-1-9) On the plate of horizons: derive the arc [of revolution since sunrise] 

in any of the ways that we have described. Then, among the horizons choose the 

left half or the left eastern part of that one of the horizons whose number is equal to 

the latitude of your locality. Put the degree of the sun of the ecliptic of the spider 

on it (i.e., the horizon) and make a mark on the position of the pointer [on the rim]. 

Then rotate the spider directly (i.e., clockwise) until the pointer moves from the 

mark by an amount equal to the arc [of revolution]. Then the [point of the ecliptic] 

which coincides with the eastern horizon is the ascendant [sign] with its degree. 

One of the four diagonals [of the plate] is the midheaven-line, and [the point] of 

the ecliptic which coincides with it (i.e., the midheaven-line) is the degree of 

midheaven. If everything that is done with the degree of the sun in this chapter, is 

done in the same way with the star-pointers, it will lead [you] to the purpose: |f. 47 

a| the ascendant and the rest. (14-1-10) If the altitude is taken in a place very high 

above the surface of the earth, for which the depression of the horizon [as seen 

from the summit] with respect to the [local] horizon as seen from the surface of the 

earth has already been obtained: [In this situation,] obtain for the measured altitude 

the [preliminary] degree of the ascendant as has been described above. Then you 

move up [that ecliptical degree a little bit] until it coincides with the eastern 

almucantar [above the horizon] whose number is equal to the total depression. 

Then [the point of the ecliptic which] coincides with the eastern horizon [in this 

new situation] is the degree of the ascendant on that summit.  

(14-2) Section two: On the equalization (i.e., computation) of the houses other 

than the pivots (i.e., midheaven, imum coeli, ascendant and descendant)  

(14-2-1) The ecliptic is divided into [four] quadrants in connection with the 

celestial equator, namely by the two points at minimum distance where they 

intersect (i.e., the equinoxes) and the two points at the maximum distance in 

similar situations (i.e., the solstices), and each one of the quadrants is divided into 

three [zodiacal] signs, in which the planets move. In the same way, the ecliptic is 

divided into four parts by the two circles of the local horizon and the meridian, and 

each one of them (i.e., the quadrants) is divided into three houses which are not 

equal to one another, unlike the [zodiacal] signs. Each house which starts from 

[one of] these two circles (i.e., the horizon and meridian) is called “pivot”1 and 

                                                             
1 In Latin, the pivots are called “cardines” 
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each pivot is between two houses which (i.e., whose boundaries) coincide with [the 

boundaries of] it (i.e., the pivot) on both sides. The one [of the two houses] which 

is towards the [direct] order of the [zodiacal] signs is called “succedent” (Ar. māʾil; 

literally: inclined, bending down) in relation to the pivot. This [house] is like the 

following in the succession which happens when the pivot withdraws from its 

position because of the rotation of the universe. That [house] which is towards the 

reverse order of the signs, is called “cadent” because there is a pivot before it, and 

it (i.e., the house) withdraws from it (i.e., the pivot). And if the [zodiacal] sign 

which is on the midheaven-line is the tenth [zodiacal] sign from the ascendant, the 

pivots are called “upright” and “fixed”. But the [term] “upright” is better than 

“fixed” in this [regard]. But if the [zodiacal] sign which is on the midheaven-line is 

the eleventh [zodiacal] sign from the ascendant, [the pivots] are called “succedent” 

and when [it is] the ninth [zodiacal sign from the ascendant], [the pivots] are called 

“cadent”. 

(14-2-2) And concerning the houses: if you want [to determine] them by 

means of the seasonal hour-lines under the horizon, put the degree of the ascendant 

on the eastern horizon which has the same type of projection |f. 47 b| as its (i.e., the 

degree of the ascendant) [zodiacal] sign. Move the degree of the seventh [house] 

down the [western] horizon with the corresponding [type of projection] by a 

distance of two hours, so it (i.e., the degree of the seventh house) reaches the 

[hour-line of the] beginning of the third hour, and look at the [zodiacal] sign and 

degree which coincide with the midheaven-line, and this is the beginning of the 

eleventh house. Move it (i.e., the degree of the seventh house) down [again] by two 

more hours, until it (i.e., the degree of the seventh house) reaches the [hour-line of 

the] beginning of the fifth hour, then [the point of the ecliptic which] coincides 

with the midheaven-line is the beginning of the twelfth house. Put the degree of the 

ascendant on the beginning of the eleventh hour, then, the beginning of the ninth 

house coincides with the midheaven-line. Put the degree of the ascendant on the 

beginning of the ninth hour, then the beginning of the eighth house coincides with 

the midheaven-line. [Zodiacal] signs [corresponding to] the opposite houses are 

opposite, and their degrees are equal. (14-2-3) And if you want, derive the equation 

of daylight of the degree of the ascendant, and add one-third of it to thirty degree if 

the declination of the degree is northern, and subtract one-third of it from thirty if 

the declination [of the degree] is southern, and retain the result of the addition or 
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subtraction. (This is the “retained amount” in what follows.) Then put the degree of 

the ascendant on the eastern horizon with corresponding [type of projection], then, 

the degrees of the pivots take their [correct] positions [on the astrolabe]. 

Rotate the spider directly (i.e., clockwise) until the pointer has moved the 

retained amount. Then the midheaven-line coincides with the beginning of the 

<eleventh house, and make a mark. Rotate the spider again until the pointer has 

moved the retained amount. Then the midheaven-line coincides with the beginning 

of the> twelfth house. Rotate it (i.e., the spider) again until the pointer moves sixty 

degrees, then, the midheaven-line coincides with the beginning of the second 

house. Then return to the mark and count one hundred and twenty from it, and 

move the pointer towards the end [of this amount], then the midheaven-line 

coincides with the beginning of the third house. (14-2-4) And if the ascendant is 

located on a high place, determine the depression of the horizon. Then take one-

third and two-thirds of this depression and add the one-third [of the depression] to 

the beginning of the eleventh house and to the beginning of the third house which 

you have derived by the [preceding] equalization [procedure], and add two-thirds 

[of the depression] to the beginning of the twelfth house and to the beginning of 

the second [house] |f. 48 a|, thus they will be corrected for that place. 

(14-2-5) On the boat-shaped astrolabe: derive the “retained [amount]”, which 

is eastern, and subtract it from sixty, then the remainder is the western [retained 

amount]. Put the eastern horizon of the boat on the degree of the ascendant, then 

the edge of the mast passes through the [zodiacal] sign and degree of the tenth 

house. Place a “middle mark” on the position [on the rim] of the pointer of the 

mast. Rotate the boat directly until the pointer moves from the mark by an amount 

equal to the “western retained amount”. Then the edge of the mast coincides with 

the beginning of the ninth house. Move it (i.e., the pointer of the mast) again from 

the place which is had reached, by an amount equal to the “western retained 

[amount]”. Then the edge of the mast reaches the beginning of the eighth house. 

Return the pointer to the middle mark, and rotate the boat conversely by an amount 

equal to the “eastern retained [amount]”,1 then, the edge of the sail coincides with 

the twelfth house.  

                                                             
1 The determination of the eleventh house is missing. 
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(14-2-6) On the crescent-shaped [astrolabe]: derive both the eastern and 

western retained [amounts]. Put the degree of the ascendant on its horizon, then, 

the beginning of the tenth [house] coincides with the midheaven-line. Make a 

“middle mark” on the [position of the] pointer [on the rim] and count from it (i.e., 

the middle mark) directly (i.e., clockwise) equal to the “eastern retained amount” 

regarding the horizon of the ascendant, and make a “first mark” wherever it ends 

on the rim.  Count from it a second time [the same amount], and make a “second 

mark” at the end [of counting]. Then return to the middle [mark] and count from it 

<conversely (i.e., counterclockwise) equal to the “western retained amount” and 

make a “third mark” on the rim> then count from it conversely a second time [the 

same amount], and make where [you end] a “fourth mark”. If you put the pointer 

on the first mark, the midheaven-line coincides with the beginning of the eleventh 

house, and on the second [mark], the beginning of the twelfth house, and on the 

third [mark], the beginning of the ninth house, and on <the fourth [mark]>, the 

beginning of the eighth house. The determination of six houses is a key for the 

other six [houses], because their [zodiacal] signs and degrees are [diametrically] 

opposite. 

Chapter fifteen 

(15-1) Section one: On the determination of the azimuth by an astrolabe on 

which azimuthal lines have been engraved 

(15-1-1) The meaning of “azimuth” is the distance on the horizon of the altitude 

circle from one of the two ends of the equinox-line (i.e., the East-West line). |f. 48 

b| On the astrolabe, the azimuthal lines come together and intersect [each other] at 

the point [marked with] 90. For this reason, they are cut off (i.e., interrupted) at the 

circumference of the [small] almucantar which surrounds this point, just as [they 

are cut off] at the horizon. 

(15-1-2) Sometimes they are not engraved above the horizon among the 

almucantars, to keep them from interlacing with each other like ivy, but [in that 

case] for every azimuthal circle the part under the horizon is drawn on the plate. 

And if they (i.e., the azimuthal lines) are engraved among the almucantars above 

the horizon and you take the altitude of the sun and put its degree on its 

[corresponding] almucantar in its [correct] side (i.e., eastern or western), then look 
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up the point where the azimuthal circle through the degree of the sun reaches the 

horizon, then you will find its number engraved near it, and that is the amount of 

the distance in azimuth [of the sun from the east or west point].  

(15-1-3) If the degree of the sun is in the ascending half [of the celestial 

sphere], which is from the pillar of the earth to the ascendant and then to the 

midheaven, the distance in azimuth will be [counted] from the east [point] of the 

horizon (Literally: rising [point] of the equinox); and if it (i.e., the degree of the 

sun) is in the other, descending half, it (i.e., the distance in azimuth) will be 

[counted] from the west [point] of the horizon (Literally: setting [point] of the 

equinox).  

(15-1-4) And if the position of the azimuth circle [through the sun] with 

respect to the two points of intersection of the horizon and the celestial equator is 

above the East-West line, then the azimuth is in the astrolabe [of] southern 

[stereographic projection] towards the north and in the northern [projection] 

towards the south, and if it is with respect to them below the East-West line, in the 

northern [projection] it (i.e., the azimuth) is northern and in the southern 

[projection] it is toward the south; and the situation in this regard is the same for 

[ecliptical] degrees and star-pointers. Then, the half of the horizon which is 

bisected by the east point (literally: middle of the east) is [called] eastern, and the 

other half is [called] western. The half of it (i.e., the horizon) which is bisected by 

the south point (literally: midst of the south) is [called] southern, and the other half 

is [called] northern. In each quadrant, the description of the azimuth is combined 

from two azimuths, thus, the part [of the horizon] between the east and the south 

point is [called] the south-eastern quadrant, and [from the south point] towards the 

west point is the south-western [quadrant], and [from the west] towards the north 

point is the north-western [quadrant], and the rest is the north-eastern [quadrant]. 

(15-1-5) And if the azimuth circles are engraved below the horizon, and the 

degree of the sun is placed on |f. 49 a| the almucantar of its altitude, on the [correct] 

side (east or west), then look at the azimuthal circle which passes through the 

degree diametrically opposite to the degree of the sun and its junction with the 

horizon, then the number of it is the distance of the azimuth [of the sun from the 

east or west point]. Then consider the quadrant of the azimuth [of the diametrically 

opposite degree], and convert its two attributes [to obtain the azimuth of the degree 
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itself]. I mean that for instance if [the azimuth] is in the north-east quadrant, the 

azimuth of the sun is south-west, and the situation for the other altitudes is similar. 

(15-2) Section two: On taking the number of the circle of the azimuth [by 

interpolation, if the circle has not been drawn on the astrolabe] 

(15-2-1) Sometimes the azimuthal circles are engraved on the astrolabe with a 

difference [between the numbers of successive azimuthal circles] equal to the 

difference between [the numbers of successive] almucantars if the astrolabe is not 

complete, or [equal to] another difference. 

If the degree of the sun is between two lines of them (i.e., azimuth circles) 

such that the number of one of them is higher and the other number is lower, then 

put a secure mark on the position of the pointer [on the rim]. Rotate the spider until 

the degree [of the sun] is on the [azimuthal] circle with the lower number, and put 

a “first mark” on the position of the pointer [on the rim]. Then rotate it (i.e., the 

spider) until it (i.e., the degree of the sun) is on [the circle with] higher number, 

and put a “second mark” on the position of the pointer [on the rim]. Multiply <the 

difference between the second mark and the first mark by the difference between 

the numbers of the two azimuthal circles, and divide the result by> the difference 

between the first and second marks, then the result is the “equation”. Always add it 

(i.e., the equation) to the lower number of the two [azimuthal] circles, then, the 

sum is the number of the [not engraved] azimuthal circle of the sun in one of the 

quadrants of the horizon. (15-2-2) There is no (i.e., zero) azimuth if the circle 

passes through one of the two intersection points of the horizon with the celestial 

equator, and this circle is called the “circle without azimuth”. The altitude [of the 

sun or other celestial body] on it [is called: “altitude] without azimuth”. Some of 

them (i.e., the astronomers) call this circle “the beginning of the azimuths” (i.e., the 

prime vertical). If the azimuth is ninety, the corresponding altitude is the meridian 

altitude.  



154 
 

(15-3) Section three: On the determination of the rising amplitude of the sun 

and the stars 

(15-3-1) The rising amplitude is the distance of the rising point from the east point 

of the horizon (literally: the rising point of the equinox) towards the northern or 

southern direction, and the setting amplitude is equal to it (i.e., the rising 

amplitude) and in the same direction, from the west point of the horizon (literally: 

the setting point of the equinox). To determine it, put the degree of the sun or the 

star-pointer |f. 49 b| on the eastern horizon on the astrolabe on which azimuthal 

lines have been engraved, then the number of the azimuth circle passing through it 

(i.e., the sun or the star-pointer) is the rising amplitude of it. If the degree or the 

star-pointer is outside the celestial equator, the rising amplitude is southern in the 

northern astrolabe and in northern in the southern [astrolabe], but if [the degree or 

star-pointer is located] inside the celestial equator, it (i.e., the rising-amplitude) is 

northern on the northern astrolabe and southern on the southern [astrolabe].  

(15-3-2) If the degree or the star-pointer, while being located on the horizon, 

is between two azimuthal circles, look which ecliptical degree on the horizon 

coincides with the [azimuth-] circle [of the two] carrying a lower number, and that 

is [called] the first [degree], and [then, look which ecliptical degree on the horizon] 

coincides with the [azimuth-] circle [of the two] carrying a higher number, and that 

is [called] the second [degree] and between these two [degrees] is your desired 

[degree]. Then multiply the difference between the first degree and your proposed 

[degree], which you put on the horizon, by the difference between the numbers of 

the two azimuthal circles on the horizon, and divide the result by the difference 

between the first degree and the second degree. Add the result to the lower number 

of the two [azimuthal] circles, then the sum is the desired rising amplitude of the 

degree, in the same [direction as] its declination. It (i.e., the rising-amplitude) 

increases by increasing it (i.e., the declination) and decreases by decreasing it (i.e., 

the declination).  

(15-3-3) If the astrolabe does not have azimuthal lines, but if it has sine-lines 

and the circle of declination is engraved among the sine [-lines], put the pointer of 

the half [alidade] with scale of ninety [units] on the on the altitude-scale on the 

degree equal to the complement of the latitude of the locality. Then, count from the 

beginning of the parts (i.e., units of the altitude scale) the same amount as the 
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declination of the degree, and look where the sine [-line] which is drawn through 

this amount [on the altitude scale] meets the edge [of the alidade] with the scale of 

ninety [units]. Then, its number from the pole is the rising amplitude of the degree. 

(15-4) Section four: On finding the meridian and the East-West line 

(15-4-1) Flatten the ground as far as possible until [if there is] a considerable 

amount of water, [it] flows toward every direction equally, and a small ball with an 

[everywhere] equally round shape stops on every place of it (i.e., the flat zone) and 

does not roll by itself towards |f. 50 a| any direction. Then, attach a piece (i.e., a 

ring) of ebony of small height to the rim of the astrolabe on its face in such a 

manner that if you put it (i.e., the astrolabe) horizontally on the flat ground, it 

stands on the edge of the ebony [piece], parallel with the flatness of its (i.e., the 

ground’s) face while it (i.e., the ground) does not meet the pole [of the astrolabe]. 

(15-4-2) Then you assume (i.e., take) an [arbitrary] altitude of the sun on your 

[supposed] day in one of the two directions, and determine its azimuth in its 

direction. Observe [the altitude of the sun] until it becomes equal to the sun’s 

altitude which you assumed [at first], and put the astrolabe reversely on the [above 

mentioned] flat ground. The pointer of the alidade [should be] towards the 

determined azimuth if it is south-eastern or north-western. Put the altitude quadrant 

towards the direction of the sun, and rotate the astrolabe around itself until the 

shadow of the target, which is on the side of the sun, fits upon the alidade equally 

(i.e., symmetrically) and coincides with it (i.e., the alidade), and the light beam of 

its hole falls on the straight line which is [engraved] along the alidade. Then extend 

the horizontal and vertical diameters rectilinearly on the ground, in both directions. 

Then the rectilinear extension of the horizontal [diameter] is the East-West line, 

and the rectilinear extension of the vertical diameter is the meridian-line. If the 

azimuth is either south-western or north-eastern, subtract the azimuth from ninety 

and put the pointer of the alidade on the altitude-scale on the degree which is equal 

to the remainder. Place this quadrant (i.e., the quadrant with the altitude-scale) 

towards the direction [of the azimuth] and rotate the astrolabe until the shadow of 

the target fits on the alidade itself. Then extend the two diameters rectilinearly in 

both directions. Then the rectilinear extension of the vertical line (i.e., diameter) is 

the East-West line, and the rectilinear extension of the horizontal [diameter] is the 

line of noon.  
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(15-4-3) And if you determine on your day an altitude with zero azimuth (i.e., 

an altitude on the prime vertical), and put the pointer of the alidade on the 

beginning point of the [scale of] altitude degrees and observe the sun until its 

altitude is equal to the determined altitude and the shadow of the target fits on the 

alidade, the horizontal line [on the astrolabe] coincides with the |f. 50 b| East-West 

line. Beware that this [method] is not general [for the sun for all days of the year] 

because the altitude with zero azimuth exists only for [ecliptical] degrees which 

have northern declination. 

(15-5) Section five: On how to observe the azimuth on the circle of the horizon 

and the determination of the arc of revolution and the ascendant from it (i.e., 

the azimuth) 

(15-5-1) Whenever <you want to do it after> deriving the East-West line and the 

meridian on the surface of a smooth [piece] of low land, draw a circle such that its 

center is the intersection point of the two [lines], then it (i.e., the circle) will be 

divided by them into four equal quadrants. Then place at its center a smooth 

conical gnomon ‒ with a sharp tip ‒ in such a way that it is perpendicular to the 

surface of that piece of land. The method for [placing] it is to take a strong straight 

reed such that in one of its two ends there is a small hole in which the tip of the 

gnomon can be fastened. You determine its length so that it reaches the 

circumference of the circle and rotates on the circumference. Then, if the end [of 

the reed] coincides with it (i.e., the circumference of the circle) during the entire 

rotation, the gnomon has been set up perpendicularly. But if the end [of the reed] 

goes outside the circumference [of the circle], for example in a place where it (i.e., 

the circumference) makes an inclination towards it, it is necessary to flatten [the 

ground] or to insert an inclined wooden staff outside the flat [piece of] earth, in 

such a way that the end of it (i.e., the staff) or [some] part of it is [precisely] above 

the intersection of the two lines, and suspend from it (i.e., the staff) a plumb line 

with a small bob which hangs exactly above the intersection [of the two lines]. 

Then, if it hangs in such a way, tie the string to the point [on the staff] from which 

you suspended [the plummet], move the plumb line upwards, and set the gnomon 

in such a manner that if you lower the plumb line, its lower end points to the 

sharpened tip of the gnomon. Then it has been set up as you intended. 
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(15-5-2) Then observe the shadow of this gnomon at an arbitrary time, and 

draw a straight line from the center of the circle to the tip of the shadow. Take the 

gnomon away, and put the astrolabe upside down on its (i.e., the gnomon’s) place 

in such a way that the horizontal line on it (i.e., the back of the astrolabe) coincides 

with the East-West line [on the ground], the vertical line [coincides] with the 

meridian, and the line which is drawn in the middle of the shadow meets the 

altitude quadrant of the astrolabe. |f. 51 a| Look which [altitude-] degree is 

indicated by it (i.e., the line), then, the difference between it (i.e., the degree) and 

the East-West line is the azimuth of the shadow, which is equal [in number] to the 

azimuth of the sun. If the shadow is in the southern half, the azimuth of the sun is 

in the northern half, and vice versa, and if the azimuth of the shadow is in the 

western half, the azimuth of the sun is in the eastern half, and vice versa. And if 

you have determined it, find the [suitable arc of the] azimuthal circle whose 

number is equal to the amount of the azimuth [in degrees] and which is located on 

its (i.e., the azimuth’s) side and in its direction. Put the degree of the sun on it <and 

put a mark> on the position of the pointer [on the rim], then, the ascendant [of that 

moment] is the [zodiacal] sign and degree at the eastern horizon [on the astrolabe]. 

(15-5-3) To [determine] the arc of revolution of the universe, rotate the 

spider conversely (i.e., counter-clockwise) until the degree of the sun coincides 

with the eastern horizon, then, the [distance] which the pointer moved away from 

the mark is the arc [of revolution of the universe since sunrise]; then convert it to 

the [kind of] hours in which you compute (i.e., either equal or seasonal hours). 

(15-6) Section six: On the determination of the azimuth of the qibla and the 

azimuth of any desired locality [as seen from oneʼs own locality] 

(15-6-1) Localities are specified by their longitudes, taken with reference to the 

meridian circle of a certain place on the earth which is made the starting point (i.e., 

zero point) of the longitudes in the terminological sense, and which is agreed to be 

the western end of the inhabited [world], and by their latitudes which are the 

amounts of their distances from the equator. (15-6-2) For [determining the 

direction of] the qibla, you only need Mecca because you face the Kaʿba in prayers 

and other rituals according to it (i.e., the qibla). Mecca belongs to the localities 

with two [types of] shadows, because its latitude is equal to twenty-one degrees 

plus one-third of a degree. The sun passes through the zenith of it when it is in five 
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and a half degrees (i.e., 5;30˚) of Gemini and again when it is in twenty-four and a 

half degrees of Cancer. At these two [times], its (i.e., the sun’s) light shines on the 

water of its (i.e., Mecca’s) wells and the [(i.e., the sunʼs)] shadow would be the 

noon-shadow, and it (i.e., the sun) moves toward the north between the two 

[zenith] transits [at 5;30˚ Gemini and 24;30˚ Cancer]. (15-6-3) The meridian of it 

(i.e., Mecca) is close to the meridian of Baghdad: the difference is three degrees in 

longitude. Since it (i.e., the situation) is like this, |f. 51 b| to determine the direction 

of the qibla, put one of these two degrees on the midheaven [-line], <and make a 

mark on the position of the pointer on the rim>. Find the longitude difference 

between your city and Mecca. If the longitude of Mecca is more [than the 

longitude of your city], the counting is from the mark toward the left, and move the 

pointer to the point which you reached after counting the [longitude] difference 

from the mark. Then look at the azimuthal circle which is reached by the degree 

which you put on the midheaven-line (i.e., 5;30˚ Gemini or 24;30˚ Cancer), and 

find its number on the horizon and the direction where it is located, and that is the 

amount and direction of the azimuth of the qibla in your city. (15-6-4) If it (i.e., the 

azimuth) is [on the astrolabe] between the intersection of the horizon and the 

celestial equator (i.e., the east point) in the direction of the [line of] midheaven on 

the northern [astrolabe], it (i.e., the azimuth) is towards the south, and on the 

southern [astrolabe] it is towards the north; and if [the azimuth] is between the 

intersection [of the horizon and the celestial equator] towards the line of the pillar 

of the earth on the northern [astrolabe], it is towards the north, and in the southern 

[astrolabe] it is towards the south; and if it (i.e., the azimuth) is exactly on the point 

of intersection, the prayer [should be done] on the East-West line: if the 

intersection is on the western horizon, [the prayer should be done] by turning your 

back [exactly] towards the east, and if it (i.e., the intersection) is on the western 

horizon, [the prayer should be done] by turning your back [exactly] towards the 

west. And if the longitudes of Mecca and your city are the same, the prayer [should 

be done] on the line of noon: if the latitude of Mecca is less than the latitude of 

your city, [pray] towards the south, and if it is more [than the latitude of your city, 

pray] towards the north.  

(15-6-5) If the azimuth of a locality other than Mecca is wanted, and if it is 

with two [types of] shadows, find the two [ecliptical] degrees whose northern 

declinations are equal to the latitude of your city. To do this, you count the 
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[number of] almucantars equal to the latitude of the city on the midheaven-line 

from the celestial equator: in the northern astrolabe [count them] towards the 

inside, and in the southern [astrolabe] towards the outside, and put a mark at the 

end on the line [of midheaven]. Rotate both the spring and summer quadrants, then 

the two degrees in them (i.e., the quadrants) which pass through the mark, pass 

through the zenith of it (i.e., the locality). Then take the difference between the 

longitude of it (i.e., the locality) and the longitude of your city, and do with it on 

your plate as you did with Mecca for the qibla, |f. 52 a| hence the azimuth and 

direction of the [proposed] locality will be derived for your city. (15-6-6) And if 

the [proposed] locality has [only] one shadow, you find the mark on the 

midheaven-line by means of the latitude of it (i.e., the locality) and you attach a 

piece of paper to the ecliptic such that its (i.e., the piece of paper’s) pointer 

coincides with the mark. Then you consider this pointer as one of the two above-

mentioned [ecliptical] degrees, and you do with it (i.e., the pointer) and with the 

difference between the two longitudes the same as what you did before for the 

qibla. Then the azimuthal circle which coincides with the pointer [in its rotated 

position] is the azimuth-circle of that [proposed] city in (i.e., as seen from) your 

city, so you determine its number and direction according to what has been 

described above. 

Chapter sixteen 

(16-1) Section one: On the determination of the distances of the degrees [of the 

ecliptic] or of the planets from the pivots (ascendant, descendant, midheaven 

and imum coeli) 

(16-1-1) Let us call the [ecliptical] degree or the pointer of a star or planet, which 

is either engraved [on the astrolabe] or attached to it by a piece of paper, the 

“indicator” (dalīl), for easy reference in what follows. Then put it1 on the eastern 

horizon and make a mark on the place of the pointer [on the rim]. If you want [to 

determine] the distance of the indicator from the cusp of the tenth house while it 

(i.e., the indicator) is above the earth (i.e., horizon), or [want to determine its 

distance] from the cusp of the fourth house while it (i.e., the indicator) is below it 

(i.e., the horizon), then rotate the spider directly (i.e., clockwise) if the indicator is 

                                                             
1 The text is erroneous. Bīrūnī should have said: put the ascendant on the eastern horizon. In Ikhrāj (43-2) the 

procedure is explained correctly 
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in the ascending half above the horizon or in the descending [half] below it (i.e., 

the horizon), until it (i.e., the indicator) coincides with the line of midheaven or of 

the pillar of the earth (i.e., the meridian line). Then the amount which the pointer 

moved from the mark [on the rim] is the distance in time-degrees. If the indicator 

is in the descending half below the horizon or [in] the ascending [half] above the 

horizon, then let the movement [of the spider] be in the reversed direction until the 

indicator coincides with the line of midheaven or the pillar of the earth. Then the 

pointer has moved from the mark by the amount of the distance in time-degrees. 

(16-1-2) If you use [it]1, you [can] correlate [it] to half of the day arc of the 

indicator [if it is] above the earth, and to half of its night arc [if it is] below the 

horizon, and both of them (i.e., the previous procedure and the earlier method) are 

used together; and if you divide it (i.e., the distance of the indicator to the meridian 

line in time-degrees) by fifteen, you have expressed [the result] in [equinoctial] 

hours of the half day or half night arc. If you divide it (i.e., the distance) by the 

degrees of the (i.e., one seasonal) day hours of the indicator, if it is above the earth, 

or the degrees of its (i.e., one of its seasonal) hours of night if it is below the earth, 

the result is the seasonal hours of distance, and they are always related |f. 52 b| to 

six (i.e., the maximum number is six, when the indicator is on the horizon). 

(16-2) Section two: On the determination of the projection of the rays of a 

planet if it coincides with the degree of one of the pivots 

(16-2-1) It is customary to use the [ecliptical] degrees of the planets [for 

astrological aims], even in case they have [non-zero] latitude in one of the two 

directions. (16-2-2) If the planet happens to be on the degree of the ascendant, put 

it on the eastern horizon and make a mark on the position of the pointer, and it is 

[called] “the base” from which the numbers of the [astrological] aspects (manāẓir) 

‒ which are sixty for the sextile [aspect], ninety for the quartile [aspect] and one 

hundred and twenty for the trine [aspect] ‒ are counted. Count each of these 

numbers towards the right and towards the left from “the base”, and make a mark 

on the end [of each count] for that [corresponding] ray. Then, the marks towards 

the right are for the left rays which are in advance of the planet in the [direct] order 

of the [zodiacal] signs, and the marks towards the left are for the right rays which 

come after it (i.e., the planet) and are in the reverse order of the [zodiacal] signs. 

                                                             
1 It means: if you want to use the distance [of the indicator to the cusp of the tenth or the fourth house] in hours.  
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Then, put the pointer on each one of the marks of the rays and for each one of 

them, look at the ecliptical [degree] which coincides with the eastern horizon, and 

that is the projection of that ray. 

(16-2-3) If the planet happens to be on the degree of the descendant, add six 

[zodiacal] signs to each of the rays which you determined for the degree of the 

ascendant, then it is the ray for it (i.e., the planet) when it is at the degree of the 

descendant. If it is on the degree of midheaven, put the pointer on those marks but 

do not consider [the ecliptical point] coinciding with the eastern horizon, but look 

at [the ecliptical point] coinciding with the midheaven-line, and that is the 

projection of that ray. And if it is on the degree of the pillar of the earth, add six 

zodiacal signs to each of the rays which you determined for the midheaven-line, 

then, it (i.e., the result) is [the projection of the ray] for it when it is at the degree of 

the pillar of the earth. 

(16-3) Section three: On the [determination of the] projection of the rays 

of the planets when they are between the pivots 

(16-3-1) Determine the distance of the planet from the midheaven-line and half its 

(i.e., the planet’s) day arc |f. 53 a| when it is above the horizon, and [determine] its 

distance from the line of the pillar of the earth and half its night arc when it is 

below the horizon. For each one of its rays, determine the “first amount’’ and the 

“second [amount]’’. (16-3-2) For the first [amount], put the [ecliptical] degree of 

the planet on the midheaven-line and make a mark on the position of the pointer 

[on the rim], and that is the “first base”. Then, count sixty degrees from it 

<towards> the left and put the pointer on the end [of the counting], and that is “the 

sextile mark”. Then [the point] of the ecliptic which coincides with the midheaven-

line is the “first amount’’ for the right sextile [ray]. Count again thirty degrees 

from the “sextile mark” towards the left and put the pointer on the end [of 

counting], and that is the “quartile mark”. Look at [the point] of the ecliptic which 

coincides with the midheaven-line, and that is the “first amount’’ for the right 

quartile [ray]. Count another thirty degrees from [the quartile] mark towards the 

left, and put the pointer on the end [of counting]. Then [the point of] the ecliptic 

which coincides with the midheaven-line is the “first amount’’ for the right trine 

[ray]. And similarly, determine the “first amount’’ for each of the left rays by 

returning to the first base, and counting from it towards the right the same numbers 
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which you counted towards the left, and follow what has been described above, so 

that the “first amount” is also obtained for each of these rays. 

(16-3-3) For the “second amount” for them (i.e., the rays): if the planet is 

located in the ascending half [of the ecliptic], put its degree on the eastern horizon, 

and [if the planet is located] in the descending [half] put it (i.e., its ecliptical 

degree) on the western horizon, and make a mark on the position of the pointer [on 

the rim]. This is the “second base”, which plays the same role in the determination 

of the “second amount’’ as the “first base” in the determination of the “first 

amount”. Count sixty [degrees] in the right and left direction from it (i.e., the 

second base), and [count] thirty [degrees] from [the end of] sixty, and [count] 

another thirty [degrees] from [the end of the last] thirty [degrees], and make a mark 

on where [these counting processes] end. Put the pointer on each of them, and each 

time you look at [the ecliptical point] that coincides with |f. 53 b| the [eastern of 

western] horizon on which you have put the ecliptical degree of the planet, and that 

is the “second amount” for every ray of it (i.e., the planet).  

(16-3-4) And when you have finished obtaining these two amounts for each 

of the rays of the seven planets, take the two amounts of every ray in one direction, 

as in [our] example the left sextile [ray]. If the two amounts are equal, [each] one 

of them is the projection of this sextile [ray] on the ecliptic. If they are not equal, 

you take the difference between them, and you know to whom [of the two] the 

excess is (i.e., that is, which of the two is the greatest). You multiply it (i.e., the 

difference) by the distance [of the planet] from the tenth [house] and divide the 

result by half its day arc, then the result is the “equation”, if it (i.e., the planet) is 

above the horizon. If it is below it (i.e., the horizon), multiply the difference by its 

distance from the fourth [house], and divide the result by half its night arc, then the 

result is the “equation’’. If the excess belongs to the first amount, [and] it is with 

respect to the second amount in the order of the [zodiacal] signs, subtract the 

equation from the first amount. But if the excess is over it (i.e., the first amount), it 

is with respect to the second amount towards the reverse order of the zodiacal 

signs; then add the equation to it. Then the result of the addition or subtraction is 

the place of the sextile ray which we have treated as an example. 

(16-3-5) And do the same for the other right and left rays, so all of them 

appear to you. The opposite [ray] is diametrically opposite to the planet. 
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(16-4) Section four: On the progression (tasyīr) of indicators (adillāʾ) to 

assumed positions 

(16-4-1) The indicator (dalīl) is either on the degree of one of the pivots or it is 

between two of them, and the promissor (musayyar ilayh) is either the body of a 

planet, or its ray, or a position which is characterized by a situation different from 

the others; and all of them are in known degrees of the ecliptic, or on pointers 

which are established on the astrolabe or on pieces of paper attached to the 

astrolabe as we have described above. So, let us call the degree of the intended 

[point] the promissor. If the indicator is exactly on the degree of a pivot, put it (i.e., 

the indicator) on its [corresponding] horizon or its line (i.e., either the midheaven-

line or the line of the pillar of the earth), and make a mark on the position of the 

pointer [on the rim]. Rotate the spider directly (i.e., clockwise) until the degree of 

the destination [point (i.e., the promissor)] coincides with that horizon or 

[meridian] line on which you had put |f. 54 a| the indicator. Then the [number of 

degrees] which the indicator moved from the mark is the progression in time-

degrees. 

(16-4-2) If the indicator is located between two pivots, put it on the 

midheaven-line, make a mark on the position of the pointer [on the rim], and rotate 

the spider directly (i.e., clockwise) until the degree of the destination or its pointer 

coincides with the midheaven-line. Then [the number of degrees] which the pointer 

[on the rim] moved from the mark is the “first amount”. Then put the indicator on 

the eastern horizon if it is in the ascending half and on the western horizon if it is 

in the descending half, make a mark on the position of the pointer [on the rim], and 

rotate the spider directly (i.e., clockwise) until the degree of the destination [point] 

or its pointer, instead of the indicator, coincides with that horizon. Then [the 

number of degrees] which the pointer moved from the mark is the “second 

amount”. Multiply the difference between the two amounts by the distance of the 

indicator from the tenth [house], and divide the result by half the day arc of it (i.e., 

the indicator) if the indicator is above the horizon, and if [the indicator] is below it 

(i.e., the horizon), multiply the difference by the distance of the indicator from the 

fourth [house] and divide the result by half the night arc of it (i.e., the indicator), 

then the result is the equation. Then, look if the first amount is less than the second 

[one], then add the equation to the first [amount] and if the first [amount] is more 
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than the second [one], subtract the equation from the first [amount]. The result of 

the addition or subtraction is the progression in time-degrees. 

(16-5) Section five: On the year-transfers (taḥwīl al-sinīn) and the amount of 

the progressions in our opinion 

(16-5-1) When the sun returns to the [same] place at which it was at an assumed 

time of some event in world, the duration of that return is called the “year” 

attributed to it (i.e., the return). (16-5-2) In most cases, for [determining] the years 

of the world and its beginnings, the entrance of the sun in the beginning of the sign 

of Aries is used, and in [determining]  the years of the births and their beginnings, 

the position on which it (i.e., the sun) happened to be at the time of birth is used. 

(16-5-3) And the appropriate method for determining the transfer time for an 

assumed year by means of the astrolabe is that you subtract one unit from its year 

[-number], then, the completed years which are anterior to it will remain. If it is, 

for instance, the twenty-fifth [year] |f. 54 b|, which is an incomplete [year] for 

which the time of the transfer is desired, the complete year before it is twenty-four. 

Put the degree of the ascendant for the “first year” on the eastern horizon, and 

make a mark at the position of the pointer on the rim. This beginning (i.e., the 

“first year’’) is for transfers of world years an assumed year of known date, in 

which [year] the ascendant for the vernal equinox is known; and for births, it is 

either a year like this or the time of birth. Then you start to rotate the spider 

directly (i.e., clockwise) so that the pointer moves from this starting point for each 

completed year after this beginning [the amount of] eighty-six degrees and forty-

one minutes ‒ which is approximately equal to five hours and fifty-seven minutes ‒ 

until those years are finished. Then you look which [point] of the ecliptic coincides 

with the eastern horizon, and that is the sign and degree of the ascendant of the 

[moment of] transfer. (16-5-4) It is a tradition among astronomers (or astrologers) 

to let every time-degree of the progression correspond to one solar year. [Then] it 

is obvious that the amount for one solar month, that is one-twelfth of a solar year, 

is five minutes of a time-degree, and the amount for one [formal] “solar day’’ is 

ten seconds of [a time-degree]. (16-5-5) And an approximation [method] for 

converting an amount of natural days (ṭulūʿī, literally: defined by sunrise) to an 

amount of solar days is to multiply [the natural days] by nineteen thousand four 

hundred and forty, and divide the result by nineteen thousand seven hundred and 

twenty three, then the result is the solar [days] which correspond to the natural 
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[days]. And conversely, you multiply the solar days by [the number] by which 

[you] divided in the first [case], and you divide the result by [the number] by 

which you multiplied [in the first case], then, [the solar days] are converted to 

natural [days]. 

(16-5-6) And if a date is given to you, it is inevitably counted in natural days. 

If you are asked to [find] the positions [of the planets] which the progressions 

reach in that day, it (i.e., the day) is either at the beginning of the year transfer or 

some time after it during an incomplete [year]. The interval between its beginning 

and the given date is known in terms of natural [days], so, convert it to solar 

[days]. If the indicator, which is progressed, is at the original [time of] birth at |f. 

55 a| the degree of [the cusp of] the tenth [house], put it (i.e., the indicator) on the 

midheaven-line, or if it is in the degree of [the cusp of] the fourth [house], put it 

(i.e., the indicator) on the line of the pillar of the earth. Count [on the rim] towards 

the right from the position of the pointer [a number of degrees] equal to the number 

of completed years [from the beginning] before the year of the transfer and with an 

[added] fraction if there is [also an amount of] solar days: convert [them] to the 

corresponding [fraction] of time-degrees. Move the pointer to the result [of the 

counting], and look at [the point] of the ecliptic which coincides with the line on 

which you had put the indicator, and that is the place which the progression of the 

indicator has reached at that time. 

(16-5-7) If it (i.e., the indicator) in the original [time of] birth is at the degree 

of the ascendant, put it (i.e., the indicator) on the eastern horizon, or [if it is] at the 

degree of the descendant, put it (i.e., the indicator) on the western horizon. From 

the [position of the] pointer [on the rim], you count towards the right [degrees 

equal to] that number of years with the fraction as you counted before. Move the 

pointer towards the result [of counting] and look at [the point] of the ecliptic which 

coincides with the horizon on which you have put the indicator, and that is the 

place on which the progression of the pointer has arrived. If the indicator at the 

original [time of birth] is not [located] on the degree of one of the pivots, put it 

(i.e., the indicator) on the midheaven-line and rotate the spider directly (i.e., 

clockwise) until the pointer moved from its [original] position by a number [of 

degrees] equal to the number of the completed transfer years plus the fraction [of a 

year], if any (literally: “if it follows them’’). Look at [the point] of the ecliptic 

which coincides with the midheaven-line, and that is the “first amount”. Then, put 
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the indicator on the eastern horizon if it is at the original [time of birth] in the 

ascending half, or [put it] on the western horizon if it is in the descending half. 

Move the pointer [on the rim] from its [original] position by [a number of degrees 

equal to] the number of those years and the fraction with it. Then [the point] of the 

ecliptic which coincides with the horizon on which you have put the indicator is 

the “second amount”. Multiply the difference between these two amounts by the 

distance of the indicator at the original [time of birth] from the beginning of the 

tenth [house] or [from] the beginning of the fourth [house], and divide the product 

by half its day arc if it is above the horizon, or by its half the night arc if it is below 

the horizon, then the result is the “equation”. Add it (i.e., the equation) to the first 

amount or subtract it (i.e., the equation) |f. 55 b| from it (i.e., the first amount) 

according to the condition which has been explained several times, then the result 

is the position which is reached by the progression of the indicator. And if the two 

amounts are the same, its (i.e., the indicator’s) progression reaches the position 

where [the two amounts] coincide [with each other]. 

(16-6) Section six: On the projection of the rays [of the planets] by means of 

the [special] plate which is named after it (i.e., the “plate for the projection of 

the ray”) 

(16-6-1) On this plate are engraved the line of the midheaven and the pillar of the 

earth, and the East-West line, each of which is intersected by the celestial equator 

in two intersection points. Sometimes a small circle is drawn with center the 

intersection point of the horizon and the midheaven-line, and in it is written the 

latitude for which it (i.e., the plate) has been made. Then the other circles [on the 

plate] converge toward the center of this circle but they are cut off at its (i.e., the 

circle’s) circumference close to it (i.e., the center), like the azimuth-circles which 

are cut off at the circumference of the circle including the letter Ṣ (90). 

(16-6-2) If you intend to work with this plate, put the degree of the ascendant 

on the eastern horizon, that is the left [half of the horizon] if no indication has been 

written on it. Then, look up on which of the circles the [ecliptical] degree of the 

planet is located. Make a mark on it (i.e., the circle) and also put the “base mark” 

on the position of the pointer [on the rim]. Count from this mark towards the right 

and the left [a number of degrees] equal to the six amounts, that is sixty [degrees] 

towards the right for the left sextile and towards the left for the right sextile; ninety 



167 
 

for the two quartiles and one-hundred and twenty for the two trine [aspects], and 

make a mark on the endpoints [of the counting]. Put the pointer on each of the 

marks, then, that marked circle coincides with the place of the ray of the planet to 

which the mark belongs, towards the right or the left. 

(16-6-3) And if the [ecliptical] degree of the planet does not coincide with any 

circle on the plate, but is located between two circles among them, call [the circle] 

which is towards the midheaven or the pillar of the earth “the first” and the other 

[circle] the “second”. In that case, the rays of the planets are also located between 

two of them. Make the “middle mark’’ on the pointer [on the rim] and move the 

spider until the [ecliptical] degree of the planet is located |f. 56 a| on the first one of 

the two circles <and make the “first mark’’ on the pointer [on the rim], then rotate 

the spider until the [ecliptical] degree of the planet is located on the second circle> 

and make the “second mark’’ on the pointer [on the rim]. Obtain the difference 

between the first mark and the middle [mark], that is “the retained remainder”, and 

the difference between the first and second [marks], that is “the retained excess”. 

Then, if you put the pointer on the mark of a certain ray of the planet, this ray falls 

between these two circles. Look at [the point] of the ecliptic which coincides with 

the first [circle], that is “the first degree”, and [look] at [the point] of it (i.e., the 

ecliptic) which coincides with to the second [circle], that is “the second degree”. 

Multiply the difference between the two degrees by “the retained remainder”, and 

divide the result by “the retained excess”, then the result is the equation. If the two 

circles are situated in the eastern quadrant above the earth (i.e., the horizon), or in 

the western quadrant below it (i.e., the horizon), add the equation to the first 

degree, and if the two circles are situated in the eastern quadrant below the earth or 

[in the] western [quadrant] above it (i.e., the horizon), subtract the equation from 

the first degree. The result of the first [degree] after addition or subtraction is the 

position of the ray which belongs to that mark. 

(16-7) Section seven: On the progression of the indicators by means of 

this plate 

(16-7-1) “Every person works according to his own manner”1 and goes back to his 

belief during his contemplation (16-7-2) and therefore I think it is better to call this 

plate “the plate of progression” instead of “the plate of the projection of the ray”. 

                                                             
1 This is a verse of the Qurʿan (17:84). 
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For I believe that the projections of the rays are not connected to the ascensions 

and descensions of the [zodiacal] signs, and also that they do not change if they are 

rotated by the rotation of the universe. (16-7-3) If you want to [determine] the 

progression by means of it (i.e., the plate) precisely, put the degree of the 

ascendant on the eastern horizon and find the circle on which the [ecliptical] 

degree of the indicator is located. Make a mark on it (i.e., the circle) and on the 

place of the pointer [on the rim]. Rotate the spider directly (i.e., clockwise) until 

the [ecliptical] degree of the destination, or the destination of the pointer of the 

planet, coincides with the marked circle. Then the [number of degrees] which the 

pointer [on the rim] moved from its [original] position is the time-degrees of the 

progression. If the [ecliptical] degree of the indicator is located not on a circle but 

between two circles, determine the “retained remainder’’ and “[retained] excess” 

and the marks [as above] of |f. 56 b| the pointer on the rim. Then rotate the spider 

directly (i.e., clockwise) until the [ecliptical] degree of the destination or the 

destination of the pointer coincides with the first circle, then the [number of 

degrees] which the pointer moved from the “middle mark’’ will be the unequated 

time-degrees of the progression; then, multiply (a) the number of degrees which 

the pointer moved by the motion of the promissor between the two circles by (b) 

the “retained remainder”, and divide [the product] by (c) the “retained excess”, 

then the result is the equation. If the two circles are situated in the eastern diurnal 

quadrant or the quadrant opposite it, subtract the equation from the unequated 

time-degrees of the progression, and if [the two circles] are situated in the two 

other quadrants, add the equation to them (i.e., the unequated time-degrees of the 

progression). Thus the desired equated time-degrees of the progression time-units 

are obtained. 

Chapter seventeen 

(17-1) Section one: On the determination of the height of an object whose base 

can be reached, by means of an isosceles right-angled triangle 

(17-1-1) If you want to [determine] the height of a mountain with a smooth1 

surface, such that if a stone drops from its top, the place of its (i.e., the stone’s) fall 

will not be far from its (i.e., the mountain’s) foot and it (i.e., the place of its fall) 

                                                             
1 It means roughly vertical. 
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should not seem to be [a] different [point] from it (i.e., the foot)1, or [if you] want 

[to determine] the height of a minaret or a pyramid or one of the similar obelisks 

which are in the land of Egypt, [or want to determine] its side or its top, observe 

the sun until its altitude reaches forty-five degrees. Then measure [how far it is] 

from the end of the shadow of the top of the [intended] object (i.e., one of the 

aforementioned structures) to its base, and the result is equal to the distance of its 

top (i.e., its height). 

(17-1-2) If there is some obstacle to do this procedure, [for example, if] for the 

object to be set up in such a way that you can reach the end of its shadow to 

measure [the shadow length] from there in that hour, or [if] on that day, the 

maximum altitude of the sun is less than its equivalent (i.e., less than 45 degrees) 

during [its] rotation, or [if] it (i.e., the altitude of the sun) is more than it (i.e., 45 

degrees) on that day, if it is at the intended time in the east with more altitude than 

it (i.e., 45 degrees) or in the west with less altitude than it, or [if] the sun is located 

somewhere in the sky so that it does not shine on it (i.e., the object): then [use the 

astrolabe and] place the indicator of the alidade on the forty-fifth degree on the 

altitude [scale], and fix it in that situation and do not change it. Then, move 

forward and backward until |f. 57 a| you find its position such that you can see the 

top of the object through the two holes of the alidade, while it (i.e., the alidade) is 

in its situation. Then go from your feet (i.e., standing-place) towards its (i.e., the 

object’s) base and measure it (i.e., the distance) and add to it the amount of your 

height, that is the distance from your eye to the ground, then the result is the height 

of the object. 

(17-2) Section two: On the determination of the height of an object whose 

base can be reached, by means of a non-isosceles right-angled triangle 

(17-2-1) And if the place cannot be measured in any way [by an isosceles right-

angled triangle] which agrees with the described [instruction], then measure the 

altitude of the top of the object [by means of the astrolabe] and take its sine, and 

that is “the first [sine]”, and [then, take] the sine of the difference between this 

height and ninety (i.e., the height’s complement), that is “the second [sine]” (i.e., 

the cosine). Multiply the amount of your height [of your body] by “the second 

sine”, and divide the result by “the first [sine]” and retain the result, then add it to 

                                                             
1 It means that the difference should be so small as to be indistinguishable for the eye. 
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[the distance] between your feet and its (i.e., the object’s) base, and multiply the 

total amount by “the first sine”, and divide the result by “the second [sine]”, then 

the result is the desired height [of the object]. And if you want, multiply the 

amount of your height by [the distance] between your feet and the base, and divide 

the result by what you retained, and add your height to the result, then it is the 

height [of the object]. And if you want, multiply [the distance] between the feet 

and the base by “the first sine”, and divide the result by “the second sine”, and add 

[your] height to the result, then it is the height of the object. 

(17-2-2) And if you want, set up a gnomon on the earth and measure its 

shadow [length] in terms of the parts of [the scale of] the gnomon. Multiply [the 

distance] between the feet and the base by twelve, and divide the result by the 

shadow [length] which you found, and add [your] height to the result, then it is the 

height [of the object]. 

Chapter eighteen 

(18-1) Section one: On the determination of the height of an object whose base 

cannot be reached, by means of two altitudes (i.e., altitude measurements) of 

its top 

(18-1-1) Measure the top of the object in two places, in such a way that the line 

between the two [places] passes through the base [of the object], and compute the 

sine of each of the two altitudes and the sine of the difference between the two 

altitudes. Measure the distance between the two places at which you took |f. 57 b| 

the two altitudes, and multiply it by the sine of the smaller altitude. Divide the 

result by the sine of the difference between the two altitudes, and multiply the 

result by the sine of the larger altitude. Divide the result by sixty, then, the height 

of the object will come out in terms of the magnitude (i.e., the unit) in which you 

measured the [distance] between the two standing-places. 

(18-2) Section two: On the determination of the height of an object whose base 

cannot be reached, by means of two gnomons 

(18-2-1) Set up two gnomons far from one another on a flat place, in such a 

manner that (1) if the sun shines on the top of the object, they cast different 

shadows at the same time, and (2) the feet of the two [gnomons] should be on a 
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straight line with the base of the object. Then, for each one of the two gnomons, 

find a position on the surface of the earth such that if you put your eye on it, you 

can see both the tip of the gnomon and the top of the object simultaneously. Then, 

[for each gnomon, the distance] between the position of the eye and the foot of the 

gnomon is the shadow of it (i.e., the gnomon, that is the cotangent of its altitude). 

Determine [the distance] between the two positions of the eye. Subtract the smaller 

of the two shadows (i.e., cotangents) from it (i.e., the distance), retain the 

remainder, then, add it (i.e., the remainder) to the larger of the two shadows (i.e., 

cotangents). Multiply the total amount by twelve, and divide the product by the 

larger shadow, then the result is the “shorter column”. Then, add the retained 

[amount] to the sum of the two shadows, and multiply the result by twelve, and 

divide the product by the larger shadow, then the result is the “longer column”. 

Subtract twelve from it, and subtract the remainder from “shorter column”, then 

the remainder is the “separated amount”. After that, multiply the smaller shadow 

by itself, and add one hundred and forty-four to it, and take the root of the sum. 

Multiply it by “shorter column”, and divide the result by the “separated amount”. 

Multiply the quotient by twelve, and divide the result by the root which you took, 

then the quotient is the height of the object. 

(18-3) Section three: On the determination of the height of an object whose 

base cannot be reached, by means of the shadow [scales engraved] on the 

astrolabe 

(18-3-1) Take the altitude of the top |f. 58 a| of the object at a known location and 

look up which [number] on the [horizontal] scale of the shadows is indicated by 

the lower pointer of the alidade. Add one digit to it [on the [horizontal] scale of the 

shadows], put the pointer (i.e., the edge of the alidade) on the end (i.e., the result), 

and move away from the object, or subtract one digit from it, put the pointer on the 

second [number], and approach the object. Then during this forward and backward 

movement, look for a place on the straight line between the [original] location and 

the foot of the object, at which you can see its (i.e., the object’s) top through the 

two holes [of the alidade] simultaneously, without moving the alidade from its 

position, and that is the second location. Then measure the distance between the 

two locations and multiply it by twelve, then the product is the height of it (i.e., the 

object). If the shadow [scale] is in feet, add one foot to the feet on which you have 

put the pointer of the alidade, or subtract [from them] one foot, and multiply [the 
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distance] which is between the two locations [as above] by seven if the feet are 

integer, and [multiply the distance] by six and a half if [the feet] are non-integer, 

instead of what you multiplied by twelve above. Then the product is the height of 

the object.  

(18-3-2) If the shadow [scale] is “the ladder-shadow”, and the digits in the 

first location do not exceed eleven, and the [number of] integer feet [does not 

exceed] six, and the [number of] non-integer [feet does not exceed] five and a half, 

the procedure is as before. But if they exceed the [above-mentioned] amounts [but 

the edge of the alidade is still on the horizontal side of the ladder square], the edge 

of the alidade will move, by the addition of one in the second position, to the 

vertical side. Then divide one hundred and forty-four by the sum of the shadow 

length plus one digit, so the result will be the number on the vertical side. Put the 

edge on it for finding the second position. And if the upper pointer of the alidade is 

in the first position at forty-five degrees [so the alidade is at the diagonal of the 

ladder square], divide one hundred and forty-five by thirteen. And if it is in the first 

position [already] on the vertical scale, necessarily it is there also in the second 

position. Then subtract from what [you obtained, dividing one hundred and forty-

five by the number on the vertical scale] in the first position one digit, so you 

arrive [again by dividing one hundred and forty-five by the result] at the [number 

for] the second position, so you obtain it at that time. So obtain it and follow what 

has been described above, and do the same in the other cases of it (i.e., the 

procedure). 

Chapter nineteen 

(19-1) Section one: On the determination of the depths of depressed places 

(i.e., wells and pits) on the earth 

(19-1-1) If you want to determine the depth of a well, look at its bottom and at the 

water which is inside it. Then divide |f. 58 b| the circumference of its edge into two 

halves. The parts of the well connected to two halves are either precisely even (i.e., 

vertical), or they are seen as widened <or> tightened. Set up a straight wooden 

staff equal in magnitude to a branch whose width is on (i.e., covers) its (i.e., the 

well’s) opening. Divide it (i.e., the wooden staff) into an arbitrary number [of 

units] and stand near it (i.e., the wooden staff) and [hold] the astrolabe from its 

upper side. Look with one eye through the two holes of the two targets until you 
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see the edge of water in the bottom [of the well] at the opposite side of the well. 

Determine the depression of the alidade with respect to the horizontal line, and 

take the sine of this depression, that is the “first sine”, and the sine of the 

complement of the depression, and that is the “second sine”. Multiply the “first 

[sine]” by the diameter of the well on which you have fixed the graduated wooden 

staff with its magnitude (i.e., the diameter), and divide the product by “the second 

[sine]”. Subtract from the result the distance between your eye and the earth in 

terms of the units of the wooden staff, then the remainder is the depth of the well in 

terms of the units [of the wooden staff]. And if you know how many of them (i.e., 

the units) are in one cubit, you divide them (i.e., the units of the depth) by the units 

in one cubit, then the depth is converted to cubits. This [procedure works] provided 

that the depth of the well is even (i.e., vertical).  

(19-1-2) But if it is frustum-shaped and its bottom is wider [than its 

opening], put a [source of] light in a concave thing (i.e., plate) like the scale of a 

balance or a hollow [thing] such that its hollowness makes it impossible for the 

light to reach the water, so that the light in it does not appear to you as another 

light (i.e., mirror image) in it (i.e., the water) and the procedure is mixed up for you 

by the two [lights]. Then lower it (i.e., the scale) into the well from the opposite 

side until it reaches the water, and let your servant fix it there while you are 

standing on the other side [of the well]. Look through the holes of the two targets 

as usual, until you see the light through both of them (i.e., the holes) 

simultaneously, and determine the depression. Then proceed as before, and this 

will lead you to the vertical magnitude of the depth of the well. 

(19-2) Section two: On the determination of a distance [from the observer] 

<on> the surface of the earth, in the radial direction (samt al-ṭūl), which you 

follow, if you go forward 

(19-2-1) [To determine] this distance, if it is small and the observer is near, the 

height of the eye of a person who stands on the surface of the earth may be enough, 

[because in this case,] the two lines of sight from the two endpoints of it (i.e., the 

distance) contain an angle with a sensible magnitude. By means of it you can 

determine, by [putting] two marks, the width of rivers |f. 59 a| or pieces of land 

which are confined by two borders. For [determining] the width of rivers, when 

you stand on one side ‒ if the mark which you have [already] put, is on the other 
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side ‒ [as one condition] you should try to have the width of the river as small as 

possible by sight and conjecture [because a shorter distance is easier to measure]. 

Then take the astrolabe in your right [hand] and look through the holes of the two 

targets until you can see the mark on the other side opposite [you]. Fix the alidade 

in its position, and turn around on your standing-place until you face a flat area. 

Look through the two targets until you can see through them a spot on the earth 

where you [can put] a mark. Measure [the distance] between your feet and the 

mark which you reached (i.e., the spot), and that is the width of the valley or bog or 

[in general] a distance which you cannot measure [directly]. (19-2-2) But if there is 

no flat [area] around you which you can face, take the sine of the degree on the 

altitude scale at which the pointer is located, and that is the depression. Its sine is 

the “first sine”, and the sine of the complement of this depression is the “second 

[sine]”. Then multiply the “second sine” by the magnitude of the height of [your] 

eye above [your] feet in digits or spans or whatever [units] you want, and divide 

the result by “the first sine”, then the result is width of the river in terms of [the 

units] of [your] height. 

(19-2-3) And if the standing-place is choosen at the sign which is closer to 

you, do [with this sign] what has been explained before for the sign which is 

farther away to determine its distance from you. Then replace mark of the closer 

sign by the mark of the sign which is farther away, to determine the same thing for 

it (i.e., the distance). Subtract the minimum distance of the two marks [from you] 

from the maximum [distance], then the remainder is the width of the river. 

(19-2-4) And if your height is not sufficient in this [problem] to find the 

depression by means of it, you need to move up to a higher place above the earth 

so you can overlook the river from there and the depression which is found for the 

marks will increase. So after you have moved up, apply exactly the same procedure 

as before, except that in that [former] case you considered the distance of your two 

eyes to the ground as [your] height, but here (i.e., in this case) it is |f. 59 b| the sum 

of your height plus the altitude of [your] location, on the roof of a building, or the 

top of a minaret, or a hill, or something similar to it. 
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(19-3) Section three: On the determination of a distance [between two points] 

transverse to the radial direction, which [distance] is taken towards the right 

or left or in both [directions] 

(19-3-1) The method is that you put the astrolabe upside down, in such a way that 

its front side is [turned] towards the surface of a flat area or a [horizontal] plane. 

You put the pointer of the alidade on the beginning (i.e., zero point) of the altitude 

scale while its (i.e., the altitude) quadrant is facing the [required] two endpoints [of 

the line segment which you want to know the length]. You turn the astrolabe 

[horizontally] in such a manner that the alidade does not move from the beginning 

[zero] degree, until one of the two endpoints of that [required] line segment 

can be seen through the holes of the two sights. Then fix the astrolabe in its 

position and rotate the alidade until the other end of that line segment can be seen 

through the two holes, and you retain the degree on the altitude [scale] which the 

pointer has reached. Then repeat the procedure which has been described above for 

the determination of a distance in longitudinal direction (i.e., with the same 

direction as your line of sight). According to it, obtain [the two distances] between 

your location and each of the two endpoints of this line segment: they must be 

either equal or different. 

(19-3-2) If they are equal, take the sine of half the retained [degree on the 

altitude scale]. Multiply it by one of the two equal distances which you have 

obtained, and divide the product by sixty, and double the result, then that is the 

length [between the two endpoints] of that distance in terms of the units in which 

you determined the distance between your location and the end of that distance. 

(19-3-3) If they are different, take the sine of the retained [degree on the 

altitude scale]. Multiply it by the shorter of the two distances [to the endpoints of 

the line segment] and divide the result by sixty, then, the result is the 

“perpendicular’’ [of the triangle with angular points your location and the two 

endpoints of the line segment]. Multiply it by itself and subtract the product from 

three thousand and six hundred, and take the root of the remainder, and that is one 

of the two parts of the base [of the triangle]. Subtract it from the larger of the two 

distances to the endpoints [of the line segment]. Then, square the remainder and 

the perpendicular, and add the two results and take the root of the sum, and that is 

the desired length [of the line segment]. 
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(19-4) Section four: On finding out about [the movement of] a group [of 

people]: whether they are approaching you, or moving away |f. 60 a| from you, 

or are moving towards the right or towards the left 

In this regard, [one] needs to be in a high place above them (i.e., the people of the 

group) and to have an interval of time between the measurements. If you want [to 

determine] it, find [the distance] of them from your location as we have described 

above. Then, wait a bit, and repeat the earlier procedure (i.e., find the distance 

again). If the distance between you and them becomes shorter, they are 

approaching you, and if it becomes longer, they are moving away from you. And 

regarding moving toward the right or the left: put the pointer of the alidade on the 

beginning of the altitude scale. Then hold the astrolabe upside down and rotate it 

until the person, or one of two ends of the group, can be seen through the two holes 

[of the alidade] simultaneously, without moving the alidade. Then wait an hour and 

repeat the measurement. If the pointer did not move away from its position, they 

are staying at one place or they are coming towards us [or moving away from us]. 

If it (i.e., the pointer) moved away from the beginning [the zero point] toward them 

(i.e., the altitude degrees), they are moving towards the right, and [if the pointer 

moves away] toward the [other] quadrant below it, they are moving towards the 

left. 

Chapter twenty 

(20-1) Section one: On the determination of the diameter of the earth and its 

circumference 

(20-1-1) If God most high helps you and changes difficulty to easiness, then climb 

a mountain so high that from its summit you can discern, at sunrise or sunset, the 

depression [of the sun] with respect to the horizon, and the complement of it (i.e., 

the depression), by looking over an empty and level plain without any curve or hill. 

(20-1-2) This is more preferable to me than looking out over a sea, as has been 

established in a treatise which I composed on “[observing] the sunset from the 

lighthouse of Alexandria”. If the sunrise or sunset [happens] in the direction of that 

plain or of the sea, then you observe the depression of it (i.e., the sun) at the time 

when its center coincides with the horizon, until you obtain it; but if neither of 

them (i.e., sunrise or sunset) is in that direction, you look through the two holes of 

the two targets toward the apparent meeting of the sky and the earth (i.e., apparent 
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horizon) in that direction, until you find the depression of their meeting [place] 

(i.e., apparent horizon). You take its <versed> sine <and retain it>, which is the 

“first [amount]”, and the sine of the complement of the depression, which is the 

“second [amount]”. You have [already] derived the vertical height of the mountain 

in whatever [units] you want, [for instance] farsakh, or [Arabic] miles, or types |f. 

60 b| of cubits or spans, provided that it (i.e., the height) is known by a precise 

determination (that is, the unit of measurement does not matter, but the procedure 

of its determination does matter). You multiply this height by the latter place (i.e., 

the second amount) and divide the result by what you retained, then the result is 

the distance of the center of the earth to its circumference in terms of the units by 

which you measured the height of the mountain. 

(20-1-3) If you multiply it by forty-four, and divide the product by seven, the 

result is the circumference of the earth, by which the surface of if (i.e., the earth) is 

divided into two equal halves. And this is the approach of the method [about] 

which Sind ibn ʿAlī narrated [that] [Caliph] al-Maʿmūn [used it] for this subject. 

We followed it in the plains of India as I explained in detail in a book which I 

wrote on the determination of the size of the earth by means of the depression of 

the visible horizon on summits, with respect to the horizon which is perceived at 

the feet [of the mountain]. 

(20-1-4) In the west and north of Khwārizm and Jurjān there is a plain which 

takes several months to cross, and almost no region of it has been conquered. In 

this plain there is no preferred direction for escape, except [a way] into a strange 

land in which one’s soul is not protected [against death] unless [he would be] 

accompanied by friends who can oppose them (i.e., the inhabitants of the land). 

When I was young, I encouraged them (i.e., the friends) but the authorities did not 

support me by [providing] assistants for the [scientific] work, and guards to protect 

me from disasters, and by protecting the one who goes beyond (i.e., traverses) it 

(i.e., the plain) against the aggressor in the strong winds. 

So I was unable to [visit this area] in those days because of [my] difficult 

[financial] condition, therefore, I [only] absorbed the stories [about these regions], 

and the sun left there. Then, at the time when I was eminent and rich, I couldn’t do 

that. (20-1-5) If I had been able to do it, I would have determined a place in that 

area as the fixed center to be used as a reference [point], and at it I would have 
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measured the solar meridian altitude or the exact altitude of one of the fixed stars 

in the same way [in the meridian]. Then I would have left that place in the 

meridian-line towards the north, facing the pole. During nights, the sizes of 

[consecutive] fires cover one another for you, because [they appear] as one through 

[the two holes of] the pointer ‒ for it is the characteristic of a straight line that its 

two ends cover the middle of it, and this condition is realized only in one of its two 

ends. During the day, the smoke of consecutive [fires] is also united (i.e., in one 

direction) as well [if the fires are in a straight line]. And I would have put some 

marks on the way, by which one can be guided on the way back, and I would have 

covered [a distance] not less than |f. 61 a| twenty farsakh, but rather more than it, 

and I would have measured the meridian altitude of the sun at the end and would 

have subtracted the northern declination from the altitude and added the southern 

[declination] to it (i.e., the altitude) [to determine the complement of the latitude]. 

Then I would have returned along the marks and measure the distance from the 

beginning to the end. I would have multiplied this distance between the beginning 

and the end by three hundred and sixty, and then have divided it by the difference 

between the two altitudes in them (i.e., these localities: the first meridian altitude 

and the second meridian altitude). Then the result would be the circumference of 

the earth in the same units of this distance, according to the direct method in which 

only great circles lead to the exact result. (20-1-6) The ancients applied this 

method: one of them measured the distance between Raqqa and Tadmur (Palmyra), 

because these two [cities] are located [exactly] on the same meridian line. Another 

one measured the distance between Alexandria and Aswan, as Galen reported 

about Eratosthenes, because these two cities are also [on the] same [meridian]. 

(20-1-7) Then [Caliph] al-Maʾmūn ordered that it (i.e., the method) be used by 

Khālid Marwaruḍī and ʿAlī ibn ʿĪsā Ḥarrānī and a group of people similar to them 

in the plain of Sinjār in the land of Mosul. A group of them went towards [the 

direction of] the north pole and the other [in the direction of] the south pole. When 

they met after returning, the two groups compared the [number of] miles – each of 

which is equal to one third of a farsakh – which they obtained for one degree of the 

three hundred and sixty degrees of the circumference of the earth. 

The difference [between their results] was only two-thirds of mile: one of 

them found fifty-six miles plus one-third, and the other fifty-seven miles. To be 

accurate they added the two [magnitudes] and took half [of the sum] and took fifty-
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six miles plus two-thirds as the amount [of miles] of one degree. (20-1-8) If you 

multiply it by three hundred and sixty, the product is twenty thousand and four 

hundred miles, and that is the circumference of the earth. If you multiply it by 

seven and divide the result by forty-four, the result is the radius of the earth, which 

is between the center of the world and the surface of the earth. And if you multiply 

the double of it (i.e., the radius) by the circumference of it (i.e., the earth) which 

you had obtained, the result is the magnitude of its surface area, including desert, 

sea and inhabited land. And using |f. 61 b| the radius of the earth as a unit, the 

distances of the planets and their bodies (i.e., volumes) are measured. If you 

multiply these distances by the radius of the earth which you have obtained in 

miles or other [units], the distances will be converted into the units in which you 

have measured it (i.e., the radius of the earth). 

(20-2) Section two: On the correction of the [locations of the] stars [for 

precession] on old astrolabes 

(20-2-1) When a long time has passed for the astrolabe [after its construction], the 

places of the star-pointers have changed by the change of the positions of them 

(i.e., the stars), and working by them (i.e., the old star-pointers) leads [the user] to 

mistakes because some of them (i.e., the star-pointers’) are erroneous. So compute 

the longitude of the positions of the fixed stars for your time; their latitudes did not 

change. Put the beginning of Aries on <the left side of> the East-West line on a 

plate which is used for the latitude of sixty six degrees and twenty five minutes on 

which both the almucantars of altitude and depression are engraved, and the 

azimuthal circles on the plate [should be engraved] completely so they cut both 

types of almucantars (i.e., above and below the horizon). 

On this plate there is a wide space outside the Tropic of Capricorn, and in 

that situation the ecliptic will coincide with its horizon. So, look at the [ecliptical] 

degree of the star which you adjusted, and put a mark on it in the ecliptic. Find the 

azimuth circle which passes through it, and count on it a number of almucantars 

equal to its latitude, if it is northern, [count] towards the inside the ecliptic, and 

otherwise, if the latitude is southern, [count] towards the outside of it (i.e., the 

ecliptic). Then, the point which you reach in one of the two directions is the 

adjusted position of this star. <Make a mark on it and> fix the beginning of Aries 

on the eastern horizon and its line (i.e., the intersection of the eastern horizon and 
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the East-West line). Hammer its [star-] pointer on the spider and bend it towards 

that mark until it (i.e., the pointer) coincides with it (i.e., the mark), then it (i.e., the 

star-pointer) is adjusted for your time. And do the same with the other star-

pointers until the tips of their pointers have been adjusted, with God’s permission 

and His help. 

(20-2-2) Scientific treasures are different from worldly practices, because 

they (i.e., the treasures) increase if they are exchanged, while those [material 

goods] are decreased [by exchange].  But they (i.e., the scientific treasures) would 

be worthless if they are not acquired with diligence, or if they are not in the 

possession of experts and scholars. So, it is necessary for a wise |f. 62 a| benefactor 

[person] not to withhold it (i.e., this work) from being distributed among the public 

as far as possible. Such an error and imperfection would not be committed by 

someone who practices [the art], but only by someone who only receives 

[astronomical] advice in a passive way, because of his offensive [behavior] and 

slowness: every container leaks its content. May God reward us for [our] good 

intention and finish our work by means of bringing the certainty which annihilates 

fear and sorrow, [because] He is gracious and merciful. It is finished. 
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2-2: Commentary 

(0-0) Introduction 

(0-0-1) Bīrūnī’s contemporaries, predecessors and successors also considered the 

astrolabe as the noblest astronomical instrument.1 The work to which he refers 

(Book on Bringing what is in the Potentiality of the Astrolabe into Actuality) is 

the Ikhrāj which we have also edited in this thesis. That work contains 69 

chapters, not 100.  

As far as we know, three treatises by ʿAbd al-Raḥmān al-Ṣūfī2 (903 – 986 

A.D.) on the astrolabe are extant.3 One of these treatises contains a very large 

number of chapters, and the two others are much shorter. Bīrūnī’s reference must 

have been to al-Ṣūfīʼs largest astrolabe treatise, which survives only in 

incomplete form; the total number of chapters is not indicated in the extant 

manuscript which is now in Paris. Bīrūnī says that the treatise consisted of 1680 

chapters, but the original text by al-Ṣūfī must have contained 1760 chapters 

according to the foreword of the shorter treatise by al-Ṣūfī on the astrolabe 

entitled Book on the Use of the Astrolabe (Kitāb al-ʿAmal bi al-Usṭurlāb, 

preserved in Aya Sofya, ms. 2642/2).4 There are reports about a predecessor to 

this enormous treatise on the astrolabe in the earlier Islamic tradition, entitled 

Collection of Theory and Practice on [the Construction of] the Astrolabe (al-

Jāmiʿ fī al-Usṭurlāb ʿIlman wa ʿAmalan), compiled by Jābir ibn Ḥayyān5 (fl. late 

8th and early 9th c. A.D.). This treatise must have existed because Muḥammad ibn 

Saʿīd ibn Saraqusṭī, also known as Ibn Mashshāṭ al-Usṭurlābī al-Andalusī (11th c. 

A.D.), had seen it in Cairo and described it as a unique work consisting of one 

thousand problems on the construction of the astrolabe.6 

(0-0-2) Bīrūnī mentions a treatise on the use of the planispheric astrolabe 

by Abyūn/Anbūn(?) the Patriarch as the only ancient Greek treatise on this 

subject which was available in the Islamic tradition. The identity of the author is 

                                                             
1 See the astrolabe treatises by al-Ṣūfī (1962, p. 1), Kūshyār ibn Labbān (10-11th c. A.D.; 2014, p. 2), Muḥammad 

ibn Ayyūb Ṭabarī (11th c. A.D.; p. 57). 
2 For biographical information of al-Ṣūfī, see Sezgin, GAS, vol. 6, pp. 212-215. 
3 Sezgin, GAS, vol. 6, p. 215 listed them as two (not three) items. See: Vafea, 2006, p. 41.  
4 al-Ṣūfī, 1986, p. 2. The unique manuscript of the largest astrolabe treatise by al-Ṣūfī has been preserved in the 

National Library in Paris, Ms. Fonds Arabe nr. 5098. Al-Ṣūfī’s Book on the Use of the Astrolabe as well as his 

largest treatise on the astrolabe have been studied by Dr. Flora Vafea in her PhD thesis at the University of Paris 

7- Denis Diderot, under the supervision of Dr. Régis Morelon, defended in 2006.  
5 For biographical information on Jābir ibn al-Ḥayyān and his works, see: DSB, vol. 7, pp. 39-43. 
6 Ṣāʿid, p. 61, Qifṭī, pp. 160-161, Sezgin, GAS, vol. 6, p. 134. 
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not certain1 and the treatise is lost, but according to Bīrūnī it contained around 

157 chapters and had been either translated or revised by Thābit ibn Qurra2 (836 

– 901 A.D.). Such a treatise is not mentioned by Ibn al-Nadīm (d. 990 A.D.) and 

Qifṭī (ca. 1172 – 1248 A.D.) among Thābit’s translations.3 Another ancient 

treatise on the astrolabe is mentioned by the Muslim historian Yaʿqūbī (d. ca. 905 

A.D.) in  his History (Tārīkh), as a book by Ptolemy4 (ca. 100 ‒ ca. 170 A.D.) on 

the planispheric astrolabe entitled [The Instrument] Possessing Plates (Dhāt al-

Ṣafāʾiḥ), and containing twenty chapters.5 If this reference is correct, 

Abyūn/Anbūn’s treatise cannot have been the only ancient Greek treatise on the 

planispheric astrolabe that had been transmitted to the Islamic tradition. In any 

case, Bīrūnī’s statement shows that he had not seen this Ptolemaic work. 

(0-0-3) In his [Book] on the Investigations of the Categories [of Things] in 

India, which are Acceptable to Reason or Despicable (Tahqīq mā li al-Hind min 

Maqūla Maqbūla fī al-ʿAql aw Marḍūla; hereafter India)6 and in his Exhaustive 

Treatise on Shadows (Ifrād al-Maqāl fī Amr al-Ẓilāl; hereafter Shadows),7 Bīrūnī 

describes the method of the people of India for timekeeping by means of the 

shadow length of a gnomon and water clocks. As Bīrūnī explains in his India,8 he 

intended to dictate a treatise on the astrolabe for the people of India in the form 

of Sanskrit verses that he called Slokas. This implies that the Indian astronomers 

did not have any treatise on the astrolabe at the time of Bīrūnī. 

(0-0-4) In Smoothing the Basis for the Investigation of the Notion of Transit 

(Tamhīd al-Mustaqarr li-Taḥqīq Maʿnā al-Mamarr; hereafter Transits)9 Bīrūnī 

also praises Ptolemy: “his works are to the works of others as wakedness is to 

sleep and his position is (actual) sight as compared to the hallucinations of 

dreams.” It is worthy of note that Bīrūnī refers to Ptolemy’s Planispherium (or 

                                                             
1 King, 1981, p. 49. 
2 For biographical information on Thābit ibn Qurra and his works, see: Sezgin, GAS, vol. 5, 264-272; vol. 6, pp. 

163-170. 
3 Ibn al-Nadīm, vol. 2, p. 228; Qifṭī, pp. 116-120. 
4 For biographical information on Ptolemy and his works, see: DSB, vol. 11, pp. 186-206.  
5 Yaʿqūbī, vol. 1, pp. 171, 178-180. The same title is attributed to Theon of Alexandria (335 – 405 A.D.) by Ibn 

al-Nadīm (vol. 2, p. 217). It is quite probable that Yaʿqūbī substituted Ptolemy for Theon. Yaʿqūbī’s description 

of this astrolabe treatise agrees with an astrolabe treatise preserved in a work by Severus Sebokht (Neugebauer, 

1949, pp. 242-245 who attributes the treatise to Theon).  
6 Bīrūnī, India, pp. 281-289 (Arabic), vol. 1, pp. 334-344 (English). For the Arabic edition, English transalation 
and commentary see: Bīrūnī, India in the bibliography. This work is available online at: www.albiruni.nl.  
7 Bīrūnī, Shadows, pp. 33-35 (Arabic), pp. 72-74 (English). For the Arabic edition, English translation and 

commentary see: Bīrūnī, Shadows in the bibliography. This work is available online at: www.albiruni.nl.  
8 Bīrūnī, India, p. 106 (Arabic), vol. 1, pp. 137 (English). 
9 Bīrūnī, Transits, p. 62 (Arabic), p. 67 (English). For the Arabic edition, English translation and commentary see: 

Bīrūnī, Transits in the bibliography. This work is available online at: www.albiruni.nl.  

http://www.albiruni/
http://www.albiruni/
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Flattening the Surface of the Sphere) as a work on the construction (rather than 

the use) of the astrolabe, although Ptolemy does not mention of the astrolabe in 

that work. Ptolemy explains in this treatise the methods to make a plane diagram 

of the celestial sphere by stereographic projection, which methods can 

immediately be used for making the planispheric astrolabe.1 Thus Bīrūnī’s 

interpretation shows that he was well aware of the connection. The original Greek 

text of the Planispherium has been lost, but the work is extant in medieval Arabic 

translations which have been studied and translated into English with a 

commentary.2 Bīrūnī also mentions the commentary of Pappus of Alexandria3 (fl. 

300 ‒ 350 A.D.) to the above-mentioned treatise by Ptolemy. This commentary 

is also lost but a translation by Thābit is also mentioned by Ibn al-Nadīm.4 

 (0-0-5) Bīrūnī uses an interesting method to describe the stereographic 

projection which is a witness to his scientific imagination. In his description, 

Bīrūnī explains the stereographic projection in an optical way interpreting the 

pole of the projection as the eye of an imaginary observer. In this procedure, the 

visual rays play the role of the straight lines which connect the pole of the 

projection to the points whose projection is desired. However, it is worthy of note 

that the constellations on the spider of the astrolabe appear to the imaginary 

observer as the mirror images of the constellations which are actually seen in the 

sky. In a similar passage on the stereographic projection in his Full Discussion of 

All Possible Ways to Construct the Astrolabes (Istīʿāb al-Wujūh al-Mumkina fī 

Ṣanʿat al-Usṭurlāb; hereafter Astrolabe Construction),5 Bīrūnī says that such an 

imaginary observer would see the universe as a colorless transparent sphere, on 

which orbits could be indicated with different colors.6 Before Bīrūnī, Ibrāhīm ibn 

Sinān7 (909 – 946 A.D.) had already used a more or less similar way to describe 

the stereographic projection in his work on the astrolabe entitled A Treatise by 

Ibrāhīm ibn Sinān to Abī Yūsuf al-Ḥasan ibn Isrāʾīl on the Astrolabe (Risāla 

Ibrāhīm ibn Sinān ilā Abī Yūsuf al-Ḥasan ibn Isrāʾīl fī al-Usṭurlāb).8 In his 

                                                             
1 Neugebauer, 1975, vol. 2, pp. 857-858. 
2 See: Sidoli and Berggren, pp. 37-139. 
3 For biographical information of Pappus and his works, see: DSB, vol. 10, pp. 293-304 and Sezgin, GAS, vol. 5, 

pp. 174-176. 
4 Ibn al-Nadīm, vol. 2, p. 218.  
5 The Arabic text of this book was edited by Mr. Muhammad Akbar Javadi Huseyni, Mashhad 2001; available 
online at: www.albiruni.nl. 
6 Bīrūnī, Astrolabe Construction, pp. 4-5 
7 For more information on Ibrāhīm ibn Sinān and his works, see: Sezgin, GAS, vol. 5, pp. 292-295; vol. 6, 1978, 

pp. 193-195. 
8 The Arabic text of this treatise was edited by A. S. Saidan, and published as the seventh chapter of his book 

entitled The Works of Ibrahim ibn Sinan with Two more Tracts, Kuwait 1983. 

http://www.albiruni/
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treatise, Ibrāhīm ibn Sinān uses the northern projection and he chooses as his 

plane of projection the plane tangent to the (North) pole of the celestial sphere.1 

(0-1) Description of the northern and southern astrolabe 

(0-1-1) Normally, the northern projection was used for the construction of 

astrolabes in the medieval Islamic tradition. As Bīrūnī mentions, one of the 

reasons for preferring the northern projection over the southern is related to the 

difficulty of drawing large circles on the plate of the astrolabe.2 For a northern 

locality, the radii of almucantars are smaller on northern astrolabes than on 

southern ones, so the almucantars on the northern astrolabes are easier to draw 

and look nicer than on the southern astrolabes. 

For the lines engraved on the plate of the astrolabe, Bīrūnī used the terms 

that were standard among other (earlier and later) Islamic astronomers 

(Figure  8c). 

(0-1-2) In his Optics, Euclid3 (fl. ca. 295 B.C.) proved that if an arc of a 

circle is located in the same plane as the eye, the arc appears to the eye as a straight 

line. So, for example, because the meridian circle passes through the pole of 

projection, it is projected as a straight line on the plate of the astrolabe. For the 

projection of other types of circles, Bīrūnī refers to Apollonius’ Conics in a 

concise way, which is well adapted to the “intermediate” readership for which he 

wrote the Taṭrīq, with no geometrical proofs. In proposition I-5 of his Conics,4 

Apollonius5 (b. second half of third century B.C., d. early second century B.C.) 

proved that if an oblique cone with a circular base is intersected by a plane in a 

special position (called subcontrary), not parallel to the base, the plane will 

intersect the cone in a circle. This subcontrary case is exactly the case that occurs 

in stereographic projection if the pole of projection coincides with one of the 

poles of the celestial sphere.6 So in this case all circles on the sphere which do 

not pass through the pole of projection are mapped onto circles on the projecting 

plane.7 This means that all of the arcs engraved on the plate of the astrolabe are 

                                                             
1 Ibrāhīm ibn Sinān, pp. 309-310. 
2 On drawing large circles in the medieval Islamic tradition, see: Ibn al-Haythamʼs Treatise on the Compass for 

Drawing Great Circles, in: Rashed, 2006, vol. 5, pp. 861-879. 
3 Euclid, pp. 361-362; for more information on Euclid and his works, see: DSB, vol. 4, pp. 414-459; Sezgin, GAS, 

vol. 5, pp. 83-120. 
4 Apollonius, pp. 2-3; for the Medieval Arabic translation see: Rashed, 2009, pp. 271-275. 
5 For more information on Apollonius, see: DSB, vol. 1, p. 179-193; Sezgin, GAS, vol. 5, pp. 136-143. 
6 For all details see Morrison, pp. 45-52. 
7 For the proofs see: Morrison, pp. 49-50. 
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(parts of) circles. A reference to the same proposition of Apollonius can be also 

found in Ibrāhīm ibn Sinānʼs treatise on the astrolabe.1 

(0-1-3) Since the applications of the standard stereographic projection to 

the construction of astrolabes are fully described in a large number of sources,2 I 

restrict myself to what Bīrūnī mentions in the Taṭrīq. In his Book on Perfect 

Projection [of a Sphere onto a Plane] (Kitāb fī Tasṭīḥ al-Tāmm),3 Ṣāghānī4 (d. 

990 A.D.) claims that he is the first person who used conic sections in the 

astrolabe construction process.5 He obtained these curves by proposing a new 

type of stereographic projection in which the pole of projection is not one of the 

two poles of the sphere, but it is located on the axis of the sphere, inside or outside 

the sphere.6 In the latter case, the eye of the imaginary observer is supposed to be 

outside the universe! In his book entitled The Remaining Traces of the Centuries 

that have Passed (al-Āthār al-Bāqīya ʿan al-Qurūn al-Khālīya; hereafter 

Chronology),7 Bīrūnī mentions this type of projection,8 and in his Astrolabe 

Construction he praises Ṣāghānī for this invention9 and describes Ṣāghānī’s 

method of projection in detail.10 Nevertheless, the drawing process is so 

impractical that no astrolabes of this type are known to exist. 

(0-1-4) The two philosophical terms, physical properties (al-ʿawāriḍ al-

ṭabīʿīyya) and mathematical objects (al-ajsām al-taʿlīmīyya), which Bīrūnī used 

to describe the possible sizes of circles on the plate of the astrolabe, were adapted 

from Aristotleʼs Physics.11 Many types of cubits (Ar. dhirāʿ) existed in the 

medieval Islamic tradition, and the length of a cubit was usually between 50 and 

70 cm.12  

                                                             
1  Ibrāhīm ibn Sinān, pp. 311-312. 
2  For example: North, 1974, pp. 97-104; Morrison, pp. 45-52. 
3  The Arabic text of this treatise has been edited and published entitled Properties of the Projection of a Sphere 

onto a Plane (Kayfīyya Tasṭīḥ al-Kura) in Heyderabad, 1948. This treatise was studied (not translated) by Richard 

Lorch, in his paper entitled “al-Ṣāghānīʼs Treatise on Projecting the Sphere”, in From Deferent to Equant, New 

York 1987, pp. 237-252.   
4 For more information on Ṣāghānī and his works, see: Sezgin, GAS, vol. 5, p. 311; vol. 6, pp. 217-218. 
5 Ṣāghānī, p. 3. 
6 Ṣāghānī, pp. 6-62; for an analytic discussion on Ṣāghānī’s method of projection see: Lorch, 1987, p. 239 -251 
7 The Arabic text of this book was published by C. Eduard Sachau, Leipzig 1878; available online at: 

www.albiruni.nl. 
8 Bīrūnī, Chronology, pp. 357-358. 
9 Bīrūnī, Astrolabe Construction, p. 184. 
10 Bīrūnī, Astrolabe Construction, pp. 93-118. 
11 Aristotle, Physics, pp. 732-736. 
12 Hinz, pp. 80-90. 

http://www.albiruni/
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(0-1-5) For the main parts of the astrolabe, Bīrūnī uses the standard 

terminology (see: Introduction, 1-3).1 

(0-1-6) For explanations on the almucantars and spider see: Introduction 1-

3. 

 (0-2) The myrtle-shaped (āsī) and the drum-shaped (muṭabbal) astrolabes 

(0-2-1) We can trace the earliest description of the spider of the two basic types 

of mixed astrolabes (the myrtle-shaped and drum-shaped astrolabe) back to an 

astrolabe treatise by Ibrāhīm ibn Sinān (908-946 A.D.), entitled Letter of Ibrāhīm 

ibn Sinān to abī Yūsuf, al-Ḥasan ibn Isrāʾīl on the Astrolabe (Risāla Ibrāhīm ibn 

Sinān ilā abī Yūsuf, al-Ḥasan ibn Isrāʾīl fī Usṭurlāb).2 For more information 

about these two types see: Introduction, 1-5-1. 

(0-2-2) In the Astrolabe Construction, Bīrūnī prescribed that the plate and 

the spider of the myrtle-shaped astrolabe would extend to the Tropic of Capricorn, 

just like the standard astrolabe. There, he divided the celestial sphere into two 

halves by the plane through the celestial equator and the two equinoxes. He 

projected half with the northern ecliptical signs by the northern stereographic 

projection and the other half with the southern ecliptical signs by the southern 

stereographic projection. Then the ecliptic is inside the celestial equator but some 

astrolabe stars on the spider are outside it. In order to restrict the size of the 

astrolabe to the celestial equator, Bīrūnī needed a new type of projection in the 

Taṭrīq. He now divides the celestial sphere by the plane of the equator. He 

projects the entire northern celestial sphere by the northern stereographic 

projection and the entire southern half of the celestial sphere by the southern 

stereographic projection. Thus the northern and southern projection of the spider 

are superimposed. The projection in the Taṭrīq resembles the projections that 

were used in al-Andalus by al-Zarqālluh. Note that the projection of the Taṭrīq 

(not the Astrolabe Construction) is used on the spider of the astrolabe which was 

made in Taza and which is now in the Oxford Museum of the History of Science. 

(0-2-3) Bīrūnī mentions the similarity of the drum-shaped astrolabe and a 

type of drum called “al-ṭabl al-kurrāʿa”. I have not found this term in Arabic 

dictionaries, but I guess it should be a double-drum. 

 

 

                                                             
1 For a comprehensive description of the Arabic terminology of the astrolabe, see: Hartner, pp. 292-293  
2 For a brief descriptions of the two basic types of mixed astrolabes, see Ibrāhīm ibn Sinān, p. 309    
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(0-3) The crab-shaped (musarṭan) astrolabe 

  

(0-3-2) For general explanations on the crab-shaped astrolabe see: Introduction, 

1-5-2. 

(0-3-3) For every latitude, both types of horizon and almucantars (northern 

and southern) were engraved on the two halves of the corresponding plate of the 

crab-shaped astrolabe. According to Bīrūnīʼs explanations in the Taṭrīq, the 

western halves of the northern almucantars were engraved on the right side of the 

midheaven-line and the eastern halves of the southern almucantars on the left 

side. The corresponding northern and southern almucantars were supposed to join 

each other on the midheaven-line. What Bīrūnī describes here regarding the 

almucantars of the crab-shaped astrolabe is the opposite of Sijzīʼs explanations in 

this regard. Sijzī puts the northern almucantars on the left side of the midheaven-

line and the southern ones on the right.1 In his Astrolabe Construction2 Bīrūnī 

implies that both arrangements of almucantars are correct. A concrete example of 

a plate of a crab-shaped astrolabe, probably made in the 13th century, is preserved 

in the Ahwan Gallery, London.3 In figure 0-1b we actually see on the left side: 

halves of almucantars of altitude according to the southern projection, and images 

of these halves of almucantars mirrored in the (horizontal) East-West line; on the 

right side: halves of almucantars of altitude according to the northern projection 

and images of these halves of almucantars mirrored in the horizontal East-West 

line. The result looks cute but would be difficult and confusing to use. This 

astrolabe was intended to be a piece of art rather than a serious instrument. 

 

a    b    c 

Figure 0-1. The almucantars and hour-lines on the plates of the southern (a) and northern (c) astrolabes, 

and the almucantars of the crab-shaped (b) astrolabe, Bīrūnī, Astrolabe Construction, Majlis Library, ms. 

1926, pp. 15, 29, 51  

                                                             
1 Sijzī, f. 150 a. 
2 Bīrūnī, Astrolabe Construction, p. 122.   
3 King, 2004-5, vol. 2, pp. 684-687. 
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Figure 0-2 shows the two projections of a given almucantar. We use it to 

analyse Bīrūnī’s statement that the two types of almucantars meet on the meridian 

line on the plate of a crab-shaped astrolabe. 

For simplicity we only draw the figure for one almucantar h; but we will 

use it for two instances hn and hs. We suppose that hn and hs are the altitudes of 

two almucantars (by northern and southern projections) which meet at the 

meridian lines: then their points of intersection must be equidistant from the 

center O of the astrolabe. We assume a locality with latitude φ and let R be the 

radius of the celestial sphere in the stereographic projection, R is also the radius 

of the celestial equator on the astrolabe.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We use a property of northern stereograpic projection: a point at distance 

X from the celestial North Pole on the sphere is projected at distance R.tan(
1

2
X) 

from the center. A similar property holds for southern stereographic projection. 

The northern and southern almucantars are drawn for fixed degree intervals m (m 

can be 1, 2, 3, 6, or 10). Choose an arbitrary southern almucantar for altitude pm, 

where p is a natural number (compare fig 0-1b). This will intersect the meridian 

above the pole at distance R.tan
1

2
(φ + pm) from the center; the other point of 

intersection does not matter because it is outside the astrolabe. A northern 

almucantar for altitude qm will intersect the meridian at points at distance R.tan 
1

2
 (qm ‒ φ) from the center, below the zenith, and possibly also at distance 

R.tan(90 ‒ 
1

2
[qm+φ]) above the zenith. So the southern almucantar continues in a 

straight line with a northern almucantar, if there is an integer q such that φ + pm 

= qm ‒ φ or φ + pm = 180 ‒  qm ‒ φ. This leads to the conditions 2φ = (p + q)m 

or 2φ = 180 ‒ (p + q)m. Note that m divides 180. If p is given we can find an 

R.tan
1

2
X 

 
O 

N 
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A 

Figure 0-2. The projection of a given altitude on the crab-shaped astrolabe 
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integer q to fulfill the condition, if and only if m is a divisor of 2φ.1 So in a 

decempartite astrolabe (m = 10) the almucantars will only continue in straight 

lines on plates for latitudes which are multiples of 5. Therefore Bīrūnī’s condition 

is invalid. 

(0-3-4) The shaqāʾiqī astrolabe has been called “anemone astrolabe” in 

modern Western sources.2 But because of the similarity of the spider of this kind 

of astrolabe with the petal of a poppy (shaqāʾiq), the correct translation must be 

“poppy-shaped astrolabe”. The word “anemone” refers to a kind of plant, called 

shaqāʾiq al-Nuʿmān, which is different from poppy. For general explanations on 

the poppy-shaped astrolabe see: Introduction, 1-5-3 

(0-3-6) In his History (Tārīkh), Beyhaqī (995‒1077 A.D.) quoted some 

information about Abū al-ʿAbbās Khwārizm-Shāh from Bīrūnī’s lost book on the 

history of Khwārizm, entitled Nobles of Khwārizm (Mashāhīr-e Khwārizm), 

which is likely identical with The Book of Confabulation of Information on 

Khwārizm (Kitāb al-Musāmira fī Akhbār Khārazm).3 According to Beyhaqī 

(quoting from Bīrūnī), Abū al-ʿAbbās Khwārizm-Shāh was the last ruler of the 

house of Maʾmūnids (995‒1017 A.D.),4 killed in March, 1017 A.D.5 He was well 

thought of by Bīrūnī, as a hardworking, learned and respectful ruler, who 

patronized the scholars of his time. Beyhaqī quoted that Bīrūnī resided at the court 

of Abū al-ʿAbbās for seven years.6 Abū al-ʿAbbāsʼ nephew, Abū al-Ḥārith 

Muḥammad ibn ʿAlī (who was the nephew of the first and the most prominent 

ruler of the Ghaznavid dynasty (977‒1186 A.D.), sultan Maḥmūd of Ghazni 

(997‒1030 A.D.), as well) was immediately appointed as the successor of Abū 

al-ʿAbbās, while he was just 17 years old. He was dismissed in the same year and 

sultan Maḥmūd himself then took control of Khwārizm. 

(0-4) The scorpion-shaped (muʿaqrab) astrolabe  

(0-4-1) Unfortunately no information about ʿAmr ibn Ḥasan Khwārizmī is 

available, but the appellation “may God support him” by Bīrūnī shows that ʿAmr 

ibn Ḥasan was alive at the time when Bīrūnī wrote the Taṭrīq. (0-4-2) The 

scorpion-shaped astrolabe is another type of mixed astrolabes whose spider is 

based on that of the myrtle-shaped and drum-shaped astrolabe. It is worthy of 

note that, although the diagram of the scorpion-shaped astrolabe is shown in the 

                                                             
1 Compare a similar argument on the crab-shaped astrolabe in Frank, 1920, p. 16-17. 
2  Frank, 1920, p. 18; Charette, p. 71.  
3 The latter title is cited by Bīrūnī in the list of his own works, see: Boilot, p. 283-284, no. 160. 
4 Beyhaqī, p. 639. 
5 Beyhaqī, p. 647. 
6 Beyhaqī, p. 639. 
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manuscripts of Bīrūnī’s Astrolabe Construction, the name and description of this 

type of astrolabe are omitted there.1 An explanation of the scorpion-shaped 

astrolabe cannot be found in any other available work by Bīrūnī except the Taṭrīq. 

Before Bīrūnī, Sijzī mentioned this type of astrolabe in his Treatise on the 

Application of the Astrolabe, but only in the following short passage in which he 

explains that the spider of the scorpion-shaped astrolabe is derived from the 

spiders of the myrtle-shaped and drum-shaped astrolabes. Unfortunately the 

passage is only barely legible in the unique manuscript. Sijzī says:2 

“And as for the scorpion-shaped astrolabe, it is very similar to the scorpion, 

and [to design such an astrolabe] we need to draw the ecliptic as on the myrtle-

shaped astrolabe and to connect the ends of the [zodiacal] signs in the form of the 

feet, two claws and tail of a scorpion, and [we need to] put (?) on the end of the 

feet and its two thorns as base [a circle], that is a base for the [pointers of the] 

fixed stars, and [we need to] draw the sixths of the [zodiacal] signs which 

represent the sixths that (?) their bases are feet [of the scorpion] (meaning 

unclear). And these (i.e., the sixths) are arcs of the ecliptic which are remaining 

from the myrtle-shaped [astrolabe] and that (i.e., the other parts?) is remaining 

from the drum-shaped [astrolabe] and this [configuration] allows us to draw the 

star-pointers on the lines which are on the concavities of its (i.e., the scorpionʼs) 

back. And as for its almucantars, they are northern and southern.”3 

Sijzī gave a brief explanation on the construction of this astrolabe, but he 

did not claim that he made a concrete example of this type, although he did so for 

many other types of astrolabes. Bīrūnī introduces his contemporary, ʿAmr ibn 

Ḥasan Khwārizmī, as the person who actually made a scorpion-shaped astrolabe, 

although not as the designer of the instrument. Sijzī and Bīrūnī used two different 

names for this kind of astrolabe (ʿaqrabī and muʿaqrab) with roughly the same 

meaning. In the 16th century, Najm al-Dīn Miṣrī used the name scorpion-shaped 

astrolabe for a different design.4 

(0-4-3) We can now give the details of the construction of the scorpion-

shaped astrolabe according to Bīrūnī. We consider the spider of a drum-shaped 

astrolabe, with the northern zodiacal signs (from Aries to Virgo) mapped by 

                                                             
1 Bīrūnī, Astrolabe Construction (ms), p. 52; Bīrūnī, Astrolabe Construction, p.123. 
2 Sijzī, f. 153 b. 

 3
سطرلاب الآسي ونصل أأطراف البروج أأش باه  رف الأرجل أأرجل العقرب وزباناه وذنبه ونضع )؟( علی ط وأأما الأسطرلاب العقربي وهو أأش به شيء بالعقرب وذلك ینبغي أأن نرسم المنطقة علی مثل ما رسم الأ

رجل. وهي تکون من باقي قسي المنطقة من الآسي وهو من المطبل ویتهیأأ أأن نرسم مري الکواکب وشوکیه دس توراً أأعني دس تور الکواکب الثابتة ونرسم أأسداس من البروج تنوب ع ن الأسداس التي )؟( قواعدها الأ

   علی الخطوط التي علی حورات ظهره. وأأما مقنطراته فهيي الشمالیة والجنوبیة. 

 
4 Charette, pp. 265-266. 
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southern projection, and the southern ones (from Libra to Pisces) mapped by 

northern projection. To make the spider of the scorpion-shaped astrolabe, remove 

the two parts of the drum-shaped spider corresponding to the signs of Scorpio and 

Aquarius; these two parts should be mapped separately by southern projection, as 

in the myrtle-shaped spider. The two pairs of consecutive signs (Libra-Scorpio, 

Scorpio-Sagittarius, and Capricornus-Aquarius, Aquarius-Pisces) should be 

joined by means of two small curves (Figure 0-3). Then, another part of the drum-

shaped spider, consisting of the signs of Gemini and Cancer, should be removed; 

these signs should also be mapped by northern projection, as in the myrtle-shaped 

spider. In the spider of the scorpion-shaped astrolabe, the end of Taurus is then 

joined to the beginning of Gemini by means of a metal piece similar to a half of 

a crescent figure, and the end of Cancer should be joined to the beginning of Leo 

in a similar way.  Then the two half crescent-shaped pieces are joined to form a 

full crescent, whose convex side is then connected to a small circle around the 

pole of the astrolabe by two connecting strips equipped with two sights, which 

are used as the movers of the spider as well. Table 5 represents the arrangement 

of the zodiacal signs on the spider of this type of astrolabe based on the two kinds 

of projection. 

 ♈ ♉ ♊ ♋ ♌ ♍ ♎ ♏ ♐ ♑ ♒ ♓ 
The scorpion-shaped astrolabe S S N N S S N S N N S N 

Table 5: The type of stereographic projection (northern [N] and southern [S]) 

 

Figure 0-3. The diagram of the spider of the scorpion-shaped astrolabe, drawn by Wilfred de Graaf; The 

two points on the straight bar indicating the places of the sights 

(0-4-4) I will now show that the construction of the spider of this astrolabe 

makes it possible to use it simultaneously as a so-called lunar-box (ḥuqq al-

qamar). The lunar-box is a mechanical geared calendar, presumably with 
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Hellenistic or Byzantine origins, and further developed in the Islamic tradition.1 

Bīrūnī discusses two variants of this instrument in his Astrolabe Construction.2 

The instrument contains eight cogwheels, which serve to represent the positions 

of the sun and moon by approximation, to simulate the shapes of the lunar phases, 

and to show how many days of the (lunar) month have passed (Figure 0-5). 

According to Bīrūnīʼs explanations in his Astrolabe Construction, the lunar box 

is provided with cogwheels with 7, 10, 19, 24, 40, 48 and (twice) 59 teeth. To use 

the lunar box, we rotate the axis through the center of the plate; one rotation 

corresponds to one week. On the axis two small cogwheels with 7 teeth and 10 

teeth are mounted. The 10-teeth cogwheel rotates the 40-teeth cogwheel which 

will make one rotation in 28 days and which is used to indicate the position of the 

moon in the zodiacal signs. The 7-teeth cogwheel rotates another 59-teeth 

cogwheel, which will rotate in 59 days, that is approximately two synodic months, 

and is used to illustrate the phases of the moon and the number of days that have 

passed in the lunar calendar. This wheel is mounted on a second axis together 

with a concentric 19-teeth cogwheel; this in turn rotates another 59-teeth 

cogwheel, mounted on a third axis together with a 24-teeth cogwheel, which 

rotates a final 48-teeth cogwheel. The final wheel will rotate in 59×(59/19) × 

(48/24) days, which is approximately 366 ½ days, and the wheel is used to 

display the position of the sun in the zodiacal signs.3 Variants of this instrument 

can be imagined, and the approximations can be somewhat improved by slightly 

changing some of the numbers of teeth. 

 

Figure 0-5. The front (left) and back (right) of the lunar-box. This device indicates the number of the day 

in the lunar calendar as well as the corresponding phase of the moon, and the position of the moon and 

the sun. Made in 1221-2 A.D., Isfahan, Iran; Oxford Astrolabe Collection, no. 48213 [CCA 5] 

                                                             
1 Hill, p. 140. 
2 Bīrūnī, Astrolabe Construction, pp. 219-228; for a German commentary, see: Wiedemann, 1913, pp. 5-13, for 

an English translation and technical commentary, see: Hill, pp. 156-163. 
3 See Wiedemann, 1913, p. 8. 
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According to my interpretation, the cogwheels of some form of lunar-box 

could be assembled on the back of a scorpion-shaped astrolabe; then the circular 

space inside the crescent-shaped part of the spider could be used to make the 

shapes of the lunar phases visible to the user. See Figure 0-5 left, where the small 

circle on the top visibly displays the lunar phases. 

(0-4-5) In connection with the scorpion-shaped astrolabe, Bīrūnī mentions 

a young man who made an instrument comprising sixty wooden parts and two 

coin-frames. In the light of Bīrūnī’s explanations about the scorpion-shaped 

astrolabe and the possibility of assembling the lunar-box (including two coin-

frames, one of which could be covered by pure silver according to the Astrolabe 

Construction)1 on its back, I suggest that the instrument made by the young man 

for Abū al-ʿAbbās Khwārizm-Shāh (see above, commentary to 0-3-6) included 

some kind of lunar-box. In this curious instrument, the white coin-frame was 

fixed and the black one could be moved by means of a cogwheel. Thus the 

movement of the black coin-frame on the white one could simulate the moon 

phases (Figure 0-6). Bīrūnī reports that the weight of “the whole” was less than 

half a dirham. Since in the time of Bīrūnī, one dirham was almost equal to three 

grams,2 the word “whole” in this statement should refer to “the scoop”, not to the 

instrument. From Bīrūnīʼs explanations we gather that he obviously saw this 

instrument, but no example of it is known to exist today. Bīrūnī adds that he 

applied the method of this young boy in the construction of mirrors.3 According 

to Bīrūnīʼs description, the young boy was apparently a skilful craftsman who did 

not possess much scientific knowledge. 

 

 

 

 

 

 

 

                                                             
1 Bīrūnī, Astrolabe Construction, p. 221. The editor of the Istʿiāb transcribed sīmsukhtaj as sīmsanaḥtaj 

erroneously. 
2 EI2, vol.2, pp. 319-320, s.v. "Dirham"  
3 The construction of mirrors is unclear to me. 
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(0-5) The crescent-shaped (hilālī) astrolabe 

(0-5-1) In his Astrolabe Construction Bīrūnī did not mention the crescent-shaped 

astrolabe. The only explanations about the crescent-shaped astrolabe in medieval 

sources are the relevant passages in Bīrūnīʼs Taṭrīq and in Sijzīʼs astrolabe 

treatise. Sijzīʼs rather unclear explanations in his astrolabe treatise are as follows:1 

“The crescent-shaped astrolabe: As for the crescent-shaped astrolabe, it 

contains a mater with the shape of half of the [standard circular] plate, and the 

rim which is on (i.e., attached to) the mater is also a semicircle. A wider part of 

the rim and the throne are at the middle of the diameter of the half (i.e., 

semicircular) plate, but the half of the ring (i.e., the curved part) of the rim is 

parallel to the face of the spider and in its plane, just as on the [standard] astrolabe. 

The perpendicular to the diameter (?) is parallel to the surface of the plate which 

is on top of the [other] plates, so that the spider can rotate at the time when it is 

used, and it can move outside of the mater. The place of the handle on the throne 

should be pierced (?), and the handle which we have drawn [should be] chained 

to the throne. Its back is different from what is on the [standard] astrolabe, in such 

a way that when the spider rotates, the handle and the ring would be placed on 

the back of the mater, not on its two sides. As for the plates: near their centers, 

there are circular additional pieces which cover part of the throne so that the 

almucantars can be drawn on them completely. 

                                                             
1 Sijzī, f. 153 b, f. 114 a. 

Two scoops 

The coin-frame with 

no adornment (Black) 

The coin-frame engraved 

by pure silver (White) 

Figure 0-6. An instrument for simulating the moon phases (not to scale) 
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And as for the spider: one side of the half of the plate should be straight as 

is common, but there should be an excess on the diameter in order that the hole 

can be made for the pole, and the spider is pierced as is common [in the standard 

astrolabe]. As for the half of the ecliptic from the beginning of Libra to the 

beginning of Aries, and the two [metal] arcs which are on the edge of the spider, 

and the positions of the star pointers on this half of the plate, they are [all] the 

same as on the northern astrolabe. As for the remaining half of the [zodiacal] 

signs,  from the beginning of Aries to the beginning of Libra, we should put one 

of the two legs of the compass on the beginning of Libra; then [we should put] 

the other leg on a line which is on the rectilinear extension of the meridian-line 

opposite to the first center, in such a way that its distance from the center of the 

plate in the other direction, is equal to the distance of the first center ‒ from which 

we drew the [circle of the zodiacal] signs from the beginning of Libra to Aries ‒ 

[to the center of the plate], and [then] we draw the arc of the rest of the ecliptic 

until a crescent shape appears. The divisions of the [zodiacal] signs from Libra to 

Aries are the same as on the northern spider, and the [divisions of the] remaining 

[zodiacal signs] are on the same [position] of the ruler from the center [of the 

plate] to its divisions [on the standard astrolabe]. And as for inscribing the names 

of the [zodiacal] signs, from Libra to Aries [the order of zodiacal signs] is the 

same as what is on the northern astrolabe (i.e., counterclockwise); and from Aries 

to Libra we join [them] from Pisces to Libra but we return (i.e., clockwise), so it 

is the mirror image of what is on the northern [astrolabe], as we have drawn (i.e., 

in a figure which is now missing). I made this astrolabe for the treasury of ʿAḍūd 

al-Dawla (936 ‒ 983 A.D.) and composed a book on its applications.”1 

In the quoted passage, Sijzī says that the signs from Libra to Aries are in 

the same order as in the standard astrolabe, whereas the signs from Aries to Libra 

are in reverse order. Thus Sijzī’s crescent-shaped astrolabe was probably the 

mirror image (in the vertical line) of the crescent-shaped astrolabe which I have 

                                                             

لّا أأنّ نصف حلقة : وأأما الأصطرلاب الهلالي فیکون له أمُّ علی هیئة نصف الأصطرلاب الهلالي  1  صفیحة. والحجرة التي علی الُمّ نصف دائرة أأیضاً، وزیادة عرض الحجرة والکرسي علی وسط قطر نصف الصفیحة، ا 

ت العمل خارج الُم، وینبغي وت وقت العمل ویقع في وقا لیدور العنکبالحجرة یوازي وجه العنکبوت وعلی سطحه علی مثل ما هو في الأصطرلاب. وعمود القطر یوازي سطح الصفیحة التي علی وجه الصفائح الخارج منه

دارة العنکبوت خلف الُمّ ولا بجن أأن یکون موضع العروة من الکرسي بحریق )؟( وتکون العروة التي صوّرناها سلسلة علی الکرسي. وظهره علی خلاف ما في الأصطرلاب، لتقع الع بتیه. وأأما الصفائح: روة والحلقة وقت ا 

نّ بقرب مر   اکزها زیادات مس تدیرة تدخل في الکرسي لیتهیّأأ فیها رسم تخطیط المقنطرات بالتمام.فا 

لمیزان صف المنطقة التي من أأوّل اعلی العادة العنکبوت. فأأمّا نوأأما العنکبوت: فینبغي أأن یسوّي نصف صفیحة بجنبه علی العادة وزیادة تسیرة )؟( علی القطر لعمل الثقبة التي یدخل فیها القطب ویخرّق 

لی أأوّل الحمل والقوسین اللتین علی حاش یة العنکبوت ومواضع مري الکواکب في هذا نصف الصفیحة فهو کما في الأصطرلاب الشمالي. وأأمّا ا لی أأ ا  وّل المیزان فینبغي أأن لنصف الباقي من البروج التي هي من أأوّل الحمل ا 

لی خلاف جهة المرکز الأول؛ أأعني بعده من مرکز الصفیحة في الجهة الأخری کبعد المرکنضع أأحد رأأسي البرکار علی أأوّل المیزان، والرأأس الآخر ح الأول الذي  زیث وقع من الخط الذي علی اس تقامة خط نصف النهار ا 

لی الحمل. وندیر قوس المنطقة الباقیة حتی یحدث شکًلا هلالیاً. وأأقسام البروج أأمّا لی الحمل فعلی ما في العنکبوت الشمالیة والباقیة فعلی اس   رسمنا علیه من منطقة البروج أأول المیزان ا  تواء المسطرة من المرکز من المیزان ا 

لی المیزان نتّصل من ا لی الحمل علی ما هو في الأصطرلاب الشمالي؛ ومن الحمل ا  لی أأقسامها. وأأمّا کتابة أأسامي البروج، فمن المیزان ا  لی المیزان ونرجع، ویکون علی عکس هذاا  الشمالي علی ما صوّرناه. وعملت  ما في لحوت ا 

 هذا الأصطرلاب لخزانة عضد الدولة وأألفّت کتابًا في العمل به.
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reconstructed in Section 1-8-2 of the introduction on the basis of the information 

in the Taṭrīq. 

(0-5-2) For general explanations of the crescent-shaped astrolabe see: 

Introduction, 1-8-2. Bīrūnī gives several suggestions about how to avoid the 

alidade getting stuck during its rotation.  

(0-5-3) For detailed explanations on the almucantars of the crescent-shaped 

astrolabe see: Introduction, 1-7-2a. 

(0-6) The boat-shaped (zawraqī) astrolabe 

(0-6-1) In his Astrolabe Construction,1 Bīrūnī states that he saw an astrolabe ‒ 

called “boat-shaped” ‒ which had been invented by Sijzī and which was based on 

the theory of the rotating earth. In the Taṭrīq, however, Bīrūnī mentions only a 

book by Sijzī on this type of astrolabe, but not a concrete boat-shaped astrolabe 

made by him. Sijzī explained the construction of the boat-shaped astrolabe in his 

extant Book on the Use of the Astrolabe2 (Kitāb fī ʿAmal al-Usṭurlāb) but did not 

mention the earthʼs rotation in this connection. This absence of the concept of 

earthʼs rotation agrees with Bīrūnīʼs statement in the Taṭrīq to the effect that Sijzī 

did not understand the real background of the boat-shaped astrolabe. The extant 

treatise by Sijzī may be Bīrūnī’s source of information, but they may also have 

had other exchanges; Bīrūnī and Sijzī were in direct contact, as is evident from 

the letters they exchanged.3  

(0-6-2) Bīrūnī hesitates to consider Sijzī the inventor of this astrolabe, 

because of the two following reasons. First, Bīrūnī was not sure whether the boat-

shaped astrolabe made by Jaʿfar ibn Muḥammad ibn Jarīr, which Bīrūnī had seen, 

was made before or after Sijzī wrote his book. The second reason is that in 

Bīrūnīʼs opinion, Sijzī was unfamiliar with the concept of a rotating earth. One 

cannot be sure whether the rotating earth was the motivation. The boat-shaped 

astrolabe may also have been designed because it is easier to make than the 

standard astrolabe. 

(0-6-3) In his India, Bīrūnī discussed a statement by Brahmagupta4 (598 ‒ 

after 665 A.D.) that some astronomers such as Āryabhaṭa5 (b. 476 A.D.) and his 

followers believed in the earth’s rotation. Then Bīrūnī immediately gives 

                                                             
1  Bīrūnī, Astrolabe Construction, p. 128. 
2  Sijzī, f. 114 a – 114 b. 
3  DSB, vol. 12, pp. 431-432. 
4  For biographical information on Brahmagupta, see: DSB, vol. 2, pp. 416-418. 
5  For biographical information on Āryabhaṭa, see: Gupta, pp. 244-245. 
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arguments against this hypothesis.1 He also argued against the earth’s rotation in 

his Masudic Canun (al-Qānūn al-Masʿūdī),2 but in the Astrolabe Construction, 

he left it up to the natural philosophers to decide about this subject.3 The Islamic 

astronomical tradition was influenced by Ptolemy, who did not accept any motion 

of the earth.4   

(0-6-4) For detailed explanations on the construction of the boat-shaped 

astrolabe see: Introduction, 1-5-4.  

(0-6-5) In the boat-shaped astrolabe, the shape of the horizon depends on 

the geographical latitude, so for different latitudes, different boats are necessary. 

The ecliptic and the projection of the fixed stars do not depend on the 

geographical latitude, so at first sight only one plate appears to be necessary. 

Because this astrolabe has only the moving horizon, not moving almucantars, the 

possible applications are more limited than those of the standard astrolabe. This 

was perhaps the reason why the initial idea was abandoned to some extent: on the 

plate were also engraved a horizon, almucantars and hour lines for some latitude, 

as if this were a normal astrolabe (Figure 21). Thus the relationship with the 

theory of a rotating earth was perhaps not as close as Bīrūnī suggested. 

(0-7) The plate of horizons 

(0-7-1) The plate of horizons was probably invented in ninth-century Baghdad.5 

Standard plates are designed for a specific geographical latitude, but the plate of 

horizons for a range of latitudes, so it can be considered as a universal plate. Just 

like standard plates, the plate of the horizons includes the tropics of Cancer and 

Capricorn and the celestial equator, and it is divided into four quadrants by the 

meridian and East-West lines. Each quadrant usually includes one-fourth of the 

total number of horizons.6  

(0-7-2) The second arrangement of horizons on the plate of horizons, which 

is mentioned here by Bīrūnī, was commonly used on Islamic astrolabes. In this 

arrangement only half of each horizon is stereographically projected on the plate. 

Thus there will be four sets of semi-horizontal arcs and each set contains horizons 

                                                             
1  Bīrūnī, India, p. 231 (Arabic). 
2  Bīrūnī, Masudic Canon, vol. 1, p. 50. The Arabic text of this book has been published in Hyderabad 1954-56; 

available online at: www.albiruni.nl. The English translation of the table of contents of the Masudic Canun has 

been published by E.S.Kennedy in Al-Abhath, vol. 24, 1971, reprinted in Studies in the Islamic Exact Sciences, 

by E.S. Kennedy, Colleagues and Former Students, American University of Beirut, 1983, pp. 573-595. 
3 Bīrūnī, Astrolabe Construction, p. 128. 
4 Toomer, 1998, Book I, Part 7, pp. 43-45. 
5 Charette, p. 59. 
6 Bīrūnī, Astrolabe Construction, p. 82.  

http://www.albiruni/
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for intervals of latitude which are multiples of four degrees. All of the arcs of 

each set join each other at the intersection point of the celestial equator and one 

of the two straight lines. The first set of arcs, starting from the horizontal arc for 

the lowest degree of latitude, begins at the midheaven-line or the left side of the 

East-West line. The next horizontal arc is projected on the next quadrant in 

counterclockwise direction, and so on. Figure 0-7 displays a plate of horizons on 

which horizons for every three degrees of latitude between 18˚ and 72˚ are 

engraved. The horizontal arc for 18˚ starts on the East-West line, the arc of 21˚ 

on the line of the pillar of the earth, and so on.  To use the plate of horizons, it 

should be fixed on the mater of the astrolabe like a standard plate, but the selected 

horizon should be considered East. Each quadrant normally includes a declination 

scale.1 

In the Astrolabe Construction, Bīrūnī says that the plate of horizons might 

cover a range of horizons from 1˚ to 66˚, although they could also be limited to 

the inhabited world, which extends from the middle of the first climate to the 

beginning of the seventh (i.e., ca. 16˚-49˚).2 The arcs could be distributed over 

the two faces of the plate.3 In the Taṭrīq, Bīrūnī suggests that both sides of the 

plate can be used for the horizon arcs, but he adds that it is also possible to divide 

one face of the plate of horizons into eight equal parts by four diameters. In that 

case, eight sets of arcs could be represented on the same face of the plate. He also 

gives an interesting account of astrolabe plates with horizons and almucantars 

serving two latitudes: for one latitude, the almucantars and horizon are on the left 

of the meridian line, and for the other on the right. This seems to be the plate of 

the “halved” astrolabe which he mentions in (13-1-7) and (13-5-6). The plate 

divided into four parts (for four different latitudes) may have inspired the 

development of the astrolabe quadrant. 

                                                             
1 Bīrūnī, Astrolabe Construction, p. 82; see also: Morrison, pp. 64-65.  
2 Kennedy, 1973, p. 80. 
3 Bīrūnī, Astrolabe Construction, p. 82-83. 



199 

 

 

Figure 0-7. The plate of horizons, made in the 18th century A.D., Iran; Adler Planetarium Collections, no. 

A-146 (http://www.adlerplanetarium.org/collections/) [CCA 2564] 

(0-7-7) The shell-shaped, fish-shaped and turtle-shaped astrolabes are 

further examples of mixed astrolabes.1 The melon-shaped astrolabe is based on 

an azimuthal equidistant projection, not a stereographic projection.2 In his 

Astrolabe Construction, Bīrūnī complains about the difficulty of the melon-

shaped astrolabe, and he gives some relevant information about Kindī3 (d. ca. 873 

A.D.) from the treatise The Perfect (al-Kāmil),4 by Farghānī5 (d. after 861 A.D.). 

According to Bīrūnī, Farghānī mentioned the melon-shaped astrolabe in the 

beginning of this treatise but he was not certain whether Kindī had invented this 

type of astrolabe or only used it.6 Nevertheless no reference of Kindī is found in 

the edited text of Farghānīʼs work. Ḥabash al-Ḥāsib7 (d. 864 ‒ 874 A.D.) wrote a 

treatise entitled On the Use of the Melon-Shaped Astrolabe (ʿAmal al-Usṭurlāb 

al-Mubaṭṭakh) and produced a set of numerical tables to plot the curves on the 

                                                             
1 Sijzī (f. 152 b - 153 b) described the construction of the shell-shaped and fish-shaped astrolabe as well. For more 

explanations and the diagrams of these kinds of mixed astrolabes see Charette, pp. 70-73 whose descriptions 

consistent with Sijzī. 
2 Kennedy, Kunitzsch, Lorch, pp. 121-146. 
3 For more information on Kindī and his works, see: Sezgin, GAS, vol. 5, pp. 255-259; vol. 6, pp. 151-155. 
4 For the Arabic edition of this work with an English translation and commentary see Farghānī in the bibliography.  
5 For more information on Farghānī and his works, see: Sezgin, GAS, vol. 5, pp. 259-260; vol. 6, pp. 149-151.  
6 Bīrūnī, Astrolabe Construction, p. 164-165. 
7 For more information on Ḥabash al-Ḥāsib and his works, see: Sezgin, GAS, vol. 5, pp. 275-276, vol. 6, pp. 173-

175. 

http://www.adlerplanetarium.org/collections/
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plate of the melon-shaped astrolabe for the latitude of Samarra (34̊).1 The treatise 

by Ḥabash is extant but no example of this type of astrolabe has ever been found.  

(0-7-9) Farghānī had already thought of the cylindrical (orthogonal) 

projection, and called it “oven-shaped (tanūrī)”, but he finally concluded that it 

is not possible to make an astrolabe based on this type of projection.2 

Nevertheless, Bīrūnī succeeded in explaining how to make an astrolabe based on 

the cylindrical projection, and called it “the comprehensive/complete 

(ḥāwī/kāmil) astrolabe”, because its spider contained the stars on the entire 

northern and southern hemisphere.3 In the Astrolabe Construction Bīrūnī says 

that he had written a short treatise on this subject. This is probably his book on 

the projections of the sphere (Fī Tasṭīḥ al-Ṣuwar wa Tabṭīh al-Kuwar)4 in which 

he explained the cylindrical projection and its background in detail.5 

(0-7-10) Bīrūnī mentions three more types of astrolabe which are neither 

standard nor mixed astrolabes. The plate and almucantars of these astrolabes are 

the same as those of the standard astrolabe, but their spiders are different. The 

“ruler-shaped astrolabe” is equipped with a ruler instead of the spider. Just as the 

boat-shaped astrolabe, this astrolabe may have been designed in order to avoid 

making the standard spider. The ruler is like an edged alidade6 and is divided 

according to the (stereographic projections of) declination circles with special 

references to the zodiacal signs. The astrolabe is designed in such a way that there 

is some extra space between the Tropic of Capricorn and the rim, and this extra 

space contains a circular 360-degree scale, in which the zodiacal signs are 

indicated according to their oblique ascensions for the latitude of the plate. 

According to Bīrūnī, the two other types were invented by Sijzī.7 In the cross-

shaped (ṣalībī) astrolabe, which is a variation on the ruler-shaped astrolabe, the 

spider is replaced by a cross-shaped piece. In the spiral-shaped (lawlabī) 

astrolabe, the zodiacal signs are placed on a spiral starting from the Tropic of 

Cancer and ending at the Tropic of Capricorn, such that every two zodiacal signs 

with the same declination are placed on a quadrant in the spiral. We will spare 

                                                             
1 Ḥabash al-Ḥāsib, pp. 78-89; for the Arabic text of this treatise with English translation and commentary see 

“Kennedy, Kunitzsch, Lorch” in the bibliography.  
2 Farghānī, pp. 372-377.  
3 For Bīrūnī’s comprehensive descriptions on the cylindrical astrolabe, see: Bīrūnī, Astrolabe Construction, pp. 

175-182. 
4 The Arabic text of this treatise is edited and published by A. S. Saidan, Amman 1977; the English translation of 

the preface of this work by Lutz Richter-Bernburg and the English translation of the main text by J. L. Berggren 

are published in Journal for the history of Arabic Science, no. 6, Aleppo 1982.  
5 Berggren, pp. 48-61, 81-95. 
6 Bīrūnī defined the edged alidade in Taṭrīq (1-1). 
7 Bīrūnī, Astrolabe Construction, pp. 134, 135. 
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the reader the further details of the cross-shaped and the spiral-shaped astrolabe. 

Bīrūnī described the construction of the ruler-shaped, the cross-shaped and the 

spiral-shaped astrolabes in his Astrolabe Construction.1 

(0-8) Preliminary section, on some names and terms which we want to 

mention 

(0-8-1) Bīrūnī uses the phrases “the [direct] order of the [zodiacal] signs” (tawālī 

al-burūj) and “the reverse order of the [zodiacal] signs” (khilāf al-tawālī) to 

indicate the rotation of motion in the ecliptic just like other Islamic astronomers 

and following Ptolemy.2 He also uses the two Arabic terms mushtamil and 

mujtanib, which we have not found elsewhere and which were probably invented 

by him. These two adjectives are respectively derived from shimāl (North) and 

janūb (South) with the meanings “northern” and “southern”. 

(0-8-2) Regarding the northern and southern projections, Bīrūnī remarks 

that the stars which are located in the domain of a certain zodiacal sign should be 

projected by the same type as the projection type of that zodiacal sign. In the 

context of the astrolabe, Bīrūnīʼs “domain of a zodiacal sign” is the area which is 

limited by the two great semicircles on the celestial sphere which pass through 

the beginning and the end of a zodiacal sign, and which end at the two celestial 

poles. Astrologically, one would expect the domain of a zodiacal sign to be 

defined by ecliptical longitude, that is, by great semicircles through the endpoints 

of a sign and ending at the poles of the ecliptic.  

(0-8-3) His description of the almucantars of altitude and depression in 

northern and southern astrolabes shows that the only difference between them is 

in their orientation (Figure 0-1). We can exchange them by turning the astrolabe 

upside down: for example, the almucantars of depression in the northern astrolabe 

become the almucantars of altitude in the southern astrolabe.  

(0-8-4) Bīrūnī makes an interesting distinction between various types of 

students of the astrolabe: (1) those who only need practical applications, namely 

the 12 astrological houses and time of day or night; (2) students whose knowledge 

is intermediate and whose interest extends beyond practicalities; and (3) students 

of the highest level, who want mathematical proofs. As far as we know, he does 

not give the same classification in his other astronomical works, but we can see 

that they agree with it. For example, his work Astrolabe Construction on the 

construction of astrolabes is also written for readers of category (2). 

 

                                                             
1 Bīrūnī, Astrolabe Construction, pp. 133-137; he also explained how to use these three types for the determination 

of the ascendant in his Pearls, pp. 120-125. 
2 Toomer, 1998, introduction: p. 20. 
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(1-1) 

(1-1-3) Several types of alidades were used on Islamic astrolabes. Figure 1-1a 

displays a symmetric alidade (called “perfect alidade”) with two pointers and two 

sights (perpendicular to the plane of the paper), but no scale.1 In this symmetric 

alidade, the center line was aligned with the center of the astrolabe and with the 

middle of the two sights. Two other types of alidades (counterchanged and 

straight-bar)2 were used in Islamic and European astrolabes (Figure 1-1) and both 

of them were called edged alidade.3 In the straight-bar alidade, one of the edges 

was aligned with the center and with the middle of the sights, as in figure 1-1c. 

This seems to have been the most common type of alidade on extant Islamic 

astrolabes. The counterchanged alidade consisted of two halves such that two of 

the edges on different sides were aligned with the center and the middle of the 

sights, as in figure 1-1b. Bīrūnī explains the edged alidade in his Astrolabe 

Construction4 and Introduction to Astrology,5 and mentions the term “torn 

alidade” as an alternative name in his Introduction to Astrology6 as well as in the 

Taṭrīq. 

 

 

Figure 1-1a: Perfect alidade, made in the 13th century A.D., North Africa; Oxford Astrolabe Collection, 

above: no. 47632 (https://www.mhs.ox.ac.uk/astrolabe/) [CCA 139] 

 

Figure 1-1b: Counterchanged alidade, made in the late 9th century A.D., Syria; Oxford Astrolabe 

Collection, above: no. 47632 (https://www.mhs.ox.ac.uk/astrolabe/) [CCA 1026] 

                                                             
1 For two more extant examples of the perfect alidade, see: Sarma, pp. 335, 2406 (Astrolabes no. A019.3, D060.2) 
2 The terms counterchanged and straight-bar are used by Morrison, pp. 13-14, whereas edged and perfect are the 

medieval Arabic terms. 
3 The figures of the edged and perfect alidades in the Arabic edition of Bīrūnīʼs Astrolabe Construction (p. 12) 

are unreliable and one has to check a manuscript.  
4 Bīrūnī, Astrolabe Construction, p. 12, 64. 
5 Bīrūnī, Introduction to Astrology, p. 299 (Persian), p. 198 (Arabic - English). 
6 Bīrūnī, Introduction to Astrology, p. 198 (Arabic - English). In the edition of the Persian version of the 

Introduction to Astrology (p. 299), this term is transcribed as muḥarrafa (instead of mukharraqa). 

https://www.mhs.ox.ac.uk/astrolabe/
https://www.mhs.ox.ac.uk/astrolabe/
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Figure 1-1c: Straight-bar alidade, made in the early 18th century A.D., Iran; Oxford Astrolabe 

Collection, no. 37940 (https://www.mhs.ox.ac.uk/astrolabe/) [CAA 1021] 

(1-1-4) If it is not possible to mount an alidade on the astrolabe, because 

the back is used for other reasons, Bīrūnī mentions the alternative to place the 

two sights with the holes on top of the spider, at the same distance from a straight 

bar which passes through the center of the astrolabe. Then it is necessary to have 

a pointer at the end of the bar (see figure 1-2). Since the spider and the plates are 

mounted on the astrolabe by means some sort of nut (the “horse”), it is better to 

have the sights at some distance from the bar so that the rays of the sun or stars 

cannot be obscured by the nut. This is no problem as long as the rays of the sun 

or star are parallel to the bar. 

 

Figure 1-2. A spider with two sights (at the far right and left), made in the 17th century A.D., Lahore, 

Pakistan; Adler Planetarium Collections, no. L-100 (http://www.adlerplanetarium.org/collections/)   

[CCA 3917] 

(1-1-8) The scale of 360 degrees on the circumference is almost always 

divided into 72 groups of 5 degrees, and only the numbers for multiples of five 

are written. 

https://www.mhs.ox.ac.uk/astrolabe/
http://www.adlerplanetarium.org/collections/
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(1-1-9) Although the alidade of the astrolabe could be easily used for the 

determination of the altitude of the sun and other celestial bodies,1 as Bīrūnī 

mentioned, it cannot be used for measuring the true altitude (the altitude from the 

true horizon through the center of the earth) of the moon, mainly because of its 

parallax.2 For the determination of the direction of the altitude of the sun, Bīrūnī 

proposes to carry out two consecutive observations of the sun when it is close to 

the meridian, and compare the altitudes. He remarks that the time interval 

between the two observations should not be too long, because a long interval 

between the two observations might lead the observer to ignore the transit of the 

sun. One could also compare with the meridian altitude of the sun, which could 

be found in almanacs for every day.3 

 (1-2) 

Bīrūnī suggests using brass (shabah)4 to attach a hollow pipe to the alidade. 

Figure 1-3 shows an astrolabe with a sighting tube on its alidade, made in the 18th 

or 19th century in India.  

 

Figure 1-3. An astrolabe with a sighting tube on the alidade, made in the 18th or 19th century A.D., India; 

Adler Planetarium Collections, no. W-102 (http://www.adlerplanetarium.org/collections/) 

 

 

                                                             
1 Morrison, pp. 12-14. 
2 For the calculation of the moon’s position and its parallax, see: Toomer, 1998, book V, parts 9 - 11, pp. 237-

244.  
3 For more information about almanacs, see: Bīrūnī, Introduction to Astrology, pp. 273-280 (Persian), pp. 186-

191 (Arabic - English). 
4 This is my conjectural reading of the word based on the unique manuscript of the Taṭrīq. 

http://www.adlerplanetarium.org/collections/
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(2-1) 

(2-1-1) As in Ptolemyʼs geocentric system,1 Bīrūnī assumes that the size of the 

earth can be ignored compared to the size of the heavens, and that the earth can 

be assumed spherical as a whole in spite of the unevenness of its surface. 

(2-1-2) The measurement of the size of the earth has its historic roots in 

ancient Greece,2 and was carried out in the medieval Islamic tradition by two 

different methods.3 In his Coordinates4 Bīrūnī describes the method of 

Sind/Sanad ibn ʿAlī5 (9th c. A.D.) for finding the radius of the earth by making an 

observation on the top of a high mountain, but he did not cite the numerical 

results. Bīrūnī then reports on his own experience in India, when he was residing 

in the castle of Nandana (in present-day Punjab Pakistan) and measured the radius 

of the earth from a mountain nearby, confirming Sind/Sanadʼs method.6 In the 

Taṭrīq Bīrūnī also mentions the magnitude of the depression. Unfortunately it is 

not possible to read the number in the manuscript with certainty due to the 

omission of dots. However, since it is obviously a two-digit number, it should be 

a number of minutes (not a number of degrees), for otherwise the height of the 

mountain would be more than 98 km! The number in the manuscript is in the 

abjad alphanumerical system, and the possible readings are نج، نح، لج، لح، یج، یح 

which correspond to 13, 18, 33, 38, 53 and 58 (minutes of arc).  

In his Masudic Canon, as well as in his Coordinates, Bīrūnī reports that he 

found the magnitude of the depression on the top of the mountain near Nandana 

less than 0;35˚ (one-third plus one-quarter of a degree) by means of an instrument, 

and took it as 0;34˚, but he does not explain what kind of instrument he used. 

Nevertheless he accepts the values measured by the former astronomers, because 

he believes that their instruments were more accurate and that they made more 

efforts in this regard.7 The value 0;34˚of the depression angle in the Masudic 

Canon is considered a fictitious number by Raymond Mercier, because he 

believes that it was impossible to measure such a small angle by astronomical 

instruments in the time of Bīrūnī.8 Mercierʼs opinion can be refuted by the two 

following arguments. First, Bīrūnīʼs humble sentences in his Masudic Canon and 

his reference to the earlier astronomers show that he did not want to bolster his 

reputation by making an unwarranted claim. Secondly, observations were carried 

out by Muslim astronomers before Bīrūnī with a precision of two minutes.9 I 

                                                             
1 See: Toomer, 1998, Book I:4, I:6, pp. 40-41, 43. 
2 Evans, pp. 63-67. 
3 Mercier, pp. 178-188. See also (20-2). 
4 For the Arabic edition, English translation and commentary, see: Bīrūnī, Coordinates in the bibliography.  
5 For biographical information on Sind/Sanad ibn ʿAlī, see: Sezgin, GAS, vol. 6, p. 138. 
6 Bīrūnī, Coordinates, pp. 218-224 (Arabic), pp. 183-189 (English); Kennedy, 1973, pp. 137-140; see also: Bīrūnī, 

Masudic Canon, vol. 2, p. 530. For more information on Bīrūnīʼs measurement, see: Mercier, pp. 182-184. 
7 Bīrūnī, Masudic Canon, vol. 2, p. 530-531. 
8 Mercier, p. 183. 
9 Giahi Yazdi, p.106. 



206 

 

conclude that it was not impossible for Bīrūnī to measure 0;34˚ with an accuracy 

of two minutes by means of an instrument. Thus we should probably read the 

number in the Taṭrīq as 33. 

In figure 2-1, h is the height of the mountain, α is the angle of depression, 

and r is the radius of the earth. If the height of the mountain is known (or 

measured by the astrolabe, see Chapter 18 below), the radius of the earth can be 

calculated in the right triangle ABO by a method equivalent to the modern 

formula: 

𝑐𝑜𝑠 𝛼 =
𝑟

𝑟 + ℎ
, 𝑠𝑜: 𝑟 =

ℎ𝑐𝑜𝑠𝛼

1 − 𝑐𝑜𝑠𝛼
 

   

 

 

 

(2-1-3) Bīrūnī gives three examples of high mountains which are suitable 

for this measurement. Of these three examples, Aristotle considered the Caucasus 

the largest mountain range, both in extent and height.1 In his Shadows, Bīrūnī 

mentioned Aristotleʼs reference to this mountain range.2     

(3-1) 

(3-1-1) In the seventh Chapter of his Shadows, Bīrūnī related the traditional 

divisions of the gnomon in units to the dimensions of the human body. According 

to him, the reason for the division in twelve digits (aṣābiʿ) is that a normal span 

of the hand contains twelve normal digits.3 For the division in feet (aqdām), the 

ratio of a normal foot to the normal height of the same person is the ratio of one 

to seven, or more precisely, the ratio of one to six and a half. 4 

(3-1-2) The shadow cast by a vertical gnomon on the surface of the earth 

was called the “direct shadow” (a constant times the modern cotangent of the 

altitude, see figure 3-1, where the constant is the number g of units of the 

gnomon). 

 

 

                                                             
1 Aristotle, Meteorology, I. 13 [350a 28-30] pp. 1251. 
2 Bīrūnī, Shadows, p. 55 (Arabic), p. 31 (English). 
3 Bīrūnī, Shadows, p. 33 (Arabic), pp. 72-75 (English). 
4 Bīrūnī, Shadows, p. 36-37 (Arabic), pp. 74-75 (English). 
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Figure 2-1. The determination of the radius of the 

earth by observation from a high mountain 
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cot (𝑂�̂�𝐵) =
𝑂𝐴

𝑂𝐵
 

𝑂𝐵 = 𝑔, 𝑠𝑜: 𝑂𝐴 =  𝑔. cot (𝑂�̂�𝐵) 

To determine the altitude of the sun from a given direct shadow by means of the 

back of the astrolabe, the given shadow should be expressed in the same units as 

the shadow type used on the astrolabe. Figure 3-2 shows the back of an astrolabe 

with two types of shadow scales on the rim, in digits and integer feet.   

 

 

Figure 3-2. Two scales for the measurement of shadow on the back of the astrolabe, made in the 17th 

century A.D., Lahore, Pakistan; Adler Planetarium Collections, no. A-70 

(http://www.adlerplanetarium.org/collections/) [CCA 1095]  

(3-1-4) In Chapter 8 of the Shadows, Bīrūnī explains the transformation 

from the units to one another in even more detail than in the Taṭrīq.1 For the 

conversions, he follows the customs in his time2 and tries to use only fractions 

with small denominators. The shadows and their conversion is also explained in 

                                                             
1 Bīrūnī, Shadows, pp. 41-49 (Arabic), pp. 81-88 (English); see also: Kennedy, 1976, p. 32-35. 
2 For example: Būzjānī, pp. 116-117; Kūshyār ibn Labbān, 1948, p. 13. 

O A N 

B 

C 

Figure 3-1. The altitude of the sun and the direct shadow of the gnomon 

Shadow scale in terms of 

feet (aqdām) 

Shadow scale in terms of 

digits (aṣābiʿ) 

http://www.adlerplanetarium.org/collections/
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Ikhrāj (52-56, see especially 53), where only the divisions in 12 digits and 6
1

2
 feet 

are mentioned. 

(3-2) 

(3-2-1) The “reversed shadow” is a constant times the modern tangent of the 

altitude, see figure 3-3, but in (3-2-1) Bīrūnī uses the constant 60. To find the 

reversed shadow of a given altitude on a scale for the direct shadow, one should 

use of the complement of the altitude (Figure 3-3), and then divide by the units 

of the gnomon and multiply by 60. The method boils down to the modern formula 

tan(x)=cot(90-x). 

 

 

 

 

 

(3-3) 

(3-3-1) The ladder shadow1 (ẓill al-sullam) is a square engraved on one of the 

lower quadrants of the back of the astrolabe, diametrically opposite to the altitude 

quadrant. It makes it possible to determine shadow lengths for high and low 

altitudes alike, by means of the alidade (Figure 3-4). In some astrolabes the ladder 

shadow consists of two adjacent squares of the same size engraved on both sides 

of the vertical line in the two lower quadrants of the back of the astrolabe: the two 

squares form a rectangle below the horizontal line. In this case, one square 

indicates the shadow in digits and the other in feet. Both sides of each square are 

graduated in such a way that the differences between successive graduations are 

nearly constant (12 parts for digits and 7 for feet).2 The construction and use of 

the ladder shadow were described in Bīrūnīʼs Shadows.3 He attributed the 

invention of the ladder shadow to Khwārizmī.4 

(3-3-2) Bīrūnī suggests using the edged alidade because the scales on the 

ladder shadow are not on the circumference of the astrolabe. In this case the edge 

                                                             
1 This term has already been used by E. S. Kennedy in his translation of Bīrūnīʼs Shadows, see: Kennedy, 1976, 

vol. 1, p. 116.  
2 In modern terms, if g is the number of units in the gnomon, the horizontal scale is S.cot (45

𝑛

𝑔
) and the vertical 

scale S.tan (45
𝑛

𝑔
) where S is the side of the square, g the number of units in the gnomon, and integer values of n 

from 1 to g. 
3 Bīrūnī, Shadows, pp. 73-80 (Arabic), pp. 116-123 (English), pp. 56-60 (commentary by E.S. Kennedy). 
4 Bīrūnī, Shadows, p. 74 (Arabic), p. 116 (English). 
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Figure 3-3. The reversed shadow of a gnomon 
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of the alidade becomes the diameter of the back of the astrolabe, and passes 

through the degrees on the altitude scale, the center of the astrolabe and the 

appropriate marks on the ladder shadow. 

 

Figure 3-4. The ladder shadow (ẓill al-sullam) with two squares on the back of the astrolabe, made in the 

17th century A.D., Lahore, Pakistan; Adler Planetarium Collections, no. A-70 

(http://www.adlerplanetarium.org/collections/) [CCA 1095] The semicircle contains astrological 

information which is of no concern to us. 

If there is only one square for the ladder shadow on the back of the 

astrolabe, one of the following numbers is usually engraved at the middle of the 

square to reveal the type of the gnomon divisions: 144 (equal to 122) for digits 

and 42.25 (equal to 6.52) for feet. If the altitude of the sun (h) is between 45̊ and 

90̊, the lower edge of the alidade intersects the horizontal side of the ladder 

shadow and indicates the direct shadow (cotangent). But for 0̊<h<45̊ the lower 

edge of the alidade intersects the vertical side and indicates the reversed shadow 

(tangent). If the gnomon is divided in g units, the product of direct shadow times 

reversed shadow is the number g2 inscribed in the ladder square so each type of 

shadow can be derived from the other. Thus one can find the reversed shadow of 

altitiude h for 45̊ <h<90,̊ and the direct shadow for 0̊<h<45̊. 

(3-3-4) Bīrūnī discusses a problem in which one of the two parallel walls 

casts its shadow on the other. The problem seems irrelevant, and one may well 

ask why he discusses it here. In Chapter 14 of the Shadows, he gives an 

unconvincing explanation of the term “ladder square” by a similar situation with 

two walls,1 see figure 3-5. 

In the problem in (3-3-4), one apparently has to find the altitude of the sun. 

The idea of the solution is as follows. Subtract the shadow length (S) from the 

height (L) of the wall which casts the shadow, and divide the difference by the 

distance between the walls (d), then the result is the modern tangent of the altitude 

(Figure 3-1); the product with the number g of units of the gnomon is the 

“reversed shadow” which can be used to determine the altitude by the ladder 

                                                             
1 Bīrūnī, Shadows, pp. 76-77 (Arabic), pp. 119-120 (English).  

http://www.adlerplanetarium.org/collections/
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shadow. Depending on the ratio of (L – S) to d, the altitude of the sun could be 

measured by the ladder square in different ways as explained above (3-3-2). 

Bīrūnī discusses the three cases as follows. In case 2 the altitude can be read off 

from the vertical side. In case 3 one has to divide g2 by the reversed shadow to 

obtain the direct shadow which can be found on the horizontal scale. 

1)
𝐿 − 𝑆

𝑑
𝑔 = 𝑔, 𝑠𝑜: 𝐿 − 𝑠 = 𝑑, ℎ = 45˚ 

2)
𝐿 − 𝑆

𝑑
𝑔 < 𝑔, 𝑠𝑜: (𝐿 − 𝑆) < 𝑑,  ℎ < 45˚ 

3)
𝐿 − 𝑆

𝑑
𝑔 > 𝑔, 𝑠𝑜: (𝐿 − 𝑆) > 𝑑,  ℎ > 45˚ 

 

 

 

(3-3-5) The “plate of the moon” may be the lunar box in (0-4-4). The 

meaning of the text is unclear to us. 

(4-1) 

(4-1-1) Two types of sine were considered in Islamic mathematics. The “direct 

sine” is the half of the chord of the double of the arc, and the “versed sine” is the 

straight line which connects the starting point of the given arc to the starting point 

of its direct sine (Figure 4-1).1 If R is the radius of the circle and x the arc, the 

direct sine is R.sin(x) and the versed sine (R ‒ R.cos(x)). We will use a special 

notation for the medieval sine: notation Sin(x)=R.sin(x) and Cos(x)=R.cos(x). In 

the Taṭrīq Bīrūnī uses the Greek value R=60. In the Ikhrāj (53) he says that R=60 

is used most frequently but that R=120 and R=150 also occur. In the Masudic 

Canon (III:6) he puts R=1.2 The chord function was used in Ptolemy’s Almagest 

from I:10 onwards with R=60, but the sine function and also the value R=120 are 

of Indian origin and were transmitted to the Islamic world3 and the same seems 

to be true for R=150.  Bīrūnī explained the construction of the sine quadrant in a 

similar way in the Astrolabe Construction4 and in the Ikhrāj (53). 

 

 

                                                             
1 Bīrūnī, Introduction to Astrology, p. 9 (Persian), p. 5 (English - Arabic).  
2 Bīrūnī, Masudic Canon, vol. 1, pp. 305-325. 
3 Plofker, pp. 50, 256-257. 
4 Bīrūnī, Astrolabe Construction, pp. 103-104. 
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Figure 3-5. Measurement of the shadow of a wall  
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(4-1-3) As Bīrūnī mentions, the alidade of the astrolabe contains two 

different scales on the two halves, which he calls the “ninety division half” (for 

finding arcs) and “sixty division half” (for finding sines). The scale on the sixty 

division half has equidistant marks with zero is at the center of the astrolabe and 

60 at the circumference. The ninety division half is a sinusoidal scale: the 

divisions are unequal and the parts clutter near the circumference. On the scale, 

the number α is written at distance R sinα from the center (where R is the radius 

of the astrolabe and α in the interval from 0 to 90).  

Now the sine of an angle θ<90̊ can be found in a variety of ways. One can 

find θ on the altitude scale in the circumference, use the sine quadrant and look 

at the point where the horizontal sine line through θ intersects the vertical line, 

and then measure the distance between that point and the center by the sixty 

division half of the alidade. Alternatively, one can use the ninety-degree half to 

find the distance R.sin(θ) and then rotate the alidade and use the 60-degree half 

to measure that distance. For θ>90̊, use the supplement 90‒θ instead of θ.  

(4-1-7) The versed sine of a given arc (θ)=DB can be found as illustrated 

by figure 4-2. In both cases the sine quadrant is the quadrant on which B is 

located. 
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Figure 4-2. The determination of the versed sine of a given arc 

θ < 90 
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V
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Figure 4-1. The direct sine and the versed sine 

of a given arc in a circle with standard radius 

according to the Medieval definition 
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𝜃 < 90: 

𝑆𝑖𝑛(90 − 𝜃) = 𝐶𝑂;  𝑉𝑒𝑟𝑠 𝜃 = 60 − 𝑆𝑖𝑛(90 − 𝜃) = 𝐷𝑂 − 𝐶𝑂 = 𝐶𝐷 

𝜃 > 90: 

𝑆𝑖𝑛(𝜃 − 90) = 𝐶𝑂;  𝑉𝑒𝑟𝑠 𝜃 = 60 + 𝑆𝑖𝑛(𝜃 − 90) = 𝐷𝑂 + 𝐶𝑂 = 𝐶𝐷  

(4-1), (4-2) The same problems are solved in the Ikhrāj (53-60). In this case the 

treatment in the Ikhrāj is even longer than in the Taṭrīq, although the text in the 

Ikhrāj is much shorter in most other problems. Perhaps Bīrūnī considered the 

conversion of arcs to sines and sines to arcs important for didactic reasons. 

(5-1) 

(5-1-1) Let φ denote the geographical latitude of the locality, which we suppose 

to be North of the equator, and let ε (≈ 23.5 degrees) be the obliquity of the 

ecliptic. Bīrūnī discusses two cases for the noon altitude of the sun on successive 

days in spring. If φ˃ε, the noon altitude of the sun increases every day until it 

reaches its maximum at the summer solstice, while the sun is always in the South 

at noon. In localities South of the Tropic of Cancer, φ˂ε, and the noon altitude of 

the sun increases every day, until the sun is in (or very close to) the zenith at noon. 

In the next days the sun is on the northern side of the zenith at noon, and the noon 

altitude starts to decrease. The decrease ends when the sun reaches the summer 

solstice. In the days following the solstice, the noon altitude slowly starts to 

increase, until the sun reaches the zenith again. The maximum obliquities in the 

northern and southern directions are of course the same. (5-1-2) To calculate the 

maximum obliquity based on the observations of the noon altitudes of the sun at 

the solstices, Bīrūnī proposes one method for the first case, and three equivalent 

methods for the second case. His methods are summarized by the following 

equations, where hs and hw denote the noon altitudes of the sun at the summer and 

winter solstices. 

𝑎.𝜑 > 휀 

휀 =
ℎ𝑠 − ℎ𝑤

2
 

𝑏. 𝜑 < 휀 
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1. 휀 =
(180 − ℎ𝑠)  − ℎ𝑤

2
 

2. 휀 =
(90 − ℎ𝑠)  − (90 − ℎ𝑤)

2
 

3. 휀 =
180 − (ℎ𝑠 + ℎ𝑤)

2
 

(5-2) 

(5-2-1) The absolute value of the declination (between 0 and ε) is the same for 

four points on the ecliptic at the same distance of the equinoxes, as A, B, C and D 

in figure 5-1 (A = B = C = D). 

 

 

 

 

 

 

 

Bīrūnī describes how the declination changes in the course of a year. The 

obliquity of the ecliptic, which is the same as the declination of the solstices, is 

called the “total declination” (al-mayl al-kullī) in the text. Bīrūnī uses the term 

“partial declination” (al-mayl al-juzʾī) for the declination of other points on the 

ecliptic. This declination is called “partial” because it is less than the “total 

declination”.  

(5-2-2) The declination (δ) an be computed by the following modern 

formula, which is equivalent to the methods in Ptolemy’s Almagest (I:14-15) and 

Bīrūnīʼs Masudic Canon (IV:2),1 and where λ denotes the ecliptic longitude: 

sin δ = sin λ.sin ε 

To check Bīrūnīʼs example, we substitute ε=23;352 and  δ=17, and obtain 

λ = 46;57 of which Bīrūnīʼs 17 Taurus is a rounded integer value. The astrolabe 

                                                             
1 Toomer, 1998, pp. 69-72; Bīrūnī, Masudic Canon, pp. 369-377. 
2 Bīrūnī takes the standard  medieval Islamic value 23;35 as the obliquity of the ecliptic, see: Masudic Canon, vol. 

1, p. 366. 
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B 
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D 

 

 

Figure 5-1. The same absolute value of the declination 

for four equidistant degrees of the ecliptic relative to 

the equinoxes 
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makes it possible to see the (approximate) solution to this trigonometrical 

calculation at once, without computation.1 

(5-2-2) The declination is the distance to the celestial equator; Bīrūnī finds 

the declination of a point of the ecliptic or a star by putting the object on the 

meridian, which is perpendicular to the celestial equator. On the standard 

astrolabe, the distance to the celestial equator can then be found by counting 

almucantars; this is possible because the zenith (pole of the almucantars) is also 

on the meridian. (5-2-3) On the boat-shaped astrolabe, one should count the 

relevant almucantars after setting the mast (with the mark of the ecliptic degree 

or star) on the midheaven-line. 

(5-2-4) The procedure presupposes that the sine quadrant with radius R 

contains  an additional smaller quarter circle with the same center and with radius 

Rsinε where ε  is the obliquity of the ecliptic; note that R.Sin ε ≈ 0.4R. We suppose 

that the circumference contains an altitude scale in degrees, from 0 on the 

horizontal line to 90 on the vertical line. The smaller quarter circle (called the 

“circle of the maximal declination”) can be constructed by choosing ε on the 

altitude scale and drawing a line parallel to the horizontal line of the quadrant, as 

in figure 5-2.  To determine the declination of the sun for a given date,2 one should 

first take the ecliptical longitude λ of the sun from an astronomical handbook, and 

then find the minimal difference n between this longitude and the closest equinox. 

Bīrūnī describes the details in (5-2-6). They are as follows in modern notation. 

If  0<λ<90 (spring), n=λ; if 90<λ<180 (summer), n=180‒λ; if 180<λ<270 (fall), 

n=λ‒180; and if 270<λ<360 (winter), n=360‒λ. Note that the beginning points 

of Aries and Libra are the vernal and autumnal equinoxes with ecliptic longitudes 

λ=0 and λ=180.  We also note that n is approximately equal to the number of days 

between the given date and the beginning of spring or autumn, whichever is 

closer. Then the pointer of the alidade is placed on the number n on the altitude 

scale, and we locate the point of intersection of the edge of the alidade with the 

circle of maximal declination. The horizontal line which passes through this point 

meets the altitude scale in the required declination δ (Figure 5-2). In figure 31, δ 

is constructed such that: 

 

 

 

 

 

                                                             
1 See Bīrūnī, Ikhrāj, no. 17. 
2 The earliest treatise on the sine quadrant is an anonymous text attributed to Muḥammad ibn Mūsa Khwārizmī 

(9th century A.D.), see: Lorch, 2000, p. 253.  

ε 

RSinδ 

RSinε 

RSin(n) n 

δ 

Figure 5-2. The determination 

of the declination by means of 

the sine quadrant 
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𝑅𝑆𝑖𝑛 𝛿

𝑅𝑆𝑖𝑛(𝑛)
=

𝑅𝑆𝑖𝑛 휀

𝑅
 

Because Sin(n)=Sin(λ) (note that Sin(x)=|R.sin(x)| is the medieval sine), 

the method boils down to the modern formula sin δ=sin λ.sin ε. 

(5-2-5) One can find the ecliptical longitude from the declination by following 

the steps in reverse order. 

(5-3) 

(5-3-1) For astrolabe stars, finding the declination is self-explanatory. (5-3-2) for 

stars other than astrolabe stars, Bīrūnī assumes that the ecliptic longitude and 

latitude of the star are known. Bīrūnī then wants to indicate the position of the 

other star by a pointer of paper on the spider, and so he has to transform the 

ecliptic coordinates into equatorial coordinates. Bīrūnī assumed ε=23;35˚1 and he 

introduces the plate for a locality on the arctic circle with geographical latitude 

90‒ε=66;25˚. In such a locality the pole of the ecliptic passes the zenith once a 

day; at this moment the ecliptic coincides with the horizon (Figure 5-3).2 Then 

the altitude of a given celestial body is the same as its ecliptic latitude; the azimuth 

(α) is not exactly the same as the ecliptical longitude (λ) but can be easily found 

from it, if we note that the equinoxes and solstices coincide with the cardinal 

directions on the horizon (the vernal equinox with the East, the summer solstice 

with the North, the autumnal equinox with the West and the winter solstice with 

the South.)  In the Taṭrīq, Bīrūnī counts the azimuth from the East and West points 

of the horizon towards either North or South (so the azimuth could never be more 

than 90˚).3 Thus the azimuth is exactly the number n in the procedure (5-2-3) 

above. If altitude and azimuth are known, we can place the body on the plate. In 

figure 5-4 we have shown how to do this for a celestial body with ecliptic 

longitude 150˚ (corresponding to beginning of Virgo) and ecliptic latitude 48˚. 
Then its azimuth is 30˚ from West towards the North (or 300˚ based on the 

modern definition in which the azimuth is reckoned from North in clock-wise 

direction). Note that in the astrolabe plate in figure 5-4, the almucantars are drawn 

for intervals of 6 degrees and the azimuthal circles for intervals of 10 degrees. 

Thus we can mark the position of a star with given ecliptic longitude and latitude 

on the plate. 

                                                             
1 Bīrūnī, Masudic Canon, vol. 1, p. 366. 
2 Morrison, p. 66; for an example of a plate for this coordinate conversion, see: King, 2004-5, vol.2, p. 414. 
3 Bīrūnī, Introduction to Astrology, p. 183 (Persian), p. 134 (English - Arabic). 
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Now the spider should be placed on the astrolabe and rotated such that the 

summer solstice is on the meridian and coincides with the North point of the 

horizon. The point on the plate will then indicate the position of the star on the 

spider. We should attach a piece of paper to the spider such that the point is on 

the mark. 

(5-4) 

(5-4-1) In localities at the terrestrial equator, the sun passes through the zenith 

when it is at the equinoxes (Figure 5-5a). Following Ptolemy in Almagest (II:6),1 

Bīrūnī divided the localities North of the equator into two categories based on 

their latitudes. The first type includes localities with geographical latitude (φ) less 

than the maximum obliquity (ε) (Figure 5-5b). Such localities are called 

“localities with two shadows” (al-bilād dhawāt al-ẓillayn) in the text, because in 

these localities the noon shadow of a vertical gnomon will be cast toward the 

South in part of the year, including fall and winter, and toward the North in 

another part of the year. The second type are the localities with geographical 

latitude more than the maximum obliquity (Figure 5-5c). These localities are 

called “localities with one shadow” (al-bilād dhawāt al-ẓill al-wāḥid) because the 

noon shadow of a vertical gnomon is always cast toward the North. These terms 

were used by later Muslim astronomers as well.2 

                                                             
1 Toomer, 1998, pp. 82-85. 
2 For example see: Shīrāzī, Book II, Chapter 3, p. 39; Ulugh Beg, Book II, Chapter 16, p. 83 (Persian) in which 

these two terms are discussed along with the third term “localities with circular shadow” (al-bilād ḍawāt al-ẓill 

al-dāʿir) for the localities with φ≥90-ε (not mentioned by Bīrūnī). 

Figure 5-4. A plate for the latitude of 66;25, made in 

1641/2 A.D., Lahore; Oxford Astrolabe Collection, no. 

46935 (https://www.mhs.ox.ac.uk/astrolabe/) [CCA 

2531]. The black point on the right side of the East-West 

line on the plate indicates the azimuth of 30˚ from West 

towards North   

Horizon 

NCP 

Figure 5-3. The main celestial orbits  

in a locality with the latitude of 66;25  

 

Z 

https://www.mhs.ox.ac.uk/astrolabe/
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(5-4-2) To determine the ecliptical degree which passes through the zenith 

by means of the astrolabe, insert a plate for the latitude φ˂ε of your locality, and 

rotate the spider until the outer edge of the ecliptic meets the zenith which is 

represented by the point 90 (indicated by the Arabic letter 90 = ص in the abjad 

alphanumerical system) inside the almucantars. The meeting will happen for two 

points on the ecliptic (Figure 5-6): one in the spring quadrant, and the other in the 

summer quadrant. To check whether an astrolabe star passes through the zenith, 

its pointers should be placed on the midheaven-line. If the pointer coincides with 

the point 90 in one of the two possible positions, the star will pass through the 

zenith. 

 

 

 

 

 

 

 

(6-1) 

The problem in this section is very easy. Since in the celestial sphere the ecliptic 

is tangent to the tropics of Cancer and Capricorn, all the orbits passing through 

the ecliptical degrees (i.e., circles parallel to the celestial equator) are located 

between these two borders. Thus a star rotates in the orbit of an ecliptical degree 

if and only if its (northern or southern) declination is equal to or less than the 

obliquity of the ecliptic, that is to say, if the star pointer is between the tropics of 

Capricorn and Cancer. Bīrūnī then shows how to determine the ecliptic degrees 

whose declination is the same as that of the astrolabe star. As Bīrūnī describes in 
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zenith in three types of locality 
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his Introduction to Astrology,1 the “orbits of ecliptical degrees” were important 

for astrological reasons. 

(6-2) 

Bīrūnī grouped the fixed stars into three types based on their declinations δ, that 

is, distances from the celestial equator. If φ is the northern geographical latitude, 

then φ is also the distance of the celestial North Pole to the horizon, and if δ is 

also northern, 90 ‒ δ is the distance of the star to the pole.  Thus the star is 

circumpolar if 90 ‒ δ <φ, tangent to the horizon if 90 ‒ δ =φ, and it intersects the 

horizon if 90 ‒ δ >φ. In a similar way one can show that if the declination is 

southern, the star is always under the horizon if 90 ‒ δ <φ. 

(6-3) 

(6-3-1) To determine the maximum altitude of a permanently visible star by 

means of the northern astrolabe, one should put the pointer of the star on the 

midheaven-line, above the pole of the astrolabe, then, that one of the almucantars 

passes through the pointer indicates the maximum altitude of the star (Figure 6-

1a). For the minimum altitude, the process should be repeated by putting the 

pointer of the star on part of the midheaven-line located between the pole of the 

astrolabe and the horizon (Figure 6-1b).  

 

 

 

 

 

 

 

 

 

 

 

 

                                                             
1 Bīrūnī, Introduction to Astrology, pp. 347-349 (Persian), p. 227-228 (English - Arabic). 

N 

a 

b 

a 

b 

N 

Figure 6-1. The determination of minimum and maximum altitudes of circumpolar stars on the 

celestial sphere (left) and on the northern astrolabe (right). The figure displays the horizon, the 

celestial North Pole, and the almucantars of minimum and maximum altitude of the star (left side) and 

their stereographic projections (right side). 
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(6-3-2) In this section Bīrūnī uses the term juday al-qibla for Polaris, as in 

his Masudic Canon.1 This term was already used by al-Ṣūfī2 before Bīrūnī, and 

also by other authors such as Qalqashandī3 (an Egyptian writer in 14th-15th 

centuries A.D.). The small naʿsh is the small rectangle of bright stars in the Little 

Bear (Ursa Minor). Note that around 1000 A.D., the distance between Polaris and 

the celestial North Pole was more than 6 degrees,4 although it was still the 

brightest star closest to the celestial North Pole.  

(6-3-3) On a plate for a locality of northern geographical latitude but with 

southern projection, the center of the plate represents the invisible South celestial 

pole, so the area around the center is invisible in the sky. In order to represent a 

single circumpolar star, the astrolabe should be so big that the plate contains the 

entire horizon and even an area outside it where the circumpolar star would then 

be rotating.   

(7-1) 

(7-1-1) Since the earth is assumed by Bīrūnī to be a perfect sphere, the latitude of 

a locality on the northern hemisphere is equal to the distance arc on the celestial 

sphere between the celestial North pole and the true horizon, that is the plane 

through the center of the earth parallel to the horizon of the observer. Because of 

the large radius of the celestial sphere (around 20.000 earth radii), the size of the 

earth can be ignored, and therefore the intersections of the celestial sphere with 

the true horizon and with the horizon through the observer are approximately the 

same. That is why Bīrūnī remarks that the latitude of a locality is equal to the 

altitude of the celestial North Pole (above the apparent horizon) “for the senses”.  

(7-1-2) The concept of “climate” is ancient Greek. According to Ptolemyʼs 

Almagest the inhabited quadrant of the earth was divided into seven strips (or 

climates) parallel to the equator, defined by the longest day in the central part of 

the strip.5  In his Coordinates, Bīrūnī remarks that the third climate contains all 

localities with latitudes from 27;28˚ to 33;37˚ (longest day between 13
3

4
 and 14

1

4
 

hours) and the fifth climate from 38;34˚ to 43;33˚ (longest day between 14
3

4
 and 

15
1

4
 hours).6  

(7-1-3) In a locality with northern latitude φ, any star with northern declination 

δ> (90 ‒ φ) is circumpolar, as explained in (6-2). Al-Farqadān, literally “the two 

calves”, are the two bright stars Kochab and Pherkad in the Little Bear (beta and 

                                                             
1 Bīrūnī, Masudic Canon, vol. 3, p. 1014. 
2 al-Ṣūfī, 1954, p. 27. 
3 Qalqashandī, vol. 2, p. 172. On the name see also Kunitzsch, p. 136. 
4 See: P.V. Neugebauer, p. 26, no. 31. 
5 Toomer, 1998, Book II, part 13, pp. 123-129; Pedersen, pp. 106-109. 
6 Bīrūnī, Coordinates, p. 141 (Arabic), p. 106 (English); Kennedy, 1973, p. 80. 
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gamma Ursae Minoris), and the banāt naʿsh are the three stars in the tail of the 

Great Bear (epsilon, zeta and eta Ursae Majoris)1. Since the declinations of all 

bright stars of the Little Bear were more than 75˚ in 1000 A.D. (Bīrūnīʼs time), 

the whole constellation was circumpolar in the third and fifth climates.2 But the 

situation for the Great Bear is different. Only α Ursae Majoris (Ar.: Dubhe, 

declination 66;54˚) and δ Ursae Majoris (Ar.: al-Khāfī, declination 62;35˚) were 

circumpolar in the third climate. The declination of the end of the tail (eta Ursae 

Majoris) in 1000 A.D. was a bit more than 54˚ (=90˚ ‒ 36˚) so the seven brightest 

stars of the Great Bear were circumpolar in the fifth climate.3 

(7-1-5) The minimum meridional altitudes of circumpolar stars are always 

northern, but for the maximum altitude different cases are possible, depending on 

the northern declination δ of the star and the latitude φ of the locality: the 
maximum altitude is northern if δ>φ, southern if δ<φ, and the star passes 
through the zenith if δ=φ (Figure 37, left). Bīrūnīʼs procedure for the 

determination of the local latitude for these three cases can be represented as 

follows (hM and hm respectively denote the maximum and minimum meridional 

altitudes): 

𝑎) 𝛿 > 𝜑: 𝜑 =  
ℎ𝑀 + ℎ𝑚

2
=  

(ℎ𝑀 − ℎ𝑚)

2
+ ℎ𝑚 = ℎ𝑀 −

(ℎ𝑀 − ℎ𝑚)

2
  

𝑏) 𝛿 < 𝜑: 𝜑 =  
(180 − ℎ𝑀) + ℎ𝑚

2
= 90 −

(ℎ𝑀 − ℎ𝑚)

2
 

𝑐) 𝛿 = 𝜑: 𝐿𝑖𝑘𝑒 𝑐𝑎𝑠𝑒 𝑎 

In order to apply this method, one does not need to know the declination of the 

star in advance (one can of course determine δ from hM and hm). Bīrūnī explains 

the same method with the same three cases in the Coordinates,4 and he adds a 

measurement of the latitude of Baghdad using the middle star (miʾzar) of the 

banāt al-naʿsh by the sons of Mūsa ibn Shākir in the 9th century A.D.  He also 

devoted Masudic Canon (IV:8) to the determination of the geographical latitude 

from the circumpolar stars, with a geometrical figure.5 There he also explains the 

argument about the true and apparent horizons as in (7-1-1). 

 

 

                                                             
1 See: Kunitzsch, pp. 71, 149. 
2 Since the declination changes slightly over the centuries, the declinations of the stars of Ursae Minor and Ursae 
Major have been reconstructed for 1000 A.D. by means of the computer program “Cartes du Ciel”. For the updated 

magnitudes of these declinations see: Moore, p. 453. For the declinations of certain stars in 1000 AD, including 

the three stars in the tail of the Big Dipper and Kochab, one may also consult e.g., P.V. Neugebauer. 
3 For a list of the stars of Ursae Major and their declinations see: Moore, p. 449. 
4 Bīrūnī, Coordinates, pp. 64-67 (Arabic), pp. 35-38 (English). 
5 Bīrūnī, Masudic Canon, pp. 404-408. 
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(7-2) 

This determination of the latitude of a locality by means of the astrolabe is not 

dependent on the latitude of the plate on which the spider rotates. The method can 

only be used with astrolabe stars. One obtains the declination δ of the star (“the 

retained number”) from its position on the spider and one then measures the noon 

meridian altitude h using the alidade. Bīrūnī then mentions the following three 

cases for the determination of the geographical latitude φ: 

a. If h is southern, φ=90‒h+δ 

b. If h=90, φ=δ 
c. If h is northern, φ=δ‒(90‒h). 

(7-3) 

For the determination of the latitude of a locality (φ), one first needs to take the 

solar longitude from an astronomical handbook and then determine the 

corresponding solar declination δ and its direction (northern or southern). One 

also needs to measure the noon altitude of the sun (h) and find its direction 

(northern or southern). Bīrūnī distinguishes four cases: 

a) δ southern, h southern: φ=90‒(h+δ)  

b) δ northern, h northern: φ=h+δ‒90 

c) δ northern, h southern: φ=90‒(h‒δ) 

d) δ northern, h=90: φ=δ 

(8-1) 

(8-1-2) In some astrolabes, the altitude quadrant is provided with a series of noon-

lines ‒ each line for a certain geographical latitude ‒ which encode all information 

on the noon altitudes of the sun for its position in the ecliptic. In the Astrolabe 

Construction Bīrūnī describes the construction of these lines and he says that the 

custom of the astrolabe makers is as follows.1 On the quadrant draw seven 

equidistant circles: the outer for the winter solstice, the inner for the summer 

solstice, and the remaining five for the beginning points of two signs of the zodiac 

as indicated in figure 8-1. When the sun is at the beginning of these two signs (for 

example Aries and Libra, Taurus and Virgo, etc.) the noon altitude is the same. 

For a fixed latitude, one can determine the noon altitudes for the beginnings of 

the two signs, place the alidade at this altitude on the degree scale on the 

circumference, and mark its intersection point with the circle for the two signs. 

The same can be done for the winter and summer solstice. Finally one joins all 

these marks by a curved line to produce the noon line for the geographical 

                                                             
1 Bīrūnī, Astrolabe Construction, p. 110. 
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latitude. To find the noon altitude when the sun is at a given point in the ecliptic, 

place the edge of the alidade on the intersection of the noon-line of that locality 

and an appropriate circle (if the sun is in the middle of a sign, interpolated 

between two engraved circles), then, the upper pointer of the alidade indicates the 

noon altitude on the scale on the circumference (Figure 8-1) 

 

Figure 8-1. The back of the astrolabe with noon-lines, Oxford Astrolabe Collection, no. 33796 [CCA 90] 

(8-2) 

In Section (3-1) Bīrūnī discusses the determination of the noon shadow and the 

corresponding solar altitude from one another in more detail than in (8-2-3). Here 

he adds that it is difficult to use this information to determine the time 

around noon, because the shadow increases and decreases very slowly 

around noon, so the shadow will have approximately the same length for a long 

interval of time. Bīrūnī may have intended the last sentence in an implicitly 

sarcastic way. To use the method, the craftsman would have to engrave the 

almucantars very accurately, and preferably for every degree, so that the altitude 

of the sun could be measured very precisely. Thus, this method can only be 

applied if the astrolabe is extremely accurate. The “tricks” to which Bīrūnī refers 

may well involve the azimuth, see (15-5-2), and the sarcasm may be directed at 

his predecessor al-Ṣūfī who did not know them. See also Shadows where Bīrūnī 

concludes that the person who wants to determine noon accurately should master 

theoretical knowledge from several works of the ancient Greeks.1 

                                                             
1 Bīrūnī, Shadows, pp. 175-180 (Arabic), pp. 226-230 (English), Kennedy, 1976, pp. 142-143. 
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(8-3) 

In early Islamic jurisprudence there were two schools, called the Aṣḥāb al-Ḥadīth 

(the followers of the Prophetic tradition) and Aṣḥāb al-Raʾy (the speculative 

jurists) with essentially different opinions on the prophetic tradition. Based on the 

geographical regions to which the main leaders of these two schools belonged, 

the Schools were also called the Ḥijāzī School and Irāqī School. The Aṣḥāb al-

Ḥadīth accepted the doctrines of Aḥmad Ḥanbal (founder of the Ḥanbalī legal 

School, 164-241 A.D.) and Abū ʿAbd-allāh al-Shāfiʿī (founder of the Shāfiʿī legal 

School, 767-820 A.D.) while the Aṣ-ḥāb al-Raʾy followed Abū Ḥanīfa (founder 

of the Ḥanafī legal School, 699-767 A.D.).1 

The two conditions for the ʿaṣr prayer still used in modern Sunni Islam. 

According to the modern Ḥanafī School (predominant in e.g., Turkey), the ʿaṣr 

prayer begins when the shadow increase after noon is twice the length of the 

gnomon; according to the other legal schools, the ʿaṣr prayer begins when the 

shadow increase is once the length of the gnomon (e.g., Saudi Arabia, Morocco). 

(8-3-4) The construction of the two ʿaṣr lines on the back of the astrolabe 

is explained in the Shadows2 and in the Astrolabe Construction.3 It is surprising 

that Bīrūnī does not mention the lines for the ʿaṣr prayers on the plates of the 

astrolabe in the Taṭrīq. He explained the construction of the ʿaṣr prayer lines on 

the astrolabe plates in the Astrolabe Construction,4 their construction and use in 

the Shadows,5 and their use also in the Ikhrāj (51). 

(8-4) 

(8-4-1) Bīrūnī discusses these three phenomena before sunrise and after sunset in 

his Masudic Canon and Introduction to Astrology as well, and gives almost the 

same description as in the present section of the Taṭrīq.6 In the Masudic Canon, 

Bīrūnī states that some Muslim astronomers consider 18˚ as the angle of solar 

depression below the horizon at the time of the beginning of dawn and the end of 

dusk, while others suggest 17˚.7 In the Ikhrāj (53) he gives 17˚ and says that some 

astronomers use 18˚. Depression angle values between 16˚ and 20˚ were used by 

medieval Islamic astronomers,8 and dawn and dusk were defined in different 
                                                             

1 EI2, vol. 1, pp. 259-260, 692; for more information on different opinions regarding the permitted time interval 

of the ʿaṣr prayer time in Islamic tradition see: Ibn Qudāma, vol. 2, pp. 12-15; and Bīrūnī, Shadows, pp. 168-169 

(Arabic), p. 219 (English). 
2 Bīrūnī, Shadows, pp. 186-188 (Arabic), pp. 236-238 (English), Kennedy, 1976, pp. 147-149. 
3 Bīrūnī, Astrolabe Construction, pp. 109-110. 
4 Bīrūnī, Astrolabe Construction, pp. 107-108. 
5 Bīrūnī, Shadows, pp. 182-184 (Arabic), pp. 232-234 (English), Kennedy, 1976, pp. 145-146. 
6 Bīrūnī, Masudic Canon, vol. 2, pp. 948-950; Introduction to Astrology, pp. 67-68 (Persian), pp. 51-52 (English-

Arabic). For more information on the false dawn (which is the first phenomenon after the sunrise in Bīrūnīʼs 

description) see: Schmidl.  The false dawn is also mentioned in the Shadows, Arabic: p. 167 line 16, English: p. 

218. 
7 Bīrūnī, Masudic Canon, vol. 2, pp. 948-950. 
8 For more information on this range of values see: EI2, vol. 9, pp. 179-180. 
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ways among scholars of Islamic law.1 As Bīrūnī mentions, the plates of astrolabes 

were often provided with lines for the beginning of dawn and the end of dusk 

which were engraved below the horizon. These lines are actually arcs of the 

almucantar of depression for 18˚ (see: Introduction, figure 9a). 

(8-4-2) In the Taṭrīq as well as the Shadows,2 Bīrūnī uses the Arabic word 

al-ʿatama for the time of the Islamic evening (ʿIshāʾ) prayer.3 In Arabic literature, 

this term was also used to mean the first third of the night.4 

(8-4-3) For the determination of the time interval between dawn and 

sunrise or between sunset and dusk, one should rotate the spider of the astrolabe 

according to Bīrūnīʼs instructions and then convert the distance (arc of revolution 

of the universe) in “time-degrees” between the two positions of the pointer to 

(equinoctial) hours and minutes (see: Introduction, 1-2a). 

(8-4-4) For astrolabes without the line of dawn and dusk, Bīrūnī’s method 

is based on the fact that if the sun is 18˚ below the horizon, the diametrically 

opposite point is 18˚ above it. Thus one can determine dawn and dusk also from 

the almucantar of altitude of 18˚. This second method can also be used for the 

mixed astrolabes and the boat-shaped astrolabe. 

(9-1) 

(9-1-1) For the determination of the ascensions of an arbitrary point P of the 

ecliptic, having celestial longitude λ, in a locality with a terrestrial latitude φ, the 

observer should consider the instant when P is on the local eastern horizon. Then, 

the distance from the point Q of the celestial equator which is simultaneously 

rising in the same locality, to the vernal equinox () is called the ascension of 

the point P (shown as Aφ(λ) in figure 9-1). 

 

 

 

 

 

(9-1-2) For the case φ = 0 (a locality on the equator), the distance is called 

“right ascension” a term which is still used today. The term “oblique ascension” 

(for φ ≠ 0) is obsolete in modern astronomy, but both right and oblique ascensions 

                                                             
1 For a detailed discussion on various definitions of dawn and dusk by Muslim legal scholars see: Ibn Qudāma, 

vo. 2, pp. 25-27; King, 2004-5, vol. 1, pp. 544-552. 
2 Bīrūnī, Shadows, p. 161, line 5. 
3 For Islamic  prayer times see also: EI2, vol. 8, s.v. “Ṣalāt”, pp. 928-929.  
4 For example see: Nuwayrī, vol. 1, p. 123. 
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Figure 9-1. The ascensions of an arbitrary point (P) of the ecliptic in a locality with non-zero latitude  
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were fundamental concepts in Ptolemy’s Almagest and in medieval Islamic 

astronomy.1 (9-1-3) For oblique ascensions see further (9-2).  

(9-1-4)  In figure 9-1, the oblique ascension Aφ(λ) is computed from the 

beginning of Aries, but for Bīrūnī and other Islamic astronomers, the 

“ascensions” were also computed for arcs of the ecliptic with arbitrary beginning 

and end points (if the end and beginning points are λ2 and λ1, then the ascensions 

are Aφ(λ2) ‒ Aφ(λ1)).2 For the determination of the right ascensions by means of the 

plate of a locality different from the equator, Bīrūnī correctly uses the midheaven-

line instead of the horizon. The reason is that the celestial equator, unlike the 

horizon of a locality different from the equator, is always perpendicular to the 

meridian. 

(9-1-6) Sometimes the right ascension was reckoned from the beginning 

point of Capricorn (instead of the vernal equinox), which case the result would 

differ by 90˚ from the right ascension with beginning point the vernal equinox. 

(9-1-10) On the crescent-shaped astrolabe, the southern zodiacal signs are 

projected on the lower arc of the spider with the pointer (P in figure 9-2) at the 

midpoint, touching the rim during half of the 180˚ rotation of the spider. Thus the 

pointer is located at either end of the rim, if one of the tips of the horns of the 

crescent (the beginning of Aries, the end of Virgo, the beginning of Libra, or the 

end of Pisces) coincides with the midheaven-line. For other degrees of the ecliptic 

(D) coinciding with the midheaven-line, the pointer touches the rim somewhere 

between the midheaven-line and one of the ends of the rim (Figure 9-2). Thus, in 

spite of Bīrūnīʼs description, there is no need to use a replacement for the pointer 

in the determination of right ascensions by means of the crescent-shaped 

astrolabe. But such a replacement would be needed to determine the oblique 

ascensions, when the pointer can be located outside the plate (see 9-2). 

 

 

 

 

 

The southern zodiacal signs are projected on the lower arc of the crescent 

in counter-clockwise direction, and the northern signs on the upper arc in 

                                                             
1 For the detailed discussion and computation of the right and oblique ascension see: Pedersen, pp. 99-101. 
2 For example: al-Battānī, p. 20; Ṭūsī, pp. 282-287. 

D P 

Figure 9-2. The determination of the right ascensions by means of the crescent-shaped astrolabe 
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clockwise direction. Therefore the following three cases can happen for the 

beginning and end points of an ecliptic arc of which the right ascension is sought: 

1. Both the beginning and the end are in the southern part. The spider should 

be rotated in clockwise direction; 

2. Both the beginning and the end are in the northern part: The spider should 

be rotated in counter-clockwise direction; 

3. One point is in the northern part and the other in the southern. Then the 

arc should be divided at the vernal or autumnal equinox. For each part, 

the spider should be rotated accordingly, and then the two amounts of 

rotation should be added.  

It should be noted that the semicircular rim of the crescent-shaped astrolabe 

contains a scale with a division in degrees. The scale begins with 0 at both ends 

of the horizontal edge of the instrument and ends with 90 at the lowest point of 

the meridian line.  

(9-2) 

(9-2-1) Just as right ascensions are determined by means of the meridian line (or 

the mast of the boat-shaped astrolabe), oblique ascensions should be determined 

by means of the eastern horizon. Bīrūnī mentions the analogous concept of 

“oblique descension” of an ecliptic arc, which is the arc of the equator that sets 

together with it on the western horizon. This “oblique descension” is obviously 

equal to the oblique ascension of the diametrically opposite arc of the ecliptic. In 

oblique ascension tables in Ptolemy’s Almagest (II:8) and in Islamic astronomical 

handbooks, oblique ascensions are reckoned from the beginning of Aries. As 

Bīrūnī mentions, it is also possible to reckon oblique ascensions from the 

beginning of Capricorn, but we should note that the oblique ascension of the 

quadrant between the beginnings of Capricorn and Aries depends on the 

geographical latitude and is not a “nice” number. The ecliptic degrees 

corresponding to given oblique ascensions or descensions in a certain locality can 

be found by the inverse process. 

(9-2-4) For the mixed astrolabes, compare with sections (0-8-2) to (0-8-9). 

(10-1) 

(10-1-1) In the Astrolabe Construction, Bīrūnī says that the divisions of the 

zodiacal signs on an astrolabe should be the same as the divisions of its 

almucantars, in the following sense.1 If the interval between two successive 

almucantars of an astrolabe is, for instance, three degrees, each of its zodiacal 

signs should be divided into 10 parts of three degrees as well. However, in (10-

                                                             
1 Bīrūnī, Astrolabe Construction, p. 30. The intervals in a zodiacal sign are for an equal number of degrees but 

they do not have the same length on the spider because of the distortion properties of stereographic projection. 
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2-1) Bīrūnī says that this equality is motivated by aesthetic reasons only. Bīrūnīʼs 

contemporary Kūshyār ibn Labbān1 (ca. 990 A.D.) also suggests that the intervals 

should be for the same number of degrees. Farghānī2 and Sijzī3 mention intervals 

of 1, 2, 3 and 6 degrees between the successive almucantars, but Muḥammad ibn 

Ayyūb Ṭabarī4 (11th c. A.D.) adds the 5-degree interval, and in his Astrolabe 

Construction, Bīrūnī considers intervals of 1, 2, 3, 6 and 10 degrees,5 just as in 

Ṭatrīq (10-1-1), where these numbers are called “division base”. Although five is 

another divisor of 30, Bīrūnī does not use five as a “division base” for the 

following reason. If an interval is small one can assume that all degrees in it have 

the same length on the spider. The ecliptic longitude of the sun is usually not a 

multiple of 5 so often one has to estimate its position by guessing the individual 

degrees as explained in (10-1-2). However, it is not easy to divide an interval into 

five equal parts. According to him this is easier to divide intervals into two or 

three equal parts and then also into six equal parts. 

(10-1-3) In this and the next sections, Bīrūnī explains a second method to 

estimate degrees in an interval, this time by an interpolation process which 

resembles modern linear interpolation. First he deals with placing the sun on the 

spider of the astrolabe if the ecliptic longitude (X) of the sun is not engraved on 

the astrolabe. One needs to find the ecliptic degree (X) of the sun for the actual 

time, from astronomical handbooks (zījes). The ecliptic degree (X) is located 

between two ecliptic degrees (a and b) which are engraved on the spider (Figure 

10-1). First turn the spider to place a on the upper meridian, and read the number 

D on the rim which is the position of the pointer of the spider. Secondly, put b on 

the meridian and read the corresponding position of the pointer at F on the rim. 

Then compute the equation E as follows: 

𝐸 =
(𝑋 − 𝑎). (𝐹 − 𝐷)

(𝑏 − 𝑎)
 

 

 

 

 

 

 

 

 

 

                                                             
1 Kūshyār ibn Labbān, 2014, p. 117; for biographical information of Kūshyār ibn Labbān Gīlānī and his works 

see: Sezgin, GAS, vol. 5, pp. 343-345, vol. 6, pp. 246-249. 
2 Farghānī, pp. 314 – 316. 
3 Sijzī, f.134 v. - 135 r. 
4 Ṭabarī, p. 92. 
5 Bīrūnī, Astrolabe Construction, p. 25. 
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Figure 10-1. The determination of the ecliptical degree of the sun on the 

spider 
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Note that (b ‒ a) is the division base. Now put the spider so that the pointer points 

to D and rotate the spider clockwise so that the pointer moves from D over the 

distance E in the direction of F. Then look at the point of the ecliptic which is 

situated on the midheaven-line: this is the approximate position of the sun (X) on 

the spider. 

Since the size of the astrolabe is normally not that big (usual diameter 15-

25 cm), this interpolation method seems not to be very practical. However, Bīrūnī 

prescribes the same procedure in other chapters in the Taṭrīq (10-2, 10-3, 15-2, 

16-3, 16-4, 16-5, 16-6, 16-7) and also in the Ikhrāj (no. 4, 5, 43, 44, 46). The same 

type of interpolation is explained by Bīrūnī’s contemporary Kūshyār ibn Labbān 

in his astrolabe work (Part 2, Chapters 3-5),1 and also by Bīrūnī’s predecessor al-

Ṣūfī.2 

(10-2) 

(10-2-1) For this purpose we have to know not only the amount of the altitude of 

the sun or an astrolabe star, but also whether it is eastern or western. Then Bīrūnī 

prescribes the same type of interpolation as in (10-1). 

(10-2-2) On the boat-shaped astrolabe there are no star-pointers. The stars 

are projected on the plate as little circles where the center is the exact position. 

The mark on the edge of the mast now replaces the star-pointer or the degree of 

the sun on the spider of the standard astrolabe. Thus Bīrūnī returns from the boat-

shaped astrolabe to the standard astrolabe and therefore the rest of the procedure 

is exactly the same. The result is a point on the plate which corresponds to the 

given altitude between two almucantars on the plate.3 In (10-3-2) Bīrūnī suggests 

the same procedure for the determination of the ecliptic degree of the ascendant 

and midheaven. 

(10-3) 

(10-3-1) In this section Bīrūnī prescribes interpolation just as in (10-1-3). He 

assumes that the spider of the astrolabe has been set by observing the sun or a 

star.  The scribe must have skipped one line in the Arabic text by an oversight 

and therefore I have reconstructed the procedure based on the mathematical 

sense. Without the restored passage, the procedure does not make sense, because 

“the first mark” is not introduced in the text.  

 

 

                                                             
1 Kūshyār ibn Labbān, 2014, pp. 122-124. 
2 al-Ṣūfī, 1962, Ch. 168-172, pp. 150-160. 
3 For the diagram of a boat-shaped astrolabe with a set of almucantars, see: Bīrūnī, Astrolabe Construction, p. 

130, (ms): p. 58.  
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(11-1) 

(11-1-1) The “equation of daylight” is defined (e.g., by Bīrūnī in the Masudic 

Canon) as the difference between half the day arc of the sun and 90˚.1 As Bīrūnī 

mentions in this section, the “equation of daylight”, also called “equation of day”, 

is the same as the difference between the right ascensions and the oblique 

ascensions for a given point of the ecliptic which is taken as the position of the 

sun. This difference is called “ascensional difference” in Ptolemyʼs Almagest 

(II:7).2 

(11-1-2) Although Bīrūnī talks about the southern hemisphere, there is no 

evidence that he had ever been there, and therefore it is likely that he was just 

doing mathematics. In the Coordinates he argues that civilization is impossible 

in the southern hemisphere.3 

(11-2) 

(11-2-2) Concerning the angle between the day arc4 and horizon, Bīrūnī used the 

terms baldric-shaped (ḥamāʾilīyya), reclinate-shaped (munḥanawīyya) and 

millstone-shaped (raḥāwīyya) respectively for the diurnal movement of the sun 

in the localities with the latitude 0<φ<90, φ = 0, φ = 90 (Figure 11-1). We have 

rendered these terms as oblique, vertical and horizontal. He used the first and 

third terms in his Masudic Canon as well.5 

 

 

 

 

 

 

                                                             
1 Bīrūnī, Masudic Canon, vol. 1, p. 457. For the definition of the day arc (or the diurnal arc) and its computations 

see: King, 2004-5, vol. 1, pp. 28-29. 
2 For the computation of the ascensional difference, see: Pedersen, pp. 110-111. 
3 Bīrūnī, Coordinates, p. 59-62 (Arabic), p. 29-31 (English), Kennedy, 1973, p. 12-15. 
4 For the parallel passages in the Introduction to Astrology, see: Bīrūnī, Introduction to Astrology, p. 177 (Persian), 

pp. 131 (English-Arabic). For the definition of the day arc (or the diurnal arc) and its computations see: King, 

2004-5, vol. 1, pp. 28-29. 
5 Bīrūnī, Masudic Canon, vol. 2, pp. 533, 535, the third term also in Coordinates p. 146 line 10 (Arabic), p. 110 

(English). 

0<φ<90 

Baldric-shaped movement 

NCP 

φ = 0 

Reclinate-shaped movement 

NCP 

φ = 90 

Millstone-shaped movement 

NCP 

Figure 11-1. Three kinds of day arc based on Bīrūnīʼs categorization 
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We should note that the day arc (or night arc) is expressed in time-degrees, 

where the “degree” is 
1

360
 of a daily rotation of the universe, and one degree equals 

four minutes of clock time. The day and night arcs of a star were already defined 

before Bīrūnī as well.1 Bīrūnī interestingly remarks that there is no night arc for 

circumpolar stars. In the Coordinates, he discussed the situation in polar areas on 

the earth from a mathematical point of view.2 

(11-3) 

(11-3-1, 11-3-2) The same subject is discussed in the Masudic Canon (I:7),3 

where seasonal hours are also called “measurement hours”, and also in the 

Introduction to Astrology.4 Equinoctial and seasonal hours were already used in 

Greek astronomy.5 Bīrūnī’s theory about the origin of the 12 seasonal hours 

cannot be found in his other works.  

(11-3-3; 11-3-4) In (11-3-3) Bīrūnī determines the length of a seasonal 

hour from (11-2-3), in (11-3-4) he uses the special seasonal hour lines on the 

astrolabe plates below the horizon. In the end of (11-3-4) he introduces an obscure 

unit, “part (or: degree) of an hour”. This unit is also discussed in the Masudic 

Canon (I:8)6 and is equal to 
1

30
 of a day and night, or 

4

5
 of an equinoctial hour. It 

should not be confused with the “time-degrees” (Arabic: azmān) in one 

equinoctial or seasonal hour. 

(11-3-5) The Kaharī (k) is defined as 
1

60
 of the day and night 

(nychthemeron). Bīrūnī defines this Indian unit of time in the same way in his 

India and Introduction to Astrology.7 The word Kaharī was derived from the 

Sanskrit ghatī or ghatika,8 and transcribed by Bīrūnī in slightly different ways.9 

If we consider a Kaharī as one sixth of the day arc, as it is defined in the Taṭrīq, 

Kaharīs can be converted into equinoctial hours h and time degrees t (and vice 

versa) as follows: 

                                                             
1 al-Battānī, pp. 48-49. 
2 Bīrūnī, Coordinates, p. 145-146 (Arabic), p. 109-110 (English), Kennedy, 1973, p. 82. 
3 Bīrūnī, Masudic Canon, pp. 76-79.  
4 Bīrūnī, Introduction to Astrology, p. 69 (Persian), pp. 53-54 (English-Arabic). 
5 Toomer, 1998, II:9, p. 99, 104; Pedersen, p. 113-114; Neugebauer, 1975, vol. 3, p. 1069.  
6 Bīrūnī, Masudic Canon, pp. 81-83. 
7 Bīrūnī, India, pp. 281-282 (Arabic), vol.1, p. 334 (English); Bīrūnī, Introduction to Astrology, p. 71 (Persian), 

pp. 54-55 (Arabic - English). In the English translation of Bīrūnīʼs India the word Kaharī is transliterated as ghaṭī. 
8 Plofker, p. 37. 
9 Kennedy, 1973, p. 225. 
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24h=60k, so h=2.5k 

360t=60k, so k=6t 

What Bīrūnī suggests for converting the equal hours into Kaharīs is a complicated 

way to multiply by 2.5. The identity k=6t is used for converting day arcs and 

night arcs to Kaharīs. The fact that Bīrūnī deals with Kaharīs in the Taṭrīq 

indicates that he considered people from Indian origin (who were able to read 

Arabic) as part of the audience of this treatise. So, it is likely that he compiled 

this treatise in Ghazni, where also some Hindu people were living, after he came 

back from India. 

(12-1) 

Transits is the subject of an entire treatise by Bīrūnī, entitled: Smoothing the Basis 

for the Investigation of the Notion of Transit (Tamhīd al-Mustaqarr li-Taḥqīq 

Maʿnā al-Mamarr; hereafter Transits).  Bīrūnī provided trigonometrical methods 

to compute the degree of transit in the Masudic Canon IV:51 and in the Keys.2 

The problem is traditional and had also been solved by Ptolemy in Almagest 

VIII:5.3 A very brief solution by means of the astrolabe is found in the Ikhrāj (30-

3). For a given star (1),  with non-zero ecliptic latitude and with ecliptic longitude 

(2), the degree of transit is a degree of the ecliptic (3) which passes through the 

meridian simultaneously with that star (Figure 12-1, where NEP, NCP are the 

ecliptic and celestial North pole).4  

 

 

 

 

 

 

 

                                                             
1 Bīrūnī, Masudic Canon, pp. 394-398. 
2 Bīrūnī, Keys, pp. 216-219. 
3 Toomer, 1998, pp. 411-412. 
4 Bīrūnī, Transits, pp. 2-3. 

Ecliptic 

Equator 

NCP NEP 

1 

2 
3 

SEP SCP 

Figure 12-1. The degree of transit for a given star 
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The degree of transit of a star is historically relevant because the 

coordinates in medieval Islamic star lists were often declination and degree of 

transit, rather than declination and right ascension. The degree of transit of a star 

is obviously the same as its ecliptic degree if the star is on the ecliptic itself, and 

also if it is at the solstitial colure (the great circle through the poles of the ecliptic 

and celestial equator, which also passes through the two solstitial points of the 

ecliptic). But for a star which is neither on the ecliptic nor on the solstitial colure, 

the situation depends on the ecliptic half in which the star is located. The solstitial 

colure divides the celestial sphere into two halves, which are called “ascending” 

and “descending”.1 The ascending half includes the ecliptic winter and spring 

signs Capricornus, Aquarius, Pisces, Aries, Taurus, and Gemini, and the 

descending half comprises the summer and fall signs Cancer, Leo, Virgo, Libra, 

Scorpio and Sagittarius. For a star with (1) northern ecliptic latitude in the 

ascending half or (4) southern ecliptic latitude in the descending half, the ecliptic 

longitude of the degree of transit is less than the ecliptic longitude of the star 

itself. In the words of Bīrūnī, the star passes the midheaven-line before its ecliptic 

degree. The situation is reversed for a star with (2) southern ecliptic latitude in 

the ascending half or (3) northern ecliptic latitude in the descending half (Figure 

12-2). 

 

 

 

 

 

 

 

 

 

 

                                                             
1 Bīrūnī, Introduction to Astrology, p. 144 (Persian), pp. 110-111 (Arabic - English). 

1 

2 

4 

3 

NCP 

SCP 

Figure 12-2. Four conditions for the degree of transit of a star based on its 

ecliptical latitude and longitude 
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The degree of transit of an astrolabe star can easily be found by putting the 

star on the meridian. For other stars whose ecliptic coordinates are given,  (see: 

5-3), one can use the plate for the latitude 66;25˚ to find their equatorial 

coordinates and then add the star to the spider by means of a pointer made 

of  paper. 

(12-2) Bīrūnī solves the problem by computation in the Keys1 and the 

Masudic Canon IV:19,2 and gives preliminary descriptions in his Introduction to 

Astrology.3 For the solution by Ptolemy (see Almagest VIII:5).4 

(12-2-1) Although the solution of the problem by the astrolabe is 

immediate, Bīrūnī begins with some remarks of theoretical interest. His question 

is whether any star with non-zero latitude rises and sets before or after its “ecliptic 

degree”, that is the point with the same ecliptic longitude as the star but zero 

latitude. The answer to this question depends not only on the coordinates of the 

stars (as in 12-1) but also on the time of day and the geographical latitude. The 

crucial factor is whether the pole of the ecliptic is above the horizon, on the 

horizon or under the horizon. If the pole is above the horizon, stars with northern 

ecliptic latitude (e.g., A) rise before their ecliptic degree and set after their ecliptic 

degree. The situation is the opposite for stars with southern ecliptic latitude (e.g., 

C) (Figure 12-3; AB and CD are perpendiculars from the horizon to the ecliptic). 

If the latitude φ is greater than the obliquity ε (in Bīrūnī’s words: in localities with 

only one type of shadow, see: 5-4) this is always the case, including the arctic 

regions, where the pole of the ecliptic can be in the zenith or South of it.  

 

 

 

 

 

 

 

                                                             
1 Bīrūnī, Keys, pp. 220-223. 
2 Bīrūnī, Keys, pp. 472-476. 
3 Bīrūnī, Introduction to Astrology, p. 204 (Persian), pp. 147-148 (Arabic - English). 
4 Toomer, 1998, pp. 412-413. 

A 

C
Horizon 

Figure 12-3. Rising and setting of a star and its ecliptical degree in localities with φ>ε 

B

D



234 

 

For φ<ε (in Bīrūnī’s words: localities with two types of shadow see: 5-4) 

the pole of the ecliptic can be under the horizon; if this is the case one can just 

mirror the figure in the horizon to see that the situation is the opposite. The case 

where the pole of the ecliptic is on the horizon, every star rises and sets at the 

same time as its ecliptic degree; Bīrūnī does not state this in full generality. In the 

Ikhrāj (30-1, 30-2) Bīrūnī discusses a solution without noticing that it is only 

valid for the case φ>ε, just like al-Ṣūfī.1 Perhaps Bīrūnīʼs theoretical 

considerations in the Taṭrīq were also intended as criticisms of al-Ṣūfī. 

(12-2-3) Bīrūnī discusses the situation on the equator, although there were 

no centers of Islamic civilization on the equator in his time. This confirms that 

Bīrūnīʼs explanations about the rising and setting ecliptical degrees of a star in 

different localities have theoretical interest only. On a plate for the equator, the 

horizon is the East-West line, so this is why Bīrūnī can also use 

other astrolabe plates for the equator. 

(12-2-4) Bīrūnī tacitly assumes that the degree of transit and the ecliptical 

degree of longitude are in the same ecliptical sign or are projected in the same 

way. Here Bīrūnī defines the “domain” of an ecliptic sign as the area of the sphere 

between two great circle arcs through the endpoints of the sign and ending at the 

poles of the celestial equator. There two arcs project onto the diameters through 

the endpoints of the signs on the astrolabe. Normally the Islamic astrologers 

would define the “domain” of a sign according to ecliptic longitude, that is, as the 

part of the celestial sphere between the two semicircular arcs from the two poles 

of the ecliptic to the endpoints of the sign. 

(12-3) In the Ikhrāj, Bīrūnī does not discuss this problem.  

(12-4) and (12-5): These problems are solved in the Ikhrāj (31) and also by 

al-Ṣūfī, in the course of Ch. 177-193.2 

(13-1) 

(13-1-2) On the Kaharīʼs see: (11-3-5). 

(13-1-7) In this section Bīrūnī introduces the so-called “halved [astrolabe]” 

(munaṣṣaf). This seems to be an astrolabe with a standard spider but with plates 

divided in two halves by the meridian line. The two halves might be for different 

                                                             
1 al-Ṣūfī, 1962, Ch. 194-196, pp. 175-177. 
2 al-Ṣūfī, 1962, Ch. 177-193, pp. 163-193. 
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latitudes or projections. An example is a 17th century plate, made in Lahore, which 

consists of two separate halves for northern and southern projection for the 

latitude of 42˚.1 This kind of astrolabe should not be confused with the bipartite 

(niṣf) astrolabe (in which the ecliptic degrees or almucantars are engraved for 

every two degrees (see: 10-1)),2 or with the crescent-shaped astrolabe, whose 

mater is half the standard one. The halved astrolabe cannot be the same as the 

mixed astrolabe which is discussed in (13-1-10). As far as we know, the “halved 

astrolabe” is not mentioned in other works by Bīrūnī, nor by other Islamic 

astronomers. 

(13-1-8) Note that the solution uses the almucantars on the plate of the 

boat-shaped astrolabe. Thus this plate contains not only the projections of the 

ecliptic and the fixed stars. 

(13-2) 

(13-2-1) The arc of revolution in a given time of day was defined as the number 

of time-degrees of the celestial equator which have risen from sunrise till that 

time of day. To calculate the arc of revolution one can multiply the number of 

equal hours by fifteen, or multiply the number of Kaharīs (see: 11-3-5)  by six, 

or multiply the number of seasonal hours by the number of degrees of the celestial 

equator contained in one twelfth of the arc of day.3 

Some astrolabes contained not only hour-lines engraved on the plate, but 

also seasonal hour-lines engraved on the alidade as well. Sijzī discusses their 

construction and he mentions Nasṭūlus as the inventor of these hour-lines on the 

alidade.4 The construction boils down to the following. Choose the point where 

the upper sight meets the lower edge of the alidade. Through this point we draw 

five auxiliary lines on the alidade, making angles 15, 30, 45, 60 and 75 degrees 

with the upper sight. Let the scale be the upper edge of the alidade. At the five 

points where the lines meet the scale, we draw small perpendiculars (the “hour 

lines”). We write the numbers 1 and 11 near the perpendicular through the first 

point, 2 and 10 near the perpendicular through the second point, and so on. Finally 

we write the number 6 on the other (lower) sight. See figure 13-1. 

                                                             
1 Sarma, pp. 543, Astrolabe no. A041.4. 
2 Bīrūnī, Astrolabe Construction, p. 23. 
3 Bīrūnī, Introduction to Astrology, p. 205 (Persian), pp. 149 (Arabic - English). 
4 Sijzī, f. 138b-139a, 150 a. 
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Now fix the alidade at the noon altitude of the sun and turn the altitude 

quadrant towards the sun. At noon, the ray of the sun will pass through the two 

holes of the two sights, and the shadow of the upper sight will cover the lower 

sight. Noon is the end of the 6th seasonal hour. Before or after noon, the sun is 

lower; for this case Bīrūnī prescribes the following procedure. Keep the alidade 

fixed at the noon altitude, but turn the astrolabe such that the plane of the astrolabe 

passes through the sun. Now the upper sight will throw a triangular shadow on 

the alidade. Look where the shadow intersect the scale. The intersection 

determines the seasonal hour; the numbers on the scale indicate the ends of the 

seasonal hours. The same procedure is found in the Ikhrāj (15). 

Bīrūnī explains the construction of the hour lines on the alidade in the 

Shadows1 and in the Astrolabe Construction,2 where he adds that it is based on a 

“faulty’’ (fāsid) principle and that he only mentions the construction because the 

famous astrolabe makers use it. In his commentary,3 E.S. Kennedy shows that the 

procedure is correct only when the noon altitude of the sun is at (or near) the 

zenith, and that it is a disaster in the other cases. For example, if the noon altitude 

of the sun is 45 degrees, and the procedure is followed, at sunset the shadow of 

the sight will intersect the scale at the lines for the end of the third and the ninth 

seasonal hour, although sunrise and sunset are actually at the beginning of the 

first and the end of the twelfth hour. D.A. King mentions two extant alidades with 

hour lines from the Islamic tradition and one from the European tradition.4 King 

suggests a different procedure which can be explained as follows.  The back of 

the astrolabe should stay in the meridian plane, also when the sun is not in the 

meridian; the back should face the East in the morning and the West in the 

afternoon. Then the sight will throw a shadow in the form of a parallelogram in 

the morning and the afternoon, and the side of the parallelogram parallel to the 

hour line shows the result. This procedure is better in the sense that it is correct 

in or near the beginning of spring and autumn, but it is incorrect in other cases. 

King’s procedure is contrary to what Bīrūnī says and also contrary to his own 

quotations from the sources. Figure 13-1 shows the alidade ADEH with the sights 

on BG and CF. The quarter circle with the radius FG and the center at F is divided 

into 6 equal sections by the dotted lines. The intersection points of the dotted lines 

                                                             
1 Bīrūnī, Shadows, p. 188-190 (Arabic), pp. 238-240 (English). 
2 Bīrūnī, Istīʿab, pp. 114-115. 
3 Kennedy, 1973, pp. 149-150. 
4 King, 2004-5, vol. 2, pp. 253-254; see also Sarma, pp. 1654-1656 (Astrolabe no. B019). 
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and the edge of the alidade BC indicate the unequal hour-lines from 1 to 5, the 

same hour-lines also serve the seasonal hours 7 to 11.   

 

Figure 13-1. Seasonal hour-lines on the alidade 

In case the shadow of the edge of the sights does not pass through the 

intersection of one of the hour-lines with the line through the pole exactly, Bīrūnī 

uses the same interpolation method as in (10-1, 2) The last sentence of this section 

shows that Bīrūnī realized the approximate nature of many interpolation 

operations using seasonal hours.  

(13-3) 

Bīrūnī explains the construction of these hour lines in Astrolabe Construction.1 

The back of the 10th century astrolabe of Khujandī contains a quadrant with these 

hour lines for latitude 33˚.2 This hour line quadrant should not be confused with 

an approximate hour line quadrant for all latitudes, based on circular arcs. The 

two types of quadrants are found on the back of the 10th century astrolabe of al-

Wāsiṭī, now lost.3 

(13-3-3) The interpolation process in this chapter resembles the examples 

in (10-1, 2). 

 

                                                             
1 Bīrūnī, Astrolabe Construction, pp. 110-111. 
2 See for a photo: King, 2004-5, vol. 2, p. 507. 
3 See the drawing b in King 2004-5, vol.2, p. 498. 
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(13-4) 

(13-4-1) contains an approximation construction, which boils down to the modern 

formula sin(h)=sin(H)sin(15T), where H is the noon altitude of the sun, h the 

altitude of the sun at the actual moment, and T the time in seasonal hours since 

sunrise or before sunset. This method was well-known in Islamic astronomy.1 

The “scale of 90” is a sinusoidal scale, so the distance of the mark for H on this 

scale to the center of the astrolabe is R.sin(H) where R is the radius of the 

astrolabe. The “sine lines which issues from the observed altitude” is at distance 

R.sin(h) from the horizontal line. Then if 15T is the angle between the alidade and 

the horizon, we have sin(15𝑇) =
𝑅.sin (ℎ)

𝑅.sin (𝐻)
. 

(13-4-2) This section contains a mathematically exact but unusual 

procedure, which we have not found in any other astrolabe work, and which is 

similar to analemma constructions in Islamic astronomy. Bīrūnī first considers 

the back of the astrolabe as the intersection of the meridian plane with the celestial 

sphere, and then, when he takes the alidade away and puts it in its second position, 

he uses the back of the astrolabe as the day circle.  

In figure 13-2, φ denotes the latitude of the observerʼs locality, δ is the 

declination of the sun, which we will assume northern in the figure. One observes 

the altitude h at a moment after noon. One wants to determine the “arc of 

revolution” (of the universe) after noon, that is time after noon in time-degrees. 

We will write η for the equation of day, H = 90 ‒ φ + δ for the meridian altitude 

of the sun, and R for the radius of the astrolabe. 

 

 

 

 

 

 

 

                                                             
1 King, 2004-5, vol. 2, pp. 119-197. 
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Our analysis of Bīrūnīʼs procedure for the determination of the arc of 

revolution by means of the lines of sines is as follows. First we explain the 

construction procedure for the case where the declination is northern.  

Figure 13-2, right side, displays the back side of the astrolabe with the 

horizontal and vertical diameter which intersect in the point O. We assume that 

the circumference of the upper right quadrant and also the lower left quadrant is 

provided with a scale in degrees. We first place the alidade in the position OF 

such that the angle with the horizontal line is equal to the complement 90 ‒ φ of 

the local geographical latitude. Then, from the upper end of the alidade (that is 

point F) and also from the lower end, we count the amount of the solar declination 

on the rim of the astrolabe, towards the throne of the astrolabe, because the 

declination is northern (as in figure 13-2). We do the same from the lower end of 

the alidade, and thus we obtain two points on the circumference of the circle. We 

take a ruler and place its edge on these two points; then the ruler is parallel to the 

alidade. The ruler intersects the horizontal line at point C. Now we take the 

alidade away from the astrolabe. The alidade contains two scales: a linear “sixty-

division” on the side of the upper pointer, and a sinusoidal “ninety-division” on 

the other side, that is a scale which displays numbers x at a distance R.sin x from 

the midpoint of the alidade. We place the end of the sixty-division half of the 

alidade on the degree of the meridian altitude of the sun (H) on the rim, and fix it 

there (at point A). Then we find the amount of the equation of daylight η on the 

ninety-half of the alidade starting from the midpoint. We make a mark there, and 

rotate the pointer of the alidade around point A until the mark is at B on the 

horizontal line. 

Then AB = R + Sinη.  Find point X on the circular scale at the observed 

altitude h above the horizontal line. Through X draw a parallel to the horizontal 

line to meet AB at Xʹ. Finally, determine in the circle an arc U (not shown in the 

middle figure in fig. 13-2) in such a way that AXʹ is the versed sine (thus AXʹ = R 

‒ Cos(U)). Then U is the desired arc of revolution before or after noon. 

The text does not show why this construction is correct. We can show this 

in two different ways, by geometry and by formulas. First, by geometry, we 

consider the right side of figure 13-2 as the meridian plane. Then FO is the 

intersection with the celestial equator, and AD the intersection with the day circle, 

that is the path of the sun during the day. Figure 13-2, left side, displays the 

celestial sphere with the meridian, the horizon, and also the day circle AE which 

intersects the meridian in AC. In general (for non-zero declination) point C is not 
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the center. Angle SCA = 90 ‒ φ since the day circle is parallel to the celestial 

equator. The figure also displays the noon altitude H and the altitude at the 

moment h.  The two segments AXʹʹ, XʹʹC in the left and right figure are equal, but 

we should realize that the day circle in the left figure has radius Cosδ and the 

circle in the right figure has radius R. If we multiply AXʹʹ, XʹʹC in the right figure 

with a factor (
1

𝐶𝑜𝑠𝛿
) we obtain AXʹ, XʹB. In the left figure, AXʹʹ is the versed sine 

of arc U taken in the day circle.  

Thus, in the right figure, AXʹ is the versed sine of arc equal to U in the circle 

of the back of the astrolabe.  

By computation, using sin η = tan δ.tan φ, the argument translates in the identity 

𝑅 ‒  𝐶𝑜𝑠 (𝑈) =  𝑅2 [
𝑆𝑖𝑛(𝐻)−𝑆𝑖𝑛(ℎ)

𝐶𝑜𝑠(𝜑)𝐶𝑜𝑠(𝛿)
], which is well known in Islamic astronomy.1 

We use capital letters for the medieval sine and cosine, which are R times the 

modern equivalents. 

Figure 13-3 shows an alidade displaying the seasonal hour-lines on its 

lower part. The upper part of the alidade includes the sinusoidal ninety-division 

(right half) and linear sixty division (left half) scales. All scales are in abjad 

numbers. 

 

Figure 13-3. The alidade of an astrolabe made in 496 A.H. (1102-3 A.D.) by Muḥammad ibn Abī 

al-Qāsim al-Isfahānī al-Salīhānī, described by D.A. King, 2004-5, vol. 2, p. 528-533 and p. 253. This 

astrolabe is preserved at the Galileo Museum in Florence (inventory number: IMSS, n. 1105) [CCA 122] 

(13-5) 

This section covers more or less the same ground as (13-1). 

(13-5-3) Here Bīrūnī uses exactly the same interpolation as in (10-2-1). 

(13-5-6) On the halved astrolabe see: (13-1).  

                                                             
1 Neugebauer, 1975, vol. 1, p. 36; Bīrūnī explains the analemma in Astrolabe Construction, p. 113; the identity is 

explained in Shadows, pp. 146-147, 159-160 (Arabic), pp. 196-198 (English), Kennedy, 1976, pp. 123-124. For 

some historic background see: Marie-Louise Davidian, pp. 330-335, esp. p. 333. 
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(13-5-10) The rules for the northern or southern projection of the zodiacal 

signs in mixed astrolabes have been explained in (12-2-4). 

(14-1) 

(14-1-1) Bīrūnī starts this section with an interesting natural philosophic 

(astrological) introduction. As far as we know, he does not give such an 

explanation in his other works, but he used the term “the transforming [points]” 

for the solstices in his Masudic Canon as well.1 The intersection points of the 

ecliptic with the horizon and meridian of a certain locality mark four essential 

points (called pivots) which served both astronomical and astrological purposes. 

Starting from the eastern horizon downward, the four intersection points were 

called (1) the ascendant, (2) “the pillar of the earth”, (3) the descendant, and (4) 

the midheaven or also “pillar of the sky” respectively. (Figure 14-1). 

 

 

 

 

 

 

 

 

(14-1-3) For the “halved astrolabe” see: (13-1-7) and the commentary.  

(14-1-4) The procedure for the “arc of revolution” (time since sunrise) of 

the boat-shaped astrolabe is explained in (13-1-8). 

(14-1-5) On the crescent-shaped astrolabe, the ecliptic is crescent-shaped 

with the northern zodiacal signs on the inner concave part and the southern 

zodiacal signs on the outer convex part. On the plate of this kind of astrolabe, the 

direction of the horizon and almucantars inside the celestial equator differs from 

their direction outside it, as we have described in the introduction on the crescent-

shaped astrolabe. After placing the ecliptical degree of the sun on the appropriate 

                                                             
1 Bīrūnī, Masudic Canon, vol. 3, p. 1355. 
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Figure 14-1. Four pivots of the celestial sphere 
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almucantar, if the desirable horizon (eastern for the ascendant and western for the 

descendant) intersects a zodiacal sign of the same type as that of the zodiacal sign 

of the sun, the situation is as for the standard astrolabe. But if the horizon 

intersects no zodiacal sign of the same type of the sun, the spider should be rotated 

90 degrees (because of the numbering of the rim which is from 0 to 90). Then the 

ecliptical degree in question would be computed as Bīrūnī describes. As an 

example for the latter situation, suppose the 24th degree of Leo is put on the 

eastern horizon. Since Leo is four full signs from the beginning of Aries, the 

ecliptical degree in question would be the 6th degree of Scorpio (the eighth 

zodiacal sign from Aries) according to Bīrūnīʼs procedure.  

(14-1-9) The “arc of revolution” cannot be found by means of the plate of 

horizons itself. The methods of (13-1) cannot be used here because the plate of 

horizons contains neither almucantars nor hour lines. One can use the alidade or 

the back of the astrolabe as explained in (13-2), (13-3) and (13-4). 

(14-1-10) Bīrūnī’s method for the determination of the ascendant on the 

summit of a mountain is of theoretical interest only. We have not found this 

method in any other astronomical or astrological work.   

(14-2) 

(14-2-1) In Islamic astrology, the twelve astrological houses were important for 

making predictions. They are defined as follows. One first divides the ecliptic 

into four quadrants as above by the horizon and meridian plane; then each 

quadrant is divided in turn into three (usually unequal) parts. The first house 

begins with the ascendent on the eastern horizon, and the houses are numbered in 

the order of the zodiacal signs: thus the fourth, seventh and tenth house begin at 

the intersections of the ecliptic with (4) the meridian below the horizon, (7) the 

western horizon, and (10) the meridian above the horizon. The term “pivot” is 

also used for these four houses, not only for their beginning points, and the houses 

were also called cardines in European astrology. The term “equalization of the 

houses” is the literal translation of its Arabic counterpart (taswīyat al-buyūt), but 

really means “computation of the beginning points of the houses”. In his 

Introduction to Astrology, Bīrūnī gives similar explanations of the terms 

succedent and cadent, which are used for the eight remaining houses.1 According 

to the Introduction to Astrology, the succedent houses (11, 8, 5, 2), meaning the 

signs in them, are about to occupy the four cardines by the diurnal movement. 

                                                             
1 Bīrūnī, Introduction to Astrology, p. 206 (Persian), p. 150 (Arabic - English). 
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Cadent houses (12, 9, 6, 3), meaning the signs in them, have just been in the 

cardinal positions. Then the “pivots” themselves can also be called upright, 

succedent and cadent depending of the number of signs between them: if the 

ascendent is Aries, and the meridian above the horizon is in the tenth sign 

Capricornus, the pivots are “upright”, if in the ninth sign Sagittarius, “cadent”, 

and if in the eleventh sign Aquarius, then “succedent”. The rationale of this 

terminology escapes us. 

Several methods for computation of the beginning points (also called 

cusps) of the houses were discussed in medieval Islamic sources1 such as Bīrūnīʼs 

Masudic Canon.2 In this section of the Taṭrīq Bīrūnī uses a method for the 

computation of the houses which is called “the standard method of houses” by 

E.S. Kennedy and J. D. North.3 This method probably dates back to pre-Islamic 

times, and was also used in Islamic astrolabe texts before Bīrūnī.4 The idea is to 

consider the semicircles parallel to the equator through the ascendant and the 

descendant. Trisect the arcs between the ascendant and the meridian (above and 

below the horizon) and draw great circles through the celestial North Pole and the 

division points, which intersect the ecliptic in the cusps of the 11th, 12th, 2nd and 

3rd houses. The cusps of the 5th, 6th, 8th and 9th houses are found in a similar way 

or by noting that they are diametrically opposite the cusps of the 11th, 12th, 2nd 

and 3rd houses. 

In (14-2-2) Bīrūnī computes the cusps of the houses by means of the 

seasonal hour-lines in a general way which can also be applied for mixed 

astrolabes. In (14-2-3) he gives an equivalent method based on calculation of the 

equation of daylight. The text is in disorder because the scribe skipped a line, but 

we have restored the passage for mathematical sense.  

In the Ikhrāj (16), Bīrūnī first presents the procedure according to the 

standard method, equivalent to (14-2-3), and then (in 16-5) the procedure using 

the hour lines, equivalent to (14-2-2). He says that this hour line method is “close 

to the truth, the difference is not noticeable”. The reason must be that the hour 

lines on the astrolabe plate are engraved as circular arcs through three points on 

the equator and the tropics. Thus the engraved lines are not the exact hour curves 

which are not circular. Bīrūnī also uses the standard method in the Keys with a 

                                                             
1 For a mathematical classification of these methods: Casulleras and Hogendijk, p. 80-87. 
2 Bīrūnī, Masudic Canon, vol. 3, pp. 1357-1369. 
3 Kennedy, 1998, no. XIX, pp. 538-540; North, 1986, pp. 3-12. 
4 Muḥammad ibn Mūsā Khwārizmī: Frank, 1922, p. 13; ʿAlī ibn ʿIsā: Schoy and Drecker, p. 247; al-Ṣūfī, 1962, 

Ch. 57-58, pp. 42-45. 
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clear geometrical figure,1 and in the Introduction to Astrology;2 in these works he 

does not comment on the accuracy of the hour-line method. 

In the Masudic Canon (XI:1) Bīrūnī calls this method the “well-known 

method”,3 again without remarking that the hour-line determination is only 

approximate, and he then also discusses another new method which he prefers 

himself.4 In the new method, the cusps are obtained by intersecting the ecliptic 

by great circles through the North and South points of the horizon which make 

angles 30 and 60 with the horizon and meridian planes. The new method is also 

explained in the Keys.5 In his astrolabe works Taṭrīq and Ikhrāj he only uses the 

standard method. The reason may be that he does not believe in astrology anyway, 

or that his own method requires a difficult trigonometrical computation or a 

special plate on the astrolabe with projections of the circles which define the 

houses. Such a plate for the houses is related to the special plate for progressions 

(16-6) but the two are not the same. In his Astrolabe Construction Bīrūnī does 

not mention a special plate for the houses. 

(14-2-5) For the boat-shaped astrolabe, the determination of the eleventh 

house is missing, probably by scribal error. We have reconstructed this passage 

in the Arabic text (and in the English translation) in analogy with the computation 

for the other houses, where the “retained amount” is the same as in (14-2-3). 

(14-2-6) On the crescent-shaped astrolabe, if the ascendant is in the 

northern zodiacal signs, it should be placed on the eastern horizon inside the 

celestial equator, otherwise the eastern part of the horizon which is outside the 

celestial equator should be used. Then the spider should be rotated in clockwise 

order regarding the appropriate horizon. 

(15-1) 

(15-1-1) According to the available sources, the azimuthal circles on the astrolabe 

were first used (and perhaps introduced) by Muḥammad ibn Mūsā Khwārizmī (fl. 

ca. 830 A.D.).6 The plates of medieval Islamic standard astrolabes are usually 

provided with azimuthal circles above the horizon, but sometimes azimuthal 

                                                             
1 Bīrūnī, Keys, pp. 276-279. 
2 Bīrūnī, Introduction to Astrology, pp. 309-310 (Persian), pp. 205-206 (Arabic - English). 
3 Bīrūnī, Masudic Canon, vol. 3, pp. 1357-1359. 
4 Bīrūnī, Masudic Canon, vol. 3, pp. 1359-1369. 
5 Bīrūnī, Keys, pp. 284-291. 
6 King, 2004-5, vol. 2, p 367; Frank, 1922, pp. 1-32, esp. p. 15. 
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circles are drawn below the horizon or on both sides.1 If azimuthal lines are only 

drawn below the horizon, the almucantars above the horizon can be engraved 

more accurately and fully.2 All azimuthal circles above the horizon pass through 

the zenith, represented by the number 90 among the almucantars. As Bīrūnī 

mentions, the engraved azimuthal circle arcs above the horizon end at the 

circumference of the last almucantar which surrounds the zenith, although the 

lines themselves of course continue. 

(15-1-2) Bīrūnī compares the interlacing curves (including azimuth-lines 

and almucantars) on the plate of the astrolabe with the ivy plant (the Latin name: 

Hedera helix). He described the characteristics of this plant in his Book of 

Pharmacology in Medicine (Kitāb al-Ṣaydana fī al-Ṭibb; hereafter 

Pharmacology).3 

(15-1-3) In the Ikhrāj (34) Bīrūnī describes three different systems for 

azimuths. In the first system (naẓm) (34-2), as in the Taṭrīq and also the Masudic 

Canon, the east and west points have “no azimuth” (i.e., azimuth 0), and the 

azimuth is counted towards the north and south. In the second system (34-3), the 

azimuth is reckoned from the south; it is 0 in the south, 90 in the east and west, 

and 180 in the north. In the third system (34-4), the azimuth is reckoned from the 

south and north, it is 0 in the south and north, and the maximum values are 90 in 

the east and west. 

(15-1-5) Chapters (15-1) and (15-2) correspond to the Ikhrāj (34). In the 

Ikhrāj (34-8) Bīrūnī adds a procedure to find the azimuth of astrolabe stars if the 

azimuthal lines are only drawn below the horizon. His construction of the point 

diametrically opposite the astrolabe star is wrong (because he assumes that the 

declination has the same direction as that of the star itself) and therefore the 

procedure is erroneous. This may be the reason why the same procedure for 

astrolabe stars is omitted in the Taṭrīq. 

(15-2) 

Bīrūnī again prescribes an interpolation procedure (see: 10-1), but it seems that 

the scribe skipped one line in the Arabic text by an oversight. Therefore we have 

restored the text for mathematical sense. 

                                                             
1 For some extant examples, see: King, 2004-5, vol. 2, pp. 759, 810, 844. 
2 For some extant examples: Sarma, pp. 93, 277, 528 (Astrolabes no. A001.3, A014.4, A040.3).  
3 Bīrūnī, Pharmacology, p. 816, No. 840. 
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(15-3) 

The first part of this section correspond to the Ikhrāj (36), which does not contain 

a solution by the sine quadrant as in (15-3-3). 

(15-3-3) The description is incomplete because one should first determine 

the declination δ, of the degree of the sun as in (5-2-4) using the “declination 

circle”. See figure 5-2, where 0<λ<90 means the ecliptic longitude. The “ninety 

division half” of the alidade has a sinusoidal scale; thus if we put the pointer on 

90‒φ, where φ is the geographical latitude, the intersection of the declination 

circle with the sinusoidal scale will indicate a number ɷ such that 

sin ɷ=sin δ.cos φ. Then ɷ is the rising amplitude because of the standard 

computation methods.1   

(15-4) 

(15-4-1) The method suggested by Bīrūnī in this section uses the astrolabe and 

only one observation of the sun. The usual (“Indian”) method uses two 

observations, and there are also methods that use three observations,2 but in these 

methods the astrolabe is not used. To put the astrolabe flat on the ground, Bīrūnī 

first attaches a circular piece of ebony with a small width to the rim of the 

astrolabe, so that the pole of the astrolabe does not meet the ground. Thus the 

back of the astrolabe can be horizontally placed on the ground with no inclination. 

Bīrūnī considered ebony as an appropriate material for this purpose because one 

can make perfectly flat cross sections.3 

(15-4-2) For the determination of the meridian and the east-west line in the 

first case (with South-eastern or North-western azimuth), the altitude of the sun 

for the actual moment should be taken. Then the azimuth should be determined 

by means of the astrolabe, and the alidade should be fixed on the number of the 

azimuth on the altitude scale. Then the astrolabe should be put in a suitable 

horizontal position and turned until the ray which passes through the hole in the 

sight meets the central axis of the alidade, so that it points exactly towards the 

sun. In this position of the astrolabe, the vertical line on the back is the meridian, 

and the throne points towards the South or the North. Because the altitude 

quadrant is on the left side of the back of the astrolabe, the method should be 

                                                             
1 Neugebauer, 1975, vol.1, pp. 37-39; Bīrūnī, Keys, p. 202-203, Masudic Canon (IV:12), vol. 1, p. 435. 
2 Bīrūnī, Masudic Canon, vol. 1, pp. 445-451; Bīrūnī, Introduction to Astrology, pp. 63-64 (Persian), pp. 49-50 

(Arabic-English); Neugebauer, 1975, vol.2, pp. 841-842. In the “Indian method” the meridian length is fond as 

bisector of two shadows of equal length, taken before and after noon. The method is also dealt with in Ikhrāj (37). 
3 For more information about the characteristics of ebony, see: Bīrūnī, Pharmacology, p. 21-23, No. 7. 
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changed in the second case (South-western or North-eastern azimuth) so that the 

throne will point to the West or East. Bīrūnī prescribed the same procedure in his 

Ikhrāj (38) where he adds that when putting the astrolabe in the horizontal 

position, one can already turn the throne approximately in the right direction 

before actually looking at the image of the hole in the sight. The special case (15-

4-3) is not mentioned in the Ikhrāj. Al-Ṣūfī also discusses the problem of (15-4-

2) in Chapters 157-158.1 

(15-5) 

(15-5-1) Because several words at the beginning of this passage are covered by 

ink in the manuscript, we have conjecturally restored the passage according to the 

context. In this section Bīrūnī suggests two different methods for setting up a 

gnomon perpendicular to the plane of the horizon. In the first method, the gnomon 

is exactly vertical if a reed draws a perfect circle on the ground, centered at the 

base of the gnomon (Figure 15-1a). In the second method, the apex of the gnomon 

should point towards a point on a staff from which a plumb line has been 

suspended (Figure 15-1b). 

 

 

 

 

 

 

(15-5-2) Bīrūnī now determines the ascendant and the arc of revolution 

(i.e., time of day after sunrise) on the basis of one observation of the azimuth of 

the sun, without using its altitude above the horizon. As he explains in the 

Masudic Canon (IV:15),2 this can be relevant around noon, when the altitude 

changes very slowly so the determination of the time of day from the solar altitude 

becomes inaccurate. The problem is mentioned very briefly in the Ikhrāj (39), but 

apparently not at all by al-Ṣūfī. 

                                                             
1 al-Ṣūfī, 1962, pp. 134-139. 
2 Bīrūnī, Masudic Canon, vol. 1, p. 445. 
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Figure 15-1. Two methods for setting up a vertical gnomon on the ground 
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(15-6) 

(15-6-1) The determination of longitudes was rather inaccurate in medieval 

Islamic tradition. Bīrūnī suggests as zero meridian the westernmost part of the 

inhabited world, namely the modern Canary Islands, and therefore his longitude 

values were on average about 15˚ higher than the modern Greenwich longitudes 

In his Coordinates, Bīrūnī remarks that people from different civilizations make 

largely arbitrary choices for a zero meridian, and that the Canary Islands for the 

people of the West and Ujjain1 for the people of India were two common choices 

at his time.2 But since in this section only the difference between two longitudes 

is required, the zero meridian is irrelevant.      

(15-6-2) The sun passes through the zenith of a locality if the meridian 

altitude of the sun equals 90˚, and in this case, the (northern) declination of the 

sun must be equal to the geographical latitude of that locality. This happens twice 

every solar year for localities “with two [types of] shadows” between the equator 

and the Tropic of Cancer. 

Based on Bīrūnīʼs values for the latitude of Mecca (21;20˚) and the 

obliquity of the ecliptic that he used (23;35˚), we can compute the solar longitude 

at these two days from the modern formula 

sin δ=sin λ.sin ε, so: sin 21;20˚=sin 23;35˚.sin λ 

      We find a solution λ=65;24,22˚. Bīrūnī presents what is obviously a rounded 

value 65;30˚. Thus the first zenith transit occurs in the spring when the sun is in 

Gemini 5;30˚ (65;30˚= 60˚ + 5:30˚) and the second one in the summer when the 

sun is in Cancer 24;30˚ (114;30˚ = 180 − 65;30˚). Bīrūnī uses an Arabic term for 

the noon-shadow which literary means “a shadow fitting the foot” (ẓill ṭibāq al-

khuff). According to his Shadows, it was invented by some Arab litterateurs in 

early Islam.3 

           (15-6-3) The general idea is to use a plate for the locality for which the 

qibla has to be determined, and then to set the astrolabe for the local time at which 

the sun is at the zenith of Mecca. The time difference corresponds to the longitude 

difference between the locality and Mecca. Then at the moment when the sun is 

                                                             
1 Bīrūnī, Coordinates, pp. 156-157 (Arabic), 120-121 (English). 
2 Bīrūnī, Coordinates, pp. 204-205 (Arabic), pp. 170 (English). 
3 Bīrūnī, Shadows, p. 43 (Arabic), p. 16 (English). 
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at the zenith in Mecca, it will not be at the zenith of the locality, but will indicate 

the direction of Mecca from the locality along a great circle on earth.  

(15-6-4) Bīrūnī mentions the 3;0˚ longitude difference between Mecca and 

Baghdad in the Coordinates as well.1 

           (15-6-5) The same method is valid for finding the direction towards other 

localities between the equator and the Tropic of Cancer. (15-6-6) For localities 

North of the Tropic of Cancer, the ecliptic can no longer be used. For this case, 

Bīrūnī shows how the astrolabe can be used for a general coordinate 

transformation from hour angle and declination (corresponding to the longitude 

difference with Mecca and the geographical latitude of Mecca) to azimuth and 

altitude (although he does not mention the altitude). The same method for finding 

the qibla is also explained in the Ikhrāj (35) in a much briefer way, only for Mecca 

and without any numerical values. 

(16-1) 

In this chapter, the “distance” is not the geometrical (shortest) distance but rather 

an arc along a circle parallel to the celestial equator, between a star or planet and 

the meridian plane. It can be expressed in “degrees”, in “equinoctial hours” (each 

of which is equal to 15˚) and in “seasonal hours”; since the seasonal hour is one-

sixth of the arc between the horizon and the meridian above the horizon (seasonal 

hours of day) or below the horizon (seasonal hours of night), the distance in 

seasonal hours is always a number between 0 and 6. This “distance” is used in 

the interpolation procedure in the astrological computations of the rays in (16-3) 

and the progressions in (16-4) and (16-5). The term “indicator” is taken from the 

theory of astrological progressions. Because these computations are made for sun, 

moon and the five planets, not for the fixed stars, we have usually translated 

kawkab as planet in this section. 

The computation of the distance is also explained in the Ikhrāj (43-1, 43-

2). As an introduction in the Ikhrāj (43-1), Bīrūnī defines the “ascending” and 

“descending” halves of the celestial sphere, which are the eastern and western 

halves of the celestial sphere divided by the meridian plane. Due to the apparent 

rotation of the universe, the stars ascend in the ascending half and descend in the 

descending half. There he also remarks that if the planet is above the horizon, the 

“distance” of a planet should be taken from midheaven, that is, towards the 

                                                             
1 Bīrūnī, Coordinates, p. 234 (Arabic), p. 200 (English). 
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meridian plane above the horizon, and if it is under the horizon, the distance 

should be taken towards the “pillar of the earth”, that is the meridian plane below 

the horizon. This is in agreement with Bīrūnī’s prescriptions for the rotation of 

the spider in this section of the Taṭrīq. 

Section (16-1) contains an interesting error, which could be due to an 

oversight by Bīrūnī. He begins by saying “Then put it (that is, the indicator) on 

the eastern horizon and make a mark on the place of the pointer [on the rim]”. In 

the Ikhrāj (43-2) he says correctly “you put the [ecliptic] degree of the ascendant 

on the eastern horizon and you make a mark at the position of the pointer on the 

rim”. In other words, the astrolabe should be set, and the mark on the rim should 

be made, for the actual position of the indicator which can be anywhere in the 

sky. 

(16-2) 

The projection of rays is an astrological idea transmitted from ancient Greek 

astrology to the Islamic tradition.1 According to this idea, the sun, the moon and 

each of the five planets cast seven visual rays to other points of the ecliptic. The 

positions of these rays are determined by means of a regular hexagon, a square 

and an equilateral triangle. The visual rays meet points of the ecliptic which are 

“looked at” (Latin: adspectus), and this explains the term “aspect” which modern 

astrologers use.2 Several different procedures were suggested for the 

determination of these rays in medieval Islamic sources on astrology and 

astronomy.3 Bīrūnī devoted an extensive chapter in his Masudic Canon (XI:4)4 

and also several brief chapters in the Ikhrāj (42, 43, 44) to this subject.  

(16-2-1) Bīrūnī begins this section of the Taṭrīq with a sarcastic remark at 

the expense of astrologers, to the effect that they always ignore the ecliptic 

latitude of the moon and planets.  

(16-2-2; 16-2-3) For the computation Bīrūnī uses what one might call the 

standard doctrine in medieval Islamic astronomy. This doctrine is also explained 

in Ikhrāj (43) as “the method (madhhab) of Ptolemy”, and in the Masudic Canon 

(XI:4, Sect. 1) as “the procedure attributed to Ptolemy”. According to this 

doctrine, the triangle, square and hexagon used for finding the rays are located on 

                                                             
1 For the ancient Greek doctrine see: Bouché-Leclercq, p. 247-251. 
2 Casulleras and Hogendijk, p. 40. 
3 Casulleras and Hogendijk, pp. 62-79. 
4 Bīrūnī, Masudic Canon, vol. 3, pp.1377-1392. 



251 

 

the celestial equator. The idea is as follows. Consider planet P in the ecliptic in 

its actual position and fix the semicircle through P and through the North point N 

and South point S of the horizon. Call Pʹ the intersection of the semicircle NPS 

and the celestial equator. Then rotate the celestial sphere with stars and planets 

over 60 degrees, in the direction of the apparent rotation of the universe, while 

keeping the semicircle through N and S fixed. The positions of P and Pʹ will 

change during the rotation but after the rotation we will find a new point of 

intersection Qʹ of the equator and the fixed semicircle through N and S: point Qʹ 

is 60 degrees away from Pʹ. Now project Qʹ back on the ecliptic along the fixed 

semicircle through N and S. Thus we find the point Q on the ecliptic such that PQ 

is one of the seven visual rays according to this doctrine. This particular ray is 

called the left sextile ray: if P is above the horizon, in the meridian plane of the 

observer, Q is to the left of it. We find the left quartile and trine ray in the same 

way by rotating the sphere over 90 or 120 degrees in the direction of the apparent 

motion of the universe, and the right sextile, quartile and trine rays by rotating 

the sphere in the other direction. Finally, P casts the opposite ray to the 

diametrically opposite point in the ecliptic.  

In Section 2 Bīrūnī deals with the cases where P is on the meridian or the 

horizon, so the semicircle NPS is drawn on the regular astrolabe plate of 

almucantars and azimuths. 

(16-3) 

If the emitting planet P is not at the horizon or meridian, the semicircle NPS is 

not drawn on the regular astrolabe plate with almucantars and azimuths. Then the 

standard method uses linear interpolation, as Bīrūnī describes in this section. 

Bīrūnī describes exactly the same interpolation process in the Ikhrāj (43-3) and 

also in more detail (and without reference to the astrolabe) in his Masudic Canon 

(XI:4).1 We will illustrate the procedure for the left sextile ray in modern notation. 

Bīrūnī first computes by the method of 16-2 “the first amount”, that is to say the 

ecliptic longitude a1 of the left sextile ray when P is in the meridian plane, and 

the “second amount”, that is the ecliptic longitude a2  of the left sextile way when 

P is in the horizon plane. But in this section 16-3, P is neither in the meridian nor 

on the horizon, so let “n” be the distance between P and the meridian as in 16-1, 

and “d” the day arc of P, if P is above the horizon, or its night arc if P is below 

                                                             
1 Bīrūnī, Masudic Canon, vol. 3,  pp.1396-1397; see also: Hogendijk, 2015, pp. 284-285, 295-297. 
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the horizon. We have 0 < n < d. Then, Bīrūnī finds the “equation” 𝑒 =
𝑛

𝑑
|𝑎1 − 𝑎2| 

and the ecliptic longitude r of the left sextile ray of P in the following three cases: 

𝑎1 > 𝑎2, then: 𝑟 = 𝑎1 − 𝑒 

𝑎1 < 𝑎2, then: 𝑟 = 𝑎1 + 𝑒 

𝑎1 = 𝑎2, 𝑡ℎ𝑒𝑛: 𝑟 = 𝑎1 

Exactly the same doctrine and interpolation procedures were described by 

al-Ṣūfī.1 Bīrūnīʼs extensive explanations of these astrological procedures in the 

Taṭrīq, the Ikhrāj and the Masudic Canon indicate the importance of these 

applications in his time.  See (16-6) for a more accurate determination using a 

special plate, and (16-7) for Bīrūnīʼs statement that he does not believe in the 

underlying doctrine attributed to Ptolemy. 

(16-4) 

The astrological idea of progressions was also transmitted from Greek to Islamic 

astrology. According to this idea, the astrologer could predict the time when a 

specific event (for example, death) would occur in the life of an individual.  For 

this purpose, the astrologer should first select two significant points or celestial 

bodies at the moment of birth of the individual. In the example of death, one of 

them was considered the point emitting life-force and the other a destructive 

point.2  

(16-4-1) According to the procedure discussed by Bīrūnī, the indicator 

(Ar.: dalīl) is the life-emitting point, and the promissor (Ar.: maqṣūd) is the 

destructive point, and the positions of both are assumed to be known. We consider 

the great circle arc through the indicator with endpoints on the North and South 

points of the horizon. Bīrūnī determines how much time-degrees it takes for the 

promissor to reach this great circle arc through the indicator, by the daily rotation 

of the universe. The time is expressed in time-degrees.3 In the astrological 

interpretation, one degree is considered as the equivalent of one solar year: so if 

the promissor reaches the great circle arc through the indicator in 57 time-degrees, 

and the promissor indicates death, the individual will live 57 solar years in 

principle. The number could be modified by means of other astrological 

                                                             
1 al-Ṣūfī, 1962, Ch. 154, pp. 127-130. 
2 Casulleras and Hogendijk, 41-43; for different systems for progression: pp. 43-61. 
3 360˚ is one complete rotation of the universe, so 1 time degree is almost 4 minutes of time. 
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considerations. If the indicator is on the horizon, or on the meridian, the procedure 

is straightforward because the horizon and meridian are drawn on the plate of the 

astrolabe. 

In the Keys Bīrūnī discusses his own terminology for progressions in 

connection with the terminology that was useful in his time in the Islamic 

astrological literature. Bīrūnī’s indicator (dalīl) was often called haylāj (rendered 

in medieval Latin as hyleg), and his promissor (musayyar ilayh) was also called 

qāṭiʿ, the cutting or destructive point. In Bīrūnī’s view of tasyīr computation, the 

destructive point moves by the daily rotation of the universe to the position circle 

through the hyleg and the North and South point of the horizon. Nevertheless, he 

calls the destructive point al-musayyar ilayh, the (point) to which the progression 

is made, or al-maqṣūd, the intended point. Perhaps one can explain 

this terminology, by means of the problem which he solves in 16-5: given a 

number (n) of solar years, to find the point in the ecliptic that will move to the 

position circle through the hyleg in this amount (n) of time-degrees by the daily 

rotation of the universe. The celestial bodies, rays, etc. near this point could 

obviously be used for astrological predictions for the n-th solar year of the life of 

the individual. For every year one could solve this problem and thus create a 

succession of points in the ecliptic for successive years, which will gradually 

progress towards the destructive point.1 

(16-4-2) For the case where the indicator is between the horizon and 

meridian planes, Bīrūnī prescribes an interpolation procedure similar to the one 

in (16-3).  First he solves the problem for the two cases where the indicator is on 

the meridian and on the horizon, and thus he finds two solutions in time-degrees. 

For the interpolation, he then determines the “distance” of the indicator to the 

meridian plane, as in (16-1) and the day arc or night arc of the indicator, and he 

then proceeds as in (16-3).  Bīrūnī gave almost the same explanations in his Ikhrāj 

(46) in somewhat different terminology (instead of dalīl he uses haylāj which is 

a more standard term in Islamic astrology).  Bīrūnī also presents the same method 

with interpolation but without reference to the astrolabe in Sections 1 and 2 of the 

comprehensive chapter Masudic Canon (XI:5) on progressions.2 An equivalent 

                                                             
1 See for these terminological discussions Bīrūnī, Keys, pp. 270-277. 
2 Bīrūnī, Masudic Canon, vol. 3, pp. 1393-1412. The chapter on the progressions in the Masudic Canon has been 

translated into English by Jan P. Hogendijk. See: Hogendijk, 2015. The same method is also explained without 

reference to the astrolabe in M. Yano and M. Viladrich, pp. 1-16. 
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computation and interpolation procedure (without reference to the astrolabe) is 

already found in Ptolemy’s Tetrabiblos III:10.1 

(16-5) 

(16-5-1) Bīrūnī begins by defining the “year” in general2 as the time of the return 

of the sun to a position in the ecliptic where it was at some special moment in 

time. 

(16-5-2) The two kinds of tropical year used in astrological predictions 

were “the year of the world” which is defined as the return of the sun to the vernal 

equinox, and “the year of the births”, which is defined as the return of the sun to 

the same position in the ecliptic when the birth took place.3  

(16-5-3) To compute the ascendant of any “year of the world” (or “year of 

the births”) from the previous “year of the world” (or “year of the births”), the 

astrolabe should be set to the ascendent of the previous year, and the spider should 

be rotated clockwise by the amount of 86;41˚. The 86;41˚ time-degrees were 

derived from the excess of the tropical year over 365 complete days, and the 

number corresponds to the length of the tropical year in Bīrūnīʼs Masudic Canon.4 

The excess corresponds to 5h46m44s (which could be rounded to 5h47m, but it is 

erroneously written 5h57m in the Arabic text of the Taṭrīq; the error may be due 

to Bīrūnī). 

The underlying idea may be that the ascendant of the year of the world can 

be found by setting the astrolabe for the ascendant for the previous year and then 

rotating the spider clockwise over de time interval of one tropical year.  This is 

366 complete rotations (365 for the solar days plus one extra to account for the 

complete revolution of the sun in the ecliptic) plus the remainder 86;41˚. This 

involves several approximations. In (16-5-3), Bīrūnī then prescribes to determine 

the ascendant after a number of years by successive rotations of the spider for 

each individual year. It is more efficient to compute the total arc of motion instead 

of rotating the spider for the preceding completed years one by one, and therefore 

it seems to us that Bīrūnī just wanted to show the usual method of the astrologers 

in an implicitly sarcastic way.5  The same implicit sarcasm can be detected in the 

                                                             
1 Ptolemaeus, pp. 279-305. 
2 He gives the same definition for the year in the Chronology, p. 9 (Arabic), p. 11 (English). 
3 Bīrūnī, Introduction to Astrology, p. 207 (Persian), p. 150 (English-Facsimile). 
4 In the Masudic Canon (vol. 2, p. 642), Bīrūnī remarks that the length of the tropical year is 365d5h46m42s 

according to his observations.   
5 As an example of applying this method by astrologers see: Shahmardān Rāzī, p. 144. 
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Masudic Canon (XI:7),1 where Bīrūnī presents an absurdly refined discussion of 

the world years, even involving the motion of the solar apogee.  

The Ikhrāj also contains a section (29) on the world years (see part 3-2 of 

the thesis for an English translation). The procedure is the same but instead of 

86;41˚, Bīrūnī gives three different possibilities for the number of time-degrees 

to be added: 87 according to the New Observation, 89 according to the Canon, 

and 93 according to the Zījes of the Sindhind. The number 93 corresponds to a 

sidereal (not tropical) year and is also found in al-Ṣūfī, Chapters 65-66,2 and also 

used in Indian astronomy.3 The New Observation is probably al-Zīj al-

Mumtaḥan.4 The number 89 corresponds to a tropical year of 365 days 5 hours 

56 minutes which is a rounded value of the Ptolemaic tropical year in the 

Almagest (365 days 5 hours 55 min 12 sec). The Canon is not the Masudic Canon 

(which has a different value) but a version of the Handy Tables of Ptolemy known 

to Bīrūnī under the authorship of Theon.5 

(16-5-4) In the rest of this chapter Bīrūnī presents some further discussion 

of the theory of progression, as indicated by the second part of the chapter title. 

It is unclear what exactly he means by his “own opinion” as mentioned in the 

title, for the problem is standard. The idea that every time-degree of the 

progression corresponds to one solar year is also mentioned in other Islamic 

astrological sources.6 

(16-5-5) This section is a preliminary to (16-5-6) and (16-5-7). Bīrūnī 

divides the solar year into 360 formal “solar days”, and he defines a natural day 

as the (average?) time interval between two successive sunrises.7 To convert a 

number N of natural days into a number S of solar days Bīrūnī uses the following 

identity: 𝑆 = 𝑁 ×
19440

19723
. Then one year of 360 solar days is equivalent to 𝑁 =

360 ×
19723

19440
 = 365 + 

13

54
 days = 365d5h46m40s, which is close to the previous value 

365d5h46m44s. This argument agrees with Bīrūnīʼs explanations in the Masudic 

                                                             
1 Bīrūnī, Masudic Canon, vol. 3, pp. 1417-1420. 
2 al-Ṣūfī, 1962, pp. 51-53. 
3 See Kennedy and Destombes, pp. 7-8. 
4 See: van Dalen, pp. 15-35. 
5 See: Bīrūnī, Transits, pp. 22: 5, 23: 12 (Arabic), p. 26, 27 (English); and Sezgin, GAS, vol. 6, pp. 95-96. 
6 For example: Qabīṣī, p. 128. 
7 Bīrūnī, Introduction to Astrology, p. 233 (Persian), p. 169 (Arabic-English). 
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Canon1 and the Introduction to Astrology2 on the subject. In the Masudic Canon 

(XI) Bīrūnī presents a table for converting natural days to solar days.3 

(16-5-6; 16-5-7) Here Bīrūnī discusses a problem in progressions which is 

the converse of the problem in (16-4). In (16-4) one was given (a) the positions 

of the indicator and (b) the position of the promissor, and one was asked to find 

(t) the time degrees which the promissor needs to move (by the daily rotation of 

the universe) towards the semicircle through the indicator and the North and 

South points of the horizon. In (16-5-6), one is given (a) the position of the 

indicator and (t) the number of time degrees. Required: (b) the position of the 

promissor (on the ecliptic) which will move towards the semicircle through the 

indicator and the North and South point of the horizon in t time-degrees by the 

daily rotation of the universe. This is useful in astrology to predict events at a 

given date after the birth of the individual. If the date is a given number of years 

and (natural) days after the birth of the individual, Bīrūnī first converts the natural 

days to the “solar days” of (16-5-5) and he then determines the time-degrees (t): 

one degree for each year plus one minute for each five solar days. In (16-5-6) 

Bīrūnī solves the problem for the indicator on the horizon or meridian. For other 

cases, the usual interpolation procedure is prescribed in (16-5-7). The problem in 

(16-5-6) and (16-5-7) is solved by the same method, without reference to the 

astrolabe, in the Masudic Canon (XI:5, section 4).4 The problem is not mentioned 

in the Ikhrāj.  

(16-6) 

(16-6-1) In his Astrolabe Construction, Bīrūnī describes how to construct a “plate 

of the projection of the rays” (or, as Bīrūnī prefers to say in (16-7), a “plate of the 

progressions”).5 The plate shows the projections of great circle arcs through the 

North and South points of the horizon which intersect the equator in integer 

multiples of 1, 2, 3, 5 or 10 degrees from the horizon and meridian. The centers 

of all these circles or arcs are on the same line parallel to the East-West line, on 

which the center of the horizon is located as well (Figure 16-1).6 (16-6-2) If the 

planet which emits the rays is on one of these  arcs which is engraved on the 

astrolabe (not only the horizon and the midheaven-line), the projections of rays 

                                                             
1 Bīrūnī, Masudic Canon, vol. 1, pp. 76-77. 
2 Bīrūnī, Introduction to Astrology, p. 233 (Persian), p. 169 (Arabic-English). 
3 Bīrūnī, Masudic Canon, vol. 3, pp. 1401-1408. 
4 Bīrūnī, Masudic Canon, vol. 3, pp. 1399-1400. 
5 Bīrūnī, Astrolabe Construction, pp. 79-81. 
6 For some extant examples of this kind of plate, see: King, 2004-5, vol. 2, p. 508; Sarma, pp. 75, 255, 662. 

(Astrolabes no. A16, A013.8, A057.5). 
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can be constructed by simply rotating the spider by 60, 90 and 120 degrees and 

noting the new intersections of the ecliptic with the same engraved arc.  

(16-6-3) In case the planet is not on one of the engraved arcs, Bīrūnī 

prescribes an interpolation procedure. 

 

Figure 16-1. The plate for the projection of rays, made in 1081/2 A.D., Zaragoza, by Muḥammad ibn 

Saʿīd as-Ṣabbān, Oxford astrolabe collection, no. 52473 [CCA 2527]  

Figure 16-1 shows the plate for the projection of rays, made in 11th-century 

Zaragoza. The arcs are only drawn between the tropics of Cancer and Capricorn, 

and intersect the equator in points whose distances to meridian and horizon are 

multiples of 10 degrees. 

(16-7) 

(16-7-1) Bīrūnī begins this section by quoting part of a verse of the Qurʿān.1  

(16-7-2) In his Masudic Canon, Bīrūnī mentions two different theories 

about the projections of the rays.2 According to the first theory, the projections of 

the rays should be computed by means of the celestial equator, so they are 

connected to the apparent daily rotation (first movement) of the universe. This 

theory underlies the standard procedure in (16-3) and the Ikhrāj (42-43), and also 

a variant construction in the Ikhrāj (44), which we have also translated into 

English (see part 3-2 of the thesis).3 According to the second theory, the distances 

between the planet and its visual rays should be measured on the ecliptic; this 

                                                             
1 See: Qurʿān, Isrā (17): 84. 
2 Bīrūnī, Masudic Canon, vol. 3, p. 1378. 
3 As Bīrūnī explained in his India (Arabic: p. 528; English: vol. 2, p. 224), in Indian astrology the nature of the 

aspect of every sign depends upon the nature of the ascendant. This statement implies that Indian astrologers 

followed the first opinion. 
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agrees with the aspects of the modern astrologers. In the second theory, the 

projections of rays have no relationship to the celestial equator and to the daily 

rotation of the universe. To compute the projections of the rays in the second 

theory (for planets without latitude), one can just add and subtract the 60, 90 and 

120 degrees from the ecliptic longitude of the planet to get the longitudes of the 

rays; an astrolabe is unnecessary. Bīrūnī states in the Masudic Canon that he 

subscribes to the second theory, and in this section of the Taṭrīq we find the same 

statement. He uses his opinion as an argument to call the special plate “plate of 

the progressions” instead of “plate of the projection of the rays”. It is perhaps 

surprising that he presents in (16-2) and (16-3) the standard procedure, although 

he does not believe in the theory on which this procedure is based. It is likely that 

astrology did not make much sense to him anyway.  

We now return to the Taṭrīq. The procedure for the determination of the 

progressions by means of this special plate is basically the same as above. If the 

indicator is on one of the engraved arcs, the time-degrees can be determined by 

simply rotating the spider until the promissor is on the same arc, and by counting 

the degrees of rotation. Otherwise an interpolation procedure is necessary (Figure 

16-1). 

(17-1) 

Bīrūnī discusses this elementary method in his Introduction to Astrology1 and 

Shadows2 as well. The Arabic word “shakhs” which he uses for gnomon (as well 

as some other Muslim astronomers) can also mean “person”.  

(17-2) 

(17-2-1) Bīrūnī suggests four methods for the determination of the height of an 

object by means of the astrolabe. The first three methods are equivalent (Figure 

17-1). A person wants to determine the unknown height (a) of an object. We call 

c the distance between the feet of the person and the foot of the object, and α the 

altitude angle measured by an astrolabe (𝛼  = 90 ‒ α). The height of the astrolabe 

above the horizon is b. We have a = b + c tan α. Bīrūnī prescribes the following 

methods. We use the notation Sin for the medieval sine (Sin(x) = R sin(x) with 

usually R = 60).  

                                                             
1 Bīrūnī, Introduction to Astrology, p. 313 (Persian), p. 208 (Arabic - English).  
2 Bīrūnī, Shadows, p. 203 (Arabic), p. 254 (English). 
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1) (𝑏.
𝑆𝑖𝑛 �̅�

𝑆𝑖𝑛 𝛼
+ 𝑐) (

𝑆𝑖𝑛 𝛼

𝑆𝑖𝑛 �̅�
) = 𝑎 

2) 
𝑏.𝑐

𝑏.
𝑆𝑖𝑛 �̅�

𝑆𝑖𝑛 𝛼

+ 𝑏 = 𝑎 

3) 𝑐.
𝑆𝑖𝑛 𝛼

𝑆𝑖𝑛 �̅�
+ 𝑏 = 𝑎 

  

(17-2-2) In the fourth method, he uses a gnomon (g) divided into 12 equal 

parts (Figure 17-2). Using the notation of Figure 17-1, we have: 

𝑎 = 𝑏 + 𝑐. 𝑇𝑎𝑛 𝛼 =
12𝑐

𝑠
+ 𝑏 

 

In the Shadows, Bīrūnī solves the problem in essentially the same way.1 

 

(18-1) 

We call x the unknown height of the object and we want to determine it from two 

altitudes ℎ1 > ℎ2 measured at positions on one straight line with the base of the 

object. The distance between the two positions is d. According to Bīrūnī: 

𝑥 = 𝑑
𝑆𝑖𝑛(ℎ1).𝑆𝑖𝑛(ℎ2)

60𝑆𝑖𝑛(ℎ1−ℎ2)
 . 

 

where Sin(h)=60sin(h) is the medieval sine. To see that this method is correct, 

call a the distance of the first position to the base and y the hypotenuse. (Figure 

18-1). Then, by the sine rule in modern notation:  

𝑑

sin (ℎ1 − ℎ2)
=

𝑦

sin (ℎ2)
=

𝑥

sin (ℎ1)sin (ℎ2)
 

Bīrūnī’s identity now follows. 

 

Bīrūnī solves essentially the same problem in the Shadows.2 

                                                             
1 Bīrūnī, Shadows, pp. 203-205 (Arabic ); pp. 254-257 (English). 
2 Bīrūnī, Shadows, pp. 205-208 (Arabic), pp. 257-258 (English); Kennedy, 1976, vol.2, pp. 161-163. 
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(18-2) 

This paragraph seems out of place because the problem concerns gnomons 

(whose size is not ignored), while the astrolabe is not mentioned at all. Bīrūnī 

discusses the same problem in his Shadows and there he uses a simple solution 

method, which he took from the Brahmasphutasiddhanta of Brahmagupta.1 The 

method which he prescribes here is more complicated and different from the 

method in the Shadows. The two gnomons (g) discussed here are supposed to be 

of the same height, both divided into twelve equal parts. We assume that x is the 

unknown altitude of the object, g is the length of the gnomons, h1 and h2 the two 

altitudes, and S1, S2 the two shadows. Where Bīrūnī uses “distance between the 

two eyes” it should actually be “distance between the two gnomons” to make 

mathematical sense. I will analyse the method in a geometrical figure. 

Let A be the top of the object whose height x we want to determine, B be its foot, 

and CD, EF the two positions of the gnomon, and let ADG, AFH be straight lines. 

Then G, H are the two positions of the eyes, CG = S1, EH = S2 the two shadows, 

and CD = EF = g = 12. We are given the two shadows S1, S2 and the distance d = 

CE between the two gnomons, and we want to determine the height x.  

Bīrūnī first computes GH = CE ‒ CG + EH; then he multiplies GH by 12 

and divides the result by EH, the outcome is called the “shorter column”. After 

that he computes 12(GE + CG + EH) and divides it by EH. The result is called 

the “longer column”. To see them in the figure, draw perpendiculars GK and CL 

to meet AH in K and L. Then 

𝐺𝐾

𝐺𝐻
=

𝐸𝐹

𝐸𝐻
, so: 𝐺𝐾 =

𝐸𝐹. 𝐺𝐻

𝐸𝐻
= 12

𝐺𝐻

𝐸𝐻
 

Thus GK and CL are what Bīrūnī calls the shorter and longer column. 

 Bīrūnī now computes GK ‒ DL = GK ‒ (CL ‒ g), which he calls the 

“separated amount”. To compute the altitude of the object, Bīrūnī squares CG and 

adds the result to 144, then takes the root of this summation and retains it. Then 

he multiplies this amount by 12GK and divides it by the separated amount. He 

finally divides the result by the retained root. 

This procedure is equivalent to the following modern formulas where Cs, 

CL and S respectively denote the “shorter column”, the “longer column”, and the 

“separated amount” (Figure 18-2). We write CG =12cot h1 and EH = 12 cot h2. 

                                                             
1 Bīrūnī, Shadows, pp. 205-208 (Arabic), pp. 257-262 (English); Kennedy, 1976, vol.2, pp. 159-163. 
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The step in which Bīrūnī computes the square root, multiplies by it and 

then divides by it, is superfluous. The terminology suggests that he copied this 

method from another (Indian?) source, but not from the Brahmasphutasiddhanta, 

which contains an easy solution. One wonders why he presented this needlessly 

complicated solution here. 

(18-3) 

(18-3-1) According to Bīrūnīʼs procedure the observer should first stand at a 

certain point C and look through the sights of the alidade towards the top A of 

the  object (AB). Then the lower side of the alidade will indicate the shadow length 

on the horizontal shadow scale. Then he should move the lower side of the alidade 

upward or downward by the amount of one unit on the shadow scale, fix the 

alidade in its new position, and then approach the object or move away from it so 

that he can see the top of the object (A) through the two holes of the alidade in 

the new position. The location (D) of the second measurement should be on the 

straight line with the first point (C) and the foot of the object (B). Then the height 

AB = g. CD where g = 6.5, 7, or 12, depending on the units of the gnomon, see: 

g g 
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figure 18-3). The same procedure is found in the Ikhrāj (64-1), in Bīrūnīʼs 

Shadows1 and in al-Sūfīʼs treatise on the astrolabe.2  

 

 

 

 

 

(18-3-2) For the case of the “ladder shadow”, essentially the same 

procedure should be carried out provided that if the edge of the alidade is put on 

the vertical side of the ladder shadow square, the “reversed shadow” should be 

converted to the “direct shadow” as explained in (3-3) as well.3 

(19) 

Problems on the determination of the depth of wells and the distance between two 

points on the earth were usually solved by several methods in the final parts of 

treatises on the applications of the astrolabe in Islamic tradition.4 Bīrūnī discusses 

these subjects in his Introduction to Astrology5 and Ikhrāj as well. 

(19-1) 

In this section he discusses the determination of the depth of two kinds of wells 

(Figure 19-1a,b). In the first case, the well is cylindrical, and in the second case, 

the well is the frustrum of a cone, with the top narrower than the bottom. In 

translating Bīrūnīʼs explanations on the latter case, we have interpreted the Arabic 

istiwāʾ as vertical distance through the air. Let AB in figure 19-1 denote the height 

of the observer, BC the depth of the well, EB the length of the wooden staff (which 

is equal to the diameter of the wellʼs opening) and α the degree of depression. 

The “second sine” which is used in the text by Bīrūnī, is equal to the cosine. 

Bīrūnīʼs method boils down to BC = EB.tan α ‒ AB in figure 19-1. In the Taṭrīq 

he does not discuss the case where the bottom of the well is narrower than the 

top, but all three cases occur in the Ikhrāj (68). In Ikhrāj (68-1, 68-2) he prescribes 

                                                             
1 Bīrūnī, Shadows, pp. 203-205 (Arabic), pp. 254-257 (English), Kennedy, 1976, vol. 2, p. 160. 
2 al-Ṣūfī, 1962, Ch. 340, p. 277.  
3 See also Bīrūnī , Shadows, pp. 77-78 (Arabic); pp. 121-122 (English); Kennedy, 1976, vol. 2, pp. 58-59. 
4 For example: al-Ṣūfī, 1962, pp. 280-283; Ṭabarī, pp. 166-167.  
5 Bīrūnī, Introduction to Astrology, pp. 311-313 (Persian), pp. 207-208 (Arabic-English). 
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the same method as in the Taṭrīq, and for the case where the bottom of the well 

is narrower than the top he suggests in 68-3 suspending a plummet from the 

midpoint of the horizontal wooden staff. Then the procedure is the same as the 

second case. In the Introduction to Astrology, Bīrūnī solves this problem only for 

cylindrical wells (Figure 19-1a) in a way which is different from what he 

prescribes here.1 

 

 

 

 

 

 

(19-2) 

Bīrūnī discusses three cases for calculating the width of a river.2 In the Ikhrāj (65) 

and the Introduction to Astrology,3 Bīrūnī treats the first case (19-2-1) but he does 

not mention the other cases. 

(19-2-1) In the first case, Bīrūnī assumes a flat area around the observer. 

Let AC denote the height of the observer standing at point C at one of the riverʼs 

sides, and BC the width of the river. The observer should first move down the 

alidade (by α degrees of depression) to sight the point B (the “first mark”) on the 

other side of the river through both holes of the alidade. Then he should fix the 

alidade, turn around to face a flat area and mark the point which he can see 

through both holes of the alidade as the “second mark” (point D). Then, BC = CD 

because of the congruence of the two triangles ABC and ADC.  

(19-2-2) In the second case Bīrūnī assumes that the observer is on the side 

of the river but there is no flat area around him. Now the calculation boils down 

to BC = AC.cot α in figure 19-2. The “second sine” is equal to the cosine as in the 

previous section.    

                                                             
1 Bīrūnī, Introduction to Astrology, pp. 312-313 (Persian), pp. 207-208 (Arabic-English). 
2 In the translation and commentary, we prefer rivers to valleys because the method is based on the assumption 

that the river is a body of water which is flat and horizontal. 
3 Bīrūnī, Introduction to Astrology, pp. 311-312 (Persian), pp. 207 (Arabic-English). 
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(19-2-3) In the third case, the observer is not exactly on the side of the river 

(Figure 19-3). The first sentence of this part is unclear but according to the context 

in this case, the width of the river (CD) is determined as the difference between 

the distances of the two sides of the river (C, D) from the observer (AB).   

 

 

 

 

(19-3) 

For the determination of the distance between two points B and D by an observer 

at point A, Bīrūnī discusses two cases. In both cases he first determines angle 

BAD by the astrolabe, and the distances AB and AD as explained before. 

(19-3-1) In the first case where AB = AD, we have 𝐵𝐷 =
2𝐴𝐷𝑆𝑖𝑛(

𝐵�̂�𝐷

2
)

𝑅
 with 

R = 60 (Figure 19-4) and Sin the medieval sine. 

 

 

 

 

 

 

(19-3-2) In the second case where AB is shorter than AD, (Figure 19-5), 

drop a perpendicular BC onto AD. Bīrūnī assumes that C is between A and D 

which of course does not always have to be the case. Bīrūnī computes the 
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“perpendicular” 𝐵𝐶 =
𝐴𝐵.Sin (𝐵𝐴𝐷)

60
. He then computes “one of the parts of the base 

of the triangle” as 𝐴𝐶 = √602 − 𝐵𝐶2, which I have emended to 𝐴𝐶 =

√𝐴𝐵2 − 𝐵𝐶2 to make mathematical sense. I consider this Bīrūnīʼs mistake, not a 

scribal error: perhaps he was confused because 𝐴𝐶 =
𝐴𝐵.Cos (𝐵𝐴𝐷)

60
 and 𝐶𝑜𝑠(𝑋) =

√602 − 𝑆𝑖𝑛(𝑋)2. Then he subtracts AC from “the larger of the two distances to 

the endpoints of the line segment” (that is AD) and finally computes the distance 

in question as 𝐵𝐷 = √𝐵𝐶2 + 𝐶𝐷2. 

 

 

 

 

 

 

 

 

In the Ikhrāj (66-1, 2) Bīrūnī solves the problem in a different way: in the 

second case he geometrically constructs a scale model of triangle ABD on the 

back of the astrolabe with A at the center. He then measures the length of BD with 

a compass. 

(19-4) We have not found this problem in the other works of Bīrūnī, nor 

anywhere else in the medieval Islamic literature. 

(20-1) 

(20-1-1) To determine the diameter of the earth, Bīrūnī describes two methods, 

of which he attributes the first to Sind/Sanad ibn ʿAlī (9th c. A.D.). This method 

is explained incompletely in the text, most likely because of scribal errors, so we 

have reconstructed the text to make mathematical sense. Bīrūnī explained the 

same method correctly in his Coordinates,1 Masudic Canon2 and Ikhrāj (69-

                                                             
1 Bīrūnī, Coordinates, pp. 218-220 (Arabic), pp. 183-185 (English), Kennedy, 1973, pp. 137-143.  
2 Bīrūnī, Masudic Canon, vol. 2, pp. 528-531. 
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2).1 He first measures the height (h) of the mountain on the top of which the 

observer measures the depression of the sun (α) at sunrise or sunset (Figure 2-1). 

He computes the radius of the earth as 𝑟 =
ℎ.𝐶𝑜𝑠 𝛼

𝑅−𝐶𝑜𝑠 𝛼
 with R = 60 and Cos the 

medieval Cosine; the versed sine of α is R ‒ Cos(α). For a translation of the Ikhrāj 

(69-2) see part 3-2 of the thesis. There Bīrūnī mentions that he has no practical 

experience with the method, and that the method was mentioned by Abū al-

ʿAbbās al-Nayrīzī2 on the authority of an unidentified ancient author Aristolos. 

This Aristolos said that the highest mountains in the world were 5
1

2
 miles where 

the mile is defined in such a way that the radius of the earth is 3200 miles. Bīrūnī 

adds that in that case the angle of depression was approximately 3 degrees. The 

above formula produces the depression α ≈ 3;20˚. 

(20-1-2, 20-1-3) The two cited works, [observing] the sunset from the 

lighthouse of Alexandria and [treatise] on the determination of the size of the 

earth by means of the depression of the horizon on summits, are not extant, but 

Bīrūnī also mentions their titles in the list of his own works. They are not 

mentioned in the Coordinates so they may have been written at a later date.3 

(20-1-4) Bīrūnīʼs explanations regarding the “strange land” North-West of 

Khwārizm and Jurjān may be compared to a report by Ḥamawī (Arab biographer 

and geographer of Greek origin, 1179-1229 A.D.). According to this report, 

Bīrūnī had a conversation with an unknown person from “the extreme limits of 

[the area of] the Turks” who visited the court of Sultan Maḥmūd of Ghazni. The 

unknown person told Bīrūnī that in the direction of the northern4 pole, he saw the 

sun rotates above the earth, so that there was no night.5 This conversation was 

about the arctic summer, and Bīrūnī’s statement that “the sun left there” may 

concern the arctic winter. The polar summer and winter are also discussed in the 

Coordinates,6 and there Bīrūnī also mentions an abortive attempt to measure the 

length of one degree on the earth in an area east of the Caspian sea.7 

(20-1-5) The second method is based on the measurement of the distance 

which corresponds to one degree of geographical latitude on the earth. The same 

                                                             
1 In the India, pp. 229-230 (Arabic), vol. 1 (English tr.), pp. 274-275 there are also errors, see: India, vol. 2 

(English commentary), p. 333. 
2 See: Sezgin, GAS, vol. 5, pp. 283-285.  
3 Boilot, pp. 234-235, no. 24, 25. 
4 Ḥamawī, vol. 5, p. 2332: southern! 
5 Ḥamawī, 1993, vol. 5, p. 2332; See also: Minorsky, p. 235. 
6 Bīrūnī, Coordinates, pp. 145-146 (Arabic), pp. 109-110 (English), Kennedy, 1973, pp. 82. 
7 Bīrūnī, Coordinates, p. 215 (Arabic), p. 180 (English).  
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method is explained in the Ikhrāj (69-1) and in several other medieval Islamic 

sources.1 

(20-1-6) Bīrūnī mentions Eratosthenes2 (ca. 276 B.C. ‒195 B.C.) as an 

example of an “ancient” astronomer who measured the distance between two 

cities on the same meridian by the second method.3 As Bīrūnī mentions, Galen 

referred to Eratosthenes for his measurement of the circumference of the earth 

(252000 stades) in his Introduction to Logic.4 That Bīrūnī considers Greek 

astronomers and mathematicians as “ancients” is also shown by his reference in 

(Taṭrīq, 0-0-2) to Abyūn/Ibūn the Patriarchʼs book On the Use of the Planispheric 

Astrolabe as the only book by the “ancients” that was available to the Muslims 

on the use of the astrolabe. 

(20-1-7) Bīrūnīʼs explanations of the second method for the determination 

of the size of the earth are consistent with what he wrote in the Introduction to 

Astrology on this subject.5 He mentioned the measurement of the distance 

between Raqqa and Tadmur (Palmyra) in his Coordinates as well, but remarked 

that the two cities are not on the same meridian, and that the report of this 

measurement was untrustworthy because of corruptions in the manuscripts.6 A 

report by Ibn Yūnus7 (d. 1009 A.D.) is also of interest in this connection. 

According to Ibn Yūnus, two groups of astronomers, one including Sind/Sanad 

ibn ʿAlī and Khālid ibn ʿAbd al-Malik,8 and the other including ʿAlī ibn ʿIsā9 and 

ʿAlī ibn al-Buḥturī,10 measured the distance of one degree of latitude in the time 

of caliph al-Maʿmūn (786‒833 A.D.). Ibn Yūnus mentioned Raqqa (written as 

wāma in the unique manuscript) and Tadmur as the cities between which this 

measurement was made, but it is not clear from his text whether both groups or 

only one of them measured the distance between these two cities.11  

                                                             
1 Nallino, pp. 281-287; see also Bīrūnī, Introduction to Astrology, pp. 160-164 (Persian), pp. 116-120 (English). 
2 For biographical information on Eratosthenes and his works, see: DSB, vol. 4, pp. 388-393. 
3 For Eratosthenesʼs method for the measurement of the size of the earth: Evans, pp. 63-65.  
4 Galen, XII:2, p. 43. Galenʼs work was translated into Arabic by Ḥubaysh in the 9th c. A.D. (Ibn al-Nadīm, vol. 

2, part 1, p. 280). 
5 Bīrūnī, Introduction to Astrology, pp. 160-164 (Persian), pp. 118-119 (Arabic - English). 
6 Bīrūnī, Coordinates, p. 211 (Arabic), p. 177 (English). 
7 For biographical information on Ibn Yūnus and his works, see:  Sezgin, GAS, vol. 6, pp. 228-231.  
8 For biographical information on Khālid ibn ʿAbd al-Malik, see: Sezgin, GAS, vol. 6, p. 139. 
9 For biographical information on ʿAlī ibn ʿIsā and his works, see: Sezgin, GAS, vol. 6, p. 143-145. 
10 Bīrūnī used the appellation “geometrician” (massāḥ) for ʿAlī ibn Buḥturī in his Introduction to Astrology (p. 

161 (Persian), p. 119 (Arabic-English)). No biographical information about him is available. 
11 Ibn Yūnus, p. 81.  
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For the determination of the circumference of the earth, Bīrūnī takes π = 
22

7
. 

According to Bīrūnīʼs explanations, one degree of geographical latitude 

corresponds to 56
2

3
 Arabic miles. Assuming that one Arabic mile is 1973.2 

meter,1 one degree of latitude is approximately equal to 111821 meter, which is 

a very good result.2 Bīrūnī uses farsakh as unit for the measurement of distances. 

Each farsakh is three Arabic miles,3 or approximately 5.9196 km.    

The information on the value of 56
2

3
 differs from the reports in the 

Coordinates.4 There Bīrūnī says that Ḥabash found 56 miles and al-Farghānī and 

others found 56
2

3
, but he does not explain the difference and does not give the 

story that 56
2

3
 was found as the average of 56

1

3
 and 57.  

(20-2) 

(20-2-1) In localities on the Arctic Circle (latitude 66;25˚ according to medieval 

Islamic astronomers), the pole of the ecliptic passes through the zenith once a 

day. At that time the ecliptic coincides with the local horizon, and the vernal 

equinox is on the eastern horizon. Thus the astrolabe plate for this latitude can be 

used to visualize the ecliptical coordinates of astrolabe stars:  when the pole of 

the ecliptic coincides with the zenith, the two coordinate systems (horizon-

altitude and ecliptic longitude-latitude) coincide (see: 5-3). The astrolabe should 

be set in such a way that the “beginning of Aries” is on the left side of the East-

West line. According to medieval Islamic astronomy, the precession changed the 

position of the vernal equinox and the ecliptic longitudes of the fixed stars every 

year a little bit, but the ecliptic latitudes were unchanged. After a century or so, 

the difference became noticeable, so the ecliptic longitudes of the stars had to be 

corrected by adding one degree for every interval of ca. 70 years. The updated 

star positions could be easily found on the astrolabe plate for latitude 66;25˚, and 

one could try to bend the corresponding astrolabe pointers of the spider towards 

the new star positions. Bīrūnī also explains the procedure in the Astrolabe 

Construction.5 

                                                             
1 Nallino, p. 288. 
2 Mercier, pp. 182-184; for the modern values of the [equatorial] circumference of the earth (40075 km) and its 

radius (from 6357 to 6378 km), see: Moore, p. 98. 
3  For the definition of farsakh, various types of cubits and spans, see: Ḥamawī, 1977, vol. 1, p. 36.  
4 Bīrūnī, Coordinates, p. 214 (Arabic), p. 179 (English). 
5 Bīrūnī, Astrolabe Construction, pp. 60-61. 



269 
 

3. Ikhrāj 

3-1: Translation of the Titles of All Chapters of the Ikhrāj 

1- The conventions of the astrolabe 

2- Taking the altitude 

3- Taking the depression 

4- The determination of the degree of the sun on the ecliptic 

5- The determination of the taken (i.e., observed) altitude on the almucantars 

6- The determination of the ascendant from the altitude 

7- The determination of the ascendant from the depression 

8- The determination of the day arc of any [ecliptical] degree and of any star 

you want 

9- The determination of the equal (i.e., equinoctial) hours [included] in days 

and nights 

10- The determination of parts (i.e., time-degrees) of [seasonal] day and night 

hours for each [ecliptical] degree, which is [equal to] the [arc of] revolution 

of the universe in every seasonal hour in that day or night 

11- The determination of part of the day or night which has elapsed in terms of 

the equal (i.e., equinoctial) hours 

12- The determination of the part of the day or night which has passed in terms 

of seasonal hours 

13- The conversion of the two types of hours to one another 

14- The determination of the part of the day which has passed from the day in 

terms of [one of] the two types of hours [engraved] on the back of the 

astrolabe 

15- The determination of the part of the day which has passed in terms of 

seasonal hour by means of the alidade of the astrolabe 

16- The equalization (i.e., computation) of the twelve houses 

17- The determination of the declination of the (i.e., any) [ecliptical] degree of 

the sun and of the declination of the fixed stars and of their distances from 

the zenith at their meridian transit 

18- The determination of the meridian altitude of any star or of any [ecliptical] 

degree we want 
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19- The determination of the altitude of the sun for the beginning of each hour 

of the two types [of hours] on every day 

20- The determination of the latitude of the plate [of the astrolabe] 

21- The determination of the latitude of the locality 

22- The determination of the latitude of the locality by means of the 

permanently visible (i.e., circumpolar) stars  

23- The determination of the right ascensions of [whole zodiacal] signs and 

their oblique ascensions and descensions 

24- The determination of the conversion of the degrees of ascensions to equal 

(i.e., ecliptical) degrees 

25- The determination of the [ecliptical] degree of the sun by observation 

26- The determination of the [ecliptical] degree of the sun from the day arc 

27- The determination of the ascendant from the hours [of day or night that 

have passed] 

28- The determination of the ascendant in the middle of the inhabited [world] 

(i.e., longitude 90, latitude the same as your latitude) from the ascendant in 

your locality 

29- Determination of the transfer of the years of birth and the world-years 

30- The determination of the [ecliptical] degree of the rising of the star and its 

setting and of its meridian transit  

31- The determination whether the rising of any star we want, its setting or its 

meridian transit happens during daytime or night 

32- The determination of the latitude of the northern localities in which the pole 

of the ecliptic rises [and sets], and the localities in which [the pole of the 

ecliptic] touches the horizon, and [the localities] in which [the pole of the 

ecliptic] is permanently visible 

33- The determination of the [geographical] longitudes of localities 

34- The determination of the azimuth of (i.e., from) the altitude of the sun and 

the star 

35- The determination of the azimuth of the qibla or of the azimuth of any 

locality we want 

36- The determination of the rising amplitude of any [ecliptical] degree and of 

any star we want 

37- The determination of the meridian line 

38- The determination of the meridian line from the azimuth 
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39- Finding the ascendant from the azimuth 

40- The determination of the [ecliptical] degrees of the fixed stars and their 

[ecliptical] latitudes 

41- The determination of the [distance] between the two stars 

42- The determination of the projection of rays according to the method 

attributed to Ptolemy by means of the plate [especially] constructed for this 

thing 

43- The determination of the projection of the ray based on this method on the 

plate of the almucantars, when there is no special plate for the projection of 

rays on the astrolabe 

44- Determination of the projection of rays by the corrected method, by means 

of this [special] plate 

45- The determination of the progression of the haylājs (prorogators) towards 

the supposed destructive [points] and assumed positions by means of the 

special plate for the projection of the ray 

46- The determination of the progression of the haylājs (prorogators) by means 

of the plate of the almucantars when there is no plate for the projection of 

rays on the astrolabe 

47- The determination whether the shadow which is used on the scale of the 

astrolabe is in digits or feet 

48- The determination of the conversion of the three [types] of the shadows to 

one another 

49- The determination of the altitude and shadow from one another 

50- The determination of the ladder shadow 

51- The determination of prayer times 

52- The determination of the beginning of dawn and the end of dusk 

53- The determination of the direct (i.e., normal) sine 

54- The determination of the arc of the direct (i.e., the normal) sine 

55- The determination of the versed sine 

56- The determination of the arc of the versed sine 

57- The determination of the direct sine by means of an alidade without sine 

lines 

58- The determination of the arc of the direct sine by means of the alidade 

59- The determination of the versed sine by means of the alidade 

60- The determination of the arc of the versed sine by means of the alidade 
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61- The determination of the ascendant from the altitude by means of the plate 

of horizons 

62- The determination of the height of a minaret or a wall or a mountain or 

anything else such that the foot of its perpendicular, that is the place where a 

stone falls, can be reached 

63- The determination of [the distance] between you and the base of a mountain 

or a wall or a minaret from the perpendicular (i.e., the height) if it is known, 

and the foot of the perpendicular cannot be reached 

64- The determination of the heights of mountains and other [objects] and [of 

the distances] to the feet of their perpendiculars if neither of them can be 

measured [separately] 

65- The determination of the width of rivers if there are no hills between their 

banks and surfaces, and the determination of [the distance] between you and 

an object which is placed on the flat surface of the earth, when it (i.e., the 

object) cannot be reached 

66- The determination of the [distance] between the two objects in two different 

directions on the surface [of the earth], [when] the two [objects] cannot be 

reached 

67- The determination of [the distance] between two objects of which one is on 

the surface of the earth and the other is above it 

68- The determination of the depth of pits and wells 

69- The determination of the magnitude of the circumference of the earth 
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3-2: Translation of Selected Chapters of the Ikhrāj 

[Also translated into German by Eilhard Wiedemann (see: Wiedemann, 1920, p. 

131-132); some other sections in Wiedemann, 1908, pp. 66-69; he also translated 

(69-1) and section (3) on the depression but we don’t need these.] 

 

This is the book on bringing what is in the potentiality of the astrolabe to 

actuality. 

(0-1) The excellent master and teacher Abū al-Rayḥān Muḥammad ibn Aḥmad 

Bīrūnī said: The astrolabe is the noblest of the instruments which are used in the 

art of astronomy, and it is characterized among them because it takes little effort 

to transport and to use it, and we quickly determine [by it] what we want to know 

about the situation of the sphere of the fixed [stars] - either in one way or in 

different ways depending on place and time. And [it is also distinguished among 

the other instruments] by the wonderful knowledge involved in its construction, 

by which one gets to know the projection of the sphere. 

(0-2) Most astronomers have written on the subject, and they have 

explained how to work with it. But some have failed to describe all that can be 

done with it, and others have made the description of its procedures too long, by 

repeating the same things or by mentioning converse procedures even if they are 

evident [from the procedures themselves]. Or they have added computations 

which have only little in common with it, and some have confused with the 

procedures [of the astrolabe] what does not belong to the subject and is far 

removed from its purpose, for simplification and facilitation. 

(0-3) When one lover of science was confronted with this, and found it 

difficult to correct them [the procedures] and put them in the [right] order, he 

asked me to collect for him the aims of the astrolabe in one book, so he could 

dispense with [studying] all that had been done (i.e., written) on this subject in 

such a way that the purpose is not attained. So I have done this and fulfilled my 

duty to the contemporary [astronomers], by improving he procedures of the 

previous [astronomers] and by correcting their knowledge [on the subject] and 

putting it in the correct order. God is the Provider of all that is good and the 

Discloser of all that is harmful. 
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(29) Determination of the transfer of the years of birth and the world-years 

Put the degree of the ascendant of birth on the eastern horizon and make a mark 

on the [position of] the pointer [on the rim]. Then turn the spider in the direct 

way, for every year: if the principle is by the Zijes of the Sindhind, ninety-three 

degrees, and by the Qānūn eighty-nine degrees, and by the Zijes of the New 

Observation, eighty-seven degrees, until you do this as many times as the number 

of complete solar years which preceded that desired transfer. Then look at what 

corresponds to the eastern horizon: that is the degree of the ascendant of that year. 

And similarly if the ascendant is some known year of the known (?) world-years: 

put its degree on the eastern horizon and do as we have said, then you will obtain 

on the eastern horizon the degree of the ascendant of that desired year.1 

 

(42) Determination of the projection of rays according to the method 

attributed to Ptolemy by means of the plate [especially] constructed for this 

thing 

(42-1) Preliminaries for the construction of the projection of rays: It is established 

that the aspects, that is, the places of the rays, are of four types: the first of them 

are the sextile, with argument 60 degrees, the second are the quartile, with 

argument ninety degrees, the third are the trine, with argument 120 degrees, and 

the fourth is the opposite, with argument 180 degrees. But it is no trouble for us 

to determine the opposite rays because it is in the degree diametrically opposite 

to the planet. (42-2) The other three aspects are of two types: those from the 

degree of the planet towards the direction of the zodiacal signs are called the left 

rays, and those towards the direction contrary to the signs are called the right rays.  

(42-3) Since this has been established, and if one needs to determine the 

projection of the ray of an assumed planet at a known time, then put the spider on 

the [special] plate for the projection of the rays, put the ascendant on the eastern 

horizon, and make on the rim on the position of the pointer the “mark of the 

radix”. Then look at which of the circles engraved on the plate the degree of the 

planet is located, and mark on it [the circle] on the plate, and call it “the equating 

circle”, regardless whether it is one of the group [bundle] of circles [engraved] on 

it or the horizon itself or the meridian. Then count from the mark of the radix on 

the rim directly (i.e., clockwise) the amount of the sextile, then you end at the 

point of the sextile, and make a mark on it. Then count from the mark of the radix 

also the amount of the quartile, then you end at the mark of the quartile, and count 

from the mark of the radix directly the amount of the trine, then you end at the 

                                                             
1 Compare Taṭrīq (16-5) and commentary. 
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mark of the trine. Then put the pointer on each of these marks and look where the 

“equating circle” intersects the ecliptic, that is the place where this left ray falls. 

If you have obtained the left rays and if you want the right rays, then follow the 

same procedure and do not change anything, except that you count the amounts 

of the rays, for you count them reversely (i.e., counter-clockwise), not directly. 

Then the equating circle will show you the place where the right rays hit the 

ecliptic, when you have put the pointer at their marks.2 

 

(44) Determination of the projection of rays in the corrected way, by means 

of this plate 

(44-1) Since there is in the procedure attributed to Ptolemy an evident defect, and 

a deviation from the [correct] place, some modern [astronomers] removed this 

[defect] from it, to return it to its [correct] place. I have seen a treatise by 

Muḥammad ibn Yaḥyā al-Ṭabarī on that computation. By this plate [for the 

projection of rays], the above-mentioned [incorrect] procedure [attributed to 

Ptolemy] is found in a number of treatises called “on the use of the astrolabe”, 

the oldest of which is by ʿAlī ibn ʿIsā the astrolabist. God knows best who was 

the first to correct that procedure [by this plate] and to invent the method for it. 

(44-2) If someone wants it, let him put the degree of the ascendant at the 

eastern horizon on that plate. Then he should look: if the planet is in one of the 

equinoctial points, I mean the beginning of the signs Aries and Libra, then he 

should put the side of the edged alidade on the degree of the planet for which the 

projection of rays is desired, and then count from the location of its pointer on the 

rim the amounts of the rays, in the direct (i.e., clockwise) direction for the left 

rays and in the reversed (i.e., counterclockwise) direction for the right rays. Then 

he should put the pointer of that alidade on the endpoints [on the rim], and then 

its side crosses the ecliptic at the [points of the] projections of rays. 

If the planet is not in these two places, let him put the side of the alidade 

on the degree and make on the position of the pointer on the rim a mark. Then 

put the side also on the intersection of orbit of Aries (i.e., the celestial equator) 

and the equating circle through the planet, and let him put on the position of the 

pointer of it on the rim a second point, and this [is called] the “radix”. Then he 

takes one-third of the [distance] between the two points [on the rim], and this [is 

called] “the equation”.  

                                                             
2 Compare Taṭrīq (16-6) and commentary. 



276 

 

(44-3) Then if the planet is in the ascending half and in the northern signs, 

whose orbits are inside the orbit of Aries, or if it is in the descending half and in 

the southern signs, then let him add the equation to the amounts of the sextile and 

the trine rays so they become corrected. Then let him count from the radix in the 

direct (i.e., clockwise) direction each of the corrected amounts, and let him put 

the pointer of the alidade on the two endpoints, then the side of the alidade cuts 

the zodiac in the projection of the left ray. For the right [rays], let him subtract 

the equation from the two amounts and count from the radix both [corrected] 

amounts in the reverse direction, and let him put the pointer of the alidade on the 

two endpoints. Then the point of intersection of the side [of the alidade] and the 

ecliptic is the projection of that right ray. 

(44-4) And if it (i.e., the planet) is in the ascending half and also in the 

southern signs, or in the descending half and in the northern signs, he subtracted 

the equation from the two amounts of the sextile and the trine rays for the left 

rays, and he added them for the right rays, and proceeded as before step by step, 

and thus he obtained the desired result.  

For the quartile ray, nothing is added to or subtracted from its amount [90] 

in all situations and places, but the whole of it is counted from the radix, in the 

direct or reversed [direction]. And the procedure in this case is according to what 

was explained in the other cases.3 

 

((69) The determination of the magnitude of the circumference of the 

earth) 

… 

(69-2) For the determination of that (i.e., the circumference of the earth) is a 

method which exists in the imagination and can be proved, but its practical 

application is difficult by means of the astrolabe, because the instruments are 

small and the magnitude of the thing which is measured by it is tiny. It is as 

follows. You climb a mountain which is high above sea or a smooth plane, and 

you observe the setting of the sun, then you find the depression which we have 

mentioned. Then you determine the altitude of the mountain, and you multiply 

that by the direct sine of the complement of the depression which you have found. 

                                                             
3 Here Bīrūnī presents a method for projection of rays which is called “Standard Houses Method” in J. Casulleras 

and J.P. Hogendijk, pp. 33-102, see especially Chapter 4.7, p. 74. J. Samsó showed that this method was also used 

in the Zīj al-Ṣafāʾiḥ of Abū Jaʿfar al-Khāzin (early 10th century), see J. Samsó, pp. 538-612, especially pp. 597-

601. 
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You divide the product by the versed sine of that depression itself. Then 

you multiply the quotient always by 22 and you divide the product by 7, and the 

result is the magnitude of the circumference of the earth in the unit of 

measurement by which you have measured the altitude of the mountain. 

But we have no experience with that depression and its magnitude in high 

places. We were attracted to mention that method what Abū al-ʿAbbās al-Nayrīzī 

reported on the authority of Aristolos that the maximum heights of the mountains 

are five and a half miles in the unit of measurement by which the radius of the 

earth is 3200 miles approximately. The computation shows, by the above-

mentioned principle that the depression on mountains whose heights are that 

magnitude is three degrees by approximation. But in such things one takes 

recourse to the [practical] experience, and one depends on the [practical] testing.4 

  

                                                             
4 Compare Taṭrīq (20-1-1) to (20-1-3). 
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Samenvatting in het Nederlands

Abū Rayh. ān Muh.ammad ibn Ah. mad al-B̄ırūn̄ı werd in 973 A.D. geboren
in een buitenwijk van de stad Kāth, nu Khiva in het huidige Uzbekistan. Hij
was één van de beste wiskundigen en astronomen van de islamitische traditie,
en bovendien gëınteresseerd in de Arabische taal en literatuur alsmede de
geschiedenis van verschillende culturen. Al-B̄ırūn̄ı bracht het eerste deel van
zijn leven door in zijn geboorteland Khwārizm, het gëırrigeerde gebied ten
zuiden van het Aralmeer, en later ook aan de hoven van diverse vorsten in het
noorden van Iran. In 1017 A.D. werd hij door Sultan Mah. mūd van Ghazni
gedwongen meegenomen naar Afghanistan, waar hij de rest van zijn leven
heeft gewerkt. Vanuit Ghazni heeft hij diverse reizen naar India gemaakt. Al-
B̄ırūn̄ı is in de moderne tijd vooral bekend geworden door zijn standaardwerk
over Chronologie en zijn beschrijving van de wetenschap, cultuur en religie
van India.

Al-B̄ırūn̄ı heeft ongeveer 120 werken van wisselende lengte geschreven
over een breed scala van onderwerpen, de meeste over exacte wetenschap-
pen. Zoals alle geleerden uit zijn tijd schreef hij voornamelijk in het Ara-
bisch, hoewel zijn moedertaal een Indo-Europese taal was die verwant was
aan het Perzisch. Het lezen van de werken van Al-B̄ırūn̄ı kan een uitdaging
zijn omdat hij vaak een veel rijker en ingewikkelder Arabisch hanteerde dan
de meeste andere wiskundigen en astronomen uit de islamitische traditie.
Van zijn ca. 120 werken zijn er 26 bewaard gebleven in middeleeuwse Ara-
bische handschriften. 24 van deze 26 werken zijn door moderne onderzoekers
gepubliceeerd en/of vertaald. Deze dissertatie heeft als doel de resterende
twee werken te publiceren. De werken zijn allebei handleidingen voor het
gebruik van het astrolabium.

Het astrolabium is een draagbaar instrument met een diameter van ca.
15-25 centimeter dat meestal van brons gemaakt is. In zijn eenvoudigste
vorm bestaat het uit vier metalen delen: spin, plaat, as en alidade. De spin
is een opengewerkt rond stuk metaal met daarop een kaart van de hemel met
de dierenriem en heldere sterren. De plaat is een schijf waarop de horizon
is gegraveerd met het oosten, noorden en westen, en verder het zenit (het
punt recht boven je hoofd) en een netwerk van cirkels rond en door het
zenit om hoogten boven de horizon en richtingen aan te geven. De spin kan
over de plaat draaien om een as die de noordpool aan de hemel weergeeft.
Hiermee kunnen allerlei verschijnselen aan de hemel, zoals het opgaan en
ondergaan van de zon en sterren, worden nagebootst. De hoek waarover

291



de spin draait kan in een tijdsinterval worden omgezet, omdat een volledige
draaiing overeenkomt met 24 uur. Op de achterkant van het astrolabium
bevindt zich de alidade, wat een lineaal met twee loodrechte vizieren is.
Door de alidade om dezelfde as te draaien kan de hoogte van de zon of
ster boven de horizon worden gemeten. Het astrolabium kan ook worden
gebruikt om onder andere de (lokale zonne)tijd te meten en de richting van
het noorden te bepalen. Astrolabia werden in de middeleeuwen veel gebruikt
door astronomen, maar ze hadden ook een grote artistieke waarde en werden
daardoor ook verzamelobjecten voor vorsten en rijke mensen.

De twee ongepubliceerde werken van Al-B̄ırūn̄ı zijn de volgende.
Het Boek om datgene wat in de potentie van het astrolabium ligt in de

actualiteit te brengen (Arabisch: Kitāb Ikhrādzj Mā f̄ı Quwwat al-Ust.urlāb
ilā al-Ficl) is een gebruiksaanwijzing voor het standaardastrolabium in 69
hoofdstukjes. Het is vermoedelijk een vroeg werk van al-B̄ırūn̄ı, waarschijn-
lijk voor 1017 A.D. geschreven toen hij nog in zijn geboorteland of in Noord-
Iran verbleef. Er zijn ca. 13 middeleeuws Arabische handschriften van het
werk bewaard gebleven, waarvan ik er 10 heb kunnen bestuderen. De hand-
schriften zijn niet door al-B̄ırūn̄ı zelf geschreven maar pas eeuwen later, door
schrijvers die het onderwerp niet goed begrepen. Door vergelijking van de
10 handschriften bleek dat twee handschriften (in Berlijn en in Diyarbakır,
Turkije) de minste schrijffouten bevatten. Deze twee heb ik gebruikt om de
Arabische tekst van al-B̄ırūn̄ı te reconstrueren. Deze dissertatie bevat de
gereconstrueerde Arabische tekst, en de Engelse vertalingen van de titels van
de 69 hoofdstukjes en van enkele hoofdstukjes. Omdat het boek een stan-
daardgebruiksaanwijzing is van het astrolabium, heb ik niet alle hoofdstukjes
vertaald.

In de Verhandeling over het openen van de weg tot het gebruiken van de
verschillende typen van astrolabia (Arabisch: Maqāla f̄ı al-Tat.r̄ıq bi-Isticmāl
Funūn al-Ust.urlābāt) legt al-B̄ırūn̄ı niet alleen het gebruik van het standaard-
astrolabium uit, maar ook van diverse varianten van het astrolabium die in
de islamitische traditie waren ontwikkeld. Het werk is taalkundig en ook
wat betreft de inhoud van een veel hoger niveau dan het Boek om datgene
wat in de potentie van het astrolabium ligt in de actualiteit te brengen. Het
probleem met deze Verhandeling is dat deze maar in één slecht leesbaar
Arabisch handschrift bewaard is, en vermoedelijk in de 16e eeuw is geschreven
door iemand die niets van het onderwerp begreep. In het handschrift zijn 10
plekken opengelaten waar in het origineel figuren stonden. In deze dissertatie
heb ik de Arabische tekst van de Verhandeling over het openen van de weg
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tot het gebruiken van de verschillende typen van astrolabia gereconstrueerd,
en de hele tekst in het Engels vertaald en van commentaar voorzien. In het
commentaar heb ik geprobeerd onbegrijpelijke gedeelten van de tekst uit te
leggen met moderne wiskundige notatie.

De dissertatie begint met een inleiding over Oud-Griekse en middeleeuwse
islamitische sterrenkunde en over het standaardastrolabium en de varianten
daarvan. Ook worden de inhoud en historische context van de beide werken
en het auteurschap van al-B̄ırūn̄ı besproken.
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هجریة بالحضرة المقدسة الشریفة العلویة الغرویة،  323حصل الفراغ من الزُبُر عصر الثلثاء من أ یام شهر ذي القعدة لس نة 

نوار الزاهرة صلوات متتالیة وتحیات غیر متناهیة. العبد المذنب الجا ، الحسین نيعلی مشرفها صاحب ال یات الباهرة وال 

 .المرتضی الحسیني السمناني، بلغّه الله غایة ال ماني من اش تمال ذهنه علی المعقولات ال ولی والثواني. قوبرلَ 
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قدر عشرین فرسخاً أ و أ کثر. ثم  5ما تسیره بال ذرع حتی تقطع 4وامسح 3علی خط نصف النهار لا غیره 2أ ن تکون 1بعد

لیه أ یضاً وأ لق 6اعرف ، الفراسخ منه عرض الموضع ال ول واقسم علیه ما بین الموضعین من 7عرض الموضع الذي انتهیت ا 

( وفي معرفة ذلك طریق قائم 2-35ال رض من الفراسخ. ) 9وس تین فما اجتمع فهو ما یحیط به 8فما خرج فاضربه في ثلثمائة

وقلّة مقدار الشيء  12لصغر الآلات 11بال سطرلاب ظ| 56|ب بالبرهان، والوصول ا لی عمله صعب  10في الوهم صحیح

مشرفاً علی بحر أ و بریة ملسأ ء وترصد غروب الشمس فتجد فیه ما ذکرناه جبلًا  14یبُنی علیه فیه وهو أ ن تصعد 13الذي

المجتمع  16تعرف مقدار عمود ذلك الجبل وتضربه في الجیب المس توي لتمام الانحطاط الموجود وتقسم 15من الانحطاط کي

علی  18المجتمع تقسملذلك الانحطاط نفسه. ثم تضرب ما خرج من القسمة في اثنین وعشرین أ بداً و  17علی الجیب المعکوس

 21قدّرت عمود الجبل ولم یقع لنا بهذا الانحطاط وکمیته في المواقع 20فیخرج مقدار ا حاطة ال رض بالمقدار الذي به 19س بعة

أ عمدة  23( وجرّأ نا علی ذکر هذا الطریق ما حکاه أ بوالعباس النیریزي عن أ رسطولس أ نّ أ طول6-35) 22العالیة تجربة.

آلافالجبال خمسة أ میال ونصف با نّ الحساب یقتضي  24لمقدار الذي به نصف قطر ال رض ثلثة أ ومائتاً میل بالتقریب. فا 

لی التجربة  26أ ن یوجد 25بهذه القضیة المتقدمة الانحطاط في الجبل الذي عموده هذا القدر ثلث درجات بالتقریب وا 

ل. 27یلُتجأ   لّا من عند الله العزیز الحکیم. 29وبالله التوفیق 28في مثل هذه ال ش یاء وعلی الامتحان یعَُوَّ  وما التوفیق ا 

                                                             
 بعد: )ب( وبعد 1
 تکون: )ب( یکون 2
 غیره: )د( غیر 3
 وامسح: )ب( فامسح 4
 تقطع: )ب( یقطع 5
 اعرف: )ب( اعرض 6
 والق: )ب( فأ لق 7
 ثلثمائة: )ب( ثلثة مائة 8
 ص( به-)ده 9

 ص( في الوهم صحیح -)ده 10

 بال سطرلاب ‒)ب(  11
 الآلات: )ب( الآلاب 12

 ص( الذي-↑)د 13
 تصعد: )ب( یصعد 14
 کي: )ب( ثم 15

 تقسم: )ب( یقسم 16
 المعکوس: )ب( المنکوس 17
 تقسم المجتمع: )ب( یقسم المبلغ 18
 س بعة: )ب( سعة 19
 ص( به-)ده 20
 )ب( المواضعالمواقع:  21
 تجربة: )ب( تحریة  22
 أ طول: )ب( أ طوال 23
آلاف: )ب( الف 24  أ
 یقتضي بهذه القضیة المتقدمة: )ب( یقضی لهذه المقدمة 25
 یوجد: )ب( مرجد 26
 یلتجا: )ب( یلتج  27
 یعول: )ب( فیها بعول 28

 وبالله التوفیق ‒)ب(  29
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ال علی واضربه في مثله واضرب  3الشيء ظ| 52|ب  2أ صل عمود 1للمسامتة، فاس تخرج بعُد ما بین الشيء ال سفل وبین

 العمود في مثله واجمعهما وخذ جذر المبلغ، فما کان فهو بعُد ما بینهما علی ممر السهم في الهواء.

ذا کان حفر البئر أ سطوانیاً، أ عني سعة أ علاها1-35: )ال بار والرکایا ( معرفة قعر35) مثل سعة أ سفلها،  4( أ ما ا 

فضع علی رأ سها خش بة کالقطر لتدویره، ثم قم علی شفیر البئر عند أ حد طرفي الخش بة وعلقّ ال سطرلاب وأ در العضادة 

ثم اضرب مقدار قامتك في  6 الموضع الذي یمر علیه بصرك من الخش بة.المقابل لك وعلّم علی 5حتی تری بثقبتها قعر البئر

لی العلامة التي علمّت علیها، فما خرج  7مقدار الخش بة المعترضة واقسم المبلغ علی مقدار ما بین طرف الخش بة التي تلیك ا 

ذا کان الحفر مخروطیاً 2-35. )8فانقص منه مقدار قامتك وما بقي فهو مقدار عمق البئر ، فأ ما ا ن یکون أ علاها أ وسع ( وا 

العین وترسله من عند  11شیئاً صقیلًا ظاهراً لحس 10أ ن تأ خذ 9من أ سفلها أ و أ ضیق، فا ن کان أ علاها أ ضیق فینبغي لك

بعد من مقامك ا رسالًا، یمرّ به ا لی عمقها بطبعه وارجحنانه ا لی المرکز. ثم تقوم عند الطرف ال خر وتدیر  طرف الخش بة ال 

الشيء المرسل الواقع في العمق وتعلّم علی ممر البصر من الخش بة وتعمل  و| 56|ب معاً ذلك  12تری بثقبتیهاالعضادة حتی 

ذا کان الحفر مخروطیاً، وکان أ علاه أ وسع من أ سفله، فلیکن ا رسالك لذلك الشيء من عند نصف 6-35العمل ال ول. ) ( وا 

 لقذة بالقذة.ما تقدّم حذو ا 13الخش بة، ثم اعمل سائر ال عمال علی حسب

ختر موضعاً ما في البراري السهلة والقیعان المس تویة واعرف 1-35: )( معرفة مقدار اس تدارة ال رض35) ( ا 

عرضه بما تقدم، ثم اس تخرج خط نصف النهار وسِر علی اس تقامته وعلی اس تقبال کوکب الجدي وانصب في طریقك 

یاها عنك  16من کل علامة ا لی ثالثتها فتکون 15علی خط مس تقیم بأ ن تنظر 14علامات وامتحنها حتی تکون الثانیة ساترة ا 

                                                             
 وبین ‒)د(  1
 عمود: )ب( عموده 2
 الشيء: )د( والشيء 3
 أ علاها: )ب( أ علالاً  4
 )ب( + البئر 5

 المقابل لك وعلم علی الموضع الذي تمر علیه بصرك من الخش بة ‒)د(  6
 التي تلیك: )ب( الذي یلیك 7
 البئر: )ب( البیر 8

 لك ‒)د(  9
 تأ خذ: )ب( یأ خذ 10
 لحس: )ب( لحسن 11
 بثقبتیها: )د، ب( بثقبتها  12

 حسب ‒)د(  13
 تکون: )ب( یکون 14
 تنظر: )ب( ینظر 15
 فتکون: )ب( فیکون 16
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ن اختلف بعداهما عنك فضع النصف المجیّب من العضادة علی الخط ال فقي واقلب ال سطرلاب 2  1حتی تری وأ دره( وا 

بکلتي  2به أ یسر الش یئین کما فعلت أ ولًا. ثم أ در النصف المجیّب من العضادة علی أ جزاء الارتفاع حتی تری أ یمن الش یئین

ذا الثقبتین وا 
مریها. ثم اضرب أ قل بعدیهما في الجیب کله واقسم المبلغ  4رأ یته فاترك العضادة علی وضعها وعلّم علی موقع 3

من المري في نصف العضادة المجیّب وعلّم علی المنتهی ، فا ن کان أ یمن الش یئین أ قل  5، فما خرج فعد مثلهعلی أ عظم بعدیهما

وضع ا حدی رجلیه علی المرکز  7ا لی نقطة المشرق. ثم افرج البرکار بمقداره 6بعداً من أ یسرهما فخط خطاً مس تقیماً من المنتهی 

فما خرج فهو  10المجتمع علی الجیب کله، 9به في أ عظم البعدین واقسممن النصف المجیّب، فاضر  8والرجل ال خری أ ین یبلغ

ن کان أ یسرهما بعد ما بین ذینك الش یئین وا 
مریها علی نقطة المشرق وعلّم  12أ قل بعداً من أ یمنهما فأ در العضادة حتی تضع 11

من الخط ال فقي. ثم صل بین هذه العلامة والعلامة التي کنت علمّتها علی  و| 52|ب علی موقع منتهی  العدد في العضادة 

لیه و| 52|د موقع مریها من أ جزاء الارتفاع بخط مس تقیم  أ ولًا، فیخرج بعد  13وافرج البرکار بمقداره واعمل ما أ رشدناك ا 

 الش یئین. 14ما بین ذینك

ذا کان الشيء المرتفع 1-33: )عنه 15رتفععلی بس یط ال رض وال خر ی ( معرفة ما بین ش یئین أ حدهما33) ( أ ما ا 

ذا مرّ بصرك في  دراکهما علی حرف ال سطرلاب دفعة واحدة ا  مسامتاً للذي علی بس یط العرض، وعلامة ذلك أ ن یمکنك ا 

 17کما تقدم في معرفة عروض ال ودیة 16سطح ال سطرلاب وهو معلق مخلّی، فحینئذ فاس تخرج بعُد ما بینك وبین أ سفلهما

رأ س جبل واس تخرج ما بینك وبین أ صل عموده فا ن کان مساویًا للمحفوظ، فاس تخرج  18ه واحتسب بأ علاهماواحفظ

ن اختلفا فاضرب فضل ما بینهما في مثله واضرب العمود في مثله واجمعهما وخذ جذرهما، فما  عموده فما کان فهو ما بینهما، وا 

ن لم یکن الشيء ال علی م 2-33کان فهو ما بینهما. ) نهما مسامتاً لل سفل، وعلامته أ ن لا یوجد فیه الشریطة المذکورة ( وا 

                                                             
 تری: )ب( یری 1
ص( کما فعلت أ ولًا. ثم أ در النصف المجیّب من العضادة علی أ جزاء -)به 2

 الا رتفاع حتی ترای من الش یئین
ذا 3 ذا: )ب( فا   وا 
 موقع: )د( موضع 4
 مثله: )ب( مثل 5

ن أ یمن الش یئین أ قل بعداً من أ یسرهما فخط خطاً فا ن کا ‒)ب(  6

 مس تقیماً من المنتهی 
 بمقداره: )د( بمقدار 7
 یبلغ: )ب( بلغ 8

 واقسم: )ب( فاقسم 9
 کله: )ب( کل 10
 أ یسرهما: )ب( السرهما 11
 تضع: )ب( یضع 12
لیه-)به 13  ص( ما أ خبرتك ا 

 ( ذینك ↑ذینك: )ب( ذلك؛ )ب 14
 یرتفع: )ب( مرتفع 15
 )د( أ سفلهاأ سفلهما:  16
 ال ودیة: )د( ال ودویة 17
 بأ علاهما: )ب( بأ علام  18
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ن کان الظل أ صابع أ و في عدد أ قدامه ا ن کان الظل -35أ قداماً، فما اجتمع فهو ما بین الموضع ال ول وأ صل عموده. ) 1ال ول ا 

ن أ ردت أ ن تعلم6 لیه في الهوا 2( فا  ب ما ء، فاضرب عموده في مثله واضر ما بینك وبین رأ س ذلك الشيء علی ممر السهم ا 

 بینك وبین أ صله في مثله واجمعهما وخذ جذر الجملة فما کان فهو المطلوب.

جبال ومعرفة ما بینك وبین شيء  4وسطوحها ال ودیة التي لا یمکن أ ن یمدّ بین شفارها 3( معرفة عروض34)

لیه 6یمکن ا ذا لم 5موضوع علی بس یط أ رض مس تو ذا أ ردت ذلك فقم في موضع أ رفع من بس یط ال رض وعلقّ الوصول ا  : ا 

ال سطرلاب مخلّی وحرّك العضادة حتی تری شفیر الوادي ال خر أ و الشيء الموضوع علی ال رض بالثقبتین  و| 51|ب 

نبوبة. ثم اترك العضادة علی وضعها المنحط من الخط ال فقي واس تدر علی نفسك حتی تواجه أ رضاً مس ت یة و معاً أ و بال 

نبوبة، فما وقع علیه بصرك من بس یط ال رض فعلّم علیه. ثم امسح ما بینك وبینه فما وجدت  7وانظر بثقبتي العضادة أ و ال 

 ذلك الشيء الموضوع الذي طلبت معرفة ما بینك وبینه. 8فهو مساوٍ لما بین شفیر الوادي ال خر وبینك أ و بینك وبین

لیهما( معرفة ما بین ش یئین علی بس یط متبا33) ( احتسب أ نّ ما بینك وبین کل 1-33: )ینین ممتنع الوصول ا 

 10أ رض مجهولة أ و واد واس تخرج بعُد ما بینك وبین کل واحد منهما واحفظه علی حدة فا ن یساوي 9واحد من الش یئین

یاً مس تو 13ال سطرلاب علی وجهه وضعه علی ال رض المس تویة 12مري العضادة علی الخط ال فقي واقلب 11البعدان فضع

نبوبة وهي موضوعة  14موازیًا لل فق وأ دره بالکلیة حتی تس تقبل نقطة المشرق أ یسر الش یئین وتراه بثقبتي العضادة أ و ال 

فما  ظ| 51|ب حتی تری بثقبتها أ یمن الش یئین،  15علی الخط ال فقي. ثم اترك ال سطرلاب علی وضعه وأ در العضادة

نك ه المس توي واضعف ذلك الجیب واضربه في أ حد بعدي الش یئین ع تحرك المري في أ جزاء الارتفاع فنصفه وخذ جیب

-33ما بینهما بالمقدار الذي عرفت به بعد ما بینك وبین کل واحد منهما. ) 16واقسم المبلغ علی الجیب کله فما خرج فهو بعُد

                                                             
 الظل ‒)ب(  1

 أ ن تعلم ‒)د(  2
 عروض: )ب( العروض 3
 شفارها وسطوحها: )ب( شفایرها وشطوطها 4
 )ب( مس تویةمس تو:  5
 یمکن: )ب( یمکنك 6
 ال نبوبة: )ب( ال نبویة 7
بین شفیر الوادي ال خر وبینك أ و بینك وبین: )ب( بینك وبین شفیر  8

 الوادي ال خر و

 الش یئین: )ب( الشین 9
 یساوي: )ب( تساوا 10
 )د( فتضعفضع:  11
 اقلب: )د( اثبت 12

 المس تویة ‒)ب(  13
 )د( تریتراه:  14
وهي موضوعة علی الخط ال فقي. ثم اترك أ و ال نبوبة )ب(  15

 ال سطرلاب علی وضعه وأ در العضادة
 ص( بعد-)ده 16
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ن کان أ بعدعلی خط مس تقیم؛ فا ن کانت العلام لیه منك فزد ما مسحت علی العمود وا  ما مسحت  2منك فانقص 1ة أ قرب ا 

ن لم یمکن کون ارتفاع الشمس فیه ا لی خمسة وأ ربعین جزءاً فعلّم علی 2-36من العمود وما حصل فهو المطلوب. ) ( وا 

ما بینك  3موقع ظل رأ س العمود أ عني عمود ذلك الشيء من ال رض أ يّ وقت کان والارتفاع علی أ يّ قدر کان فامسح

واعرف ظله علی سطح ال فق فما  و| 56|ب مقسوماً بمقادیر متساویة  وبین العلامة وانصب في ذلك الوقت بعینه شخصاً 

الشخص فما خرج فهو ظل العمود بال قدار التي هو بها مقدّر.  5المجتمع علی مقدار 4کان فاضربه في العمود المعلوم واقسم

لیه من رأ س الظل فانقص من ظل العمود  ن کان رأ س الظل ظ| 51|د فا ن کنت أ قرب ا  لیه فزده  ما مسحت وا  أ قرب ا 

ن اتفقت السماء متغیمة أ و أ ردته والشمس غائبة، فالتصق 6-36علیه، فما حصل فهو ما بینك وبین أ صل عموده. ) ( وا 

بال رض ما أ مکنك ثم قس ارتفاع رأ س ذلك الشيء واضرب عموده في جیب باقي ارتفاعه من تسعین واقسم المجتمع علی 

 ین أ صل عموده.جیب ارتفاعه، فما خرج فهو ما بینك وب

یمکن الوصول ا لی مساحة  6غیر أ ن ( معرفة کل واحد من أ عمدة الجبال وغیرها ومساقط أ حجار رؤوسها من35)

لتصق بال رض ما أ مکنك في موضع معلوم من أ رض مس تویة الوجه وقس ارتفاع رأ س ذلك الشيء ثم 1-35) 7أ حدها: ( ا 

ن کان أ صابع أ و  8الظل وأ درهانظر ا لی مري العضادة ال سفل علی کم وقع من أ جزاء  حتی یزداد ذلك الظل ا صبعاً واحداً ا 

ذا التصقت  11أ قداماً. ثم ابعد عن موضعك علی خط مس تقیم مسامت العمود 10ا ن کان 9قدماً واحداً  ا لی أ ن تبلغ موضعاً ا 

ذا بلغته فامس ظ| 56|ب فیه بال رض أ مکن  ا بینه وبین ح مالنظر ا لی رأ سه بثقبتي العضادة وهي علی هذا الوضع، فا 

فا ن أ ردت أ ن تعلم عمود ذلك الشيء فاضرب المحفوظ في اثني عشر ا ن کنت حرّکت العضادة  12الموضع ال ول فاحفظه.

ن حرّکتها قدماً، فما اجتمع فهو مقدار العمود بالقدر الذي به مسحت ما بین الموضعین.  13ا صبعاً واضربه في س تة ونصف ا 

ن أ ردت ما بینك وبین35-2) ( وا 
صل عموده فاضرب المحفوظ في عدد أ صابع ظل الارتفاع الذي قس ته في الموضع أ   14

                                                             
 ؛ )ب( + منه.«منه»شطب الکاتب کلمة )د(  1
 انقص: )ب( انقض 2
 فامسح: )ب( وامسح 3
 واقسم: )ب( فاقسم 4
 «.ال»وشطب « المقدار»)ب( کتب الکاتب  5
 ص( أ ن-)ده 6
 دهماأ حدها: )ب( أ ح 7
 وأ دره: )ب( فأ دره 8

 واحداً  ‒)د(  9
ن کان-)به 10  ص( أ صابع أ و قدماً واحداً ا 
 العمود: )ب( للعمود 11
 فاحفظه: )ب( واحفظه 12
 وضربه: )د( وضرب 13
 بینك وبین: )ب( شکو من 14
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ر مسقط حج ( معرفة طول عمود منارة أ و جدار أ و جبل أ و غیر ذلك ا ذا أ مکن الوصول ا لی أ صل عموده أ عني32)

ذا أ ردت ذلك فارصد ارتفاع الشمس حتی یصیر خمسة1-32: )رأ سه ذا صار کذلك، فامسح ما بین ( ا   وأ ربعین جزءاً، فا 

في ذلك  2الشمس بحیث یبلغ ارتفاعها 1( فا ن لم تکن2-32طرف ظله وأ صل عموده، فما کان فهو مساحة طول عموده. )

معرفته، فانصب شخصاً مقسوماً بأ جزاء متساویة معلومة نصبة مس تویة واعرف  و| 65|ب الیوم هذا المقدار واس تعجلت 

الشخص  4أ قسام 3امسح من لدن طرف ظل الشيء المطلوب معرفته ا لی أ صل عموده، فما کان فاضربه في عدد ظله، ثم

-32المنصوب واقسم المبلغ علی ظل الشخص، فما خرج فهو طول عمود ذلك الشيء بال جزاء التي مسحت بها ظله. )

دم ادة علی خمسة وأ ربعین جزءاً ثم تق( فا ن أ ردت معرفة ذلك مع غیبة الشمس بغیوم أ و غیر ذلك، فضع مري العض6

نبوبة الملصقة بها لذلك حتی تری رأ س ذلك الشيء من غیر أ ن تحرّك العضادة  5وتأ خر وأ نت تنظر من ثقبتي العضادة أ و ال 

ذا بلغت موضعاً یمکن ذلك فیه وزد علی المبلغ  7فامسح من قدمك ا لی أ صل عموده 6عن وضعها علی خمسة وأ ربعین. فا 

والتأ خر مقدار ما  8( فا ن کان الموضع بحیث لا یمکن فیه من التقدم5-32ك، فیجتمع طول عمود الشخص. )مقدار قامت

لیه، فالتصق بأ صل ذلك الموضع ما أ مکن وخذ ارتفاع رأ س ذلك الشيء. ثم امسح ما بینك وبین أ صل عمود ذلك  9 یحتاج ا 

بالمقدار  11فما خرج فهو طول عموده 10اعه من تسعین،الشيء واضربه في جیب ارتفاعه واقسم المبلغ علی جیب باقي ارتف

 الذي مسحت به ما بینك وبین مسقط حجره.

أ و منارة من قبل عمود ا ذا کان معلوماً ولم یتوصل ا لی  12أ و جدار ( معرفة ما بینك وبین أ صل عمود جبل36)

 13قعذلك الیوم، وعلّم علی مو  ( أ رصد ارتفاع الشمس حتی یصیر خمسة وأ ربعین جزءاً، ا ن أ مکن في1-36: )أ صل عموده

نّ ما بینك وبین مسقط حجر العمود هو مثل العمود  ظل رأ س ذلك الشيء من ال رض فا ن وافقت العلامة مقامك، فا 

ن تقدم سواء، وا 
الظل وموضعك وأ صل العمود  15مقامك أ و تأ خر، فامسح ما بینك وبین العلامة بعد أ ن یکون رأ س 14

                                                             
 تکن: )ب( یکن 1
 ارتفاعها: )ب( ارتفاعه 2
 «.أ شخاص»)ب( شطب الکاتب کلمة  3
 ص( أ قسام -)به 4

 الملصقة بها لذلك ‒)د(  5
 ص( فیه-)ده 6
 عموده: )د( عمود 7
 )ب( تقدمالتقدم:  8
 فالتصق بأ صل: )ب( فالنصق بأ رض 9

في جیب ارتفاعه واقسم المبلغ علی جیب باقي ارتفاعه من تسعین:  10

علی  ظ| 65|ب )ب( علی جیب باقي ارتفاعه من تسعین واقسم المبلغ 

 جیب ارتفاعه
 عموده: )ب( عمود 11
 جدار: )د( جراد 12
 )ب( + المري 13

فا ن ما بینك وبین مسقط حجر العمود هو مثل العمود سواء  ‒)د(  14

ن تقدم  وا 
 «.ال»)ب( کتب الکاتب الرأ س وشطب  15
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ذا کان الجیب المعکوس1-63: )( معرفة قوس الجیب المعکوس بالعضادة36) أ قل من الجیب کله فاطبق  1( ا 

المجیّب علی 2النصف
علّم علی موقع المنتهی  من الخط ثم أ در 4خط الانتصاب وعدّ فیه من لدن المري مثل ذلك الجیب و 3

هو قوس وبین المري ف  و| 65|ب من أ جزائه  5العضادة حتی ینطبق النصف المقوّس علی العلامة، فما کان بین ما وافقه

ن کان أ کثر من الجیب کله فأ لق منه الجیب کله فما2-36ذلك الجیب المعکوس. ) ( وا 
بقي فهو جیب مس تو فخذ قوسه  6

 قوس ذلك الجیب المعکوس. 8فتجتمع 7وزدها علی تسعین جزءاً،

اس تخرج و  : خذ الارتفاع أ يّ وقت شئت واجعله جیباً مس تویاً الارتفاع بالصفیحة ال فاقیة ( معرفة الطالع من31)

ن  ارتفاع نصف نهار یومك بأ ن تحصل میل درجة الشمس من المیل المخطوط في هذه الصفیحة، فتزیده علی عرض بلدك ا 

ن کان المیل شمالیاً  9کان جنوبیاً وتنقصه منه ا ن کان شمالیاً، ثم تسقط الحاصل من تسعین، فیبق  ارتفاع نصف النهار. وا 

من جهة الشمال  10رض البلد ثم أ سقط ما بقي من تسعین فیبق  ارتفاع نصف النهاروکان أ کثر من عرض البلد فأ لق منه ع

النهار مس تویًا واس تخرج نصف قوس نهار یومك بأ ن تضع درجة الشمس علی ال فق الموافق  11ثم خذ جیب ارتفاع نصف

ذلك  نظیر درجة الشمسالمري من الحجرة. ثم تدیر العنکبوت مس تویًا حتی یوافي  12عرضه لعرض بلدك وتعلّم علی موقع

فاس تخرج جیبه معکوساً واضربه في جیب  ظ| 65|ب ال فق بعینه، فما تحرك المري فخذ نصفه فیکون نصف قوس النهار 

قوس النهار المعکوس وما بقي  13ارتفاع الوقت واقسم المبلغ علی جیب ارتفاع نصف النهار فما خرج فأ لقه من جیب نصف

ن کان معکوس فخذ قوسه وأ لقه 14فهو جیب ن کان الارتفاع الذي أ خذته شرقیاً وزدها علیه ا  ا من نصف قوس النهار ا 

الارتفاع غربیاً، فما حصل فهو الدائر من الفلك منذ طلوع الشمس ا لی وقت قیاس الارتفاع. ثم ضع درجة الشمس  15هذا

ي بقدر الدائر یًا حتی یزول المر علی ذلك ال فق الموافق عدده لعرض بلدك وعلّم علی موقع المري. ثم أ در العنکبوت مس تو

 من الفلك. ثم انظر ما وافی ذلك ال فق من منطقة البروج فهو الطالع بدرجته.

                                                             
ذا کان الجیب »کتب الکاتب عبارة  1  ها.من جدید وشطب« المعکوسا 
 النصف: )ب( بالنصف 2

 علی ‒)ب(  3
 «.علی علی»)ب( شطب الکاتب:  4
 وافقه: )ب( بوافقه 5
 فما: )ب( وما 6
 جزءاً )ب( خبراً  7
 فتجتمع: )ب( فیجتمع 8

 تنقصه: )ب( ینقصه 9
ص( منه عرض البلد ثم اسقط ما بقي من تسعین فیبق  ارتفاع -)ده 10

 نصف النهار

 نصف ‒)ب(  11

 موقع ‒)د(  12
 ص( نصف-)ده 13
 .«ارتفاع الوقت واقسم المبلغ علی جمیع»)ب( شطب الکاتب:  14
 هذا: )ب( هذه 15



531 
 

فقي واذهب مع الخط الخارج منه فحیث بلغ بكا و| 63|ب فاطّبق بالمنتهی   من أ جزاء الارتفاع فمنه ا لی أ ولها  1لخط ال 

ن کان ذلك الجیب المعکوس أ کثر من الجیب کله فأ سقط منه الجیب کله، بقي  3فما 2هو قوس ذلك الجیب المعکوس. وا 

 المعکوس. قوس ذلك الجیب  5فتجتمع 4فهو جیب مس تو؛ فخذ قوسه وزد علیها تسعین درجة أ بداً 

ذا کان نصف العضادة مجیّباً ونصفه مقوّساً ( معرفة الجیب المس توي من العضادة دون خطوط الجیوب43) : ا 

المقوّس خط الانتصاب وعدّ من المرکز مثل تلك القوس  7بها جیب قوس مفروضة فطابق بالنصف 6وأ ردت أ ن تأ خذ

افق . ثم أ در النصف المجیّب وطابق به خط الانتصاب فما و المفروضة وعلّم علی المري أ عني علی موقع المنتهی  من الخط

 الجیب فهو الجیب المس توي لتلك القوس. 8العلامة من أ جزاء

ذا کان معك جیب مس تو وأ ردت معرفة قوس ذلك الجیببالعضادة ( معرفة قوس الجیب المس توي45)  9: ا 

بالنصف المجیّب خط الانتصاب ثم عدّ مثل ذلك الجیب من عند المرکز وعلّم علی موقع المنتهی  من  10بالعضادة، فطابق

قوس  11خط الانتصاب فما وافق العلامة من ال جزاء فهو ظ| 63|ب الخط. ثم أ در العضادة حتی یطابق النصف المقوس 

 ذلك الجیب المس توي.

ذا 1-45: )( معرفة الجیب المعکوس بالعضادة45) کانت القوس أ قل من تسعین جزءاً وأ ردت جیبها المعکوس ( ا 

عند المرکز في النصف المقوس بعد أ ن یطابق به خط الانتصاب.  13بقي فعدّ مثله 12فأ سقط تلك القوس من تسعین، فما

لعلامة االمنتهی  من الخط علامة وأ در العضادة حتی یطبق بالنصف المجیّب علیه فما کان من أ جزائه بین  14ثم علّم علی موضع

 16کانت القوس أ کثر من تسعین جزءاً فأ سقط منها تسعین جزءاً  15( فا ن2-45ومریها فهو الجیب المعکوس لتلك القوس. )

 الجیب المعکوس لتلك القوس المفروضة. و| 51|د وخذ لما بقي الجیب المس توي فزده علی الجیب کله فما اجتمع فهو 

                                                             
 بك: )د( بلغتبلغ  1
 شطبها.من جدید و « فاسط منه الجیب کله»کتب الکاتب عبارة )ب(  2
 فما: )ب( وما 3

 أ بداً  ‒)د(  4
 فیجتمع)ب(  5
 تأ خذ: )ب( یأ خذ 6
 بالنصف: )ب( بالنفي 7
 أ جزاء: )ب( أ جز 8

 قوس ذلك الجیب: )ب( قوسه 9
 فطابق: )ب( فیطابق 10
 فهو: )ب( فهیي 11
 فما: )ب( وما 12
 مثله: )ب( مثل 13
 موضع: )ب( موقع 14
ن 15  فا ن: )ب( وا 

 جزءاً  ‒)ب(  16
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ذا کان معك جیب مس تو معلوم وأ ردت أ ن تعلم قوسه فعدّ مثله 1-45: )( معرفة قوس الجیب المس توي45) ( ا 

في نصف العضادة المجیّب وعلّم علی المنتهی  فا ن کانت خطوط الجیوب موازیة للخط ال فقي فضع العلامة علی خط 

لیه من  2الارتفاع فما بین ذلك 1الانتصاب ال علی وامتد مع الخط الذي یوافق العلامة ا لی أ خر أ جزاء الجزء الذي یبلغ ا 

ن کانت خطوط الجیوب موازیة لخط الانتصاب 2-45أ جزاء الارتفاع وبین أ ولها فهو قوس ذلك الجیب المس توي. ) ( وا 

لیه من أ جزاء 3فضع الارتفاع فعد  4العلامة علی الخط ال فقي وامتد مع الخط الذي یوافقه من خطوط الجیوب فما بلغت ا 

 منه ا لی أ خر ال جزاء حتی ینتهیي ا لی طرف خط الانتصاب فما کان فهو قوس ذلك الجیب المس توي.

ذا کان معك1-44: )( معرفة الجیب المعکوس44) قوس أ قل من تسعین وأ ردت أ ن تأ خذ جیبها المعکوس  5( ا 

ظر ا لی الخط س المفروضة وانفا ن کانت خطوط الجیوب موازیة لخط الانتصاب فعدّ من أ ول أ جزاء الارتفاع مثل تلك القو 

الخط ال فقي فعلّم علیه وطابق به النصف المجیّب من العضادة فما کان من  ظ| 63|ب  6الذي یخرج منتهاها أ ین یقاطع

ن کانت خطوط الجیوب موازیة للخط2-44طرف العضادة ا لی العلامة فهو الجیب المعکوس لتلك القوس. ) ( وا 
ال فقي  7

اب راجعاً في أ جزاء الارتفاع مثل تلك القوس المفروضة وانظر ا لی الخط الخارج من منتهاه خط الانتص 8فعدّ من طرف

أ ین یقاطع خط الانتصاب، فعلّم علیه وطابق به النصف المجیّب من العضادة فما کان من طرف العضادة ا لی العلامة فهو 

ن کانت القوس مس تویًا وزده علی  10زاد علی تسعین أ کثر من تسعین فخذ جیب ما 9الجیب المعکوس لتلك القوس. وا 

 الجیب کله فما اجتمع فهو الجیب المعکوس لتلك القوس.

ذا کان الجیب المعکوس أ قل من الجیب کله، أ عني أ جزاء نصف 1-43: )( معرفة قوس الجیب المعکوس43) ( ا 

نصف المجیّب من عند مري ال العضادة المجیّب، وکانت خطوط الجیوب موازیة للخط ال فقي فعدّ مثل ذلك الجیب المعکوس 

من أ جزاء الارتفاع فعدّ مثله  11وعلّم علی المنتهی  واطبق به خط الانتصاب واذهب مع الخط الخارج منه فحیث بلغ بك

ن کانت خطوط الجیوب موازیة لخط الانتصاب 2-43ا لی أ خر ال جزاء، فما کان فهو قوس ذلك الجیب المعکوس. ) ( وا 

                                                             
 أ خر أ جزاء: )ب( لدن أ جز 1
 ذلكص( -)ده 2
 فضع: )ب( وضع 3
 أ جزاء: )ب( أ جز 4
 )د( + جیب 5
 یقاطع: )د( یقطع 6

 للخط: )ب( الخط 7
 طرف: )ب( ظرف 8
ن کانت القوس -)ده 9  ص( وا 

 «مازاد»)ب( شطب الکاتب:  10

 بك ‒)ب(  11
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علی ال فق الشرقي  2أ یهما شئت فوجدت مري الکوکب 1المطلوب في العمل ال ول. ومتی وضعت درجة الشمس علی قوس

 الرربي فهو غارب. 3فاعلّ أ نّ ذلك الکوکب طالع في ذلك الوقت أ و علی ال فق

ما أ ن تکون 4( خطوط الجیوب1-41: )المس توي ( معرفة الجیب41) موازیة لخط  5علی ظهر ال سطرلاب ا 

العضادة محرفة وأ حد نصفیها  7من أ ن تکون ظ| 14|ب للخط ال فقي أ و مخطوطة معاً ولا بدّ حینذذ  6الانتصاب أ و موازیة

ما مائة وعشرین ما س تین وا  مقسوم بأ جزاء متساویة ا 
ما مائة  8 وخمسین. وذلك اصطلاح واس تحسان لا  ظ| 54 |دوا 

ضرورة وأ کثر ما یس تعمل من هذه ال عداد هو الس تون ویسمی هذا النص  المجیّب وأ ما نصفها ال خر فمنقسم بتسعین 

( فا ن کانت خطوط الجیوب هو الموازیة للخط ال فقي أ و نوعاهما 2-41متساویة ویسمی النص  المقوّس. ) 9جزءاً غیر

وأ ردت أ ن تعلّ جیب قوس ما مفروضة فعدّ من أ ول أ جزاء الارتفاع مثل عدد تلك القوس فحیث بلرت  مخطوطین معاً 

خط الانتصاب، فعلّّ علیه وأ در النص   11للخط ال فقي علی أ ي موضع یقاطع 10فانظر الخط الذي یخرج منه موازیاً 

ب العلامة من أ جزاء العضادة فهو الجی المجیّب من العضادة حتی یطابق خط الانتصاب ال علی ثم انظر ما وافق تلك

ن کانت خطوط الجیوب موازیة لخط الانتصاب فأ سقط القوس التي ترید1-41المطلوب. ) ( وا 
جیبها من  13معرفة 12

الخط ال فقي  15أ جزاء الارتفاع فحیث ما بلرت فانظر ا لی الخط الممتد منه أ ین یقاطع 14تسعین وما بقي فعدّ مثله من أ ول

المس توي المطلوب لتلك  16فما وافقها من أ جزائه فهو الجیب و| 14|ب ق به النص  المجیّب من العضادة فعلّّ علیه واطب

 القوس المفروضة.

                                                             
کل واحد منهما وعلّّ علی المري ثم ضعها علی ال فق وانظر کم  ‒)ب(  1

تحرك المري فهو المطلوب في العمل ال ول. ومتی وضعت درجة الشمس 

 علی قوس
 الکوکب: )ب( کوکب 2
 )ب( ال فقيال فق:  3
 الجیوب: )د( الجیب 4
 تکون: )ب( یکون 5
نتصاب أ و موازیة ‒)د(  6  لخط الا 
 تکون: )ب( یکون 7

 عشرین: )ب( عشرة 8
 غیر ‒)ب(  9
 ص( موازیاً -)ده 10

 یقاطع: )ب( تقاطع 11

 ترید: )ب( یرید 12

 معرفة: )ب( معرفته 13

 أ ول: )ب( أ ولا 14

 یقاطع: )ب( تقاطع 15

 «.أ جزاء فهو الجیبمن »شطب الکاتب: )د(  16
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ن کان 1الشمس في ذلك الیوم مع خط تلك الصلوة ا لی أ سفل في العصر أ و ا لی نه لم یحن بعد وا  أ علی في الظهر، فا 
في  2

مخطوطة لا علی وجه ال سطرلاب  4خطوط الصلوات 3( فا ن لم تکن1-41کلیهما ا لی فوق، فقد جاوز وقت تلك الصلوة. )

ولا علی ظهره وکان الظل المس توي مثبتاً فیه فضع مري العضادة علی ارتفاع نص  نهار یومك وانظر مریها ال خر علی کم 

ن أ ردت ارتفاع الشمس وقت العصر علی مذهب الشافعي، 5-41وقع من أ جزاء الظل، فذلك هو ظل نص  النهار. ) ( وا 

ر مثل أ قسام ظل المقیاس وضع مري العضادة علی منتهاها ثم انظر ا لی مریها ال خر علی کم وقع فزد علی ظل نص  النها

ن أ ردته4-41ویسمّی أ ول وقت العصر. ) 5من أ جزاء الارتفاع، فما کان فهو الارتفاع لوقت العصر علی مذهبه ( وا 
علی  6

العضادة علی منتهاها ثم انظر ا لی مریها نص  النهار ضع  أ قسام المقیاس وضع مري  7مذهب أ بي حنیفة فزد علی ظل

ویسمّی أ خر وقت  و| 14|ب  8ال خر علی کم وقع من أ جزاء الارتفاع، فذلك هو ارتفاع الشمس وقت العصر علی مذهبه

في  10عن فلك نص  النهار أ دنی زوال وذلك حین یأ خذ ارتفاعها 9العصر. وأ ما وقت صلوة الظهر: فمتی زالت الشمس

 النقصان.

( أ ما لمعرفة طلوع الفجر فضع درجة الشمس علی أ فق المشرق 1-42: )رفة طلوع الفجر ومریب الشفق( مع42)

وعلّّ علی المري ثم أ در العنکبوت معکوساً حتی یرتفع نظیر درجة الشمس عن أ فق المررب س بعة عشر جزءاً وزعم بعض 

لی المر  س تویة ي کم زال، فلکل خمسة عشر جزءاً ساعة م أ صحاب التجارب أ نه یجب أ ن یرتفع ثمانیة عشر جزءاً، ثم انظر ا 

مریب الشفق: فاعمل بنظیر درجة الشمس ما عملته  11( وأ ما معرفة2-42وذلك ما بین ا سفار الفجر وطلوع الشمس. )

ن کان قوساهما مخطوطتین1-42بدرجتها في طلوع الفجر فیخرج لك ما بین غروب الشمس ومریب الشفق. ) ( وا 
في  12

الشمس علی قوس کل واحد منهما وعلّّ علی المري ثم ضعها علی ال فق وانظر کم تحرك المري فهو  الصفیحة فضع درجة

                                                             
لی ‒)د(  1  ا 
 کان: )ب( جاوزه 2

 تکن: )ب( یکن 3
 الصلوات: )د( الساعات 4
 مذهبه: )ب( مذهب الشافعي 5
 أ ردته: )ب( أ ردت 6

 ص( ظل-ص، ب-↑)د 7
 )ب( مذهب أ بي حنیفةمذهبه:  8
 الشمس ‒)د(  9
 ارتفاعها ‒)د(  10
 معرفة: )ب( لمعرفة 11
 مخطوطتین: )ب( مخطوطین 12
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ذا أ ردت أ ن تعرف( هذا الظل لا ی1-44) ( معرفة ظل السلّ:44) لا في أ سطرلاب محرفة العضادة، فا   1کون ا 

الظل المس توي ل ي ارتفاع شئت، فضع مري العضادة علی ذلك الارتفاع ثم انظر ا لی حرف العضادة، فا ن وقع من مربع 

ن لم یقع  لیه بل ع الظل علی الضلع الموازي للخط ال فقي فما قطع منه من لدن خط الانتصاب ال سفل فهو مقدار الظل، وا 

وقع علی الضلع الموازي لخط الانتصاب فخذ ما قطع منه من عند الخط ال فقي واقسم علیه أ بداً مضروب المقیاس في مثله 

ن شئت فأ سقط الارتفاع من تسعین 2-44فیخرج الظل المس توي المطلوب. ) ذا أ ردت ذلك الظل معکوساً وا  ( وا 

ن شئت فضع مري العضادة علی مثل الارتفاواس تخرج الظل المس توي لما یبقی فیکون معکوساً لذ ع لك الارتفاع. وا 

الموازي لخط الانتصاب فما قطع منه من لدن الخط ال فقي  2ا لی حرفها فا ن وقع علی الضلع و| 15|ب المفروض وانظر 

ن وقع علی الضلع فهو الظل المعکوس، وا 
 الموازي للخط ال فقي فاقسم علی ما بین حرف العضادة وخط الانتصاب 3

  4مضروب المقیاس في مثله، فما خرج فهو الظل المعکوس لذلك الارتفاع المفروض.

ما علی  6أ ما معرفة أ وقات الصلوة 5( معرفة أ وقات الصلوة:41) ما علی وجه ال سطرلاب وا  النهاریة فعلی وجهین ا 

لشمس علی کل واحد منها فضع درجة ا 8علی وجهه فا ن کان خطوطها في الصفیحة مخطوطة 7( فأ ما معرفتها1-41ظَهره. )

ا ن کانت مخطوطة تحته وانظر حینذذ ا لی درجة الشمس علی أ یةّ مقنطرة  9ا ن کانت مخطوطة فوق ال رض أ و نظیر درجتها

( وأ ما علی ظهر ال سطرلاب فانظر تقاطع خط 2-41تلك الصلوة في ذلك الیوم. ) 11هو الارتفاع لوقت 10هي فارتفاعها

مس في ذلك الیوم وضع حرف العضادة علی ذلك التقاطع ثم انظر علی کم وقع مري مع مدار درجة الش 12تلك الصلوة

ن أ ردت أ ن تعرف العضادة من أ جزاء الارتفاع، فذلك هو ارتفاع الشمس لوقت تلك الصلوة. وا 
هل حان وقت الصلوة  13

ة اً عن تقاطع مدار درجالوقت الذي ترید ثم انظر ا لی حرف العضادة فا ن کان قاص  ظ| 15|ب أ م لا، فخذ الارتفاع في 

                                                             
 تعرف: )ب( نعرف 1
 الضلع: )ب( الظلع 2
 الضلع: )ب( الظلع 3
 الا رتفاع المفروض لذلكمعرفة ظل السلّ ...  ‒)د(  4
 الصلوة: )ب( الصلوأ ت 5
 الصلوة: )ب( الصلوات 6
 معرفتها ‒)د(  7

 یا( + حس  )ب 8
 درجتها: )ب( درجة الشمس حس تها 9
 فارتفاعها: )ب( وارتفاعها 10
 لوقت: )ب( وقت 11
ص( في ذلك الیوم. وأ ما علی ظهر ال سطرلاب فانظر تقاطع -)به 12

 خط تلك الصلوات
 أ ن تعرف؛ تعرف: )ب( یعرف ‒)د(  13
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ن 1الارتفاع وتنظر ن  2ا لی المري ال خر ا  ن وقع علی س تة ونص  فهو أ قدام، وا  وقع علی اثني عشر جزءاً فالظل أ صابع، وا 

ن و| 11|ب وقع علی س تین  جزءاً فهو أ جزاء. وا 
هو مس توٍ کان مبدأ  الظل من عند طرف خط الانتصاب ال سفل ف  3

ن کان من نقطة المررب من الخط ال فقي فهو معکوس.  وا 

( أ ما ال صابع فا نها ا ذا ضربت في ثلثة عشر وقسم 1-54: )( معرفة تحویل ال ظلال الثلثة بعضها ا لی بعض54)

ذا ضربت في س تین وقسم المبلغ علی اثني عشر تحولت أ جزاء. وأ ما  نها االمجتمع علی أ ربعة وعشرین تحولت أ قداماً وا  ل قدام فا 

ذا ضربت في مائة وعشرین وقسم ما بلغ  ا ذا ضربت في أ ربعة وعشرین وقسم ما اجتمع علی ثلثة عشر، تحولت أ صابع وا 

نها ا ذا ضربت في ثلثة عشر وقسمت علی مائة وعشرین تحولت أ قداماً،  5أ جزاء. وأ ما ال جزاء 4علی ثلثة عشر تحولت فا 

ذا ضربت في اثني عشر وقسمت علی س تین ( ومتی ما کان عندنا ظل مس توٍ وأ ردنا أ ن نحوله 2-54 تحولت أ صابع. )وا 

ذا کان مَعَنا  6معکوساً فا نا نضرب مقیاسه في مثله ونقسم المجتمع علی ذلك الظل المس توي فیخرج الظل المعکوس. وکذلك ا 

 فقسمنا علیه مضروب مقیاسه في مثله خرج الظل المس توي لذلك الارتفاع بعینه. 8معکوس 7ظل

ذا کان لك1-54: )( معرفة الارتفاع والظل بعضها من بعض54) ارتفاع معلوم وأ ردت أ ن تعرف کم ظله،  9( ا 

 10فضع مري العضادة علی مثل ذلك الارتفاع المعلوم، ثم انظر ا لی مریها ال خر علی کم وقع من أ قسام الظل، فما کان فهو

ن کان الظل معلوماً وأ ردت 2-54الارتفاع. )الشمس مثل ذلك  ظ| 11|ب قدر ظل الشخص حتی یکون ارتفاع  ( وا 

 11أ ن تعرف ارتفاعه فضع مري العضادة من أ قسام الظل علی مثل ما عندك ثم انظر ا لی مریها ال خر علی کم وقع من أ جزاء

 12الارتفاع، فما کان فهو ارتفاع الشمس حین یکون الظل بذلك المقدار.

                                                             
 تنظر: )ب( ینظر 1
ن: )ب( فا ن 2  ا 
ن: )ب( فا ن 3  وا 
ذا ضربت في مائة -)به 4 لثة وعشرین وقسم ما بلغ علی ث ص( أ صابع وا 

 عشر تحولت
 ال جزاء: )ب( ال خبرا 5
وأ ردنا أ ن نحوله معکوساً فا نا نضرب مقیاسه في مثله ونقسم  ‒)ب(  6

 المجتمع علی ذلك الظل المس توي

 ص( ظل -↓)د معنا ظل؛ ‒)ب(  7
 معکوس: )ب( معکوساً  8
 ص( لك-↓)د 9
 ص( فهو-↑)د 10
 أ جزاء: )ب( اخبر 11
 لی الوجها  یرجع  )ده( 12
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القواطع وغیرها. فا ن کان في ال سطرلاب صفیحة أ فاقیة، فضع درجة الطالع علی أ فق عرض 1أ ردت معرفته من الطالع و

نه الطالع ال وسط. ثم أ در بلدك وانظر ما وافی خط المشرق، أ عني خ ط الاس تواء، من منطقة البروج وعلّّ علیه فا 

 3حتی توافق 2العنکبوت وضع الطالع ال وسط علی کل واحد من ترابیع الصفیحة بخط الاس تواء وخط نص  النهار وجرّبه

ذا کان الهیلاج فوق ال رض. 5الهیلاج أ فق من ال فاق التي تنشأ   4درجة ذا کان تحتها فجرّب  7وأ ما 6من ذلك التربیع وذلك ا  ا 

ما ذکرناه حتی یوافق نظیر درجة الهیلاج أ فق من تلك ال فاق، فحینئذ أ قم ذلك ال فق مقام الدائرة المعدلة واعمل بها ما 

 تقدم في التس ییر بصفیحة مطرح الشعاع.

نّ 1-54: )أ أ صابع هو أ م أ قدام ( معرفة الظل المعمول علی حرف ال سطرلاب54) ل شخاص أ ظلال ا 8( ا 

بأ مر ضروري بل  ظ| 12|ب تقدّر بالمقادیر التي قسمت علیها المقاییس وال شخاص ولیست تلك القسمة  9والمقاییس

لا أ ن العادة جرت بین القاسمین أ ن یسمّوا تلك المقادیر أ صابع متی قسموا الشخص  10اصطلاحي والقاسم لها بالاختیار ا 

نسسان متی ما أ مر بنصب عود وتقدیر ظله فا ن المأ مور یأ خذ علی ال غلب باثني عشر قسماً متساویة. وال صل فیه أ ن الا  

الشخص  13عشریة أ صابع. ومتی قسموا 12عشر ا صبعاً فلذلك سمیت القسمة الاثنا 11عوداً مقداره شبر والشبر یکون اثنا

نها تکون نسسان، فا  قسموا الشخص  س تةّ أ قدام ونص . ومتی 14بس تةّ ونص  سّموها أ قداماً وذلك مس تعار من قامة الا 

خط الانتصاب ال سفل  16مبتدیة من طرف 15( وال صابع وال قدام تکون2-54بس تین قسماً متساویة سّموها أ جزاء. )

نه یسمّی  و| 54|د وأ جزاء الظل تبتدي من نقطة المررب  من عند الخط ال فقي وکل ظل ابتداء من هذه النقطة فا 

من أ جزاء  20مري العضادة علی خمسة وأ ربعین جزءاً  19لثلثة أ ن تضعا 18ال جناس 17( فیجب علیك لتمییز1-54معکوساً. )

                                                             
 الطالع و ‒)ب(  1
 وجرّبه: )ب( وجزئه 2

 توافق: )ب( یوافق 3
 وکتبها من جدید.« درجة»)د( شطب الکاتب کلمة  4
 تنشأ : )ب( تنشو 5
 ص( فوق ال رض-)ده 6

 وأ ما: )ب( فأ ما 7
د 8 ن: )د( ا   ا 
 ال شخاص والمقاییس: )د( أ شخاص المقاییس 9
 القاسمین: )د( القایسین 10

 اثنا: )ب( اثنی 11
 ال ثنا: )ب( ال ثنی 12
 قسموا: )ب( قسم 13
 تکون: )ب( یکون 14
 تکون: )ب( یکون 15
 طرف: )ب( ظرف 16
 لتمییز: )ب( لتمیز 17

 ال جناس: )ب( الاحساس 18
 تضع: )ب( یضع 19
 جزءاً  ‒)د(  20
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 2: رکبّالمخصوصة لمطرح الشعاع 1الهیلاجات ا لی القواطع والمواضع المفروضة بالصفیحة ( معرفة تس ییر54)

وعلّّ علی موقع المري من الحجرة وعلی  3العنکبوت علی صفیحة مطرح الشعاع وضع جزء الطالع علی أ فق المشرق منها

وقوع الهیلاج علیها من دوائر هذه الصفیحة. ثم أ در العنکبوت مس تویًا حتی تضع الدرجة  4الدائرة المعدلة وهي التي تتفق

لیها أ و رأ س الکوکب القاطع علی الدائرة المعدلة وانظر کم تحرك المري عن علامته، فهو درج  التي ترید أ ن تسیّر الهیلاج ا 

 منها في صناعة ال حکام س نة. 6لکل واحدة 5التس ییر التي تجعل

-54: )في ال سطرلاب صفیحة مطرح الشعاع 7المقنطرات ا ذا لم تکن معرفة تس ییر الهیلاجات بصفیحة( 54)

 9المشرق واس تخرج بعد الهیلاج عن خط وسط السماء ا ن کان فوق ال رض ظ| 11|ب درجة الطالع علی أ فق  8( ضع1

ن کان تحتها لك. ثم ضع درجة الهیلاج علی خط کما مرّ ذلك في عمل مطرح الشعاع واحفظ ذ 10أ و عن خط وتد ال رض ا 

وسط السماء وعلّّ علی المري وأ در العنکبوت مس تویاً حتی تضع رأ س الکوکب القاطع أ و الدرجة التي ترید أ ن تسیّر الهیلاج 

ن کان حین وضع الطالع  لیها علی خط وسط السماء وسّم مقدار ما تحرك المري أ ولًا. ثم ضع الهیلاج علی أ فق المشرق وا  ا 

 النص  الصاعد أ و علی أ فق المررب ا ن کان حینذذ في النص  الهابط وعلّّ علی المري. ثم أ در العنکبوت مس تویاً علیه في

لیها علی ما وضعت علیه الهیلاج من أ حد 11حتی تضع أ فقي المشرق أ و المررب فما  12رأ س الکوکب أ و الدرجة المسیّر ا 

ن اني فاضربه في بعد الهیلاج واقسم المبلغ علی نص  قوس نهار ثانیاً. وخذ الفضل بین ال ول والث 13تحرك المري فسمّه ه ا 

ن کان وقت وضع الطالع 14کان وقت وضع الطالع علی أ فق المشرق فوق تحته، فما  15ال رض أ و علی نص  قوس لیله ا 

ن کان ال ول و| 12|ب من الثاني فزد  16( فا ن کان ال ول أ نقص2-54خرج فهو التعدیل. ) أ زید  التعدیل علی ال ول وا 

الثاني فانقص التعدیل من ال ول، فما حصل بعد الزیادة أ و النقصان فهو درج التس ییر التي ا لی بلوغ الهیلاج ا لی ما  17من

                                                             
 بالصفیحة: )ب( لصفیحة 1

 رکبّ: )د( دلّ  2

 منها: )ب( فیها 3

 تتفق: )ب( یتفق 4

 تجعل: )ب( یجعل 5

 واحدة: )ب( واحد 6
 تکن: )ب( یکن 7
 ضع: )ب( صنع 8
 ال رض: )ب( ال فق 9

 تحتها: )ب( تحته 10
 تضع: )ب( یضع 11
 «.أ حد»بعد کلمة « ا»)ب( شطب الکاتب حرف  12
 فسمه: )ب( قسمة 13
 ص( فوق-)ده 14

 وقت وضع الطالع: )ب( حینذذ 15
 )ب( انقضأ نقص:  16
 من: )ب( علی 17
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ولینظر، فا ن کان الکوکب في ا حدي نقطتي الاعتدالین،  1أ راده مرید فلیضع درجة الطالع علی أ فق المشرق في هذه الصفیحة

عدم من ی الحمل والمیزان، فلیضع حرف العضادة المحرفة علی درجة الکوکب الذي یراد مطرح شعاعه. ثم 2أ عني أ ول برجي

معکوسة للیمنی. ولیضع مري هذه  ظ| 02|ب موقع مریها من الحجرة حصص المناظر مس تویة للشعاعات الیسری و 

العضادة علی نهایاتها، فیمرم 
ن لم یکن الکوکب في هذین الموضعین، فلیضع  3 حرفها من منطقة البروج علی مطارح شعاعاته وا 

مریها من الحجرة علامة. ثم یضع حرفها أ یضاً علی تقاطع مدار الحمل والدائرة  4حرف العضادة علی درجته ولیعلّم علی موضع

ولیعلّم علی موقع مریها من الحجرة علامة ثانیة وهي ال صل ثم یأ خذ ثلث ما  ظ| 01|د المعدلة أ عني المارة بدرجة الکوکب 

دار وج الشمالیة التي مداراتها داخل م( فا ن کان الکوکب في النصف الصاعد وفي البر 0-44بین العلامتین وهو التعدیل. )

الحمل أ و کان في النصف الهابط وفي البروج الجنوبیة فلیزد التعدیل علی کل واحدة من حصتي التسدیس والتثلیث حتی 

ولیضع مري العضادة علی منتهی   7من الحصتین المعدلتین 6ثم لیعد من ال صل مس تویًا بمقدار کل واحدة 5تصیرا معدلتین،

ا، فما قطع حرفها من نطاق البروج فهو مطرح ذلك الشعاع ال یسر. فأ ما ال یمن فلینقص له التعدیل من هاتین کل منه

معکوساً ولیضع مري العضادة علی منتهی  کل واحدة منهما، فما قطع حرفها من  8الحصتین ولیعد من ال صل کل واحدة منهما

ن کان في النصف( و 4-44منطقة البروج فهو مطرح ذلك الشعاع ال یمن. ) ا 
الصاعد کذلك وفي البروج  و| 09|ب  9

للشعاعات  11الهابط وفي البروج الشمالیة نقص التعدیل من حصتي التسدیس والتثلیث 10الجنوبیة أ و کان في النصف

ة فیحصل له ة بالقُذم المطلوب منها. وأ ما التربیع فلا یزاد علی حصته  12الیسری وزاده علیهما للیمنی، وعمل ما تقدم حَذو القُذم

ومعکوسة ویعمل باقي العمل  15من ال صل مس تویة 14وال وضاع، لکنها تعدم کمیتها 13شيء ولا ینقص منها في جمیع ال حوال

 فیها علی ما تقدم في غیرها.

                                                             
 وکتبها من جدید.« الصفیحة»)ب( شطب الکاتب کلمة  1
 برجي: )ب( برج 2
: )ب( فمر 3  فیمرم
 موضع: )ب( موقع 4
 تصیرا معدلتین: )ب( یصیرا معدلین 5
 واحدة: )ب( واحد 6
ص( ثم لیعد من ال صل مس تویًا بمقدار کل واحدة من الحصتین -)ده 7

 المعدلتین

 منهما: )د( منها 8

ن کان في الصاعد کذلك»)د( شطب الکاتب:  9  فیالبروج الجنوبیة وا 

 «النصف
 فالنصالصاعد کذلك وفي البروج الجنوبیة أ و کان في  ‒)د(  10

 والتثلیث ‒)ب(  11

 له ‒)د(  12
 )ب( ل حوالال حوال:  13

 کمیتها: )ب( کهیئتها 14

 مس تویة: )ب( سویة 15
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م  1علی خط وسط السماء واحتسب به دائرة معدلة في ا نصفیحة مطرح الشعاع واس تخرج بها شعاعات الکوکب کما قدم

ن  ظ| 51|ب وسممها الشعاعات ال ولة. ثم انظر فا ن کان الکوکب  في النصف الصاعد، فضع درجته علی أ فق المشرق وا 

 4واس تخرج بها 3معدلة 2کان في النصف الهابط فضعها علی أ فق المغرب. واحتسب الذي وضعت الدرجة علیه دائرة

( وخذ الفضل بین کل شعاع من ال ولی وبین نظیره في جهته من 4-40الکوکب وسمها الشعاعات الثانیة. ) 5شعاعات

فوق ال رض أ و علی نصف  6الثواني واضربه في بعد الکوکب واقسم المجتمع علی نصف قوس نهار درجته ا ن کان الکوکب

ع الشعاع  انظر ا لی ذلك الشعاع ال ول کیف موققوس لیل درجته ا ن کان تحت ال رض فما خرج فهو التعدیل، فاحفظه. ثم

ن کان موقع الشعاع الثاني ا لی خلاف توالي  الثاني منه، فا ن کان ا لی توالي البروج فزد هذا التعدیل علی الشعاع ال ول وا 

لك ذفانقص هذا التعدیل من الشعاع ال ول فما حصل بعد الزیادة والنقصان فهو مطرح شعاع ذلك الکوکب في  7البروج،

ن اتفق الشعاع ال ول مع نظیره الثاني في درجة واحدة فهی  موقع ذلك الشعاع بعینه. 2-40من تلك الجهة. ) 8المنظر ( وا 

ن اتفق الکوکب علی خط وسط السماء أ و وتد ال رض واس تخرجت  الشعاعات ال ولة بها فهی  شعاعات  و| 02|ب وا 

نالکوکب المطلوبة نفسها ولا یحتاج حینئذ ا لی اس تخرا م من ال عمال المذکورة وا  اتفق  ج الشعاعات الثواني ولا ا لی ما تقدم

 الثانیة هي شعاعاته لا یحتاج له ا لی ال ولة. 9علی أ فق المشرق أ و المغرب فالشعاعات

( لما وقع في العمل المنسوب ا لی 9-44: )الصفیحة الشعاع علی الطریق المصحح بهذه 10( معرفة مطرح44)

د لا زالةبطلمیوس اختلال ظاهر  وزوال عن الموضع تجرم
عادته ا لی موضعه 11  13بعض المحدثین وقد رأ یت لمحمد 12ذلك عنه وا 

ا بهذه الصفیحة فقد وجد العمل المذکور بها في عدة المقالات مقولة في العمل  14بن یحیی الطبري مقالة في ذلك الحساب، فأ مم

( فا ن 5-44ابق ا لی تصحیح هذا العمل وابتداع طریقه. )بال سطرلاب أ قدمها لعلي بن عیسی ال سطرلابي والله أ علّ بالس

                                                             
 معدلة في: )د( معدل النهار من  1
رها من جدید.« دائرة»)د( شطب الکاتب کلمة  2  وحرم
 معدلة: )د( معدل النهار 3
 ص( بها-)ده 4

 شعاعات: )ب( شفاعات 5
 الکوکب ‒)د(  6
 «التعدیل فزد هذا»)ب( شطب الکاتب:  7

 المنظر: )د( النظر 8
 فالشعاعات: )ب( فالشفاعات 9

 ص( مطرح-)ده 10

 لا زالة: )ب( الا زالة 11
 )د( موضوعهموضعه:  12
 لمحمد: )ب( لمجد 13
 الحساب: )ب( بالحساب 14
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مفروض في وقت معلوم فرکمب العنکبوت علی صفیحة مطرح الشعاع وضع جزء الطالع علی أ فق المشرق  1الشعاع لکوکب

مة دائرة وقعت من الدوائر المخطوطة  2فیها وعلّم علی موقع المري من الحجرة علامة ال صل. ثم انظر ا لی درجة الکوکب علی أ ی

في الصفیحة وعلّم علیها في الصفیحة وسممها الدائرة المعدلة سواء کانت من جملة الدوائر أ و کانت ال فق نفسه أ و خط نصف 

وعدم من  4ا لی علامة التسدیس وعلّم علیها 3جرة مس تویًا حصة التسدیس فینتهی النهار. ثم عدم من علامة ال صل في الح

 7ا لی علامة التربیع وعدم من علامة ال صل مس تویاً حصة التثلیث فینتهی  6أ یضاً مس تویاً حصة التربیع فینتهی  5علامة ال صل

افی الدائرة المعدلة فذلك هو موقع ذلك من تلك العلامات وانظر ما و  8ا لی علامة التثلیث. ثم ضع المري علی کل واحدة

( فا ذا حصلت لك الشعاعات الیسری وأ ردت الیمنی فاعمل هذا 4-45البروج. ) و| 51|ب فلك  9الشعاع ال یسر من

ها منها معکوسة لا مس تویة، فتریك  10العمل بعینه ولا تغیرم شیئاً سوی عد مك تعدم ن حصص المناظر من علامة ال صل. فا 

 وضعك المري علی علاماتها. 11مواقع الشعاعات الیمنی عند الدائرة المعدلة

المقنطرات ا ذا لم یکن في ال سطرلاب صفیحة معمولة  12المذهب في صفیحة ( معرفة مطرح الشعاع علی هذا40)

صاعداً  15نصف الفلك الذي من وسط السماء ا لی الطالع ا لی الرابع 14( المقدمة لذلك أ ن یسمم 9-40) 13لمطرح الشعاع:

لی السابع ا لیوالذ ذا  16ي من الرابع ا  ذا کان فوق ال رض من خط وسط السماء وا  العاشر هابطاً وأ ن تحصل بعُد الکواکب ا 

علی موقع المري  18وتعلّم  17( ومعرفة ذلك أ ن تضع درجة الطالع علی ال فق الشرقي5-40کان تحتها من خط وتد ال رض. )

 حتی تضع درجة الکوکب علی خط وسط السماء ا ن کان فوق ال رضمن الحجرة. ثم تدیر العنکبوت مس تویًا أ و معکوساً 

( ثم ضع درجة الکوکب 0-40أ و علی خط وتد ال رض ا ن کان تحت ال رض فما تحرك المري عن العلامة فهو بعُد الکوکب. )

                                                             
 الشعاع لکوکب: )ب( شعاع کوکب 1
 فیها: )ب( فیه 2
 فینتهی : )ب( فینهی  3
 «في الصفیحة»شطب الکاتب: )ب(  4
في الحجرة مس تویًا حصة التسدیس فینهی  »)ب( شطب الکاتب:  5

 ا لی علامة التسدیس وعلّ علیها وعد من علامة ال صل 
 فینتهی : )ب( فینهی  6
 فینتهی : )ب( فینهی  7
 واحدة: )د( واحد 8
 من: )ب( في 9

 عد ‒)د(  10
 كعند: )د( عن 11
 صفحة: )ب( صفیحة 12
 )به( صفیحة معمولة لمطرح الشعاع 13
 یسم : )ب( تسم  14
لی الرابع-)ده 15  ص( ا 

لی-)ده 16  ص( السابع ا 

 الشرقي: )د( المشرقي 17

 تعلّ: )ب( یعلّ 18
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لی الشمال في الجنوبي. 1الجنوبي، مه ا لی الجنوب في الشمالي وا  ن ن کان خارجها فا  وا 
وانظر ا لی الدائرة السمتیة التي تمرم علی  2

 ، فتلك هي درجة ذلك الکوکب.مریه ا لی أ یة درجة تبلغ من درجات البروج في المنطقة

ذا أ ردت ذلك فقابل بربع الارتفاع ما بین الکوکبین وانظر علی  3ما بین الکوکبین: ( معرفة بعد49)  و| 52ب |ا 

ه علی ذلك الوضع سطح ظهر ال سطرلاب حتی یمرم بصرك في اس تقامة سطحه وتدرك کلا الکوکبین علی حرفه وشدم
لئلا  4

مري العضادة ثم أ درها أ یضاً حتی  6الکوکبین وعلّم علی موضع 5یتحرك ولا یزول. ثم أ در العضادة حتی تری بثقبتیها أ حد

أ یضاً. ثم انظر ما بین العلامتین، فهو ما بین الکوکبین من ال جزاء،  7تری بها الکوکب ال خر وعلّم علی موضع مري العضادة

ن عسی وقع واجتهد في وضع ال سطرلاب ونص  به أ ن یقع هذا البعد في ربع الارتفاع لیقف من أ قسامه علی مقدار البعد. وا 

 وضع رجلیه علی محیط ربع الارتفاع حتی یتمضح لك مقداره منه. 9موضع غیر مقسوم، فخذ ذلك المقدار بالبرکار 8بعضه علی

 10فیحة المعمولة لهذا الشأ ن:ا لی بطلمیوس بالص  و| 01|د  ( معرفة مطرح الشعاع علی المذهب المنسوب45)

( المقدمات العامة لعمل مطرح الشعاع هي أ ن یتقرر أ نم المناظر أ عني مواقع الشعاع أ ربعة ضروب أ ولها التسدیس 45-9)

 12وحصته مائة وعشرون جزءاً والرابع المقابلة 11وحصته س تون جزءاً والثاني التربیع وحصته تسعون جزءاً والثالث التثلیث

تها مائة نها أ بداً تقع 13وثمانون جزءاً غیر أ نم المقابلة وحصم ( ثم 5-45في نظیر درجة الکوکب. ) 14لا یش تغل باس تخراجها فا 

علی توالي البروج تسمم  الشعاعات  ظ| 52|ب  15ما سواها من المناظر الثلثة یتنوع نوعین فالواقعة من عند درجة الکوکب

ذا تقرر هذا واحتجت ا لی عمل مطرح 0-45عاعات الیمنی. )الش 17تسمم  16الیسری والواقعة علی عکس نضد البروج ( فا 

                                                             
لی الجنوب في الجنوبي: )د( فا لی الشمالي في 1  فا لی الشمال في الشمالي وا 

لی الجنوبي في الجنوبي؛ لی فا لی الشمال في الشما)ب(  الشمالي وا  ل وا 

 الجنوب في الجنوب
لی الشمال في الجنوبي: )د( الجنوبي في الشمالي  2 الجنوب في الشمالي وا 

لی الشمالي في الجنوبي؛ )ب( ا  نوبلجنوب في الشمال والشمال في الج وا 
 الکوکبین: )ب( کوکبین 3
 الوضع: )د( الموضع 4
 أ حد: )ب( ا حدي 5
 موضع: )ب( موقع 6
ثم أ درها أ یضاً حتی تری بها الکوکب ال خر وعلّم علی موقع ص( -)به 7

 مري العضادة

 بعضه علی: )ب( أ وبعضه في 8

 بالبرکار: )ب( بالپرکار 9
 الشأ ن؛ )به( البیان ‒)ب(  10
 التثلیث: )ب( الثلیث 11
 )ب( + مما 12
تها مائة وثمانون جزءاً غیر أ ن المقابلة؛ )به ‒)ب(  13 ( غیر ص -وحصم

 أ ن المقابلة
 ص( تقع؛ أ بداً تقع: )ب( تقع أ بداً -)ده 14

ثم ما سواها من المناظر الثلثة تتنوع نوعین »)ب( شطب الکاتب:  15

 «بفالواقعة من عدد درجة الکوک
 تسمم  الشعاعات الیسری والواقعة علی عکس نضد البروج ‒)ب(  16
 تسم : )ب( یسم  17
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ن کان في الربع الغربي ا لشمالي فاجعل الکرسي ا لی جهة الشمال. ثم ضعه مقلوبًا علی وجه ال رض وضعاً مس تویًا لا یمیل وا 

ویس تغرق عرضه عرضها ویقع شعاع  1ا لی جهة دون أ خری. ثم أ دره علی ذلك الوضع حتی یقع ظل الهدفة علی العضادة

ذا وقع کذلك فقد طا رلاب خط بق خط الانتصاب في ال سطالثقبة علی الخط الذي علی نصف العضادة بالاس تطالة. وا 

ن کان السمت أ و الربع الغربي  3في الربع الشرقي الشمالي 2نصف النهار، فتخرجه في ال رض علی اس تقامته في جهتیه وا 

تقدم  4الجنوبي، فضع مري العضادة من أ جزاء الارتفاع علی مثل تمام بعد السمت واجعل الکرسي ا لی المغرب واعمل ما

م  ذا أ ظل  6طابق خط نصف النهار في ال رض فتخرجه 5ت الهدفة العضادة، فاعلّ أ ن الخط ال فق  في ال سطرلاب قدذکره. فا 

 علی اس تقامته.

ذا( معرفة اس تخراج الطالع من قبل السمت01) حصل لك سمت الشمس أ و الکوکب في الدائرة الهندیة أ و  7: ا 

الکوکب علیها، ثم  8ت وضع درجة الشمس أ و رأ سذلك السمت في ال سطرلاب المسمم  ظ| 52|ب غیرها فاعرف دائرة 

 ما وافاه فهو الطالع بأ جزائه. 9انظر ا لی ال فق الشرقي

 11عن فلك البروج وعروضها عنه 10: أ ما درجات الکواکب الثابتة( معرفة درجات الکواکب الثابتة وعروضها42)

لام بصفیحة قد عملت للعرض المساوي لتمام الم  فوق  12التي یل ال عظم. وخطم فیها المقنطراتفلیس ا لی معرفتها سبیل ا 

ال فق. فا ن کان في  15يواس تخرجت فیها دوائر السموت ا لی المحیط من غیر أ ن یقطع لد 14والتي تحتها 13ال رض

ال سطرلاب صفیحة علی هذه الهیئة فرکمب العنکبوت علیها وضع المري علی خط وسط السماء. ثم انظر ا لی رأ س الکوکب 

لی الجنوب في علی کم وقع من ا ن کان داخل منطقة البروج فا لی الشمال في الشمالي وا  لمقنطرات، فذلك مقدار عرضه ا 

                                                             
 علی العضادة ص(-)ده 1

 السمت: )د( الشمس 2
 الشمالي: )ب( لشمالي 3
 ما: )ب( بما 4
 قد: )ب( قلي 5
 فتخرجه: )ب( فنخرجه 6

 وکتبه من جدید.« ا»)ب( شطب الکاتب حرف  7

 ص( رأ س-)ده8 

 الشرقي: )ب( المشرق 9
 الثابتة: )ب( الثانیة 10
 وعروضها عنه ‒)د(  11
 التي: )ب( الی 12
 ال رض: )ب( ال فق 13
 تحتها: )ب( تحته 14
 ینقطع لد: )ب( يیقطع لد 15



121 
 

أ و مغربه في بلدك. وقد تقدم تمییز  ظ| 02|د کان فعلی مثله انحراف القبلة أ و سمت ذلك البلد عن مشرق الاعتدال 

 جهات السمت، فاعتبره.

مة درجة وأ یم کوکب02) ما  1: ضع الدرجة أ و مري الکوکب علی أ فق المشرق فانظرشئنا ( معرفة سعة مشرق أ ی

بها دوائر السموت، فما کان فهو  3هو من ال قسام التي تقسمه 2نقطة تقاطع ال فق ومدار الحمل کم قسماً بین موقعه منه ا لی 

ن کان تحته فا لی الشمال. 4سعة المشرق  المطلوب ا ن کان فوق خط الاس تواء فا لی الجنوب وا 

: سَوم  ( معرفة خط نصف النهار02)
اء علیه لو صببت المموضعاً بغایة ما أ مکنك من التدقیق في تسویته حتی  5

من جمیع جوانبه بالسواء أ و وقف متحیراً في مکانه. ثم انصب علیه عموداً من أ ي جوهر کان بعد أ ن یکون مس تویًا  6فاض

ر الرأ س أ و حادمة وخذ الارتفاع في أ یم وقت شئت علی أ ن یکون قبل نصف النهار واحفظه واعلّ في ذلك الوقت  7مدوم

القدر  9ود الواقع علی ال رض. ثم ارصد الشمس بعد نصف النهار ا لی أ ن یعود ارتفاعها ا لیظل العم 8علی رأ س الظل أ عني

فه. ثم أ خرج من نقطة  11علی رأ س ظل 10ال ول المحفوظ وتعلّم  العمود أ یضاً. ثم صل بین العلامتین بخط مس تقیم ونصم

 لنهار.خطاً مس تقیماً ا لی الناحیتین جمیعاً، فذلك خط نصف ا 12النصف ا لی أ صل العمود

ذا أ ردت ذلك فخذ ارتفاع الشمس في أ يم وقت شئت وضع درجة خط نصف النهار من السمت ( معرفة02) : ا 

بعد سمت الشمس لذلك الارتفاع  14لاس تخراج الطالع واس تخرج 13الشمس علی مثله في المقنطرات وفي جهته کما تعمل

ما  و| 52|ب الارتفاع علی مثل  15عن مطلع الاعتدال أ و مغربه. ثم أ قلب ال سطرلاب وضع مري العضادة من أ جزاء

في الربع الشرقي الجنوبي فاجعل الکرسي ا لی جهة الجنوب بالتقریب والحدس،  16وجدت من بعد السمت فا ن کان السمت

                                                             
 فانظر: )ب( وانظر 1
 قسماً: )ب( قسم 2
 تقسمه: )د( تقسم 3
 المشرقص( -)ده 4

 سو: )ب( س تو 5

 صببت الماء علیه فاض: )ب( صبت علیه ماء 6
 اعلّ: )ب( علّ 7
 الظل أ عني ‒)ب(  8
لی: )ب(  9  ارتفاعه علیارتفاعها ا 

: )ب( یعلّ 10  تعلّم
 ظل: )د( کل 11

فه. ثم أ خرج  ‒)ب(  12 أ یضاً. ثم صل بین العلامتین بخط مس تقیم ونصم

لی أ صل العمود  من نقطة النصف ا 
 تعمل: )ب( یعمل 13
 اس تخرج: )د( اس تخراج 14
 أ جزاء: )ب( أ خزاء 15
 السمت: )د( الشمس 16
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ن کان خطوط السموت مخطوطة تحت ال فق فأ ما في الشمس فاعکس الصفات   العمل وهو فيحینئذ الاعتبار المذکور وا 

عدد الدائرة المارة علیها واس تخرج سمتها فا ن خرج لك من مطلع  3درجة الشمس دون درجتها واعرف 2ا لی نظیر 1أ ن تنظر

ن کان في الجنوب  4الاعتدال فهو من ن کان في الشمال، فهو في الجنوب وا  ن خرج من مغربه فهو من مطلعه وا  مغربه وا 

الکوکب علی مثل ارتفاعه فعلّم علی المري ثم ضع درجة  5واکب: فا ذا وضعت مري( وأ ما في الک2-04فهو في الشمال. )

ثم ضع مریه  6بعُد الکوکب عن خط وسط السماء ثم احفظه. ظ| 52|ب مریه علی خط وسط السماء فما زال المري فهو 

ن کان کبوت مععلی خط وتد ال رض وعلّم علی المري، فا ن کان ارتفاع الکوکب وقت القیاس شرقیاً، فأ در العن  کوساً وا 

حینئذ ا لی الدائرة  8السماء. ثم تنظر 7غربیاً فأ دره مس تویًا حتی یزول المري عن العلامة بمقدار بعده المحفوظ عن وسط

ن 9المارة علی مریه وعددها وتعکس خرج السمت من مغرب الاعتدال فهو من  10صفاتها کما ذکرنا في الشمس أ عني ا 

 الشمال. 12الجنوب أ و ا لی الجنوب فهو في 11غربه، أ و خرج ا لی الشمال فهو فيمطلعه أ و من مطلعه فهو من م

أ ي بلد شئت علی المقنطرة التي توافق  14زد عرض مکة أ و 13سمت القبلة أ و سمت أ ي بلد شئنا: ( معرفة02)

لیها وأ در العنکبوت یمنة و  ل المقنطرة التي تنتهی  ا  سرة وأ قرم منطقة ی مدار الحمل في خط وسط السماء في صفیحة بلدك وحصم

من درج البروج فعلّم علیها  و| 52|ب البروج علی خط وسط السماء، فما وافق تلك المقنطرة علی خط وسط السماء 

وعلّم علی موقع المري وهي موضوعة علی خط وسط السماء. ثم خذ فضل ما بین طول بلدك وطول البلد المطلوب سمته 

ن فأ در العنکبوت مس تویًا حتی یزول  16کان طول بلدك أ کثر من طول ذلك البلد 15بأ ن تنقص ال قل من ال کثر منهما، وا 

ن کان طوله أ کثر من طول بلدك فأ دره معکوساً حتی یزول المري بمقدار فضل ما  المري بمقدار فضل ما بین الطولین؛ وا 

لی الدرجة التي کنت عملت علیها علی أ ي خط وقع من خطوط السمت وا ته، فما عرف عدد سم بین الطولین. ثم انظر ا 

                                                             
 تنظر: )ب( ینظر 1

 نخ( نظیر-)ده2 

 اعرف: )ب( تعرف 3
 من: )ب( في 4
 مري: )ب( المري 5
 ثم احفظه: )ب( فاحفظه 6
 وسط: )ب( وتد 7
 تنظر: )ب( ینظر 8

 تعکس: )ب( بعکس 9
ن: )ب( عن 10  ا 
لی 11  في: )ب( ا 
لی 12  في: )ب( ا 
 شئنا: )ب( شئناه 13
 أ و: )ب( و 14
ن 15  فا ن: )ب( وا 
 بلدك أ کثر من طول ذلك البلد: )ب( ذلك البلد اقل من طول بلدك 16



121 
 

̅̅ص صتقاطع ال فق معه حرفا  ̅̅ ما أ ن تبتدي0-04ولنسمم ذلك النظم ال ول. ) 1̅ ( وا 
من طرف خط نصف النهار الجنوبي  2

̅̅قف قفعند تقاطع ال فق مع خط وتد ال رض حرفا  4وعلامة ذلك أ ن تجتمععند طرفه الشمالي  3وتنتهی  ̅̅ ولنسمم هذا النظم  ̅̅

ما أ ن تکون تبتدي4-04الثاني. ) ( وا 
عند مطلع الاعتدال ومغربه  6من کل واحد من طرفي خط نصف النهار وتنتهی  5

̅̅ص صعند تقاطع ال فق مع مدار الحمل حرفا  7وعلامة ذلك أ ن تجتمع ̅̅ ذا أ ردت أ ن 2-04ظم الثالث. )ولنسمم ذلك الن ̅ ( فا 

ال فق فضع درجة الشمس أ و مري  ظ| 54|ب مخطوطة فوق  8تعرف سمت ارتفاع الشمس أ و کوکب وخطوط السموت

الکوکب علی مثل الارتفاع الموجود وفي جهته ثم انظر الخط السمتي المار علی درجة الشمس أ و رأ س الکوکب المحدد کم 

العدد هو بعُد سمته من مطلع الاعتدال ا ن کان الارتفاع شرقیاً أ و عن مغربه  9ل فا نم ذلكعدده. فا ن کان من النظم ال و 

ن کان تحت خط  10ا ن کان غربیاً. وتنظر ا لی ملتق  تلك الدائرة مع ال فق فا ن کان فوق خط الاس تواء فهو في الجنوب وا 

ن کان ذلك العدد من النظم الاس تواء فهو في الشمال. وا 
العدد وبین تسعین  12الثاني فا نم سمته هو الفضل بین ذلك 11

ن کان من النظم الثالث فأ سقط العدد من تسعین فما 13جزءاً فأ سقط ال قل من ال کثر، فما بق  فهو المطلوب؛ وا 
بق   14

ن2-04فهو السمت المطلوب. ) ( وا 
 لم تمرم علی درجة الشمس أ و رأ س الکوکب دائرة من تلك الدوائر بل وقع بین 15

عدداً  و| 52|و ال قل  16خطین، فعلّم علی المري علامة وهي المطلقة. ثم ضع درجة الشمس أ و رأ س الکوکب علی الخط

ال کثر عدداً وعلّم علی المري علامة وهي الثانیة. ثم اضرب ما  17وعلّم علی المري علامة وهي ال ولی. ثم ضعها علی الخط

السمت واقسم المبلغ علی فضل ما بین العلامة ال ولی والثانیة وزد  18خطوطبین العلامة ال ولی والمطلقة في أ صل قسمة 

( فاعتبر به 2-04فما بلغ فهو عدد الخط المار بدرجة الشمس أ و مري الکوکب. ) 19ما خرج لك علی عدد الخط ال ول

                                                             
 )ب( + أ یضاً  1
 تبتدي: )ب( یلتدي 2
 تنتهی : )ب( ینتهی  3
 تجتمع: )ب( یجتمع  4
 تکون تبتدي: )ب( یبتدي 5
 تنتهی : )ب( انتهی  6

 تجتمع: )ب( یجتمع 7
 السموت: )ب( السموات 8
 فا نم ذلك: )ب( فذلك 9

 تنظر: )ب( ینظر 10

 ص( النظم-)ده 11

 ذلك: )ب( ذلك بینبین  12
 فما: )ب( وما 13
 فما: )ب( وما 14
ن: )ب( فا ن 15  وا 
 الخط: )ب( خط 16
 الخط: )ب( خط 17
 ص( خطوط-)ده 18

 أ ول: )ب( ال قل عدداً  19
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ما تمام انجلائه عنه یرصده هو في بلده وترصده أ نت في بلدك حتی تقفا 1انجلاء الظلام وا 
معاً علی ارتفاع کوکب واحد  2

رأ س ذلك الکوکب في صفیحة عرض بلدك علی مثل الارتفاع الذي وجدته له وفي جهته وعلّم  ثم ضع 3معلوم لوقت واحد.

بلغ ا لی خط وسط السماء أ سرع، فضع رأ سه علیه وانظر کم زال  4علی المري. ثم أ در العنکبوت مس تویًا أ و معکوساً فأ یهما

کوکب علیه وجده صاحبك في بلده فضع رأ س ذلك الالمري فهو المحفوظ ال ول في جهة الارتفاع. ثم اعمد ا لی الارتفاع الذي 

وفي جهته وفي صفیحة عرض بلد صاحبك واعمل به ما عملت أ ولًا، فیخرج لك المحفوظ الثاني في جهة الارتفاع أ یضاً. 

طول ذلك البلد  ظ| 50|ب فا ن کان المحفوظان معاً شرقیین وال ول أ قل فزد فضل ما بینهما علی  5( ثم انظر00-5)

ن کانا غربیین معاً وال ول  6المعلوم ن کان ال ول أ کثر، فانقص فضل ما بینهما منه فیحصل لك طول بلدك من المغرب؛ وا  وا 

ن کان ال ول أ کثر فزد فضل ما بینهما علیه، فیحصل طول بلدك من  7أ قل فانقص فضل ما بینهما من طول ذلك البلد وا 

ن کانکان المحفوظ ال ول شرقیاً والثاني غربی 8المغرب. فا ن ال ول غربیاً  و| 02|د  9اً فانقص مجموعهما من طول ذلك البلد؛ وا 

 المغرب.  10والثاني شرقیاً فزد مجموعهما علیه فیحصل طول بلدك من جهة

ة 9-04: )والکوکب ( معرفة سمت ارتفاع الشمس04) ( متی توهمت دائرة عظیمة خارجة عن سمت رأ سك مارم

نم ما بین موقعها من ال فق ا لی مطلع الاعتدال أ و  11ال فق علیعلی جرم الشمس أ و الکوکب قائمة علی  زوایا متساویة، فا 

لیه یسمم  سمت ذلك الکوکب في ( وهذه الدوائر في 5-04) و| 54|ب ذلك الارتفاع.  12مغربه أ یهما کان أ قرب ا 

ما أ ن تکون ما أ ن تکون 13ال سطرلاب ا  فوق ال فق وا 
ما أ ن تکون 14 مبتدیة من مطلع الاعتدال ومغربه  15تحته وأ عدادها ا 

̅̅ص صعلی خط وسط السماء عند مدار الجدي حرفا  16وعلامة ذلك أ ن تجتمع ̅̅ أ یضاً علی خط وتد ال رض عند  17وتجتمع ̅

                                                             
 انجلاء: )ب( انحلاء 1
 تقفا: )ب( یقفا 2
 لوقت واحد ‒)د(  3
 فأ یهما: )ب( فأ نهما 4
 ثم انظر ‒)ب(  5
 المعلوم ‒)د(  6
ن کانا  7 فانقص فضل ما بینهما منه فیحصل لك طول بلدك من المغرب وا 

 )ب( فزد غربیین معاً وال ول أ قل فانقص:
ن 8  فا ن: )ب( وا 

 کانص( -)ده 9

 جهة ‒)د(  10
 ص( علی-↑)د 11
 في: )د( من 12
 تکون: )ب( یکون 13
 تکون: )ب( یکون 14
 تکون: )ب( یکون 15
 تجتمع: )ب( یجتمع 16
 تجتمع: )ب( یجتمع 17
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حتی تضع درجة الشمس ا ن کان ذلك نهاراً أ و نظیرها ا ن کان لیلًا علی أ فق المشرق فما تحرك المري فلکل خمسة عشر 

 جزءاً ساعة. وذلك هو الماضي من اللیل أ و النهار ا لی وقت توسط السماء.

یر تي یطلع فیها قطب فلك البروج والبلاد التي یماس فیها ال فق والتي تص( معرفة عروض البلاد الشمالیة ال05)

̅̅کج له( کل بلد عرضه أ قل من المیل ال عظم وهو 9-05: )فیها أ بدي الظهور فا نم قطبي فلك البروج یطلعان فیه ویغربان،  ̅̅

نهما عرضه علیه، فالقطب الشمالي فیه  3أ فقه في دورانهما. وکل بلد یزید 2یماسان 1وکل بلد یساوي عرضه المیل ال عظم، فا 

ذا  4ص̅والموضع الذي عرضه مثل تمام المیل ال عظم ا لی  ظ| 55|ب أ بدي الظهور والجنوبي أ بدي الخفاء.  وهو باقیة ا 

̅̅سو کهأ عني  5ص̅أ سقط من  ذلك  6( ومعرفة5-05فالقطب الشمالي فیه یسامت الرؤوس والجنوبي یسامت ال رجل. ) ̅̅̅

مدار الجدي علی خط وسط السماء. فا ن کان عدد ارتفاعها أ کثر من  7قنطرة التي توافقبال سطرلاب أ ن تنظر ا لی الم 

̅̅مب ن ن کان عدد 8فا نم قطبي فلك البروج یطلعان ویغربان في تلك الصفیحة ̅̅̅ وا 
̅̅مب ن 10ارتفاعها 9 نهما  11̅̅̅ سواء، فا 

ن  12یماسان نم الشمالي منهما أ بدي الظهور فیها وا  ن کان أ قل فا  ق تلك کان مکان تلك المقنطرة أ فأ فقها في دورانهما، وا 

نم الشمالي منهما  الرؤوس. 14یسامت فیها 13الصفیحة فا 

لی معرفة طول بلدك أ عني بعده من أ قصی العمران في9-00) 15أ طوال البلدان: ( معرفة00) ن أ حتجت ا  ( وا 
16 

لام بعد أ ن یتواط  17ناحیة المغرب فلیس یمکمنك ذلك وقت واحد  20علی رصد 19أ حد سکان البلاد المعلومة الطول 18ا 

ما ابتداء  و| 50|ب  یاه وا  ما اس تغراق الکسوف ا  ما بدو ظهور الظلام في جرمه وا  بعینه من أ وقات کسوف قمري بعینه ا 

                                                             
 فا نهما ‒)د(  1
 یماسان: )ب( تماسان 2
 یزید: )ب( یزداد 3
لی  ‒)ب(  4  ص̅ا 
 : )ب( تسعینص̅ 5
 معرفتهمعرفة: )ب(  6
 توافق: )ب( یوافق 7
الشمالي )د(  :الصفیحة قطبي فلك البروج یطلعان ویغربان في تلك 8

 منهما أ بدي الخفا فیها
 ص( عدد-)ده 9

 عدد ارتفاعها ‒)ب(  10

̅̅مب ن 11 ̅̅مت ن: )ب( ̅̅̅ ̅̅̅ 
 یماسان: )ب( تماسان 12
 منهما ‒)ب(  13
 )د( فیها 14
 كبلد أ طوال البلدان: )ب( طول 15
 في: )ب( من 16
 ذلك ‒)ب(  17
 یتواط : )د( تواط  18
 ص( طول-)ده 19

 علی رصد: )ب( یرصد 20
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ات الشمالیة العروض تتقدم ا لی أ ول  1في هذا النصف. فأ ما في النصف ال خر، أ عني ما بین أ ول الجدي السرطان، فا نم ممرم

 عن درجاتها فاعلّ ذلك. 3درجاتها والجنوبیة العروض تتأ خر 2علی

( ضع رأ س ذلك 9-09: )( معرفة طلوع أ ي کوکب شئنا وغروبه وتوسطه السماء بالنهار یکون أ م باللیل09)

ن  ظ| 59|ب فا نم طلوعه بالنهار  4فوق ال فقالکوکب المحدد علی أ فق المشرق ثم انظر ا لی درجة الشمس فا ن وقعت  وا 

نم طلوعه باللیل. فا ن أ ردت أ ن تعرف ذلك في توسطه السماء فضعه علی خط وسط السماء وفي غروبه  5وقعت تحته، فا 

ن اتفقت نم  6ضع علی أ فق المغرب واعتبر الاعتبار المذکور حتی یبینم لك المطلوب. وا  درجة الشمس معه فیما تضعه علیه فا 

( فا ن أ ردت 5-09یکون مع حدوث مثل ذلك للشمس. ) 7طلوب من طلوعه أ و غروبه أ و توسطه السماء وغیر ذلكالم

 10ثم أ در العنکبوت معکوساً  9المري علامة. 8أ ن تعلّ متی یکون طلوعه فضع رأ سه المحدد علی أ فق المشرق وعلّم علی موضع

ن کان طلوعه لیلاً  13أ فق المشرق 12درجة الشمس 11حتی توافي ن کان طلوعه نهاراً، فما تحرك ا  ، أ و نظیر درجة الشمس ا 

ا لی طلوع ذلك الکوکب.  14المري عن موضعه فلکل خمسة عشر جزءاً ساعة وذلك هو الماضي من اللیل أ و من النهار

ن أ ردت معرفة09-0) ( وا 
علی أ فق المغرب وعلّم علی المري ثم أ در العنکبوت  16ذلك في غروبه فضع رأ سه المحدد 15

نظیر درجتها ا ن کان غروبه نهاراً، 18المغرب ا ن کان غروبه لیلًا و و| 55|ب درجة الشمس أ فق  17حتی توافي معکوساً 

ن أ ردت 4-09فما تحرك المري فلکل خمسة عشر جزءاً ساعة وذلك هو الماضي من اللیل أ و النهار ا لی وقت غروبه. ) ( وا 

سط السماء وعلّم علی المري. ثم أ در العنکبوت معکوساً علی خط و  21المحدد 20السماء فضع رأ سه 19معرفة ذلك في توسطه

                                                             
ذا کانت جنوبیة العرض في هذا النصف. فأ ما في ‒)ب(  1  وتتقدم ا 

 النصف ال خر، أ عني ما بین أ ول الجدي
 تتقدم علی: )ب( یتقدم 2
 تتأ خر: )ب( فتأ خر 3
 )ب( ال رضال فق:  4
ن 5  فا ن: )ب( وا 
 اتفقت: )د( اتفق؛ )ب( ابعقت 6
 من طلوعه أ و غروبه أ و توسطه السماء وغیر ذلك ‒)د(  7
 موضع ‒)ب(  8
 علامة ‒)د(  9

 )ب( مس تویًا؛ )به( معکوساً معکوساً:  10

 توافي: )ب( تضع 11

 )ب( + علی 12
 )د( + و 13
 «و»)د( شطب الکاتب حرف  14
 معرفة ‒)د(  15
 المحدد: )ب( المجدد 16
 توافي: )ب( یوافي 17
 و: )ب( أ و 18
 توسطه: )ب( توسط  19
 رأ سه: )د( رأ س 20
 المحدد: )ب( المجدد 21
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فضع جزئه علی أ فق المشرق واعمل به ما  3معلومة من س ني العالم المعلوم 2ا ن کان طالع س نة ما 1تلك الس نة. وکذلك

 5فیخرج لك علی أ فق المشرق جزء طالع تلك الس نة المطلوبة. 4قلناه

نم الکواکب ذوات العرض9-02) 7درجة طلوع الکوکب وغروبه وتوسطه السماء: 6( معرفة02) عن فلك  8( ا 

البروج لا تمرم 
لیها بل مع درجات أ خر. فا ن أ ردت 11المشرق والمغرب و 10علی أ فق 9 وسط السماء مع درجاتها المنسوبة ا 

 12درجة طلوع کوکب مفروض، فضع مریه المحدد علی أ فق المشرق وانظر ما وافق أ فق المشرق من درجات منطقةمعرفة 

أ ن تطلع قبل درجاتها والتي عروضها  13البروج فتلك الدرجة هي التي تطلع معه. ومن شأ ن الکواکب التي عروضها شمالیة

ن أ ردت در 5-02) و| 59|ب أ ن تطلع بعد درجاتها.  14جنوبیة علی أ فق المغرب وانظر ما  16فضع مریه 15جة غروبه( وا 

بعد  18درجة غروبه. وخاصیة الکواکب الشمالیة العروض أ ن تغرب 17وافی أ فق المغرب من درجات البروج، فذلك

ه بوسط السماء،0-02والجنوبیة بعکس ذلك. ) 19درجاتها ن أ ردت درجة ممرم ( وا 
علی خط وسط السماء  21فضع مریه 20

الکواکب الشمالیة العروض  ظ| 02|د من درج البروج فهو درجة ممرم ذلك الکوکب ودرج ممرات  22وانظر ما وافی الخط

ذا کانت فیما بین أ ول السرطان ا لی 23تتأ خر عن درجاتها ذا کانت جنوبیة العرض  24في فلك البروج ا  أ ول الجدي وتتقدم ا 

                                                             
 وکذلك+ )ب(  1
 ما ‒)د(  2
 المعلوم: )د( معلوماً  3
 قلناه: )ب( تقدم 4
 المطلوبة ‒)د(  5
 + معرفة)ب(  6
 )به( السماء 7
 )ب( العروض 8
: )ب( یمر 9  تمرم

 أ فق ‒)ب(  10
 و ‒)ب(  11
 منطقة: )ب( المنطقة 12

  البروجشمالیة: )ب( في جهة الشمال عن فلك 13
 جنوبیة: )ب( في الجنوب 14
 غروبه: )ب( غروبة 15
 رأ سه المجددمریه: )ب(  16
 : )ب( فتلكفذلك 17
 تغرب: )ب( بعرب 18
 درجاتها: )د( درجتها 19
 بوسط السماء: )ب( وهي التي یتوسط السماء معه 20
 مریه: )ب( طرفه المحدد 21
 الخط: )ب( خط وسط السماء 22
 درجاتها: )د( درجتها 23
لی: )ب( و 24  ا 
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ن شئت فاعمد5-52برج الطالع بدرجاته. ) 1منتهی  العدد وانظر ا لی أ فق المشرق ما وافاه فهو ( وا 
ا لی خطوط الساعات  2

ندك مس تویة، أ و المعوجة ا ن کان ما عندك معوجة؛ وعدم من أ فق المغرب مثل الذي عندك منها کان ما ع  3المس تویة ا ن

ن کانت لیلیة فضع علیه  4وعلّم علی المنتهی ، فا ن کانت تلك الساعات نهاریة فضع نظیر درجة الشمس علی المنتهی ، وا 

ن کانت غروبه،  الساعات مأ خوذة من لدن طلوع کوکب أ و درجتها ثم انظر ا لی أ فق المشرق ما وافاه، فهو الطالع بأ جزائه. وا 

ن کانت مأ خوذة من طلوعه أ و علی أ فق المغرب  5فلا شك أ نها تکون مس تویة، فضع حینئذ رأ سه المحدد علی أ فق المشرق ا 

وعلّم علی المري ثم أ در العنکبوت مس تویًا حتی یزول المري لکل ساعة خمسة  6من غروبه و| 52|ب ا ن کانت مأ خوذة 

 زءاً ثم انظر ا لی أ فق المشرق، فیکون الطالع ما وافاه من البروج وأ جزائها.عشر ج

 المري : ضع درجة الطالع علی أ فق المشرق وعلّم علیقبل الطالع في بلدك ( معرفة الطالع في وسط المعمورة من52)

ین فأ در العنکبوت للتسعثم خذ فضل ما بین تسعین جزءاً وطول بلدك الموضوع له في جداول الزیجات، فا ن کان الفضل 

ن کان الفضل لطول بلدك فأ دره معکوساً حتی یزول عن  7مس تویًا حتی یزول المري عن موضعه بمقدار ذلك الفضل، وا 

موضعه بقدر الفضل، ثم انظر ا لی خط المشرق، أ عني خط الاس تواء من قبل المشرق، فما وافقه من فلك البروج فهو 

 الطالع بالقبة.

: ضع جزء طالع المولد علی أ فق المشرق وعلّم علی المري ثم أ در العالم 8الموالید وس ني س ني( معرفة تحویل 51)

ن کان بالقانون  العنکبوت مس تویًا لکل س نة ا ن کان ال صل معمولًا بزیجات الس ند هند والفرس ثلثة وتسعین جزءاً وا 

ن کان بزیجات الرصد المحدث فس بعة 9وثمانین ظ| 52|ب فتسعة  جزءاً وا 
ات بعدد وثم 10 انین جزءاً حتی تفعل ذلك مرم

الس نین الشمس یة التامة التي تقدمت قبل التحویل المطلوب، ثم انظر ا لی أ فق المشرق ما وافقه فذلك جزء طالع تحویل 

                                                             
 ذلكفهو: )ب( ف 1
 فاعمد: )ب( فاعمل 2
ن 3 ن: )ب( وا   ا 
ن: )ب( فا ن 4  وا 
 تکون؛ )ب( یکون ‒)د(  5

 غروبه: )ب( غرب 6
  ذلك ‒)د(  7
 وس ني: )ب( أ و 8
 ثمانین: )ب( ثمانون 9

 فس بعة: )ب( وس بعة 10
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ثم اطلب علی خط  2الشمس في نصف نهار یومك 1: أ رصد غایة ارتفاع( معرفة درجة الشمس بالرصد52)

الذي أ نت  و| 91|ب  5وعلّم علیها. ثم أ در الربع من منطقة البروج 4ذلك الارتفاع الموجود 3وسط السماء مقنطرة توافق

ن کان 6في فصله من منطقة البروج صیفاً فمن أ ول السرطان ا لی أ ول  7ا ن کان ربیعاً فمن أ ول الحمل ا لی أ ول السرطان وا 

ن کان المیزان وا 
ن کان 8 لی أ ول الجدي وا  خریفاً فمن أ ول المیزان ا 

لی أ ول الحمل، فما وافق تلك  9 ش تاءاً فمن أ ول الجدي ا 

 درجة الشمس. 10العلامة من درج البروج في ذلك الربع فهو

ذا کان قوس النهار معلوماً فعدم مثل نصفه في الحجرة من  12درجة الشمس من قبل قوس النهار: 11فة( معر 52) ا 

عند العلاقة وهو خط وسط السماء ا لی جهة المشرق أ و المغرب وعلّم علی المنتهی  علامة. ثم رکمب العضادة ا ن کانت 

فة محرم
ن لم تکن محرم  13 فة فضع مسطرة علی مرکز ال سطرلاب وتلك علی وجه ال سطرلاب وضع مریها علی العلامة وا 

نه سواء. و الربع الذي أ نت  17حرف المسطرة أ و العضادة ال فق وأ قر علیه 16الذي یقطع به 15علّم علی الموضع14العلامة، فا 

 في فصله، فأ یة درجة وافقت تلك العلامة فهی  التي فیها الشمس.

ذا عرفت ما 9-52: )( معرفة الطالع من قبل الساعات52) ن کانت  18مضی من ساعات النهار أ و اللیل( ا  فا 

ن کانت وعلّم علی المري. ثم أ در العنکبوت  ظ| 91|ب لیلیمة فضع علیه نظیرها  19نهاریة فضع درجة الشمس علی ال فق وا 

ن کانت معوجة نهاریة  21ساعة خمسة عشر جزءاً ولکسورها ما تخصها 20مس تویاً ا ن کانت الساعات مس تویة فلکل منها وا 

أ جزاء ساعات لیل درجتها. ثم ضع المري علی  22فلکل ساعة مقدار أ جزاء ساعات نهار درجة الشمس أ و لیلیة فمقدار

                                                             
 ص( ارتفاع-)ده 1

 : )د( النهاركنهار یوم 2
 توافق: )ب( یوافق 3
 الموجود ‒)د(  4
 من منطقة البروج ‒)د(  5
 وکتبها من جدید« البروج»)د( شطب الکاتب کلمة  6
 وأ ن کان: )ب( أ و 7
ن کان: )ب( أ و 8  وا 
ن کان: )ب( أ و 9  وا 

 فهو: )ب( فهی  10
 + معرفة)ب(  11
ذا کان معلوماً  12  )ب( + ا 

 محرفة: )ب( یحرفه 13
 و: )ب( ثم 14
 الموضع: )ب( المواضع 15
 به: )ب( بها 16
 علیه: )ب( علیها 17
ذا عرفت ما مضی من ساعات النهار أ و اللیل 18 ذا حصل لكا   : )ب( ا 

  العلّ بالماضي من النهار واللیل من الساعات وأ ردت أ ن یعلّ الطالع
 کانکانت: )ب(  19
 لکل: )د( لکلف 20
 تخصها: )ب( تحصی 21
 فمقدار: )د( ومقدار 22
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ذا أ ردت ذلك فضع ( ا  7-26) 1البلاد: ( معرفة مطالع البروج في الفلك المس تقیم ومطالعها ومغاربها في سائر26)

معرفة مطالعه في الفلك المس تقیم علی خط وسط السماء أ و أ ي خط شئت من الخطوط المس تقیمة  2أ ول البرج الذي ترید

بعد أ ن یکون مارّا  علی مرکز ال سطرلاب وعلّّ علی موقع المري علامة. ثم أ در العنکبوت مس تویا  حتی تضع أ خر ذلك 

یة له. رك المري عن موضعه فهو مطالع ذلك البرج في الفلك المس تقیم. ومغاربه فیه مساو البرج علی ذلك الخط بعنیه. فما تح

( فا ن أ ردت مطالعه في بلد ما، فاعمل به في ال فق الشرقي من الصفیحة المعمولة لعرض ذلك البلد ما عملت به 26-2)

ن أ ردتمطالعه في الفلك المس تقیم، فما تحرك الم 3أ ولا  في خط وسط السماء، لمعرفة مغاربه  ري فهو مطالعه في ذلك البلد. وا 

مفروضة من برج  4فیه فاعمل به هذا العمل بعینه في ال فق الغربي. وکذلك ا ن أ ردت مطالع عدّة أ براج أ و مطالع درجة

 مفروض.

نها ( معرفة تحویل درج المطالع ا لی درج السوا22) ذا فرضت فا  حدي  ظ| 71|ب ء: والمطالع ا  تفرض عند ا 

حدي نقطتي الاعتدالین أ و مننقطتي الا ذا فرضت وأ ردت أ ن تعرف ما  5نقلابین أ و ا  عند أ ول برج مفروض غیرهما. فا 

ن  6تصیبها من درج السوا، فضع أ ول الحمل أ و المیزان أ و أ ي برج فرضت تلك المطالع من أ وله. ولنسمّ  ذلك الحد ال ول ا 

حدي الخ ن کانت فيکانت في الفلك المس تقیم، فعلی خط وسط السماء أ و ا  بلد معلوم  طوط المس تقیمة المارّة علی المرکز؛ وا 

ن کانت مغارب فیه 7فعلی ال فق الشرقي في الصفیحة الموافق فعلی ال فق الغربي في تلك  و| 61|د  8عرضها لعرضه وا 

لی الخط . ثم 10المطالع المفروضة لك 9الصفیحة. وعلّّ علی المري ثم أ در العنکبوت مس تویا  حتی یزول المري بقدر انظر ا 

ول، ما وافاه من درج البروج فما بین الحد 11الذي وضعت علیه الحد من الدرج في منطقة البروج هو  13ال ول وبینه 12ال 

نها مساویة للمطالع فیه.  ما یصیب تلك المطالع من درج السواء. وأ ما المغارب في الفلك المس تقیم فا 

                                                             
 )به( في سائر البلاد 1
 )ب( یریدترید:  2

 نخ( ولمعرفة -؛ )دهعرفة)د( لم3 

 مطالع درجة: )ب( مطالعه درج 4
 من ‒)ب(  5
 ولنسم: )ب( ولیسم 6
 الموافق: )ب( الموافقة 7

 فیه ‒)د(  8
 بقدر: )د( مقدار 9

 لك ‒)د(  10
 الحد: )ب( الجد 11
 الحد: )ب( حد 12
 بینه: )ب( بینهما 13
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ذا أ ردت أ ن تعرف عرض الصفیحة فانظر ارتفاع المق ( معرفة عرض الصفیحة22) مدار الحمل  1نطرة التي توافق: ا 

له تلك الصفیحة. وکذلك ا ن أ مکنك  2علی خط وسط السماء فأ سقطه من تسعین وما بقي فهو عرض الموضع الذي تصلح

 المقنطرة التي تجور علی مرکزها حصل لك المطلوب ل نّ ارتفاعها یکون موافقا  لعرض الصفیحة. 3تعرف

ذا أ ردت7-27: )( معرفة عرض البلد27) غایته  4أ ن تعرف عرض بلدك فارصد ارتفاع الشمس حتی یبلغ ( ا 

ذا عرفته فانظر فا ن کانت الشمس في أ ول أ حد برجي الحمل   71ب |یزید بعد ذلك بل یقف أ و یکاد یأ خذ في النقصان. فا 

ن کانت الشمس في غیر ه2-27من تسعین وما یبقی فهو عرض بلدك. ) 5والمیزان فأ سقط ذلك الارتفاع ظ| ذین ( وا 

 7هو أ م شمالي، فا ن کان شمالیا  وارتفاع نصف النهار من جهة الشمال 6الموضعین، فاس تخرج میل درجتها فاعرف أ جنوبي

ن کان ارتفاع نصف النهار من جهة6-27فاجمعهما وأ لق المبلغ من مائة وثمانین. ) الجنوب وکان المیل شمالیا  فانقصه من  8( وا 

ن کان جنوبیا  فزده علیه. فما حصل فانقصه 10لرصدالنهار الذي وجدته با 9ارتفاع نصف وا 
من تسعین وما بقي فهو عرض  11

 ذلك البلد. وکذلك ا ن عملت بکوکب معلوم المیل فعلی هذا المثال.

ق( معرفة عرض البلد بالکواکب ال بدیة الظهور22) نّ بعض الکواکب القریبة من القطب تدور حوله في ال  الیم : ا 

بدیة 14وتسمّی 13ولا تطلع 12را  بالکلیة لا تغیبالشمالیة دورانا  ظاه الظهور وذلك کالفرقدین وبنات نعش وأ مثالها.  15ال 

ذا أ ردت أ ن تعرف عرض بلدك بأ حدها فارصده حتی یبلغ غایة ارتفاعه بحیث لا یزداد بل یکاد یأ خذ في النقصان واحفظ  فا 

ارتفاعه  ةذلك الارتفاع. ثم ارصده أ یضا  في تناقص ارتفاعه حتی یبلغ غایة انحطاطه. وتأ خذ بعد ذلك في الارتفاع ثم اجمع غای

لی غایة انحطاطه  ن شئت فزد نصف فضل ما بین غایة  و| 71|ب المحفوظ ا  وخذ نصف المجتمع فما کان فهو عرض بلدك. وا 

 ارتفاعه وغایة انحطاطه علی غایة الانحطاط فتجتمع عرض بلدك.

                                                             
 توافق: )ب( یوافق 1
 تصلح: )ب( یصلح 2

 ارتفاع نخ، ب(-)ده3 

 تبلغیبلغ: )ب(  4

 الارتفاع: )ب( ارتفاع 5

 فاعرف أ جنوبي: )ب( واعرف جنوبي 6

 الشمال: )ب( الشمالي 7
 ص( جهة-)ده 8

 نصف ‒)ب(  9

 بالرصد: )ب( وبالرصد 10
 فانقصه: )ب( فانقضه 11
 تغیب: )ب( یغیب 12
 تطلع: )ب( یطلع 13
 تسمی: )ب( یسمی 14
 ال بدي نخ(-)ده)د( ال بدیة؛  15
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ن کان شمالیا  فزده علی ارتفاع تلك المقنطرة فا ن کان المبلغ أ قل من  1المقنطرة فیبقی ارتفاع نصف نهاره من جهة الجنوب وا 

ن کان أ کثر من تسعین فانقص المبلغ من مائة وثما  61|د بقي  2ین ومانتسعین، فهو ارتفاع نصف نهاره من جهة الجنوب وا 

ن کان الکوکب أ بدي الظهور وأ ردت غایة انحطاطه وأ قل 6-71فهو ارتفاع نصف نهاره من جهة الشمال. ) ظ| |ب ( وا 

رض فالتي توافقه من المقنطرات هو ظ| 71 أ قل ارتفاعه. وأ یضا  فانقص تمام میله من  3ارتفاعه فضع مریه علی خط وتد ال 

لی المطلوب ال ول.  عرض بلدك فیؤدیك ا 

ذا أ ردت ذلك فضع نظیر 7-71) ( معرفة ارتفاع الشمس ل وائل کل واحد من نوعي الساعات کل یوم:71) ( ا 

س تویا  حتی عنکبوت م درجة الشمس علی أ فق المغرب وعلّّ علی موقع المري من الحجرة. فأ مّا الساعات المس تویة: فأ در ال 

لی درجة الشمس أ یة مقنطرة وافت، فما کانت فهو ارتفاع الساعة  یزول المري عن العلامة خمسة عشر جزءا  ثم انظر ا 

لی درجة الشمس ما وافت من المقنطرات، فذلك هو ارتفاع الساعة  4ال ولی. ثم أ دره أ یضا  خمسة عشر جزءا  وانظر ا 

لی تمام نصف النهار. فأ ما ما بعده فالارتفاعالثانیة. وعلی هذا فاعمل لسائره  6لساعة تبقی من النهار مثل الارتفاع لساعة 5ا ا 

ن کانت خطوط الساعات المس تویة معمولة في الصفیحة، فضع نظیر درجة  تمضي منه وکذلك لساعتین وثلث وأ کثر. وا 

( وأ ما 2-71هجم علی مطلوبك. )وضع، فت  7الشمس علی خط أ ول کل ساعة منها وتأ مل ارتفاع درجة الشمس عند کل

دارتك للمري مس تویا  بدل خمسة عشر جزءا   و| 71|ب المعوجة: فاعمل  8الساعات علی هذا المثال بعینه ولکن لیکن ا 

بمثل العمل ال خیر فضع نظیر درجة  11وأ ما 10نظیر درجة الشمس ا ن أ ردته بمثل العمل ال ول. 9بمقدار أ جزاء ساعات نهار

ن کانت مخطوطة فوقه فدرجة الشمس  12الشمس علی خط أ ول کل ساعة من الساعات المعوجة ا ن کانت تحت ال فق وا 

لیها أ یة مقنطرة وافت، فذلك هو ارتفاع تلك الساعة. وبهذا ینتفع في عمل الرخامات وسائر الآلات.  نفسها. ثم انظر ا 

                                                             
 تلك المقنطرة فیبقی ارتفاع ‒)ب(  1
 نخ( فما-وما؛ )ده)د(  2
 هي  نخ(-هو؛ )ده)د(  3

 المقنطرات: )ب( المقنطرة 4
 فالارتفاع: )ب( والارتفاع 5

 ص( لساعة-)ده6 

 کل: )ب( وکل 7
 الساعات: )ب( للساعة 8
 نهار ‒)د(  9

 فا ن أ ردته مثل العمل الثاني نخ(-)ده 10

 وأ ما: )ب( فأ ما 11
 ال ول أ ول: )ب(  12
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-71) 1( معرفة میل درجة الشمس ومیل الکواکب الثابتة وأ بعادها عن سمت الرأ س عند توسطها السماء:71)

موقعه منه داخل مدار  ظ| 71|ب ( ضع تلك الدرجة أ و مري ذلك الکوکب الثابت علی خط وسط السماء فا ن کان 7

ن ن أ ردت أ ن  3کان خارجا   2الحمل فمیله شمالي وا  فهو جنوبي وذلك في ال سطرلاب الشمالي، فأ ما الجنوبي فبعکس ذلك. فا 

تعرف مقدار ذلك المیل فخذ فضل ما بین المقنطرة التي وافقت موقعه من خط وسط السماء وبین المقنطرة التي ماسّت 

فة جهته عن سمت الرأ س ( فا ن أ ردت معر 2-71مدار الحمل علی خط وسط السماء فهو میل تلك الدرجة أ و الکوکب. )

فهو عن سمت الرأ س شمالي  4وبین القطب، وال سطرلاب الشمالي ص̅فضعه علی خط وسط السماء فا ن وقع بین نقطة 

ن کان بین نقطة  ن 6فهو جنوبي فأ ما 5وبین المحیط ص̅وا  أ ردت أ ن تعرف  7في ال سطرلاب الجنوبي فال مر بعکس ذلك. وا 

ما بقي د توسط السماء فانظر کم ارتفاع المقنطرة التي توافقه فأ سقطه من تسعین و مقدار البعد بینه وبین سمت الرأ س عن

بدیة الظهور التي تدور 8فهو المطلوب. فا ن ظاهرة حول القطب أ بدا  وأ ردت بعُده عن سمت الرأ س  9کان الکوکب من ال 

رض ثم انظر م و| 71|ب عند غایة انحطاطه وأ قل ارتفاعاته فضع مریه علی خط وتد  ا وافقه من المقنطرات فأ سقط ال 

 ارتفاعها من تسعین فیحصل المطلوب.

ذا أ ردت ذلك فضع تلك الدرجة أ و مري 7-71: )( معرفة ارتفاع نصف نهار أ يّ کوکب وأ یةّ درجة أ ردنا71) ( ا 

ن  کان بین 10ذلك الکوکب علی خط وسط السماء، فما وافقه من المقنطرات فهو مقدار ارتفاعه في خط نصف النهار، ا 

ن کان بین نقطة  ص̅نقطة  ن  11وبین القطب فهو من الشمال ص̅وبین المحیط في ال سطرلاب الشمالي فهو من الجنوب وا  وا 

ن أ ردت أ ن تعرف ذلك من جهة أ خری فاعرف ارتفاع المقنطرة التي 2-71کان ال سطرلاب جنوبیا  فبعکس ذلك. ) ( وا 

لك لدرجة أ و الکوکب فا ن کان جنوبیا  فانقصه من ارتفاع تتوافق مدار الحمل علی خط وسط السماء واس تخرج میل تلك ا

                                                             
 الرأ س عند توسطها السماء)به(  1
ن: )ب( فا ن 2  وا 
 خارجا : )ب( خارجه 3
 الشمالي: )د( شمالي 4
 الحجرةنخ( -)ده: المحیط 5

 فأ ما: )ب( وأ ما 6

ن: )ب( فا ن 7  وا 

ن 8  فا ن: )ب( وا 
 تدور: )ب( یدور 9

ن؛ )ده)د(  10  فا ن نخ(-ا 

ن کان بین )د(  11 المحیط في ال سطرلاب الشمالي فهو من الجنوب وا 

مال القطب فهو في الش نخ(-وبین القطب فهو من الشمال؛ )ده ص̅نقطة 

ن کان بین نقطة   وبین الحجرة فهو في الجنوب ص̅وا 
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أ جزاء ساعات نهار درجة الطالع فما  2السادس بأ جزائه. ثم أ دره بمقدار ضع  1جزءاً فما وافی خط وسط السماء فهو البیت

ذا حصلت لدیك4-16الخامس بأ جزائه. ) 3وافی خط وسط السماء فهو البیت نّ درجة السابع  4( فا  هذه البیوت الس تة فا 

لثامن طالع والبیت الرابع نظیر وسط السماء والبیت الثالث نظیر البیت التاسع والبیت الثاني نظیر البیت اهي نظیر درجة ال

ن أ ردت ذلك علی 5-16) 5والبیت الثاني عرق نظیر البیت السادس والبیت الحادي عرق نظیر البیت الخامس. ( وا 

السماء  علی أ فق المرق  فیکون ما وافی خط وسط وجه أ خر قریب من الحقیقة غیر محسوس ما بینهما فضع درجة الطالع

العنکبوت معکوساً حتی تحطّ درجة الطالع ساعتین معوجتین فتقع  7بأ جزائه ثم حرّك و| 15|ب  6هو برج وسط السماء

ساً و فهو البیت التاسع بأ جزائه. ثم أ دره أ یضاً معک 9ثم انظر ا لی خط وسط السماء ما وافاه 8علی أ ول الساعة الحادیة عرقة،

البیت الثامن  14حینئذ خط وسط السماء هو 13وافاه 12علی أ ول الساعة التاسعة فما 11ساعتین أ یضاً وتقع 10حتی تحطها

درجة الطالع علی أ فق المغرب وأ در العنکبوت مس تویًا حتی تحط درجة الغارب  15بأ جزائه. ثم ضع درجة الغارب أ عني نظیر

الثالثة فما وافی خط وسط السماء حینئذ فهو البیت الحادي عرق بأ جزائه. ثم أ دره  18علی أ ول الساعة 17وتقع 16ساعتین

أ خرتین وتقع علی أ ول الساعة الخامسة فما وافی خط وسط السماء  20درجة الغارب ساعتین 19مس تویًا أ یضاً حتی تحط

 21ما قدّمناه.حینئذ فهو البیت الثاني عرق بأ جزائه والبیوت ال خر مقابلة لهذه التي صارت معلومة ک

                                                             
بأ جزائه. ثم أ دره س تین جزءاً فما وافی خط ص( البیت الثامن -)به 1

 وسط السماء فهو
 ضع : )ب( الضع  2
 البیت ‒)ب(  3
 لكنخ( -)ده لدیك؛)د(  4

ع والبیت الرابع نظیر وسط السماء والبیت الثالث نظیر البیت التاس)د(  5

البیت  والبیت الثاني نظیر البیت الثامن والبیت الثاني عرق نظیر

 نظیر البیت الخامس؛ )ب( والرابع نظیر الحادي عرقالسادس والبیت 

وسط السماء والثالث نظیر التاسع والثاني نظیر الثامن والثاني عرق نظیر 

 السادس والحادي عرق نظیر الخامس.

 )ب( جدول یحتوي علی أ سماء النجوم، لا یرتبط بالنص 6

 أ در نخ، ب(-ك؛ )ده)د( حرّ 7 

 عرقة: )ب( عرق 8

 وافاهص( ما -↑)د9 

 ؛ )ب( بخطهاطتح نخ(-تحطها: )ده 10

 ؛ )ب( ویقعفتقعنخ( -↑)د وتقع:11 

 خط وسط السماء فما وافی نخ(-)ده12 

 وافاه: )ب( وافی 13

 فهو نخ، ب(-↑هو؛ )د)د( 14 

 نظیر: )ب( نظیرة 15
 ساعتین: )ب( الساعتین 16
 تقع: )ب( یقع 17
 الساعة: )ب( ساعة 18
 تحط: )ب( بخط 19
 الساعتینساعتین: )ب(  20
 قدمناه: )د( قدمنا 21
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فأ ما ا ن کان بعده  و| 13|ب التي أ نت فیها ا ن کان قبل نص  النهار  1المشترك بینه وبین شعاع الشمس فتلك هي الساعة

 3من جملة النهار حتی یبقی لك الماضي من أ وله. 2فهيي مأ خوذة من أ جزاء النهار فأ سقطها

ذا أ ردت ذلك فضع جزء الطالع علی أ فق المرق  وانظر ما وافی خط 1-16: )( معرفة تسویة البیوت الاثني عرق16) ( ا 

ن کان نّ ال وتاد تسمّی حینئذ قائمة وا   4وسط السماء من البروج فهو برج وسط السماء فا ن کان هو عاشر برج الطالع فا 

نّها تسمّی مائلة أ و زائلة.تا لی الموضع 5سع أ و حادي عرق فا  خط وسط السماء فما  7الذي وافی 6وعدّ من أ ول ذلك البرج ا 

لّا  8( فا ن کان وافی خط وسط السماء أ حد خطوط قسمة ال جزاء في منطقة البروج فذلك2-16کان فهو درجاته. ) وا 

ها مطلقة. ثم أ در العنکبوت معکوساً حتی تضع الخط ال ول علی المري علامة وسمّ  10وقع بین خطین فعلّّ علی موقع 9بل

 13الخط ال خر الذي یتلو 12المري العلامة ال ولی وأ دره أ یضاً مس تویًا حتی تضع 11خط وسط السماء وعلّّ علی موضع

أ صل  قة فيالمري العلامة الثانیة. ثم اضرب فضل ما بین ال ولی والمطل 14ال ول علی خط وسط السماء وعلّّ علی موضع

 ظ| 13|ب  16واقسم المبلغ علی فضل ما بین ال ولی والثانیة فما خرج فزده علی الخط ال ول فتجتمع 15قسمة ال سطرلاب

سائر البیوت  18( فا ن أ ردت أ ن تعرف3-16أ جزاء جمیع ما وافی خط وسط السماء. ) 17أ جزاء وسط السماء وکذلك تعدّل

زاء ساعات لیلها. ثم ضع درجة الطالع علی أ فق المرق  وعلّّ علی المري فاس تخرج أ جزاء ساعات نهار درجة الطالع وأ ج

معکوساً بقدر ضع  أ جزاء ساعات لیل درجة الطالع فما وافی خط وسط السماء فهو البیت التاسع  20ثم أ دره 19علامة.

أ جزائه. ثم أ دره س تین الثامن ببأ جزائه. ثم أ در المري أ یضاً معکوساً بمثل المقدار ال ول فما وافی خط وسط السماء فهو البیت 

                                                             
 الساعة: )ب( الساعات 1
 فاسقطهانخ( -؛ )دهماسقطهاف)د(  2

 أ ول النهار نخ(-)ده)د( أ وله؛  3

 ص( هو عاشر برج الطالع فا ن ال وتاد تسمی ح قائمة فا ن کان-)به 4

تاسع أ و حادي عرق فا نها تسمی مائلة أ و زائلة: )ب( تاسعة فیسمی  5

نها تسمی مائلة   زائلة أ و حادي عرقة فا 

 الموضع: )ب( موضع 6

 وافی: )ب( وافق 7

 فذلك: )ب( فذك 8
لا بل:  9 ن نخ(-)دهوا   وا 

 موقع ‒)ب(  10

 موضع ‒)ب(  11

 تضع: )ب( یضع 12

 یتلو: )ب( یتلوا 13

 موضع ‒)ب(  14
 المنطقة نخ؛ ب(-ال سطرلاب؛ )ده)د(  15

 فتجتمع: )ب( فیجتمع 16
 تعدّل: )ب( فعدل 17
 أ ن تعرف ‒)د(  18
 علامة ‒)د(  19
 حرّکه نخ، ب(-أ دره؛ )ده)د(  20
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ن کانت الساعات لیلیة3-13فاعمل فیها ما تقدم حتی س تبیّن لك الکسور التي معها ا ن کانت. ) ( وا 
فاعمل بدرجة  1

 یة. ما عملت بنظیرها في النهار  2الشمس نفسها

( خطوط الساعات علی 1-14: )معرفة ما مضی من النهار من نوعي الساعات علی ظهر ال سطرلاب (14)

ما للمعوجة. وعلامة ما للمعوجة 3ظهر ال سطرلاب تکون ما للمس تویة وا  منحنیة وهي ا 
ست قطع بین  5منها أ نها تکون 4

والخطوط  ظ| 12|ب منه وعلامة المس تویة أ ن یختل  عدد القطع  7من مرکز ال سطرلاب وبالبعد 6الخطوط بالقرب

ذا 2-14المدارات في کلیهما مخطوطة لدرجات الفلك. ) 8فتکون القرب من المرکز أ کثر منها عند المحیط أ و أ قل وتکون ( فا 

طع حرف اأ ردت أ ن تعرف بها ما مضی من النهار من ساعة فخذ ارتفاع الشمس أ يّ وقت شئت ثم انظر ا لی موضع تق

من الخط ال فقي فما کان فهو الماضي من  9التي فیها الشمس في أ یة ساعة هو وکم بعد و| 36|د العضادة مع مدار الدرجة 

ن کان الارتفاع شرقیاً أ و  ا ن کان رربیاً. 12أ خر النهار 11الباقي ا لی10أ ول النهار ا 

ذ 13( معرفة ما مضی من النهار من ساعة معوجة بعضادة ال سطرلاب:15) ا کانت الساعات المعوجة معمولة ا 

نها أ عني العضادة تنقسم ذا أ ردت معرفة  16في ال وائل وتتسّع 15بها بأ قسام مختلفة تتضایق 14علی العضادة فا  في ال واخر. فا 

ثم قابل بالربع  17الساعات بها فضع مري العضادة من النص  الذي فیه مبدأ  الساعات علی ارتفاع نص  النهار لیومك

الفصل  19علی أ یة ساعة تمرّ  18اء الارتفاع عین الشمس کما تعمل عند قیاس الارتفاع وانظر ظل الهدفة العلیاالذي فیه أ جز 

                                                             
فاعمل فیها ما تقدم حتی س تبین لك الکسور التي معها ا ن  ‒)ب(  1

ن کانت الساعات لیلیة  کانت. وا 
 نفسها ‒)ب(  2
 تکون: )ب( یکون 3
 وعلامة ما للمعوجة ‒)ب(  4
 تکون: )ب( یکون 5
 بالبعد نخ(-بالقرب: )ده 6

 بالقرب نخ(-)دهبالبعد:  7

 تکون: )ب( یکون 8
 بعد ‒)ب(  9

 و نخ(-)دهأ و؛ )د( 10 

لی؛ )ده)د( 11   مننخ( -ا 

 النهار ‒)د(  12
 معرفة الساعات من عضادة ال صطرلاب نخ(-)ده 13

 تنقسم: )ب( بنقسم 14
 تتضایق: )ب( یتضایق 15
 تتسع: )ب( یتسع 16
 لیومك: )ب( نهار یومكالنهار  17
 العلیا: )ب( لعلیا 18
 بین +)د(  19
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ن وقع فیما بین الخطیننهاراً. فا ن وقع علی خط من خطوط  نّ الماضي  1الساعات فما قبله منها هو ما مضی من جملتها وا  فا 

واس تخراج الکسر أ ن تعلّّ علی  ظ| 11|ب من الساعات المعوجة هي التي قبل الخط ا لی المغرب وکسر من ال خری. 

نظیر درجة  3وت معکوساً حتی تضعثم تدیر العنکب 2موقع المري عند کون الطالع علی أ فق المرق  علامة وتسمّیها مطلقة

 4الشمس علی أ ول الساعة التي کان وقع داخلها وعلّّ علی المري علامة وهي ال ولی. ثم أ در العنکبوت مس تویًا حتی تضع

النظیر علی أ ول الساعة التي تتلوه وعلّّ علی موقع المري علامة وهي الثانیة. ثم انسب ما بین العلامة ال ولی والمطلقة ا لی 

ن أ ردت أ ن تجعلها دقائق لتکون3-12بین ال ولی والثانیة وهي أ جزاء تلك الساعة المعوجة. ) ما ( وا 
النس بة ا لی س تین  5

ن کان  6فاضرب ما بین ال ولی والمطلقة في س تین واقسم المبلغ علی ما بین ال ولی والثانیة فتخرج دقائق الساعة المنکسرة وا 

ند وضع الطالع علی أ فق المرق  فاعمل بدرجة الشمس نفسها ما عملت أ ولاً ع  8درجة الشمس تحت ال فق 7لیلًا فس تقع

ن کانت الساعات المعوجة معمولة فو  ال فق فاعمل 4-12بنظیرها فیخرج لك ما مضی من اللیل من ساعة معوجة. ) ( وا 

حالة لا  و| 12|ب  علی 11نفسها وباقي العمل 10بنظیرها وبنظیرها ما أ مر بك بها 9بدرجة الشمس ما أ مر بك أ ن تعمله

 یتغیر شیئاً.

ذا کانت عندك ساعات معوجة نهاریة وأ ردت 1-13) 12( معرفة تحویل نوعي الساعات بعضها ا لی بعض:13) ( ا 

أ ن تعلّ کم تکون مس تویة فضع نظیر درجة الشمس علی مثل ما معك من المعوجة وعلّّ علی المري ثم أ در العنکبوت 

علی أ فق المغرب فما تحرك المري فکل خمس عرقة درجة منه ساعة مس تویة وکل معکوساً حتی تضع نظیر درجة الشمس 

ذا کانت مس تویة نهاریة وأ ردت أ ن تعلّ کم هي معوجة فضع نظیر درجة الشمس 2-13درجة أ ربع دقائق من ساعة. ) ( وا 

خمس عرقة  کل ساعةعلی أ فق المغرب وعلّّ علی المري علامة ثم أ در العنکبوت مس تویًا حتی یزول المري عن موضعه ل

ذا فعلت ذلك وقع نظیر درجة الشمس علی ما مضی من النهار من ساعة معوجة  14منها. 13درجة ولکسورها ما تحصه فا 

                                                             
 الخطین: )ب( خطین 1

 المطلقة نخ(-مطلقة: )ده2 

 تضع: )د( تقع 3

 تضع: )د( تقع 4

 لتکون: )ب( لیکون 5

 فتخرج: )ب( فیخرج 6

 س تقع: )ب( فس یقع ف  7

 ( رض↑د) 8

 تعمله: )ب( یعمله 9
 بدرجتها نخ(-بها: )ده 10

 )د( + العمل 11

لی بعض: )ده 12   أ حدهما الی ال خر نخ(-بعضها ا 

 تحصه: )ب( یحصه 13

 فیها نخ(-بها: )ده 14 
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خطوطها وعلّّ علی موقع المري ثم أ در العنکبوت کی  شئت مس تویًا أ و معکوساً حتی تضعه علی الخط الذي یتلوه من 

 1( وأ ما أ جزاء ساعات2-11خطوط الساعات من أ يّ جهتیه کان فما تحرك المري فهو أ جزاء ساعات نهار تلك الدرجة. )

نظیرها علی خمسة عرق ا ن کانت جنوبیة المیل  2فاقسم لمعرفتها قوس لیلها علی اثني عرق أ و زد سدس تعدیل نهارلیلها، 

الدرجة نفسها علی أ ي  4ا ن کانت شمالیة المیل أ و انقص أ جزاء ساعات نهار الدرجة من ثلثین أ بداً. أ و ضع 3وانقصه منها

ن کانت مخطوطة فق أ و نظیرها ا ن کانت مخطوطة فوقه وعلّّ علی المري علامة تحت ال   5خط شئت من خطوط الساعات ا 

علی أ ول خط من خطوط الساعات یتلوه من ا حدي جهتیه فما تحرك  7مس تویًا أ و معکوساً حتی تضعه 6ثم أ در العنکبوت

ن أ ردت ذلك لکوکب ثابت3-11المري أ و ما حصل من ال وجه التي تقدمت فهو أ جزاء ساعات لیل تلك الدرجة. )  ( وا 

 فأ عمل بمریه ما عملت بالدرجة فیخرج لك المطلوب فیه.

: ا ذا حصل لك الطالع علی أ فق المرق  فعلّّ علی من النهار أ و اللیل من ساعة مس تویة ( معرفة ما مضی11)

العنکبوت معکوساً حتی  9فو  ال فق فأ در 8المري علامة فا ن کانت درجة الشمس فو  ال رض أ عني و| 11|ب موقع 

فق المرق  فما تحرك المري فهو الدائر من الفلك من لدن طلوع الشمس ا لی وقت ذلك الطالع في ذلك الیوم، تضعه علی أ  

ن کانت درجة الشمس تحت ال فق فأ در العنکبوت  10فخذ لکل خمس عرقة درجة منها ساعة ولکل جزء أ ربع دقائق. وا 

شمس فهو الدائر من الفلك من وقت رروب ال معکوساً حتی تضع نظیر درجة الشمس علی أ فق المرق  فما تحرك المري 

 درجة منه ساعة ولکل درجة أ ربع دقائق. 11ا لی ذلك الوقت ولکل خمس عرقة

ذا حصل لك1-12: )اللیل من ساعة معوجة 12معرفة ما مضی من النهار أ و (12) الدائر من الفلك فاقسمه  ( ا 

ا ن کان لیلًا فیخرج لك ما مضی من  13علی أ جزاء ساعات نهار درجة الشمس ا ن کان نهاراً أ و علی أ جزاء ساعات لیلها

ن کان 2-12الساعات المعوجة. ) ن شئت فضع الطالع علی أ فق المرق  فس یقع نظیر درجة الشمس تحت ال رض ا  ( وا 

                                                             
 الساعات ساعات: )ب( 1
 نهارها نخ(-نهار: )ده 2

 منها: )د( منه 3
 ضع: )د( وضع4

 مخطوطة: )ب( مخطوط 5
 نخ( کی  شئت-)ده 6

 تضعه: )ب( تطبقه 7

 فو  ال رض أ عني ‒)ب(  8
 فأ در: )ب( وأ در 9
 خمس عرقة: )ب( خمسة عرق 10
 عرقة: )ب( عرق 11
 أ و: )ب( و 12
 اللیل نخ(-)دهلیلها:  13
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وضعه علیه علی خط من  1المس تویة في الصفیحة مخطوطة فضع نظیر درجة الشمس علی أ فق المرق  وانظر فا ن کان عند

ن لم یکن علی خط منها خطوط الساعات فما قبل ذلك الخط هو ساعات ذلك النهار صحاحاً، وا 
فعلّّ علی المري ثم أ در  2

 ط من خطوط الساعات تلقاه في الدوران وعلّّ علی المري ثم انظرالعنکبوت معکوساً حتی تضع هذا النظیر علی أ ول خ

( 6-9لکل جزء أ ربع دقائق. ) 5التي تتبعها 4الیوم وما بین العلامتین هو الکسور 3کم قبله من الساعات فهيي الصحاح لذلك

ساعات النهار  7اللیل. أ و انقص و| 11|ب ساعات  6فا ن أ ردت ساعات اللیل فاقسم قوس لیلها علی خمسة عرق فتخرج

وعرقین ساعة فتبقی ساعات اللیل. أ و اس تخرج تعدیل لیل الدرجة أ عني تعدیل نهار نظیرها وخذ من ضعفه  8من أ ربعة

ذلك من اثنتي  9لکل خمس عرقة درجة ساعة تامة ولکل درجة أ ربع دقائق من ساعة، فا ن کانت شمالیة المیل فانقص

ن کانت جنوبیة المیل فزده ن کانت الساعات المس تویة مخطوطة 11لیها، فتحصلع  10عرقة ساعة وا  لك قوس لیلها. وا 
12 

ن 7-9لك ساعات اللیل. ) 14فتخرج 13في ال سطرلاب فاعمل بدرجة الشمس ما عملت في ساعات النهار بنظیرها ( وا 

 15أ ردت ذلك لکوکب من الثوابت فاعمل بمریه ما عملت بالدرجة حتی یحصل لك المطلوب.

وهي ما تدور من الفلك في کل ساعة معوجة في ذلك الیوم أ و  نهار کل درجة ولیلها ( معرفة أ جزاء ساعات11)

 17أ ن تعرف أ جزاء ساعات نهار أ یةّ درجة شئت فاقسم قوس نهار تلك الدرجة ظ| 35|د أ ردت  16( فا ذا1-11: )اللیلة

ن کانت  ن شئت فخذ سدس تعدیل نهارها فزده علی خمسة عرق ا  علی اثني عرق فما خرج فهو أ جزاء ساعات نهارها. وا 

منها ا ن کانت جنوبیة المیل فتحصل أ جزاء ساعات نهارها أ و ضع نظیرها ا ن کانت  19انقصه 18الدرجة شمالیة المیل أ و

علی أ يّ خط شئت من  21ن کانت مخطوطة فو  ال فقأ و درجتها نفسها ا   20مخطوطة تحت ال فق ظ| 11|و الساعات 

                                                             
 ص( عند-)ده1

 علی خط منها ‒)ب(  2
 ذلك: )ب( لذلك 3
 الکسور: )ب( المکسور 4
 تتبعها: )ب( تلبغها 5
 فتخرج: )ب( فیخرج 6
 فانقض أ نقص: )ب( 7
 أ ربعة: )د( أ ربع 8
 فانقص: )ب( فانقض 9
 فزده: )د( فزد 10
 فتحصل: )ب( فیحصل 11

 مخطوطة: )ب( مخطوط 12
 بنظیرها ‒)د(  13
 فتخرج: )ب( فیخرج 14
 المطلوب: )ب( لمطلوب 15
ذا 16 ذا: )ب( وا   فا 
  الدرجة: )ب( هاتلك 17
 أ و: )ب( و 18
 أ نقصه: )د( أ نقص 19
 ( رض↑)د 20
 ( رض↑)د 21
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ن أ وجبت نقصانه فزده علیها فما حصل فهو قوس اللیل. )مائة وثمان ( وفي 5-8ین لقوس النهار فانقص هذا الضع  منها وا 

 فیخرج لك المطلوب فیها. 1معرفة ذلك للکواکب تفعل بمریّا ما فعلت بالدرجة

 2مّیعلی ضربین مس تویة وتس و| 9|ب ( الساعات 1-9: )( معرفة الساعات المس تویة في ال یام واللیالي9)

مقادیرها. مثال  5أ عدادها في أ یام الس نة ولیالیها ولا تختل  4زمانیة. فالمس تویة هي التي تختل  3معتدلة ومعوجة وتسمّی

ساعة والربیعي والخریفي اثنتي عرقة ساعة. فال عداد  6ذلك أ ن یکون النهار الش توي عرق ساعات والصیفي أ ربع عرقة

( والمعوجة هي التي لا تختل  أ عدادها في جمیع أ یام الس نة 2-9منها واحد. ) 8احدةکل و  7مختلفة ولکن المکیال الذي یکیل

 11الصیفیة أ طول قدراً من الساعة 10مقادیرها وهو أ ن یکون النهار أ بداً اثنتي عرقة ساعة لکن الساعة 9ولیالیها بل تختل 

وذلك أ ربع وعرقون ساعة. فحصّة الساعة الواحدة خمسة  12الش تویة. وقد علّ أ ن الفلك یدور دورة واحدة في الیوم بلیلته

نّ حصتها تقلّ وتکثر 13عرق جزءاً من ثلثمائة وس تین جزءاً وذلك للمس تویة. وتسمّی أ زمان الساعات  14فأ مّا المعوجة فا 

ذا أ ردت أ ن تعرف ساعات نهار أ یةّ درجة شئت فخذ من قوس نهارها لکل3-9وأ جزاؤها. فاعلّ ذلك فیما بعد. )  ( فا 

وذلك ساعات ذلك  ظ| 9|ب ساعة مس تویة وما بقي فأ جزاء من خمسة عرق من ساعة مس تویة  16عرقة درجة 15خمس

( وأ یضاً فاس تخرج تعدیل نهار الدرجة 4-9النهار. فا ن ضربت هذه ال جزاء في أ ربع دقائق صارت دقائق ساعة مس تویة. )

ة المیل ع دقائق. فما اجتمع فانظر فا ن کانت الدرجة شمالیواضعفه وخذ لکل خمس عرقة درجة ساعة ولماّ بقي لکل جزء أ رب

ن کان مدارها داخل مدار الحمل فزد ذلك علی اثنتي عرقة ن کانت جنوبیة المیل أ عني 17أ عني ا  ساعة وا 
ن کان مدارها  18 ا 

ن کانت الس5-9لك ساعات النهار المس تویة. ) 19خارج مدار الحمل فانقص ذلك من اثنتي عرقة ساعة فتحصل اعات ( وا 

                                                             
 بالدرجة: )ب( الدرجة 1
 تسمی: )ب( یسمی 2
 تسمی: )ب( یسمی 3
 تختل : )ب( یختل  4
 تختل : )ب( یختل  5
 )د( أ ربع عرقأ ربع عرقة:  6
 یکیل: )ب( تکیل 7
 واحدة: )ب( واحد 8
 تختل : )ب( یختل  9
 الساعة: )ب( الساعات 10

 الساعة: )ب( الساعات 11
 بلیلته: )د( واللیله 12
 « فا ن»)ب( شطب الکاتب کلمة  13
 تقل وتکثر: )ب( یقل ویکثر 14
 خمس: )ب( خمسة 15
 درجة ‒)د(  16
 عرقة: )ب( عرق 17
 أ عني: )د( یعنی 18
 فتحصل: )ب( فیحصل 19
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ا خرج لثانیة فمالمجتمع علی فضل ما بین العلامة ال ولی وا 1بین العلامة ال ولی والمطلقة في أ صل قسمة منطقة البروج واقسم

 الطالع. 6لك درجة 5فتجتمع 4من المنطقة 3فزده علی عدد الخط ال ول 2من القسمة

فهو شيء في الوهم واجب الوجود في  7( أ مّا هذا الانحطاط المذکور1-7: )( معرفة الطالع من قبل الانحطاط7)

مکانًا بعیداً لصغر قدر ال رض وجبالها وصغر  9عند الفلك 8قیاسات ال شخاص السفلیة وممکن الوجود في ال جرام العلویة ا 

لّا في الشمس. فا ن وجدت لها هذا الانحطاط وأ ردت اس تخراج 2-7أ لات القیاس. ) لیه ا  ن لم یکن منه بدّ فلن یحتاج ا  ( وا 

ن کان رربیاً فاحتسب به ارتفاعاً من جهة المرق . ثم ضع الطال ع به فا ن کان شرقیاً فاحتسب به ارتفاعاً من جهة المغرب وا 

 نظیر درجة الشمس علی أ یّّما کان وانظر ا لی أ فق المرق  ما وافاه فهو الطالع بأ جزائه.

علی أ فق المرق  وعلّّ علی  ( ضع أ یةّ درجة شئت1-8: )شئت 10( معرفة قوس نهار أ یةّ درجة وأ یّ کوکب8)

تحرك المري فهو قوس نهار  ظ| 8|ب موقع المري. ثم أ در العنکبوت مس تویًا حتی تضع تلك الدرجة علی أ فق المغرب، فما 

ن شئت فضع الدرجة علی خط المرق  أ وّلاً وعلّّ علی موقع المري ثم ضعها علی أ فق المرق  ثانیاً، 2-8تلك الدرجة. ) ( وا 

ن کنت أ درت العنکبوت للوضعین مس تویًا فانقص ضع  تعدیل3-8ي فهو تعدیل النهار. )فما تحرك المر  النهار من  11( فا 

ن کنت مائة وثمانین درجة وا 
أ درته معکوساً فزد ضع  تعدیل النهار علی مائة وثمانین فیکون الحاصل هو قوس النهار.  12

ذا أ سقطت قوس النهار من ثلثمائة 8-4) نك ا  ن شئت( وأ ما قوس اللیل فا   13وس تین بقي قوس لیل تلك الدرجة. وا 

ثم أ درت العنکبوت مس تویًا حتی تضعها علی أ فق المرق   14وضعت الدرجة علی أ فق المغرب وعلمّت علی المري علامة

کما وصفنا، فا ن أ وجبت الرقیطة زیادة ضعفه علی  15ممّا تحرك المري فهو قوس اللیل؛ أ و اس تخرج تعدیل النهار للدرجة

                                                             
 اقسم: )ب( تقسم 1
 من القسمة ‒)د(  2
 ال ول: )ب( لاول 3
 من المنطقة: )ب( في منطقة البروچ 4
 فتجتمع: )ب( فیجتمع 5
 درجة: )ب( درج 6
 المذکور: )ب( المذکر 7
 وجبالها ‒)ب(  8

 )ب( + وصغر قدر الجبال عندها 9
ي کوکب ‒)ب(  10  وا 
 تعدیل: )ب( التعدیل 11
 کنت ‒)ب(  12
 ص( شئت -)ده 13

 علامة ‒)د(  14
 نهار الدرجةالنهار للدرجة: )ب(  15
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المري من الحجرة علامة ثم حرّك العنکبوت حتی تضع درجة الشمس علی المقنطرة  1وهي ال قرب ا لی ال فق وعلّّ علی موضع

علامة ثانیة. ثم اضرب فضل ما بین المقنطرة ال ولی والارتفاع المطلوب المفروض  2ال خری وعلّّ علی موقع المري من الحجرة

متین واقسمه علی أ صل قسمة ال سطرلاب، فما خرج فهو التعدیل. ثم عدّ من عند العلامة ال ولی في في الفضل بین العلا

درجة الشمس قد وافقت  4فضع المري علیه فتکون 3الثانیة مقدار التعدیل فحیث انتهیت ظ| 7|بالحجرة ا لی جهة العلامة 

برأ سه المحدد مثل ما  6الارتفاع لکوکب ثابت عملت 5( وکذلك ا ن کان3-5موضع المقنطرة المطلوبة الموافقة للارتفاع. )

 عملته بدرجة الشمس فیحصل لك الارتفاع المطلوب.

د ثل الارتفاع الموجو ( متی ما حصلت لك المقنطرة الموافقة لم 1-6) ( معرفة اس تخراج الطالع من قبل الارتفاع:6)

ن کان شرقیاً أ و من جهة المغرب ا ن کان 7من جهة رربیاً، فضع علیها درجة الشمس ا ن کان الارتفاع لها أ و مري  8المرق  ا 

 11وعدّ من أ وله و| 35|د الطالع  10ا ن کان الارتفاع له ثم انظر ما وافق أ فق المرق  من البروج فهو البرج 9الکوکب المحدد

نا لی موضع تقاط وافق ال فق خطاً من الخطوط  12ع ال فق معه، فما کان فهو أ جزاء الطالع التي طلعت من ذلك البرج. فا 

ن لم یوافق ال فق خطاً بل وقع بین خطین، فعلّّ 2-6التي علیها قسمت البروج فذلك الخط هو جزء الطالع، ) ( وا 
علی  13

المري علامة وهي  17علی موقع 16ل ول علی ال فق وعلّّ الخط ا 15المطلقة. ثم ضع 14موقع المري من الحجرة علامة وسّمها

فضل ما  20علی موقع المري علامة وهي الثانیة. ثم اضرب 19الثاني علی ال فق أ یضاً وعلّّ  18ثم ضع الخط و| 8|ب ال ولی. 

                                                             
  قعنخ( -↑ضع: )د1
ص( ثم حول العنکبوت حتی تضع درجة -ص( من الحجرة؛ )به-)ده 2

 الشمس علی المقنطرة ال خری وعلّّ علی موقع المري من الحجرة علامة

 انتهیت: )ب( انتهت 3

 فتکون: )ب( فیکون 4

 )ب( + ذلك 5

 عملت: )ب( عمل 6

 «من»)ب( شطب الکاتب کلمة  7

 کان: )ب( کا 8
ن»)ب( شطب الکاتب کلمة  9  «ا 
 البرج: )ب( البروج 10

 «من أ وله»)د( شطب الکاتب:  11

 )ب( + کان 12
 أ ن تعلّ كفعلّّ: )ب( فیجب علی 13
 سمها: )ب( یسمیها 14
 ضع: )ب( یضع 15
 علّ: )ب( تعلّ 16
 موقع: )ب( موضع 17
 ص( ونضع الخط-ثم ضع الخط: )به 18
 علّّ: )ب( نعلّّ  19
 اضرب: )ب( تضرب 20
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( تنظر ا لی موضع الشمس للوقت الذي ترید من التقویم 1-4) درجة الشمس في منطقة البروج: ( معرفة4)

خط من  1وتحصله ثم تجيء ا لی البرج الذي هي فیه وتعدّ من أ وله حتی تنتهيي ا لی الدرجة التي فیها الشمس. فا ن وافقها

ن وقعت بین خطین منها فضع الخط ال ول أ عني 2-4في ال سطرلاب فعلّّ علیه. ) 3المنطقة 2الخطوط التي بها قسمت ( وا 

وأ در العنکبوت  5علی خط وسط السماء وعلّّ علی موقع المري من الحجرة علامة وهي ال ولی 4ال قرب ا لی أ ول ذلك البرج

بعد من أ ول ذلك البرج علی خ 6مس تویًا حتی تضع الخط  7ط وسط السماء، وعلّّ علی موقعال خیر من الخطین، أ عني ال 

البروج واضربه في الفضل بین  8المري علامة أ یضاً وهي الثانیة. ثم اعرف بعُد درجة الشمس عن الخط ال ول في منطقة

ن کان ثلثاً فعلی ثلثة  العلامتین اللتین في الحجرة واقسم المبلغ علی أ صل قسمة ال سطرلاب ا ن کان نصفاً فعلی اثنین وا 

ن کان س دساً فعلی س تة فما خرج فهو التعدیل. ثم ضع المري علی العلامة ال ولی وأ در العنکبوت مس تویًا حتی یزول وا 

ذا علمت 10فهو درجة الشمس فعلّّ علیها في المنطقة 9السماء من المنطقة |و 7|ب بقدر التعدیل فما وافی خط وسط  وا 
11 

نّ نظیرها هو بمثل ن شئت فضع درجة الشمس علی 3-4ع من برجها. )الساب 13عددها في البرج 12درجة الشمس فا  ( وا 

 خط وسط السماء وانظر ماذا وافی خط وتد ال رض من منطقة البروج، فذلك هو نظیر درجة الشمس.

ذا کان لك ارتفاع مفروض للشمس وأ ردت وجوده في 1-5) 14( معرفة الارتفاع المأ خوذ في المقنطرات:5) ( ا 

ن کان رربیاً فاطلبه في النص المقنطرات فا ن کان شرقیاً فاطلبه في   النص  الذي من خط وسط السماء ا لی المرق  وا 

الارتفاع المفروض، فا ن  17مقنطرة عددها موافق لعدد 16ا لی 15الذي من خط وسط السماء ا لی المغرب وهو أ ن تنظر

ن لم تجدها فس یقع بین مقنطرتین فضع حینئذ درجة الشمس علی المق 2-5وجدتها فهو مطلوبك، )  18ة ال ولی منهانطر ( وا 

                                                             
 وافقها: )ب( واقفها 1

 قسمته نخ(-↑)د2 

 المنطقة: )ب( المنطقعة 3
لی أ ول ذلك البرج ص( -)ده 4  أ عني ال قرب ا 

 ال ولی: )ب( ال وّلّ  5
 الخط ‒)ب(  6
 موقع: )د( موضع 7
 منطقة: )ب( منقطعة 8
 المنطقة: )ب( المنقطعة 9

 المنطقة: )ب( المنقطعة 10

 عرفت نخ(-↑)د11 

 بمثل: )ب( لمثل 12

 البرج: )د( البروج 13

رتفاع المأ خوذ في المقنطرات 14  )به( معرفة الا 

 تنظر: )ب( ینظر 15

لی ‒)ب(  16  ا 

 لعدد: )ب( بعدد 17

 منها ‒)د(  18
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لی ما وقع 1انظر ذا صعب 3-2ذلك الکوکب وقت ذلك القیاس. ) 3من أأجزاء الارتفاع فهو ارتفاع ظ| 34|د المري  2ا  ( وا 

ما من جسم  و| 6|ب علیك عمل ما ذکرته فالحیلة في تسهیله أأن  ما من قصب وا  تأأخذ أأنبوبة نافذة مس تقیمة التجویف ا 

آخر وتشدّها لی  6ثم تعمل ما ذکرنالحرفها  5علی العضادة مس تویة موازیة 4أ نبوبة ثم تنظر حینئذ ا  حتی تری الکوکب بالأ

ذا أأردت أأن تأأخذ ارتفاع رأأس جبل أأو منارة أأو حائط أأو غیر ذلك أأو ممّا علی وجه الأرض  مري العضادة ما قطع. وکذلك ا 

 8ممّا ترید أأن تراه بثقبتي الهدفتین. 7وغیره

ذا کنت في جبل شامخ شاهق و  ( أأخذ الانحطاط:3) شراف علی حررا  ذا اتفق له ا  أأو علی أأرض سهلة مس تویة  9خاصة ا 

نك في وقت الطلوع والغروب وبالقرب من هذین ذا اخذت الارتفاع علی ما ذکرنا یقع 10فا  مري العضادة تحت  11الوقتین ا 

لاب الأسطر 14وهو أأن تعلق 13تأأخذ الانحطاط بدل الارتفاع. 12نقطة المشرق فلا یکون له ارتفاع. فحینئذ تحتاج أأن

وتعمل حسب ما ذکرنا حتی ینفذ شعاع  16وتحاذي بنظیر ربع الارتفاع جرم ما ترید أأن تقیس بانحطاطه 15بیسارك مخلّی 

ذا فعلت ذلك نظرت حینئذ نبوبة. فا  لی مري العضادة 17الشمس في ثقبتیه معاً أأو تری الکوکب أأو غیره منهما جمیعاً أأو بالأ  18ا 

رض وأأنت من أأجزاء الارتفاع فذلك هو مق 19ما قطع ب |دار الانحطاط. وکذلك تعمل بکل شيء یکون علی بس یط الأ

 علی قلة الجبل أأو موضع عال أأو في قعر بئر وأأنت علی بس یط الأرض. ظ| 6

                                                             
 أأنظر نخ(-انظر: )ب، د( تنظر؛ )ده 1

 وقعنخ( -)ده وقع: )ب، د( قطع؛ 2

 ص( هو ارتفاع-فهو ارتفاع: )به 3

 ها ‒)ب(  4

 موازیة: )ب( متوازیة 5

 بهنخ( -↑)د 6

 وغیره ‒)د(  7

 الهدفتین: )ب( العضادة 8
 « أأو علی حرر»)د( شطب الکاتب:  9

 هذین: )ب( هذتین 10

 وقع نخ(-↑)د 11

لی 12  أأن: )ب( ا 
لی أأخذ الا نحطاط دون نخ( -أأن تأأخذ الا نحطاط بدل الا رتفاع: )ده 13 ا 

 الا رتفاع

 تعلق: )ب( تتعلق 14
 مخلّی: )ب( فحلا 15
 انحطاطه نخ(-↑)د 16

 حینئذ ‒)ب(  17
 )ب( + حینئذ 18
 قطع: )ب( وقع 19
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لی الأفق من فوقه فتنقطع 1هي دوائر تخرج من نقطة سمت الرأأس وتنتهيي وهي ثلثمائة وس تون قوساً ولکنها لا  3لدیه 2ا 

ذا 4لجملة للعلة المذکورة بل یخط أأسداساً أأویخط با کانت علی قسمة أأخری جاز  5أأعشاراً علی حسب قسمة المقنطرات وا 

لیه لئلا ( وصفیحة مطرح الشعاع هي صفیحة 23-1بالمقنطرات. ) 7یشتبك 6وربمّا یخط تحت الأفق منقطعة عند الانتهاء ا 

رض والأفق ودوا کلها من نقطة تقاطع الأفق مع خط وتد  9مخرجها 8ئر أأخریعلی حدة فیها خط وسط السماء ووتد الأ

الحمل  10( والصفیحة الآفاقیة هي التي عمل علی کل تقاطع لمدار24-1الأرض في الشمالي وخط وسط السماء في الجنوبی. )

آفاق مکتوب عند 11خط الاس تواء وخط وسط السماء وخط وتد الأرض منها ظ| 5|ب مع  کل واحد منها  12عدة أ

والصفائح في  15العضادة والأم 14ثم ننتظم 13( فهذا ما علی الأسطرلاب25-1العرض الذي عمل له ذلك الأفق. )مقدار 

 بالفرس فیتم ترکیب الأسطرلاب. 16قطب ونضبطه

ذا أأردت أأن تقیس ارتفاع الشمس فخذ الأسطرلاب بیمینك وحاذ بأأجزاء الارتفاع 1-2) ( أأخذ الارتفاع:2) ( ا 

حدي  عین الشمس مرسلًا من غیر لی فوق أأو تحت وأأدرها حتی یظل ا  أأن یمنعه عن الانسدال مانع ثم حرّك العضادة ا 

لی مري العضادة علی کم وقع من  17الهدفتین الأخری ویقع شعاع الثقبة العلیا علی ذا اتفق ذلك فانظر ا  الثقبة السفلي. فا 

 18( وأأما ارتفاع الکواکب التي2-2الوقت. ) أأجزاء الارتفاع معدودة من نقطة المشرق فما کان فهو ارتفاع الشمس في ذلك

حدي  20للهدفة في شعاعاتها أأظلال للأخری 19لا تظهر فخذ له الأسطرلاب کما ذکرنا وعلقّه بعروته مخلّی في تعلقه وانظر با 

لی الکوکب وحرّك العضادة علی نحو ما ذکرنا حتی تری الکوکب بثقبتي الهدفتین معاً. ثم  21عینیك بعد تغمیض الأخری ا 

                                                             
 تنتهيي: )ب( ینتهيی 1
 فتنقطع: )ب( فینقطع 2
 لدیه ‒)ب(  3
 أأو: )ب( و 4
ذا 5 ننخ( -)ده: ا   ا 

 لئلا: )ب( لیلاً  6
 كتش بی  نخ(-)ده :كیشتب 7

 أأخری: )د( اخر 8
 مخرجها: )ب( یخرجها 9

 لمدار: )ب( المدار 10
 منها ‒)ب(  11

 )ب( + و 12
 فهذا ما علی الأسطرلاب ‒)ب(  13
 ننظمنخ( -)ده: ننتظم 14

 الأم: )ب( اللام 15

 نضبطه: )د( نضبط؛ )ب( بضطه 16

 )به، ص( الثقبة العلیا علی 17

 التي: )د( الذي 18

 تظهر: )ب( یظهر 19
 علی الأخرینخ( -)ده: للأخری 20

 الأخری: )د( اخری 21
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لی خلاف جهتها 1فوقه لی العروة یسمّی فوق الأرض وما تحته ا  یسمّی تحت الأرض. ونصفه الذي من خط وسط السماء  2ا 

لی المشرق یسمّی أأفق المشرق والنصف الآخر یسمّی أأفق المغرب. ) ت هي الدوائر التي ( والمقنطرا18-1أأو وتد الأرض ا 

لی جهة العروة بعضها تامة وبعضها غیر تامة وهي تتباعد في مواضع وتکون تسعین دائرة  4في مواضع وتتقارب 3فوق الأفق ا 

لّا أأنّ الأسطرلاب لصغره ن  6لا یحتمل استیفاء جمیعها ولأجل ذلك یخطّ فیه 5ا  ما یسعه فا ن اس توفاها کلها یسمی تاماً وا 

یسمی سدساً  10بس تة س تة 9یسمی خمساً أأو 8بخمسة خمسة 7 یسمی نصفاً أأو بثلثة ثلثة یسمی ثلثاً أأوتفاصلت باثنین اثنین

یسمی عشراً وکیف ما وقعت قسمة المقنطرات کانت قسمة درج البروج في المنطقة علی مثله. وسمت  12بعشرة عشرة 11أأو

 13وخطوط الساعات هي القسي الصغار (19-1. )ص̅الرأأس هي النقطة التي في داخل المقنطرات مکتوب علیها حرف 

لی أأن یعمل فوق الأفق فیخاف اشتباهها بالمقنطرات  المخطوطة تحت الأفق بین مدار الجدي ومدار السرطان وربمّا یحتاج ا 

 16( وقوسا طلوع الفجر ومغیب الشفق20-1متوالیة لتتمیّز من المقنطرات. ) 15تخط خطوطاً بل ینقط علیها بنقط 14لئلا

حدیهما من جهة المشرق والأخری من جهة المغرب وبین 17هما قوسان تحت الأفق و| 5|ب  خطوط الساعات  18ا 

یختلطا بخطوط  20علی المشرقیة منهما طلوع الفجر وعلی المغربیة غروب الشفق وربما لم یخطا بل ینقط علیهما لئلا 19مکتوب

آخر 22شرق مکتوب علیهما أأولمن جهة الم  21( وخطا وقت العص هما خطان تحت الأفق21-1الساعات. )  23العص وأ

ِلا فوق الأفق من جهة المغرب علی المقنطرات ویتمیّزان منها ممّا یکتب علیهما. ) السموت  24( وخطوط22-1العص وربما عمح

                                                             
 فوقه: )ب( فوق 1
 جهته نخ(-↑جهتها: )د 2

 تتباعد: )ب( یتباعد 3

 تتقارب: )ب( یتقارب 4

 لصغره ‒)ب(  5

 + منها)ب(  6

 أأو: )ب( و 7

 خمسة ‒)ب(  8

 )ب( وأأو:  9

 س تة ‒)ب(  10

 أأو: )ب( 11

 عشرة ‒)ب(  12

 ص( الصغار-)به 13
 لئلا: )د( فلا؛ )ب( لیلا 14
 نقط نخ(-↑بنقط: )د 15

 الشفق: )د( الشمس 16
 الأفق: )ب( الأرض 17
 و ‒)ب(  18
 مکتوب: )د( مکتوبة 19
 لئلا: )ب( کیلا 20
 الأفق نخ(-↑الأفق: )د( الأرض؛ )د 21

 )ب( + وقت 22
 )ب( + وقت 23
 و ‒)ب(  24
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لی جهتین مختلفتین. فلما ك. وللعنکبوت حرکتان مختلفتان ا  َرَّ واجهت وجه  1زائد في السمك ش به الوتد یسمی المحراك وبه یحح

لی العروة ثم لی فوق ثم أأدرت العنکبوت من الشمال ا  ن 2الأسطرلاب والعروة ا  لی الیمین فتلك هي الحرکة المس تویة. وا   3ا 

لی الشمال فتلك هي الحرکة المعکوسة. )أأدر  لی العروة ا  ( ثم الصفائح وهي الأطباق المس تویة السطوح 14-1ته من الیمین ا 

دة 4 التامة حنضََّ الحجرة علیها وکأنها قاعدة الأسطرلاب تسمّی الأم.  6بعضها فوق بعض تحت العنکبوت. والتي رکبتّ 5الم

 4|ب  8من الحجرة یسمّی الممسك وهو الذي یضبطها علی وضع 7وعلی کل صفیحة خرق صغیر یدخل فیه شيء ناتیء

دارة. ) 11یتغیر 10لئلا 9واحد و| ( وعلی کل واحدة منها خطان متقاطعان علی المرکز علی زوایا قائمة أأحدهما 15-1بالا 

لی العروة خط وسط السماء وخط نصف النهار ونصفه مطابق  12لخط الانتصاب. ویسمّی نصفه الأعلی الذي من المرکز ا 

رض وخط نصف اللیل. وأأما الخط الآخر فمطابق |1و،  34|د الأسفل  بالجملة  14للخط الأفقي فیسمّی 13خط وتد الأ

لی جهة الشمال خط 15خط الاس تواء. وبالتفصیل نصفه الذي لی جهة  16المشرق والنصف الذي من المرکز ا  من المرکز ا 

ذا16-1الیمین خط المغرب. ) أأدرت العنکبوت لزم رأأس ذلك البرج أأعني أأوّله تلك  17( ومدار کل برج هو الدائرة التي ا 

لی المرکز یکون مدار  18الدائرة. وأأکثر ما یس تعمل منها هو مدار السرطان ومدار الحمل والمیزان ومدار الجدي. والأقرب ا 

بعد منه أأعني الذيا مدار الجدي في الشمالي  20علی حرف الصفیحة یکون 19لسرطان في الشمالي والجدي في الجنوبي والأ

( والأفق هو قوس تمرّ بنقطتي تقاطع 17-1والسرطان في الجنوبي وأأما المتوسط بینهما فهو مدار الحمل والمیزان في کلیهما. )

لی جه في الجنوبي. وما  ظ| 4|ب في الشمالي وتحدیبه  21ة العروة یکون تعقیرهخط المشرق والمغرب مع مدار الحمل وا 

                                                             
 ذاا  ف نخ، ب(-فلما: )ده 1

 ثم ‒)ب(  2
ذا 3 ن: )ب( ا   ا 
 المس تویة السطوح التامة ص(-ده) 4

 المنضدة: )ب( المنضودة 5
 رکبت: )ب( ترکبت 6
 ناتیء: )ب( نات 7
 وضع: )ب( نظم 8
 واحد: )ب( واحداً  9

 لئلا: )ب( لیلا 10
 یتغیر: )ب( بتغیر 11

 نصفه: )ب( نصف 12
 أأما الآخر المطابقو  نخ(-: )دهخر فمطابقوأأما الخط الآ  13

  فیسمی: )ب( ویسمی 14
 الذینالذي: )ب(  15
 الذي: )ب( الذین 16
ذ 17 ذا: )ب( ا   ا 
 والأقرب: )ب( فالاقرب 18
 الذي: )ب( الذین 19
 یکون: )ب( تکون 20
 تقعیره: )ب( تقعره 21
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العضادة مقسوماً بس تین قسماً أأو مائة وخمسین قسماً متساویة مکتوبة أأعدادها من عند المرکز  1یکون أأحد نصفي حرف

 2( وخطوط الصلوات8-1ونصف حرفها الآخر منقسماً بتسعین جزءاً غیر متساویة مکتوبة أأعدادها أأیضاً من لدن المرکز. )

هي مدارات درج البروج  3علی دوائر متوازیة |و 3|ب هي ثلثة خطوط منحنیة في الربع المقابل لربع الارتفاع معترضة 

لی نصف خط الانتصاب الأسفل هو خط صلوة یتلوه هو لأول وقت العص ثم الثالث  5الظهر والذي 4والأقرب منها ا 

ما في ربع الارتفاع و9-1لآخر وقت العص. ) ما في مقابله مقاطعة للمدارات. 6( وخطوط الساعات هي خطوط منحنیة ا  ا 

مختلفة مکتوب  9العضادة بین الهدفتین نقسّمها بأأقسام 8العضادة هي خطوط مس تقیمة معترضة علی ظهر 7توخطوط ساعا

لی س تة فهذا ما علی ظهر الأسطرلاب فنقلبّه نّ الحجرة هي الطوق المحیط 10-1) 11لوجهه. 10بینها من واحد ا  ( ونقول ا 

ن  جزءاً مکتوبة أأعداد خمساتها حرروف الّجمل مبتدئة مما فیه وهي مقسومة بثلثمائة وس تین 13لجمیع 12بأأطراف وجهه الحائز

ذا اس تقبلت بوجهك وجه الکرسي والعروة لی ما یلي الیمین ا  لی فوق. ) 14عند العروة ا  ( والعنکبوت هي الصفیحة 11-1ا 

وق العنکبوت بین خر  15المخرقة المس تعلیة علی وجهه ویسمّی أأیضاً الش بکة. ونطاق البروج ومنطقتها هي الدائرة التامة التي

لی أأول المیزان. والجنوبیة منها التي من أأول المیزان  16المکتوب علیها أأسامی البروج والبروج الشمالیة هي التي من أأول الحمل ا 

لی أأول الحمل. فأأما الشمالیة  نها في الأسطرلاب الشمالي تتضایق ظ| 3|ب ا   19والجنوبیة تتسع 18وفي الجنوبي تتسّع 17فا 

( ومریات الکواکب الثابتة هي الرؤوس المحددة لکل قطع مکتوب علیها اسم 12-1في الجنوبي. ) 20في الشمالي وتتضایق

لی شيء هو طرف محدد ناتیء ضافة ا  طلاق من غیر ا  من أأول برج الجدي في الأسطرلاب الشمالي  21واحد منها والمري بالا 

ویکون علی موضع من العنکبوت شيء ( 13-1السرطان في الجنوبي یماس الحجرة عند دوران العنکبوت. ) 22ومن أأول

                                                             
  حرف: )ب( طرف 1

  الصلوات: )ب( الصلوة 2

  متوازیة: )ب( متواریة 3

  صلوة: )ب( صلاه 4

  الذي: )ب( الذین 5

  و ‒)ب(  6

  ساعات: )ب( ساعاة 7

  ظهر ‒)ب(  8

 ص( بأأقسام -↑د) 9
 ؛ )ب( فلنقلبهثم نقلبه نخ(-فنقلبه: )ده 10

  لوجهه: )ب( بوحهه 11

 الحائز: )د( الجائز 12

  لجمیع: )ب( بجمیع 13

  وجه الکرسي والعروة: )ب( وجهها والکرسي 14

  )ب( + من 15

 التي ‒ )ب( 16
 تتضایق: )ب( یتضایق 17
 تتسع: )ب( یتسع 18
 تتسع: )ب( یتسع 19
 تتضایق: )ب( یتضایق 20
 ناتیء: )ب( نات 21
 ومن أأول ص(-)ده ؛ومن أأول ‒)ب(  22
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آلة مرکبّة من  عدّة أأعضاء وقد خصّ المنجمون کل واحد منها باسم علی حدة. فمن الواجب علینا ا ذن أأن نفتتح القول بذکرها أ

لیها معلومة محصلة. ) 1مفصلة لتکون شارة ا  نّ المس تعمل من الأسطرلاب نوعان أأحدهما یسمّی شمالیاً 2-1وقت الا  ( فنقول ا 

آلة مس تدیرة ع واحد من اس تدراتها نتوء یسمّی کرس یاً. والکرسي مثقوب بثقبة في من موض 3ینتأأ  2والآخر جنوبیاً وکلاهما أ

 7( وظهرها هو الذي تدور علیه قطعة شبیهة3-1وعلاقة. ولهذه الآلة ظهر ووجه. ) 6بها من عروة وحلقة 5لتعلق 4وسطه

من کل واحد من  9بالعضادة. وطرفاها محددان ش به الشظیّه یسمّی کل واحد منهما مري العضادة. وبالقر  8بمسطرة تسمّی

الشعاع  12العضادة وعلی أأوسطهما ثقبتان تسمّیان ثقبتي 11لبنة معترضة الانتصاب علیها تسمّیان هدفتي 10طرفیها

ما محرّفة وهي المنصّفة بالطول. ) 14العضادة تکون13و ما تامّة وا  ( وأأجزاء الارتفاع هي ما علی الربع الذي یأأخذ من 4-1ا 

ذ 15عند لی فوق وهي تسعون قسماً مکتوبًا وسط الکرسي ذات الیسار ا  خمساتها  ظ| 2|ب ا قابلته بوجهك والعروة ا 

لی عند الکرسي وتنتهيي ( وخط الانتصاب هو المس تقیم المار علی 5-1أأعدادها عنده. ) 16فوقها بالّجمل مبتدئة من أأسفل ا 

ع17مرکز الأسطرلاب المقاطع لکرس یه لی العروة الأ الأفقي  لی والآخر الأسفل. والخطبنصفین ولنسم نصفه الذي من المرکز ا 

هو المار علی مرکز الأسطرلاب المقاطع لخط الانتصاب علی زوایا قائمة. ونقطة المشرق هي التي منها مبدأأ أأجزاء الارتفاع. 

وظل السلّم هو مربع قائم  18( وأأجزاء الظل هي الخطوط التي علی محیط الربع المقابل للربع الذي فیه أأجزاء الارتفاع.1-6)

حدی 19الزوایا متساوي الأضلاع الربع ولا یکون  21زوایاه یماس منتصف 20مخطوط داخل الربع الذي یقابل ربع الارتفاع وا 

لّا في أأسطرلاب محرّف العضادة. ) ( وخطوط الجیوب هي الخطوط المس تقیمة الممتدة من کل جزء من أأجزاء الارتفاع 7-1ا 

لّا فی الأسطرلاب الذي عضادته محرّفة وحینئذ  ما بکلیهما ولا یکون ا  ما بموازاة الخط الأفقي وا  ما بموازاة خط الانتصاب وا  ا 

                                                             
  لتکون: )ب( لیکون 1
آلة مس تدیرة ‒)د(  2   أ
 ینتأأ: )ب( ینتو 3
  وسطه: )ب( وسطها 4
 لیتعلق نخ(-ده)لتعلق:  5

  وحلقة ‒ص( وحلقة؛ ب -↑)د 6
  شبیهة: )ب( ش بهة 7
  تسمی: )ب( ویسمّی 8
  بالقرب: )ب( باالقرب 9

  طرفیها: )ب( طرفیهما 10
  هدفتي: )ب( هدفتا 11

 ثقبتي: )ب( بثقبتا 12

 ص( الشعاع و-)ده 13
  تکون: )ب( یکون 14
 عند )ده، ص( 15

  تنتهيي: )ب( ینتهيي 16
 و لکرس یه: )ب( لعروته 17
  وأأجزاء الظل ... أأجزاء الا رتفاع ‒)ب(  18
  الأضلاع: )ب( الاضطلاع 19
حدی: )ب( واحد 20   وا 
 ( منتصف نخ-)ده ؛منتصف: )د( متنصف 21
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 بسم الله الرحمن الرحیم ظ| 1ظ؛ ب  33|د 

 1ربّ ارحم بفضلك

 2( هذا کتاب في ا خراج ما في قوة الأسطرلاب ا لی الفعل0)

أأبوالریحان محمد بن أأحمد البیروني: الأسطرلاب أأشرف الآلات المس تعملة في صناعة  3( قال الش یخ الأس تاذ الفاضل0-1)

یقاف علی المطلوب من أأحوال الفلك الثابتة  4النجوم ومخصوص من بینها بخفةّ المؤونة في النقل والاس تعمال مع سرعة الا 

لی تسطیح  7مع ما في عمله من العلوم 6الأمکنة والأزمنة 5علی وجه واحد والمتغیرة باختلاف العجیبة التي بها یتوصل ا 

یراد جمیع ما یمکن اس تخراجه به 8( وقد أأکثر المنجّمون في بابه وأأبانوا عن العمل به فمن مقصّ 2-0الکرة. ) ومن  9في ا 

عادة الظاهر من عکوسها 10مطول لصفة ما بتکریر ذکرها وا  لیها 11أأعماله ا  ضافة أأعمال حسابیة طویلة ا  ما با  وا 
من غیر أأن  12

لّا في طرف یسیر منها ومن مخلطّ بأأعماله ما لیس منها واقع لذلك بالبعد من قصده فیها للتقریب . والتسهیل 13یشارکه ا 

علیه تهذیبها وترتیبها سأألني أأن أأجمع له أأغراض الأسطرلاب في  15العلم علی ذلك وأأشکل 14( ولماّ وقف بعض محبّ 0-3)

قصد الصواب ففعلت ذلك قضاء للواجب علی المحدّثین من  17ولم یقصد فیه 16جزء یغنیه عن جمیع ما عمل في هذا الباب

صلاح أأعمال الأوائل وتهذیب علومهم وترتیبها  الله الموفقّ لجمیع الخیر والکاشف لکّل ضیر.و 18ا 

آلات ولأصحابها 1-1) |و 2|ب  19( مواضعات الأسطرلاب:1) ( ومن البیّن أأنّ لکّل علم مقدمات ولکّل عمل أ

کذلك الأسطرلاب  21قد تعارفوها باصطلاح علیها وهي عند غیرهم مجهولة قبل التوقیف.20فیما بینهم عبارات ومواضعات و

                                                             
 ربّ ارحم بفضلك –)ب(  1

خراج ما في هذا کتاب في –)ب(  2   لی الفعلا  طرلاب سقوة الأ  ا 

 الش یخ الأس تاذ الفاضل –)د(  3

 بخفةّ: )ب( لخفةّ  4

 باختلاف: )ب( اختلاف 5
 الأمکنة والأزمنة: )د( الأزمنة والأمکنة 6
  العلوم: )ب( المعاني 7
 مقتص نخ(-مقصّ: )ده 8

  به ‒)د(  9

 لصفة: )د( بصفة 10
  علومهانخ( -)ده عکوسها: 11

لیه 12 لیها: )ب، د( ا   ا 
 نخ( للتقریب-یقین؛ )دهلل للتقریب: )د(  13

 محبّ: )ب( محي 14

 وأأشکل: )ب( أأو أأشکل  15

 الباب: )ب( لباب 16 

 نخ( به-↑فیه: )د( فیه؛ )د 17

 نخ( ترتیبها-: )د( تزئینها؛ )دهترتیبها 18

 مواضعات الأسطرلاب  ‒)ب(  19

  و ‒)ب(  20
  التوقیف: )ب( التوقف 21



 
 

5-3: Arabic Edition of the Ikhr j Based on the Diyarbakir and the Berlin 
Manuscripts 

I have used the following abbreviations and symbols in my edited Arabic text and 
apparatus of the Ikhr j: 

 : Diyarbakir manuscript. 
 : Berlin manuscript. 
  (for mish [margin]) indicates a marginal note. 
  indicates a marginal note in the Berlin MS. 
  indicates a marginal note in the Diyarbakir MS. 
   indicates text that was crossed out by the scribe. 
 Vertical arrows in footnotes indicate that the given word is written above or below 

the word in the text. Two arrows indicate placement exactly above or below the 
word in the text, one arrow placement just before or after it. 

 + indicates superfluous words in the manuscripts. 
 I have added folio numbers between vertical lines |   |. 
  (for wajh) indicates the front side of the folio (recto). 
  (for ahr) indicates the back side of the folio (verso). 
 I have reconstructed some passages for mathematical sense, and added words and 

passages that were omitted by scribal error. Such reconstructed words and 
passages appear in angular brackets  <  >. 
For easy reference, I have divided the text into sections numbered (53-1), (53-2) 
etc. These numbers appear in parentheses in the Arabic edition. 



92 

 

لی عمله 1( وفي معرفة ذلك طریق قائم في الوهم صحیح69-2) لصغر  3بال سطرلاب صعب 2بالبرهان، والوصول ا 

جبلًا مشرفاً علی بحر أ و بریة ملسأ ء وترصد غروب  6یبُنی علیه فیه وهو أ ن تصعد 5وقلة  مقدار الشيء الذي 4الآلات

د ذلك الجبل وتضربه في الجیب المس توي لتمام الانحطاط تعرف مقدار عمو  8الشمس فتجد فیه ما ذکرناه من الانحطاط کي

ثم تضرب ما خرج من القسمة في اثنین وعشرین  10لذلك الانحطاط نفسه. 9المجتمع علی الجیب المعکوس 7الموجود وتقسم

حاطة ال رض بالمقدار الذي به 12علی س بعة 11أ بداً وتقسم المجتمع رت عمود الجبل ولم 13فیخرج مقدار ا  یقع لنا بهذا  14قد 

أ نا علی ذکر هذا الطریق ما حکاه أ بوالعباس النیریزي عن 3-69) 16العالیة تجربة. 15الانحطاط وکمیته في المواقع ( وجر 

آلاف 17أ عمدة الجبال خمسة أ میال 18أ رسطولس أ ن  أ طول ومائتاً میل  19ونصف بالمقدار الذي به نصف قطر ال رض ثلثة أ

الانحطاط في الجبل الذي عموده هذا القدر ثلث  21أ ن یوجد 20القضیة المتقدمة بالتقریب. فا ن  الحساب یقتضي بهذه

لی التجربة یلُتجأ   ل. 22درجات بالتقریب وا   23في مثل هذه ال ش یاء وعلی الامتحان یعَُوَّ

                                                   
  في الوهم صحیح)ده، ص(  1

 عمله: )ی( عمل 2

 بال سطرلاب ‒( ك، )ب 3
 الآلات: )ب( الآلاب 4
 ، ص( الذي↑)د 5
 ( یصعد، یتصعد: )ب 6
 ( ثم، یك، کي: )ب 8
 ( یقسم، یتقسم: )ب 7
 المعکوس: )ب( المنکوس 9

 بعینه (كنفسه: ) 10
 ( المبلغك؛ المجتمع: )( یقسم المبلغ، یتقسم المجتمع: )ب 11
 ( سعة، یس بعة: )ب 12

 )ده، ص( به 13

 ( کمكلم: ) 14

 ( المواضع، یالمواقع: )ب 15
 تجربة: )ب( تحریة  16
 ( أ طوال، یك، أ طول: )ب 18
 ( أ مثالكأ میال: ) 17

آلاف: )ب( الف 19  أ
 دمةیقضی لهذه المق( ، یك، یقتضي بهذه القضیة المتقدمة: )ب 20
 ( یؤخذك؛ )یوجد: )ب( مرجد 21
 ( ینتهييك؛ )( یلتجی، ییلتجا: )ب 22
 یعول: )ب( فیها بعول 23
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ن لم یکن الکوکب في هذین الموضعین، فلیضع حرف العضادة علی  2حرفها من 1ر  فیم منطقة البروج علی مطارح شعاعاته وا 

مریها من الحجرة علامة. ثم یضع حرفها أ یضاً علی تقاطع مدار الحمل والدائرة المعدلة أ عني المارة  3درجته ولیعلم  علی موضع

 ن الحجرة علامة ثانیة وهي ال صل ثم یأ خذ ثلث ما بین العلامتین وهو التعدیل.بدرجة الکوکب ولیعلم  علی موقع مریها م

( فا ن کان الکوکب في النصف الصاعد وفي البروج الشمالیة التي مداراتها داخل مدار الحمل أ و کان في النصف 44-3)

ثم لیعد  4صیرا معدلتین،حتی تالهابط وفي البروج الجنوبیة فلیزد التعدیل علی کل واحدة من حصتي التسدیس والتثلیث 

منها، فما قطع حرفها  8ولیضع مري العضادة علی منتهيی کل 6من الحصتین المعدلتین 5من ال صل مس تویًا بمقدار کل واحدة

الحصتین ولیعد من ال صل  7من نطاق البروج فهو مطرح ذلك الشعاع ال یسر. فأ ما ال یمن فلینقص له التعدیل من هاتین

معکوساً ولیضع مري العضادة علی منتهيی کل واحدة منهما، فما قطع حرفها من منطقة البروج فهو مطرح  9کل واحدة منهما

ن کان في النصف4-44ذلك الشعاع ال یمن. ) الهابط وفي  11ج الجنوبیة أ و کان في النصفوالصاعد کذلك وفي البر  10( وا 

عات الیسری وزاده علیهما للیمنی، وعمل ما تقدم للشعا 12البروج الشمالیة نقص التعدیل من حصتي التسدیس والتثلیث

ة فیحصل له ة بالقُذ   14المطلوب منها. وأ ما التربیع فلا یزاد علی حصته شيء ولا ینقص منها في جمیع ال حوال 13حَذو القُذ 

 العمل فیها علی ما تقدم في غیرها. باقيومعکوسة ویعمل  16من ال صل مس تویة 15وال وضاع، لکنها تعد  کمیتها

 

                                                   
: )ب( فمر 1  ( متمیزك؛ )فیمر 
 ( علیكمن: ) 2
 ( موقع، یك، موضع: )ب 3
 ( یصیرا معدلین، یتصیرا معدلتین: )ب 4
 ( واحد، یواحدة: )ب 5
 بمقدار کل واحدة من الحصتین)ده، ص( ثم لیعد من ال صل مس تویًا  6

 المعدلتین

 ( + واحدك) 8

 من هاتین: )ی( منها بین 7

 منهما: )د( منها 9
ن کان في الصاعد کذلك»)د( شطب الکاتب:  10  فیالبروج الجنوبیة وا 

 «النصف
 الصاعد کذلك وفي البرج الجنوبیة أ و کان في النصف ‒)د(  11
 والتثلیث ‒( ، ی)ب 12
 له ‒)د(  13
 )ب( ل حوالال حوال:  14
 ( کهیئتهاك، کمیتها: )ب 15
 مس تویة: )ب( سویة 16
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لی علامة التربیع وعد  من علامة ال صل 3أ یضاً مس تویاً حصة التربیع فینتهيي 2علامة ال صل وعد  من 1التسدیس وعلم  علیها  4ا 

لی علامة التثلیث. ثم ضع المري علی کل واحدة 6التثلیث فینتهيي 5مس تویًا حصة العلامات وانظر ما وافی  7من تلك 8ا 

ذا حصلت لك الشعاعات الیسری 4-42البروج. ) فلك 11الشعاع ال یسر من 10موقع ذلك 9الدائرة المعدلة فذلك هو ( فا 

ها  14شیئاً سوی عد 13العمل بعینه ولا تغیر   12وأ ردت الیمنی فاعمل هذا ن ك تعد  حصص المناظر من علامة ال صل. فا 

 المري علی علاماتها. 19وضعك 17فتریك الدائرة المعدلة مواقع الشعاعات الیمنی عند 18لا مس تویة، 16معکوسة 15منها

لی بطلمیوس 1-44: )الصفیحة الشعاع علی الطریق المصحح بهذه 20فة مطرح( معر 44) ( لما وقع في العمل المنسوب ا 

زالة 21اختلال ظاهر وزوال عن الموضع د لا  لی موضعه 22تجر  عادته ا  بن  24بعض المحدثین وقد رأ یت لمحمد 23ذلك عنه وا 

ا بهذه الصفیحة فقد وجد العمل المذکور بها في عدة المقالات مقولة 25یحیی الطبري مقالة في ذلك الحساب، في العمل  26فأ م 

لی تصحیح هذا العمل وابتداع طریقه. ) ( فا ن 2-44بال سطرلاب أ قدمها لعلي بن عیسی ال سطرلابي والله أ علم بالسابق ا 

حدي نقطتي الاعتدالین،  ولینظر، فا ن 28أ راده مرید فلیضع درجة الطالع علی أ فق المشرق في هذه الصفیحة کان الکوکب في ا 

الحمل والمیزان، فلیضع حرف العضادة المحرفة علی درجة الکوکب الذي یراد مطرح شعاعه. ثم یعد  من  29برجي 27أ عني أ ول

موقع مریها من الحجرة حصص المناظر مس تویة للشعاعات الیسری ومعکوسة للیمنی. ولیضع مري هذه العضادة علی نهایاتها، 

                                                   
 «في الصفیحة»شطب الکاتب: )ب(  1
في الحجرة مس تویًا حصة التسدیس فینهيی »)ب( شطب الکاتب:  2

لی علامة التسدیس وعلم علیها وعد من علامة ال صل   ا 
 فینتهيي: )ب( فینهيی 3
 ( + أ یضاً ، ت)أ   4

 التربیع فینتهيي ... حصة ‒( ، قك) 5

 فینتهيي: )ب( فینهيی 6
 ( واحدك، واحدة: )د 8
 ( هذه، تقز، ، : )أ  تلك 7

 هو ‒( ت ،قز، ) 9
 ذلك ‒)ق(  10
 ( في، یمن: )ب 11
 هذا: )ت( هذه 12
 ( + منهت ق، ،ز، م، )أ   ( یغیر؛، ی)ت ( تتغیر؛كتغیر: ) 13
 عد ‒)د(  14

 تعدها منها كفأ ن ‒( ت ،قز، م، ، )أ   15

 ( معکوساً ، تمعکوسة: )ز 16
 ( مس تویاً ، تمس تویة: )ز 18
  عند ‒؛ )ق( عند: )د( عنك 17
  ك: )ق( بوضعكوضع 19
 )ده، ص( مطرح 20

 موضع: )ی( موضوع 21
 ( الا زالة، یلا زالة: )ب 22
 )د( موضوعهموضعه:  23
 لمحمد: )ب( لمجد 24
 الحساب: )ب( بالحساب 25
 ( منقولةكمقولة: ) 26

 وکتبها من جدید« الصفیحة»)ب( شطب الکاتب کلمة  28
 أ ول ‒( ك) 27

 ( برج، یبرجي: )ب 29
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( المقدمات 1-42) 3الشأ ن: 2لهذا 1ا لی بطلمیوس بالصفیحة المعمولة ( معرفة مطرح الشعاع علی المذهب المنسوب42)

أ ولها التسدیس وحصته س تون  8أ ربعة ضروب 6الشعاع 5المناظر أ عني مواقع 4العامة لعمل مطرح الشعاع هي أ ن یتقرر أ ن  

تها مائة  9وحصته مائة وعشرون جزءاً والرابع المقابلة 7جزءاً والثاني التربیع وحصته تسعون جزءاً والثالث التثلیث وحص 

نها أ بداً تقع 11المقابلة غیر أ ن   10وثمانون جزءاً  ( ثم ما سواها 2-42في نظیر درجة الکوکب. ) 12لا یش تغل باس تخراجها فا 

ی الشعاعات الیسری والواقعة  14تنوع نوعین فالواقعة من عند درجة الکوکبی الثلثة  13من المناظر علی توالي البروج تسم 

ی 16عکس نضد البروج 15علی لی عمل مطرح الشعاع تق 17( فا ذا3-42الشعاعات الیمنی. ) 18تسم  رر هذا واحتجت ا 

 21جزء الطالع علی أ فق المشرق 20مفروض في وقت معلوم فرک ب العنکبوت علی صفیحة مطرح الشعاع وضع 19لکوکب

لی درجة الکوکب علی أ ی ة 23وعلم  علی موقع 22فیها دائرة وقعت من الدوائر  24المري من الحجرة علامة ال صل. ثم انظر ا 

ال فق  28کانت 26الدوائر أ و 25المخطوطة في الصفیحة وعلم  علیها في الصفیحة وسم ها الدائرة المعدلة سواء کانت من جملة

لی علامة  31حصة التسدیس فینتهيي 30مس تویاً  29أ و خط نصف النهار. ثم عد  من علامة ال صل في الحجرة 27نفسه ا 

                                                   
 المعمولة: )ز( المعمول 1
 لهذا: )ز( لها 2

 البیان( ، یالشأ ن؛ )به ‒)ب(  3
: )ق( من مفردات 4  أ ن یتقرر أ ن 

 مواقع: )ق( موقع 5

 )ق( + وهي 6

 ضروب ‒)ق(  8

 التثلیث: )ب( الثلیث 7
 )ب( + مما 9

تها مائة وثمانون جزءاً  ‒( ت ق،ی،  ،، مك ز) 10   وحص 

تها مائة وثمانون جزءاً غیر أ ن المقابلة؛ )به ‒ب( أ ، ) 11 ص( غیر -وحص 

 + مما( تم،  ی، ،ز؛ )أ ن المقابلة
 تقع أ بداً  (ت ،ق، ، مك ز، ی، ،بأ ، ص( تقع؛ أ بداً تقع: )-)ده 12

 المناظر: )ز( المناظره 13

ثم ما سواها من المناظر الثلثة تتنوع نوعین »)ب( شطب الکاتب:  14

 «فالواقعة من عدد درجة الکوکب
لیتق، ، ك ی،علی: ) 15  ( ا 

ی الشعاعات الیسری والواقعة علی عکس نضد  ‒)ب(  16  لبروجاتسم 
 ( یسمی، متسمی: )ب 18
ذا: ) 17 ذام، فا   ق( وا 
ب ؛ لکوک( شعاع کوکبت ق، ،، مكی،  ،بأ ، الشعاع لکوکب: ) 19

 )ز( الکوکب
 وضع: )ق( فضع 20

  مشرق ‒)ق(  21
 ( فیهت ، ق،، مكز، ی، ، بأ ، فیها: ) 22
 موقع: )ز( موضع 23

 ( أ ي، ت، مأ ی ة: )أ   24
 ( جهةت ،مز، ، جملة: )أ   25

ذا 26  ( وك) ؛أ و: )ق( ا 

 ( کانتكکان: ) 28
 ، )ز( نفسها( فیهكنفسه: ) 27
 ( أ یضاً كفي الحجرة: ) 29
 ( مس تویة، ممس تویًا: )أ   30

 فینتهيي: )ب( فینهيی 31
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جزء یغنیه  طرلاب فيسجمع له أ غراض ال  سأ لني أ ن أ  علیه تهذیبها وترتیبها  2شکلوأ    علی ذلكلمالع 1بعض محبي   فا وقولم  

صلاح ا  من  6ثینللواجب علی المحد   5قضاء ففعلت ذلك .قصد الصواب 4ولم یقصد فیه 3هذا الباب عن جمیع ما عمل في

 9والکاشف لکل  ضیر. 7ق لجمیع الخیروف  الموالله  8هاب ی رت أ عمال ال وائل وتهذیب علومهم وت
علی أ فق المشرق وعلم  علی المري  15المولد 14: ضع جزء طالعالعالم 13وس ني 12الموالید س ني 11تحویل 10( معرفة29)

ن کان  18ال صل معمولاً بزیجات الس ند هند 16أ در العنکبوت مس تویًا لکل س نة ا ن کان والفرس ثلثة وتسعین جزءاً وا 

ن کان بزیجات الرصد المحدث فس بعة 19وثمانین 17بالقانون فتسعة ات بعدد 21وثمانین جزءاً حتی 20جزءاً وا   22تفعل ذلك مر 

لی أ فق المشرق ما وافقه فذلك جزء طالع تحویل  23الس نین الشمس یة التامة التي تقدمت قبل التحویل المطلوب، ثم انظر ا 

فضع جزئه علی أ فق المشرق واعمل  27معلومة من س ني العالم المعلوم 28ا ن کان طالع س نة ما 26وکذلك 25الس نة. 24تلك

 32طالع تلك الس نة المطلوبة. 31أ فق المشرق جزء 30فیخرج لك علی 29به ما قلناه

                                                   
: )ب( محي 1  ( + هذا، م؛ )أ  محبي 
 فأ شکل (تق، ، ز) ؛وأ شکل ‒؛ )أ ( ( أ و أ شکل، لوأ شکل: )ب 2

 لباب الباب: )ب( 3 

 نخ( به-↑فیه: )د( فیه؛ )د 4
 قضاء: )م( قضائه 5

 المحدثین: )ق( الحدیثین 6

 : )د( تزئینها؛ )ده، نخ( ترتیبهاترتیبها 8 

 ( + وهو المعینتم، ، ز ،)أ   7

 ؛ ضیر: )ل( ضمیروالکاشف لکل ضیر ‒ (، تم ز، ،)أ   9

 ( + مطالع، ق)أ   10

 تحویل ‒( ك) 11

 الموالید: )أ ( موالید 12
 وس ني ‒( أ و؛ )أ ( ، تق، ل، كز، ی، ، )بوس ني:  13
 طالع: )أ ( الطالع 14

 ؛ )ی( المولدا( المولود، ق، لكالمولد: ) 15
 کان ‒( ، ل)أ   16

 ( والهند، قل، هند: )أ   18

 ( فثمانیةت ل، ق، ،ز، فتسعة: )أ   17
 ( ثمانون، یثمانین: )ب 19
 فس بعة: )ب( وس بعة 20
 حتی: )ت( بمعنی 21

 بعدد: )ز( بعد 22
 أ نظر ‒)ز(  23
 تلك ‒)ق(  24

 )ق( + للمولود 25
 وکذلك+ )ب(  26
 ما ‒)د(  28
 ( معلوماً ت، ق، ل، ك ی، ،دأ ، المعلوم: ) 27
 ( تقدمت ، ق،، لكز، ی،  ،بأ ، قلناه: ) 29
 علی ‒)ز(  30
 جزء ‒( تل، ، ز ،)أ   31

 المطلوبة ‒)د(  32



78 

 

 1بسم الله الرحمن الرحیم

 2ارحم بفضلك رب  

 3الفعل ا لیطرلاب سقوة ال   ا خراج ما في هذا کتاب في (0)

صناعة النجوم  طرلاب أ شرف الآلات المس تعملة فيسال   5:ریحان محمد بن أ حمد البیرونيالأ بو  4الش یخ ال س تاذ الفاضل قال

یقاف 7النقل في 8المؤونة 6ومخصوص من بینها بخف ة الثابتة علی  علی المطلوب من أ حوال الفلك 9والاس تعمال مع سرعة الا 

لی تسطیح ا   13بها یتوصل العجیبة التي 12عمله من العلوم مع ما في 11ال زمنةو مکنة ال   10وجه واحد والمتغیرة باختلاف

یراد جمیع ما یمکن اس تخراجه  في 16مقص   15بابه وأ بانوا عن العمل به فمن مون فيالمنج   14وقد أ کثر .الکرة ومن  18بها 

من غیر  21الیها  ضافة أ عمال حسابیة طویلة ما با  ا  و  20الظاهر من عکوسها 19عادةا  ما بتکریر ذکرها و ا  أ عماله  17ةصفلمطول 

 24یبتقر بالبعد من قصده فیها لل  ومن مخل ط بأ عماله ما لیس منها واقع لذلك 23طرف یسیر منها لا  فيا   22أ ن یشارکه

  .والتسهیل

                                                   
)ت(: هو الله تعالی، کتاب في علم ال سطرلاب تصنیف ال س تاذ  1

 ریحان البیروني ره، بسم الله الرحمن الرحیمالکامل أ بي 

؛ )ت(: حس بي رب  ارحم بفضلك –( قز، ی، ل، م، ، بأ ، ) 2 

 الله ونعم الوکیل وعلیه توکلت وأ لیه أ نیب.

قوة  ا خراج ما في هذا کتاب في –( ، تق، مل،  ز، ی، ،بأ ، ) 3 

؛ )ق(: ریاضة الفکر والعقل في اس تخراج ما في لی الفعلا  طرلاب سال  

لی الفعل ل بي ریحان محمد بن أ حمد البیرونی    قوة ال سطرلاب ا 

 الش یخ ال س تاذ الفاضل –( ت ،ق ز، م، ،دأ ، ) 4 

 ریحان محمد بن أ حمد البیرونيالأ بو  –( ، ت، ق، مز، )أ   5

 ، )ت( تحفة( لخف ة، ل، یبخف ة: )ب  6 

 المؤونة: )ت( الموته 8

 النقل: )ت( الثغل 7

یقاف: )أ   9 یقانت، مز، ، الا  تقان( الا   ، )ق( الا 

 ( اختلاف، لباختلاف: )ب 10

 ال مکنة وال زمنة: )د( ال زمنة وال مکنة 11
  ( المعاني، ل، یالعلوم: )ب 12
 ( یتوصل بها، مبها یتوصل: )أ   13
 أ کثر: )ل( أ کر 14
 ( فکم من، مفمن: )أ   15

: )ده 16   مقتص نخ(-مقص 

  به ‒( ، تمز، ، دأ ، ) 18
 لصفة: )د( بصفة 17
عادة: )أ ( عادة 19  ا 
  علومها( ؛ ق)ده، نخ عکوسها: 20

لیها: )ب، د 21 لیهقی، ، ا   ( ا 

 أ ن یشارکه: )ز( مشارکة 22
 منها ‒( ت م، ،ز) 23

 یقین؛ )ده، نخ( للتقریبلل للتقریب: )د(  24 
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بعاد فیما حصل لك في نصف قطر إلأ  ذإ ضربت هذه إلأ بعاد إ لیوأأجزإئها، وإ  میال أأو غیرها، تحولت تلك إلأ  رض من إلأ

 إلمقدإر إلذي مَسَحتَ به.

 ( إلفصل إلثاني: في تصحیح موإضع إلکوإکب في أأسطرلاب عتیق21-2)

ذإ أأتی للأسطرلاب زمان مدید، تغیرت فیه مریات إلکوإکب بانتقالها عن تلك إلموإضع في تلك إلمدة، وأأدمی 21-2-0) ( إ 

م موإضع إلکوإکب إلثابتة في إلطول لوقت إلعمل بها إ لی خطا تغیر عن مقادیرها، ، فا نم عروضها لا ت كفیما بطلت منها، فقَوم

أأول إلحمل علی >جانب إلأیسر من< خط إلمشرق وإلمغرب في إلصفیحة إلمعمولة لعرض س تة وس تین جزءإً وخمس  1فضع

في إلصفیحة بأأسرها  2اً، وما وقع من دوإئر إلسموتوعشرین دقیقة مخطوطة فیها دوإئر مقنطرإت الارتفاع والانحطاط مع

 حتی قطعت نوع  إلمقنطرإت کلیهما. 

 5إلجدي وستنطبق إلمنطقة عند ذلك علی أأفقها. فانظر درجة إلکوکب إلتي صححتها 4خارج مدإر 3وفیها فضلة کبیرة

فا لی دإخل  ت مثل عرضه إ ن کان في إلشمالوعلّم علیها في إلمنطقة وتأأمل دإئرة إلسمت إلمارة علیه وعدم علیها من إلمقنطرإ

م.  ن لا، کان إلعرض في إلجنوب فا لی خارجها، فحیث بلغت في إ حدی إلجهتین، فهو موضع ذلك إلکوکب إلمقوم إلمنطقة، وإ 

جه إ لی تلك إلعلامة حتی  >فعلّم علامة علیه< وإمسك رأأس إلحمل علی أأفق إلمشرق وخطه وإطرق مریه في إلعنکبوت وعوم

ذن الله وعونه.كوقد صحم لوقت یوإفقها  . وکذلك فاعمل بمریات سائر إلکوإکب حتی تصح رؤوس مریاتها با 

نمة إلدنیاویة بازدیادها علی إلبدل وتناقص تلك21-2-2) ذإ لم تح( وإلأعلاق إلعلمیة تخالف إلس ُ صل بالاجتهاد ، ولکنها بذل إ 

ندإد. فوإجب علی إلعاقل  ذلك عن إلنشر في إلبشر ما أأمکن.  7إلمصلح أأن لا یثناه 6و| 32|أأو وقعت إ لی غیر إلأکفاء وإلأ

نما أأتی من إلقابل إلمنفعل لتجافیه وتأأنیه وکل إ ناء یترشح بما فیه. أأثابنا الله  8فا نم هذإ إلعیب وإلفساد لم یأأت من إلفاعل وإ 

تیان إلیقین، أأنه رؤوف  تمم.رحیم.  9لحسن إلنیة وختم أأمرنا علی ما یزیل إلخوف وإلحزن عند إ 

                                                             
 فضع: وضع 1
 إلسموإت إلسموت: 2
 کبیرة: کثیرة 3

مدإر: کتب إلکاتب  4

ثم شطب حرف « مدإري»

 «.ي»

 صححتها: صحتها 5
 + إلعاقل 6
 یثناه: یمناه 7

 رشحىیترشح:  8
 رؤوف: رؤف 9
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لتضایق إلحال فتجرعت إلغصص وفرغت إلشمس. ثم لم إتمکن منه عند إتساع إلجاه ووفور  وعجزت عنها أأیامئذ

لیه إلمرجع وقست إرتفاع إلشمس  1( ولو کنت تمکنت منه لوضعت3-0-21إلمال. ) هناك موضعاً کالمرکز إلمس تقر إلذي إ 

مال علی إس تقبال إلنهار نحو إلش، ثم سرت منه علی خط نصف به نصف إلنهار أأو إرتفاع کوکب من إلثوإبت بعینه کذلك

بعضها بعضاً بك الاتحاد في إلمري، فمن خاصیة إلش ء إلمس تقیم أأن یستر طرفاه  2إلقطب. أأما باللیالي، فأأبعاد إلنیرإن ساترة

لا أأحد طرفیه، وأأما بالنهار فالأدخنة إلمتوإلیة إلمتحدة أأیضاً. ونصبت إلأعلام علی إلمسلك  وسطه ولا یدرك بهذإ إلوضع إ 

عن عشرین فرسخاً فما فوقها، وقست إرتفاع إلشمس نصف  و| 30|للاهتدإء بها عند إلمنصرف وقطعت ما لا یقصر 

إلنهار عند إلمنتهی  وإس تثنیت إلمیل إلشمالي من الارتفاع وزدت إلجنوبي علیه ثم إنصرفت علی إلأعلام ماسحاً إلمسافة في 

ین فیهما، لمنتهی  في ثلثمائة وس تین وقسمته علی فضل ما بین الارتفاعإلورد وإلصدر، وضربت هذه إلمسافة بین إلمبدأأ وإ

( 3-0-21فکان یخرج دور إلأرض بمقدإر تلك إلمسافة علی إلطریق إلمس تقیم إلذي لا ینهج بحقیقته غیر إلدوإئر إلعظم . )

اف إلنهار من خطوط أأنص وبهذإ إلمنهج عمل إلقدماء فبعض إعتبر فیه مسافة ما بین إلرقة وتدمر لأنهما علی خط وإحد

 .وبعض إعتبر فیه ما بین إلا سکندریة وأأسوإن علی ما حک  جالینوس عن إرإطس تانس لأنم هذین إلبلدین کذلك

د إلمأأمون إعتباره علی ید خالد إلمروروذي21-0-3) وعلي بن عیسی إلحرإني وجماعة من أأمثالهما وذلك  3( ثم حدم

إجتماعهم في إلمنصَرف  4ة منهم نحو قطب إلشمال وأأخری قطب إلجنوب وعندفقصد طائف في بریة س نجار من أأرض إلموصل

میال إلتي هي  قابل إلفریقان ما حصل لکل وإحد منهما من حصة إلجزء إلوإحد من ثلثمائة وس تین جزءإً لدور إلأرض من إلأ

 أأثلاث إلفرسخ.

لا بقدر ثلثي إلمیل نم أأحدهما وجدها س تة وخمسین 5فما إختلفتا إ  میلًا وثلث میل وإلآخر س بعة وخمسین میلًا. ، فا 

ذإ ضربته 3-0-21فجمعوهما وأأخذوإ إلنصف للاحتیاط وجعلوإ حصة إلجزء إلوإحد س تة وخمسین میلًا وثلثي میل. ) ( وإ 

إلأرض، فا ن ضربته في س بعة وقسمت إلمبلغ علی أأربعة  6في ثلثمائة وس تین، إجتمع عشرون أألفاً وأأربع مائة میل وذلك دور

ذإ ضربت ضعفه في دورها إلخارج لك إجتمع وأأر  بعین، خرج نصف قطر إلأرض إلذي بین وسط إلعالم وبین ظهر إلأرض. وإ 

قطر إلأرض، علی أأنه وإحد، مُسِحَت أأبعاد إلکوإکب  ظ| 30|مساحة سطحها إلبس یط، بر أأو بحر أأو عامر. وبنصف 

                                                             
 لوضعت: لوضت 1
 ساترة: إلساترة 2

 إلمروروذي: إلمروذي 3
 عند: عن 4

 إلمیل: إلجبل 5
 دور: وتر 6
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 إلباب إلعشرون

 دورها( إلفصل إلأول: في معرفة قطر إلأرض و 21-0)

ذإ وفرق الله تعالی ویسرم 21-0-0) إلعسیر، فقدرت بجبل تبلغ من سموقه أأن تس تبین في دوریة للشمس وقت طلوعها  1( إ 

ي غیر ذي عوج ولا أأمت. ) شرإفه علی قاع صفصف برم ( وذلك أأحب 2-0-21أأو غروبها إنحطاط عن إلأفق وتمام ذلك با 

ا  عملتها في غروب إلشمس عن منارة إلا سکندریة. ثم >إ ن< کان طلوعهإ ليم من إ شرإفه علی إلبحر کما ثبت ذلك في مقالة

ن لم یکن  أأو غروبها علی سمت ذلك إلقاع أأو إلبحر، فرصدت إنحطاطها وقت حصول مرکزها علی إلأفق حتی حصلته؛ وإ 

لت صأأحدهما علی ذلك إلسمت، فنظرت بین ثقبتي إلهدفتین إ لی منقطع إلسماء عند إلأرض في ذلك إلسمت حتی ح

إنحطاط ملتقاهما وأأخذت جیبه >إلمعکوس وحفظته< وهو إلأول وجیب ما ینقص الانحطاط من تسعین وهو إلثاني، ثم 

 3أأذرع أأو أأش بار بعد أأن تکون ظ| 31| 2إس تخرجت سمك عمود ذلك إلجبل بما شئت من فرإسخ أأو أأمیال أأو أأنوإع

في إلموضع إلآخر وقسمت إلمجتمع علی ما حفظته، فیخرج ما بین مرکز  4معلومة بالتحصیل إلدقیق وضربت هذإ إلعمود

 إلأرض إ لی محیطها بالمقدإر إلذي مسحت به عمود إلجبل.

( فا ن ضربته في أأربعة وأأربعین وقسمت إلمبلغ علی س بعة، خرج دور إلأرض إلذي ینصف سطحها 21-0-3)

ما أأبنت إلمأأمون في هذإ إلباب وإقتفیناه في قیعان أأرض إلهند کإلمحیط بها. وهذإ مأأخذ إلطریق إلذي حکاه س ند بن علي عن 

 في إلُذري عن إلأفق إلمدرك في إلسفوح. 6قدر إلأرض بانحطاط إلأفق إلمرئي 5عن ذلك في کتاب عملته في معرفة

خة ولا 21-0-4) ( وفي غرب خوإرزم وجرجان وشمالهما قیعة تمتد مسیرة أأشهر لا تکاد تس تقر علیها حوزة مدوم

لا بصحبة لا أأنها في أأرض إلغربة إلتي لا یؤمن منهم فیها علی إلروح إ  مَن تقاومهم. وقد  7یتفاضل الاندفاع فیها في إلجهات إ 

زإحة إلعلة عن إلمعتدي به  8ساعدتها في حدإثتي ولم یساعد ذوو إلقدر علی معاوني بمعَاونٍ في إلعمل وحماة عن إلبوإئق وإ 

 في إلمهابة.

                                                             
: یسیرم  1  یسرم
 + إو 2

 تکون: بکون 3
 + في إلموضوع 4

 في معرفة: فمعرفه 5
 إلمرئي: إلمري 6

 بصحبة: بصحة 7
 یساعد: نساعد 8
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س تویا أأو عد ولابد من أأن ی إلبعد إلکائن علی سمت إلطول وإس تخرج به ما بین موقفك ومن کل وإحد من طرفي هذإ إلب

 یختلفا.

( فا ن إس تویا، أأخذت جیب نصف إلمحفوظ وضربته في أأحدهما خرج لك من إلبعدین إلمتساویین 03-3-2)

وقسمت ما إجتمع علی س تین وإضعفت ما یخرج، فتکون مسافة ذلك إلبعد بالمقدإر إلذي عرفت به إلبعد إلذي من موقفك 

 إ لی طرف هذإ إلبعد.

ن03-3-3) إختلفا، أأخذت جیب إلمحفوظ وضربته في أأقصر بعدي إلطرفین وقسمت إلمبلغ علی س تین،  ( وإ 

آلاف وس تمائة وتأأخذ جذر إلباقي، فیکون أأحد قسم  إلقاعدة  1فیخرج إلعمود وتضربه في مثله وتنقص ما إجتمع من ثلثة أ

 فیکون قدر إلمبلغین وخذ جذر إلجملة وإلقه من أأطول بعدي إلطرفین، ثم إضرب کل وإحد مما بق  وإلعمود في مثله وإجمع

 إلبعد إلمطلوب.

 عنك ومتیامنون هم أأم متیاسرون 2و| 31| ( إلفصل إلرإبع: في تعریف نفر أأمقبلون هم إ لیك أأم مدبرون03-4)

ذإ أأردته فاعرف بما تقدم ما بین موقفك وبینهم03-4-0) لی إ مهال بین إلقیاس، وإ   ( هذإ إلمعنی یحوج إ لی إ شرإف علیهم وإ 

ن تطاول ف كفا ن تقاصر ما کان بینك وبینهم من إلمسافة، فهم مقبلون نحو  3ثم أأمهلهم قلیلًا وأأعد إلعمل إلأول هم مدبرون ، وإ 

عنك متباعدون. وأأما إلتیامن وإلتیاسر، فضع مري إلعضادة علی أأول أأجزإء الارتفاع ثم ضع إلأسطرلاب مقلوبًا وأأدره حتی 

 هم بالثقبتین معاً من غیر أأن تحرك إلعضادة وأأمهلهم ساعة، ثم أأعد الاعتبار فا ن لم یزلإلنفر أأو إ حدی حاشیتي جماعت  4تری

لی إلربع إلذي تحتها فهم  لیها فهم متیامنون وإ  ن زإل عن أأول إلأجزإء إ  إلمري عن موضعه وإقفون مکانهم أأو نازلون. وإ 

 متیاسرون.

  

                                                             
آلاف: إلف 1  تری: بري 4 ول: الاوليإلأ  3 مدبمرون+ إم  2  أ
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 1إلعرض بین إلشاطئین أأقصر بینهما في إلمنظر وإلحدس، ثم خذ إلأسطرلاب بیمینك وإنظر من ثقبتي إلهدفتین حتی تری

لی أأن توإجه مس توإء من  إلعلامة في إلضفمة إلأخری إلمقابلة وأأقرم إلعضادة علی وضعها وإس تدر علی نفسك في موقفك إ 

إلأرض وإنظر إ لی إلهدفتین حتی تری من نفسهما من إلأرض ما تعلّم علیه وإذرع ما بین قدمك وبین إلعلامة إلتي أأدرکتها 

( فا ن لم یکن حولك مس توإء 2-2-03علی إلأرض، فیکون عرض إلوإدي أأو إلمستنقع أأو مسافة لا تتمکن من ذرعها. )

الارتفاع وذلك هو إنحطاط وجیبه هو إلجیب إلأول وجیب ما نقص هذإ  2تس تقبله، فخذ جیب ما إرتفع إلمري في أأجزإء

الانحطاط من تسعین هو إلثاني؛ ثم إضرب إلجیب إلثاني في مقدإر إلقامة بین إلعین وإلقدم بالأصابع أأو إلأش بار أأو ما أأرید 

 علی إلجیب إلأول فیخرج عرض إلوإدي بمقدإر أأقسام إلقامة. وإقسم إلمبلغ

بعد ما تقدم حتی تعرف 03-2-3) ط إلأ لیك فاعمل بعلامة إلشَرَ ( فا ن کان إلموقف متنخباً علی إلشَرَط إلأقرب إ 

بعد حتی تعلّ مثل ذلك فیها وإلق أأقل بعدكبعُدها عن ط إلأ لعلامتین إ ، ثم إقم علامة إلشَرَط إلأقرب مقام علامة إلشَرَ

 عنك من أأکثرهما، فیبق  عرض إلوإدي.

علاء إلموقف عن إلأرض 03-2-4) لی إ  ن لم یغن طول إلقامة في ذلك حتی س تبین منه الانحطاط، أأحوج إ  ( فا 

ذإ إعتلیت فاعمل ما تقدم بعینه سوی أأن تقیم ما  3حتی تشرف منه علی إلوإدي ویزدإد الانحطاط إلموجود للعلامات، فا 

مجموع إلقامة إ لی عمود إلموضع إلذي فیه إلموقف من سطح دإر  ظ| 33|بین إلعینین هناك وإلأرض مقام إلقامة، فأأنها ههنا 

 أأو رأأس منارة أأو هضبة أأو ما شاکلها.

لیهما معاً ( إلفصل إلثالث: في معرفة بعد معترض علی سمت إلطول إلآخذ عنه یمیناً أأو 03-3)  شمالاً أأو إ 

مري  5إلأسطرلاب مقلوبًا وجهه نحو وجه إلأرض إلمس توي أأو إلسطح إلمس توي وتضع 4( طریقه أأن تضع03-3-0)

إلعضادة عن أأول  7كإلأسطرلاب من غیر أأن تحر  6إلعضادة علی أأول أأجزإء الارتفاع وقد قابلت بربعها ذلك إلبعد وتدیر

 9أأحد طرفي ذلك إلبعد وبیمینك إلأسطرلاب علی وضعه وتدیر إلعضادة حتی تریبثقبتي إلهدفتین  8إلأجزإء حتی تری

بالثقبتین إلطرف إلآخر من ذلك إلبعد وتحفظ ما بلغه إلمري من أأجزإء الارتفاع؛ ثم عد إ لی إلعمل إلذي تقدم في معرفة 

                                                             
 تری: یري 1
آخر 2  أأجزإء: أ
 إعتلیت: إعسلت 3

 تضع: یضع 4
 تضع: یصع 5
 تدیر: تقدیر 6

 تحرك: یحرك 7
 تری: یري 8
 تری: یري 9
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 إلباب إلتاسع عشر

بعاد03-0)  إلمنقعرة في إلأرض ( إلفصل إلأول: في معرفة إلأ

ذإ أأردت أأن تعرف عمق بئر، تری قرإرها وما فیه من إلماء فاقسم 03-0-0) إس تدإرة شفیرها بنصفین ومَدیین  ظ| 33|( إ 

ما ترإ ممدودإً >أأو< متوترإً وأأقم علی طرف، خش بة ما دقیقة مس تویة وإ  إلمنتصفین إ 
مس تقیمة بمقدإر إلقصبة إلتي عرضها علی  1

 عندها وإلأسطرلاب عند طرفها إلأعلی وإنظر بفرد عین من ثقبتي إلهدفتین حتیفمها، وإقسمها بما شئت من إلأعدإد وقم 

إلأفق وخذ  3حاش یة إلماء في إلقرإر علی مسامتة طرف إلمعترض علی إلبئر وإعرف کم إنحطت إلعضادة عن خط 2تری

طر فم ول في قجیب هذإ الانحطاط وهو إلجیب إلأول، وجیب ما ینقص الانحطاط من تسعین هو إلثاني؛ وإضرب إلأ 

إلبئر إلذي نصبت إلخش بة إلمقسومة بمقدإره وإقسم ما إجتمع علی إلثاني، فما خرج فانقص منه ما بین عینك وإلأرض من 

ذإ عرفت ما في إلذرع منها، قسمتها علی أأجزإء إلذرإع فیتحول إلعمق  أأجزإء إلخش بة، فیبق  عمق إلبئر بتلك إلأجزإء. وإ 

ذإ کا  4ن إلبئر مس توي إلقعر.منها إ لی إلأذرع. هذإ إ 

ن کان خابوطیاً متسع إلأسفل، فضع مصباحاً في شيء مقعر ککفة إلمیزإن أأو إلأجافیة بحیث یمنع 03-0-2) ( ثم إ 

 5جافها عن وقوع ضوء علی إلماء لئلا یریك إلسرإج فیه سرإجاً أآخر فیشتبه إلأمر علیك فیهما، ثم دله من عند إلطرف

إلمعترض علی إلبئر إ لی أأن یبلغ إلماء ویس تقر علیه بخدإمك وأأنت قائم عند إلطرف إلآخر وإنظر من ثقبتي إلهدفتین کالعادة 

 إ لی مقدإر عمق إلبئر باس توإء. 9كفیه ما تقدم فیؤدی 8وإعرف الانحطاط وإس تعمل 7معاً  6إ لی أأن تری إلمصباح منهما

 < وجه إلأرض في سمت إلطول إلذي تسلکه إ ن توجهت إ لی إلأمامفي معرفة بعد >علی ( إلفصل إلثاني:03-2)

ذإ قلم قدرإً وقرب إلناظر، أأمکن أأن یغني فیه إرتفاع عین إلقائم علی إلأرض من وجهها إ حاطة03-2-0)  10( هذإ إلبعد إ 

طرفین بعلامتین. وإلأرإضي إلمحدودة إل و| 33|خط  إلبصر من عند طرفیه بزإویة محسوسة إلقدر وبه تعلّ عروض إلأودیة 

علی إلشاط ء إلآخر، أأن یکون  12فاجتهد إ ذإ قمت علی إلشاط ء، إ ن تکون إلعلامة إلتي تضعها 11وفي عروض إلأودیة،

                                                             
 خش بة: خشبته 1
 تری: یري 2
 خط: إلخط 3

 إلعقرإلقعر:  4
 إلطرف: طرف 5
 منهما: مهما 6

 معاً: صعا 7
  + ما 8
 فیؤدیك: فیودك بك 9

 إحاطة: الاحاطه 10
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إلمعزول وماخرج فاضربه في إثني عشر وإقسم ما إجتمع علی إلجذر إلذي أأخذت، فیخرج طول  1علی إلأقصر وإقسم ما بلغ

 .كإلشخص في إلسم

 في معرفة سمك شخص لا یوصل إ لی أأصله بالظل في إلأسطرلاب ( إلفصل إلثالث:03-3)

فل من أأجزإء إلظل، إلشخص في موقف معلوم وإنظر أأین یقع مري إلعضادة إلأس و| 33|( خذ إرتفاع رأأس 03-3-0)

فزد علیه إ صبعاً وضع إلمري علی إلمنتهی  وتباعد عن إلشخص، أأو فانقص إ صبعاً وضع إلمري علی إلثاني وإقرب من إلشخص، 

وأأصل إلشخص تری فیه رأأسه من إلثقبتین معاً  2ثم إطلب في هذإ إلتقدم أأو إلتأأخر موضعاً في الاس تقامة بین إلموقف

ا ن وضعها وهو إلموقف إلثاني، فاذرع ما بین إلموقفین وإضربه في إثني عشر فیجتمع سمکه. ف من غیر أأن تزیل إلعضادة عن

وإحدإً وإضرب ما بین إلموقفین في س بعة  3کان إلظل أأقدإماً، فزد علی إلأقدإم إلذي وقع علیها مري إلعضادة أأو إنقص قدماً 

 خص.بت أأولًا في إثني عشر، فیجتمع سمك إلشإ ن کانت إلأقدإم صحاحاً وفي س تة ونصف إ ن کانت منکسرة بدل ما ضر 

( فا ن کان إلظل ظل إلسلّ وإلأصابع في إلموقف إلأول لا تفضل علی أأحد عشر إ صبعاً أأو إلأقدإم 03-3-2)

ن فضلت علی تلك إلمقادیر، إنقل حرف إلعضادة  إلصحاح فیه علی س تة وإلمنکسرة علی خمسة ونصف، فالعمل کما تقدم؛ وإ 

إلموقف إلثاني إ لی إلضلع إلمنتصب، فاقسم مائة وأأربعة وأأربعین علی مجموع إلظل وإلا صبع فیخرج عدد  بزیادة إلوإحد في

ن کان مري إلعضادة إلأعلی في إلموقف إلأول علی خمسة وأأربعین  إلمنتصب، فضع إلحرف علیه ونتج )؟( إلموقف إلثاني. وإ 

ن کان في إلموقف إلأول علی إلمنتصب فلا محالة أأنه یکونإلمائة وإلأربعة وإلأربعین علی ثلثة عشر، و  4جزءإً، فاقسم علیه  إ 

أأیضاً في إلموقف إلثاني، فانقص مما في إلأول إ صبعاً فیبق  عدد إلموقف إلثاني فتنتج حینئذ وإعمل ما تقدم وقس علیه سائر 

 أأقسامه.

  

                                                             
 فاقسم: ماقتصر 4 قدماً: قدیما 3 + بین إلموقف 2  + ما بلغ علی 1
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ن شئت، فاضرب ما بین إلقدمكفیکون إلسم . وإ 
إلقامة  وزدوإلأصل في إلجیب إلأول وإقسم ما إجتمع علی إلجیب إلثاني  1

 علی ما خرج، فیکون سمك إلشخص.

ن شئت، فانصب علی إلأرض مقیاساً وإعرف ظله بأأقسام إلمقیاس وإضرب ما بین إلقدم03-2-2) ( وإ 
وإلأصل  2

 .كفي إثني عشر وإقسم ما بلغ علی إلظل إلذي وجدت، وزد إلقامة علی ما خرج، فیجتمع إلسم

 إلباب إلثامن عشر

 معرفة سمك شخص لا یوصل إ لی أأصله بارتفاعین لرأأسه( إلفصل إلأول: في 03-0)

رأأس إلشخص في موضعین، تصل إلخط إلوإصل منهما إ لی أأصله وإس تخرج جیب کل وإحد من  3( خذ إرتفاع03-0-0)

الارتفاعین وإضربه في جیب  ظ| 33|الارتفاعین وجیب إلفضل بین الارتفاعین، وإذرع ما بین إلموقعین إلذین فیهما أأخذت 

أأقل الارتفاعین وإقسم ما إجتمع علی جیب فضل ما بین الارتفاعین وما خرج فاضربه في جیب أأکثر الارتفاعین وإقسم 

 إلمبلغ علی س تین، فیخرج طول إلشخص بالمقدإر إلذي به ذرعت ما بین إلموقفین. 

 ، بمقیاسینفي معرفة سمك شخص لا یوصل إ لی أأصله ( إلفصل إلثاني:03-2)

( أُنصب مقیاسین متباعدین بحیث یختلف فیئهما من إلشمس لو کانت علی رأأس إلشخص ظلالهما في وقت 03-2-0)

بحیث یکون مغرزإهما وأأصل إلشخص علی إس تقامة. وإطلب لکل وإحد من إلمقیاسین موقعاً علی  4وإحد في موضع مس تو

ذإ وضعت عینك علیه رأأیت رأأس إلمقیاس و  إلشخص معاً، فیکون ما بین موضع إلعین وبین أأصل إلمقیاس وجه إلأرض إ 

وإعرف ما بین موضع  إلعین في إلموقفین وإلق منه أأصغر إلظلین وإحفظ ما یبق ، ثم زده علی أأعظم إلظلین وإضرب  5ظله؛

لظلین وإضرب إ إلجملة في إثني عشر وإقسم ما إجتمع علی أأعظم إلظلین، فیخرج إلعمود إلأقصر. ثم زد ما حفظت علی مجموع

إلجملة في إثني عشر وإقسم إلمبلغ علی أأعظم إلظلین، فیخرج إلعمود إلأطول، فانقص منه إثني عشر وإلق ما بق  من إلعمود 

جذر إلجملة وإضربه في إلعمود  6إلأقصر فیبق  إلمعزول. ثم إضرب أأصغر إلظلین في مثله وزد علیه مائة وأأربعة وأأربعین وخذ

                                                             
 إلقدم: إلقوم 1
 إلقدم: إلقوم 2

 + إلشمس 3
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 إلباب إلسابع >عشر<

 إلساقینإ لی أأصله بالمثلث إلقائم إلزإویة إلمتساوي  ( إلفصل إلأول: في معرفة سمك شخص یوصل03-0)

ذإ أأردت سمك جبل أأملس إلوجه ینزل إلحجر إلمرسل من أأعلاه لا یبعد مسقطه عن أأسفله ولا یضاده في 03-0-0)  ( إ 

، فارصد إلشمس حتی  2أأو أأردت سمك منارة أأو هرم أأو إ حدی إلمسالم إلمتشابهة 1إلعین، إلتي بأأرض مصر أأو ساقه أأو علَهم

ذلك إلشخص إ لی أأصله فما کان، فهو مساو لمسافة  3إذرع من طرف ظل رأأستبلغ في إرتفاعها خمسة وأأربعین جزءإً ثم 

 علوه.

ن عاق عن هذإ إلعمل عائق من قیام إلشخص علی وضع لا یوصل إ لی طرف ظله ساعتئذ فتمسح 03-0-2) ( فا 

رإدةو من عنده، أأو قصور غایة إرتفاع إلشمس یومئذ عن مساوإه عن إلدور، أأو إ ن زإد علیه في ذلك إلیوم کان في   4قت إلا 

وأأربعین جزءإً  5شرقیاً زإیدإً علیه أأو غربیاً ناقصاً عنه أأو أأینما من إلسماء فلّ یشرق إلشمس، فضع مري إلعضادة علی خمسة

ها علی ذلك ها، ثم تقدم وتأأخر إ لی  6من أأجزإء الارتفاع وأأقرم أأن تجد موقعها تری فیه رأأس  7و| 33|إلوضع ولا تغیرم

لی 9من عند قدمك إ لی أأصله و 8إلشخص من ثقبتي إلعضادة وهي علی حالها وسر إذرعه وزد علیه ذرع قامتك من إلعین إ 

 إلأرض، فما إجتمع فهو سمك ذلك إلشخص.

 إ لی أأصله بالمثلث إلقائم إلزإویة إلمختلف إلساقین ( إلفصل إلثاني: في معرفة سمك ما یوصل03-2)

کالموصوف، فقس إرتفاع رأأس إلشخص وخذ جیبه وهو إلأول، وجیب  10( فا ن لم یمسح إلمکان بوجوه توإفق03-2-0)

إلفضل بین هذإ الارتفاع وبین إلتسعین وهو إلثاني، وإضرب ذرع قامتك في إلجیب إلثاني وإقسم إلمبلغ علی إلأول وإحفظ 

مك لة في إلجیب إلأول وإقسم ما بلغ علی إلثاني، فیخرج إلسما خرج، ثم زده علی ما بین قدمك وبین أأصله وإضرب إلجم

ن شئت، فاضرب ذرع قامتك فیما بین إلقدم وإلأصل، وإقسم إلمبلغ علی ما حفظت وزد قامتك علی ما خرج،  إلمطلوب. وإ 

                                                             
 إلعین: إلفین 1
 إلمشابهة: إلمتشابهة 2
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إلأخری منها وهي إلدرجة إلثانیة، فاضرب ما بین هاتین إلدرجتین في إلبقیة إلمحفوظة وإقسم ما إجتمع علی إلفضل إلمحفوظ، 

علی إلدرجة إلأولی  إلربع إلغربي تحتها، فزد إلتعدیل فیخرج إلتعدیل. فا ن کانت إلدإئرتان في إلربع إلشرقي فوق إلأرض أأو

ن کانت إلدإئرتان في إلربع إلشرقي تحت إلأرض أأو إلغربي فوقها، فانقص إلتعدیل من إلدرجة إلأولی، فما حصلت علیه  وإ 

 إلعلامة.  1إلأولی بعد إلزیادة أأو إلنقصان، فهو موقع ذلك إلشعاع إلذي لتلك

 في تس ییر إلأدلاء بهذه إلصفیحة 2( إلفصل إلسابع:03-3)

( ولذلك أأری تسمیة هذه إلصفیحة 2-3-03ویرجع عند إلتحقیق إ لی إعتقاده، ) 3«کل یعمل علی شاکلته( »03-3-0)

في إلأشعة أأنم مطارحها غیر متصلة بمطالع إلبروج ومغاربها ولامتغیرة  4بصفیحة إلتس ییر أأحقم منها بمطرح إلشعاع، لاعتقادي

دإرة إلفلك یاها. ) با  ( ومتی أأردت إلتس ییر فیها بالتحقیق، فضع درجة إلطالع علی أأفق إلمشرق وإعرف إلدإئرة 3-3-03إ 

 8إلمقصود أأو مري 7درجة 6علیها درجة إلدلیل وعلّم علیها وعلی موقع إلمري، ثم أأدر إلعنکبوت مس تویًا حتی توإفي 5إلتي تقع

درجة إلدلیل علی دإئرة  9ك إلمري عن موقعه فهو أأزمان إلتس ییر. فا ن لم تقعإلمقصود من إلکوکب تلك إلدإئرة إلمعلممة، فما تحر 

نما وقعت بین دإئرتین، فاس تخرج إلبقیة وإلفضل إلمحفوظین وإلعلامات من موإقع  إلمري في إلحجرة. ثم أأدر  ظ| 33|وإ 

إلمقصود أأولی إلدإئرتین، فما زإل إلمري عن إلعلامة إلوسط ، فهو  11إلمقصود أأو مري 10إلعنکبوت مس تویًا حتی تبلغ درجة

لیه فیما بین إلدإئرتین 12أأزمان إلتس ییر غیر إلمعدلة؛ وإضرب في إلبقیة إلمحفوظة وإقسم  13ما تحرك إلمري بتحریك إلمسیرم إ 

یل إلربع إلمقابل له، فانقص إلتعدفي إلربع إلشرقي إلنهاري أأو  14علی إلفضل إلمحفوظ، فیخرج إلتعدیل. فا ن کانت إلدإئرتان

ن کانت في إلربعین إلباقیین، فزد إلتعدیل علیها، فتحصل من أأزمان إلتس ییر غیر إلمعدلة، وإ 
إلتس ییر إلمطلوبة  16أأزمان 15

 17إلمعدلة.
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ن یساوي ظ| 33|نقصانه  إلمقدإرإن، فبلغ تس ییره هو  1منه ما قد تکررت شریطته، فیحصل مبلغ إلتس ییر للدلیل. وإ 

 إلموضع إلذي توإفقا فیه.

 في مطرح إلشعاع بالصفیحة إلملقبة به ( إلفصل إلسادس:03-3)

( هذه صفیحة قد خط فیها خط وسط إلسماء ووتد إلأرض وخط إلمشرق وإلمغرب یقاطعه مدإر إلحمل علی 03-3-0)

وقد أأدیر علی تقاطع إلأفق مع خط وسط إلسماء دإئرة صغیرة کتب فیها إلعرض إلذي عملت له، وسائر  3تقاطعهما 2نقطتي

عند محیط إلدإئرة إلتي في  4دوإئرها مجتمعة علی مرکز هذه إلدإئرة لکنها یقطع دونه عند محیطها کما یقطع دوإئر إلسموت

 .ص ضمنها

ذإ أأردت إلعمل بهذه إلصفیحة، فضع درج03-3-2) ذ لیس فیها ( فا  ة إلطالع علی أأفق إلمشرق، وهو إلأیسر إ 

ه، ثم إنظر إ لی درجة إلکوکب علی أأیة دإئرة وقعت من دوإئرها، فعلّم علیها وعلّم أأیضاً علی موقع  5شيء مکتوب عنده یمیزم

ویسار  لأیسرإلمناظر إلس تة أأعني إلس تین یمیناً للتسدیس إ 6إلمري علامة إلأصل وعدم من هذه إلعلامة یمنة ویسرة حصص

للتربیعین وإلمائة وإلعشرین للتثلیثین، وعلّم علی نهایاتها. وضع إلمري علی کل علامة منها،  8إلأیمن وإلتسعین 7للتسدیس

 فتوإفي تلك إلدإئرة إلمعلممة موضع شعاع إلکوکب إلذي له تلك إلعلامة في أأیمن وأأیسر.

لتي نحو حة ووقعت فیما بین دإئرتین منها، فسمم إ( فا ن لم تتفق درجة إلکوکب علی دإئرة في إلصفی03-3-3)

علی إلمري علامة  10فا نم شعاعات إلکوإکب وإفقة أأیضاً بینهما، فعلّم  9وسط إلسماء أأو وتد إلأرض أأولی وإلأخری ثانیة.

 كعلی أأولی إلدإئرتین >وعلّم علی إلمري علامة أأولی فحرم  13و| 33|درجة إلکوکب  12إلعنکبوت حتی تصیر 11كوسط  وحرم 

ل ما بین إلعلامة إلأولی وبین  إلعنکبوت حتی تصیر درجة إلکوکب علی إلدإئرة إلثانیة< وعلّم علی إلمري علامة ثانیة وحصم

وما بین إلأولی وإلثانیة وهو إلفضل إلمحفوظ. ثم إ ذإ وضعت إلمري علی علامة شعاع معلوم  14إلوسط  وهو إلبقیة إلمحفوظة

لی ما وإفی  إلدإئرتین، فانظر 15كللکوکب، وقع ذلك إلشعاع بین تین إ لی >ما< وإفی أأولهما من إلمنطقة فهی  إلدرجة إلأولی وإ 
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م 1بة إ لی إلأیام إلشمس یة إلمحسوبة أأن تضربإلمحسو  إلمبلغ علی تسعة عشر أألفاً  2في تسعة عشر أألفاً وأأربعمائة وأأربعین وتقسم

إلأیام إلشمس یة فیما قسم علیه  3وس بع مائة وثلثة وعشرین فیخرج ما یخص إلطلوعیة من إلشمس یة. وفي عکسه تضرب

  5إلطلوعیة. 4فیتحول إ لی، كأأولًا ویقسم ما بلغ علی ما ضرب فیه هنا

ذإ أأعطیت تاریخاً 03-3-3) ذإ طلب منك إلموإضع إلتي بلغتها  6( فا  کان محسوبًا لا محالة بالأیام إلطلوعیة وإ 

من أأن یکون لمبدأأ س نة إلتحویل أأو لوقت بعده في ضمن إلمنکسرة وما بین مبدءها وذلك  8لم یخل 7إلتس ییرإت یومئذ،

درجة إلعاشر، فضعه  10و| 33|في أأصل إلمولد في  9ا إ لی إلشمس یة. فا ن کان إلدلیل إلمسیرم إلوقت معلوم بالطلوعیة، فحوله

إلمري مثل عدد  12من عند موضع 11علی خط وسط إلسماء أأو کان في درجة إلرإبع، فضعه علی خط وتد إلأرض وعدم 

لی ل إ  ن کان معها بالأیام إلشمس یة، فحوم و إلیمین وأأزل  حصتها من إلأزمان نحإلس نین إلتامة إلمقدمة لس نة إلتحویل وبکسر إ 

لی إلمنتهی  وإنظر ما وإفی إلخط إلذي وضعت إلدلیل علیه من إلمنطقة فهو إلموضع إلذي بلغه تس ییر إلدلیل وقتئذ.   إلمري إ 

ن کان في أأصل إلمولد في درجة إلطالع، فضعه علی أأفق إلمشرق أأو کان في درجة إلغارب، فضعه 03-3-3) ( وإ 

وعدم من عند إلمري نحو إلیمین ما عددت من تلك إلس نین وإلکسر، وإنقل إلمري إ لی إلمبلغ وإنظر ما وإفی  علی أأفق إلمغرب

ن لم یکن إلدلیل في إلأصل  لیه تس ییر إلدلیل. وإ  إلأفق إلذي وضعت علیه إلدلیل من إلمنطقة، فهو إلموضع إلذي إنتهی  إ 

إلعنکبوت مس تویًا حتی یزول إلمري عن مکانه بعدد  علی إ حدی درجات إلأوتاد، فضعه علی خط وسط إلسماء وأأدر

س ني إلتحویل إلتامة وکسر إ ن تلاها وإنظر ما وإفی خط وسط إلسماء من إلمنطقة، فهو إلمقدإر إلأول. ثم ضع إلدلیل علی 

وقعه مأأفق إلمشرق إ ن کان في إلأصل في إلنصف إلصاعد، أأو علی أأفق إلمغرب إ ن کان في إلنصف إلهابط، وأأزل إلمري عن 

بمثل عدد تلك إلس نین وکسر معها، فما وإفی إلأفق إلذي وضعت إلدلیل علیه من إلمنطقة فهو إلمقدإر إلثاني. وإضرب فضل 

ن  ما بین هذین إلمقدإرین في بعُد إلدلیل في إلأصل عن أأول إلعاشر أأو أأول إلرإبع، وإقسم إلمبلغ علی نصف قوس نهاره إ 

 إ ن کان تحت إلأفق، فیخرج إلتعدیل. وإمتثل في زیادته علی إلمقدإر إلأول أأو کان فوق إلأفق أأو علی نصف قوس لیله
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ضع إلدلیل علی أأفق إلمشرق إ ن کان في إلنصف إلصاعد وعلی أأفق إلمغرب إ ن کان في إلنصف إلهابط، وعلّم علی موقع 

درجة إلمقصود أأو مریه ذلك إلأفق بدل إلدلیل، فما زإل إلمري عن إلعلامة  1إلمري علامة وأأدر إلعنکبوت مس تویاً حتی توإفي

فهو إلمقدإر إلثاني. وإضرب فضل ما بین إلمقدإرین في بعد إلدلیل عن إلعاشر وإقسم إلمبلغ علی نصف قوس نهاره فیخرج 

إلمبلغ علی نصف قوس  إبع وإقسمإلتعدیل إ ن کان إلدلیل فوق إلأفق، فا ن کان تحته، فاضرب إلفضل في بعد إلدلیل عن إلر 

ن کان إلأول أأکثر من  لیله، فیخرج إلتعدیل. ثم إنظر، فا ن کان إلمقدإر إلأول أأقل من إلثاني، فزد إلتعدیل علی إلأول، وإ 

 إلثاني، فانقص إلتعدیل من إلأول؛ ومایبق  بعَد إلزیادة أأو إلنقصان فهو أأزمان إلتس ییر.

 2عندنا إلس نین ومبلغ إلتس ییرإت( إلفصل إلخامس: في تحاویل 03-3)

ذإ عادت إ لی موضع کانت فیه في وقت مفروض لمبدأأ من مبادي أأکوإن إلعالم، سمیت مدة تلك 03-3-0) ( إلشمس إ 

( وأأکثر ما تس تعمل في س نة إلعالم ومبادیها من حلول إلشمس أأول برج إلحمل وفي 2-3-03إلعودة س نة موصوفة بها. )

( وإلطریق إللائق بالأسطرلاب في 3-3-03إلموضع إلذي کانت إتفقت فیه وقت إلولادة. )س نيم إلموإلید ومبادیها من 

معرفة وقت إلتحویل لس نة مفروضة أأن تنقص من سنتها وإحد، فیبق  ما تمم قبلها من إلس نین. وکأنها للمثال إلخامسة 

وعشرون، وضع درجة إلطالع للس نة وإلتامة قبلها أأربع  3وهي إلمنکسرة إلتي یرإد وقت إلتحویل، ظ| 34|وإلعشرون، 

ما س نة مفروضة  إلأولی علی أأفق إلمشرق وعلّم علی موقع إلمري من إلحجرة علامة. وهذإ إلمبدأأ في تحاویل س ني إلعالم إ 

ما مبدأأ إلولادة. ثم خذ في  ما س نة کذلك وإ  معلومة إلتاریخ قد عرف إلطالع لوقت الاعتدإل إلربیع  فیها؛ وفي إلموإلید إ 

دإرة إ حدی وأأربعین دقیقة وذلك  4لعنکبوت مس تویًا حتی یزول إلمري لکل س نة تامة بعد ذلك إلمبدأأ س تةإ  وثمانین جزءإً وإ 

إ لی أأفق إلمشرق ما وإفاه من منطقة  7تلك إلس نون. ثم تنظر 6دقیقة بالتقریب إ لی أأن تفنی 5خمس ساعات وس بع وخمسون

زإء کل زمان من أأزمان ( وم4-3-03إلبروج، فهو برج طالع إلتحویل ودرجته. ) ن رسوم أأصحاب إلنجوم أأن یقیموإ با 

 9أأعني نصف سدس إلس نة إلشمس یة، تکون 8إلتس ییر س نة من إلس نین إلشمس یة ولاخفاء بأأنم حصة إلشهر إلشمسي،

نم إلتقریب في تحویل إلأیام إلطلوعیة 3-3-03من إلأزمان خمس دقائق وحصة إلیوم إلشمسي منها عشر ثوإن. ) ( وإ 
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إلأفق إلذي  ظ| 33|وإحدة منها وإنظر کل مرة إ لی ما وإفق  إلثلثین ثلثین أأخری وعلّم علی نهایاتها وضع إلمري علی کل

 وضعت علیه درجة إلکوکب من إلمنطقة، فهو إلمقدإر إلثاني لکل شعاع منها.

ذإ فرغت من تحصیل إلمقدإرین03-3-4) ( وإ 
عمدت إ لی مقدإري کل  2لکل وإحد من أأشعة إلکوإکب إلس بعة 1

نه للمثال إلتسدیس إلأ   یسر، فا ن یساوي فیه إلمقدإرإن فأأحدهما مطرح هذإ إلتسدیس من فلكشعاع في جانب وإحد وکأ

ن إختلفا أأخذت فضل ما بینهما وعرفت لمن إلبروج، وإ 
هو ضربته في إلبعد عن إلعاشر وقسمت إلمبلغ علی نصف قوس  3

ن کان نهاره فیخرج إلتعدیل هذإ إ ن کان فوق إلأفق؛ وإ 
علی نصف  لمجتمعتحته ضربت إلفضل في إلبعد عن إلرإبع وقسمت إ 4

قوس لیله فیخرج إلتعدیل. فا ن کان إلفضل للمقدإر إلأول یکون عن إلثاني إ لی توإلي إلبروج، فانقص إلتعدیل من إلمقدإر 

ن کان إلفضل علیه یکون عن إلثاني إ لی خلاف إلتوإلي، فزد إلتعدیل علیه، وما حصل بعد إلزیادة أأو إلنقصان  إلأول وإ 

ملنافهو موضع ذلك إلتسدیس إلذ  به. 5ي مث

 ( وعلی مثله فاعمل في سائر إلأشعة أأیمنها وأأیسرها حتی یضح لك جمیعها وإلمقابلة في مقابلة إلکوکب.03-3-3)

 ( إلفصل إلرإبع: في تس ییر إلأدلاء إ لی إلموإضع إلمفروضة03-4)

ما03-4-0) لیه إ  ما أأن یکون في درجة أأحدي إلأوتاد أأو بینهما، وإلمسیرر إ  ما موضع جر  6( إلدلیل إ  ما شعاعه وإ  م کوکب وإ 

مخصوص بحال دون غیر؛ وکلها في درجات من إلمنطقة معلومة أأو علی مریات في إلأسطرلاب مثبتة أأو بالکوإغد کما قدمنا 

ذإ کان إلدلیل في نفس درجة وتد، فضعه علی أأفقه أأو خطه وعلّم علی موقع  لیه درجة إلمقصود. وأأما إ  ملحقة. فلنسم إلمسیرم إ 

علیه  و| 34|وضعت  7مة وأأدر إلعنکبوت مس تویًا حتی توإفي درجة إلمقصود ذلك إلأفق أأو إلخط إلذي کنتإلمري علا

 إلدلیل، فما تحرك إلمري من عند إلعلامة فهو أأزمان إلتس ییر.

ذإ کان إلدلیل فیما بین وتدین، فضعه علی خط وسط إلسماء وعلّم علی موقع إلمري وأأدر 03-4-2) ( وأأما إ 

درجة إلمقصود أأو مریه خط وسط إلسماء، فما زإل إلمري من إلعلامة فهو إلمقدإر إلأول، ثم  8تویًا حتی توإفيإلعنکبوت مس  
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لی ما وإفی أأفق إلمشرق ( ثم ضع إلمري علی کل وإحد من علا03-2-3)   مات إلأشعة وإنظر عند کل وإحدة منها إ 

ن إتفق أأن یکون إلکوکب في درجة إلغارب، فزد علی کل وإحد من  من منطقة إلبروج، فیکون مطرح ذلك إلشعاع. وإ 

ن کان في درج 1تلك إلشعاعات  ةإلتي خرجت لك وهو في درجة إلطالع س تة بروج، فیصیر له وهو في درجة إلغارب. وإ 

تطالع ما وإفی أأفق إلمشرق ولکن إنظر إ لی خط وسط إلسماء ما وإفاه،  وسط إلسماء، فضع إلمري علی تلك إلعلامات ولا

ن کان في درجة وتد إلأرض، فزد علی کل وإحد من إلشعاعات إلتي خرجت له وهو علی خط  فهو مطرح ذلك إلشعاع. وإ 

 .وسط إلسماء س تة بروج، فیصیر له وهو درجة وتد إلأرض

 فیما بین إلأوتاد إ ذإ کان 2( إلفصل إلثالث: في مطرح شعاع إلکوإکب03-3)

ذإ کان فوق إلأفق، وبعده عن  و| 33|( إس تخرج بعُد إلکوکب عن خط وسط إلسماء ونصف قوس نهاره 03-3-0) إ 

-03خط وتد إلأرض ونصف قوس لیله إ ذإ کان تحت إلأفق، وإس تخرج لکل وإحد من شعاعاته إلمقدإر إلأول وإلثاني. )

( أأما أأولهما، فضع له درجة إلکوکب علی خط وسط إلسماء وعلّم علی موقع إلمري علامة، هي إلأصل إلأول، وعدم منه 3-2

وضع إلمري علی إلمنتهی ، وهو علامة إلتسدیس، وما وإفی خط وسط إلسماء من إلمنطقة فهو  3زءإً >نحو< إلیسار س تین ج

نحو إلیسار وضع إلمري علی إلمبلغ،  4إلمقدإر إلأول للتسدیس إلأیمن؛ ثم عدم من عند علامة إلتسدیس أأیضاً ثلثین جزءإً 

من علامته أأیضاً  5و إلمقدإر إلأول للتربیع إلأیمن؛ وعدم وهو علامة إلتربیع، وإنظر ما وإفی خط وسط إلسماء من إلمنطقة فه

أأخری وضع إلمري علی إلمنتهی ، فیوإفي خط وسط إلسماء من إلمنطقة إلمقدإر إلأول للتثلیث  6نحو إلیسار ثلثین جزءإً 

ن عنده نحو مإلأیمن. وکذلك فاس تخرج إلمقدإر إلأول لکل وإحد من إلشعاعات إلیسری بأأن یعود إ لی إلأصل إلأول ویعُدم 

إلیمین مثل إلأعدإد إلتي کنت عددتها نحو إلیسار وتمتثل في إلعمل مثل ما تقدم حتی یحصل إلمقدإر إلأول لکل وإحد من 

 هذه إلشعاعات أأیضاً.

( وأأما إلمقدإر إلثاني لها، فا ن کان إلکوکب في إلنصف إلصاعد، فضع درجته علی أأفق إلمشرق، وفي 03-3-3)

فق إلمغرب، وتعلّم علی موقع إلمري علامة هي إلأصل إلثاني إلقائم في إس تخرإج إلمقدإر إلثاني مقام علی أأ  7إلهابط تضعها

إلأصل إلأول في إس تخرإج إلمقدإر إلأول، وعدم منه إ لی کل وإحد من جانبي إلیمین وإلیسار س تین ومن إلس تین ثلثین ومن 
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 إلباب إلسادس >عشر<

 ( إلفصل إلأول: في معرفة أأبعاد إلدرجات وإلکوإکب عن إلأوتاد03-0) 

لنسَُمم إلدرجة أأو مري إلکوکب إلثابت أأو إلس یار مثبتاً کان أأو موصولاً بکاغدة دلیلاً ( 03-0-0)
لیه فیما  1 لتسهیل إلا شارة إ 

بعد، ثم ضعه علی أأفق إلمشرق وعلّم علی موقع إلمري علامة. فا ن أأردت بعُد إلدلیل عن أأول إلبیت إلعاشر عند کونه فوق 

ذإ کان إلدلیل في إلنصف إلصاعد فوق إلأفقإلأرض أأو عن أأول إلبیت إلرإبع عند کونه تح  أأو  تها، فأأدر إلعنکبوت مس تویًا إ 

ن کان إلدلیل في  إلهابط تحته حتی یوإفي خط وسط إلسماء أأو وتد إلأرض، فما زإل إلمري عن إلعلامة فهو أأزمان إلبعد؛ وإ 

ط إلسماء أأو وإفي إلدلیل خط وسإلنصف إلصاعد تحت إلأفق أأو إلهابط فوق إلأفق، فلیکن إلتحریك معکوساً إ لی أأن ی

ن إس تعملت، نسبت إ لی نصف قوس نهار 2-0-03إلبعد. ) 2وتد إلأرض، فیزول إلمري عن إلعلامة بقدر أأزمان ( فا 

لی نصف قوس لیله تحت إلأرض، وإس تعملا معهما؛ ن قسمت علی خمسة عشر، نسبت ما  3إلدلیل فوق إلأرض وإ  وإ 

ن قسمت علی أأجزإء ساعات نهار إلدلیل فوق إلأرض أأو إ لی أأجزإء خرج إ لی ساعات نصف قوس إلنهار أأو إللی ل، وإ 

 إ لی س تة أأبدإً. ظ| 32|تحت إلأرض، خرجت ساعات إلبعد معوجة ونسبت  ساعات لیله

 إلأوتاد ( إلفصل إلثاني: في مطرح شعاع إلکوکب إ ذإ إتفق علی درجة أأحد03-2)

ن 03-2-0) ذإ إتفق 2-2-03کان لها عرض في إ حدی إلجهتین. )( قد جرت إلعادة باس تعمال درجات إلکوکب وإ  ( فا 

 4للکوکب أأن یکون في درجة إلطالع، فضعها علی أأفق إلمشرق وعلّم علی موقع إلمري علامة هي إلأصل ومنها تعدید حصص

تسعون وللتثلیث مائة وعشرون. فعُدم کل وإحد من هذه إلأعدإد من عند  5إلمناظر إلتي هي للتسدیس س تون وللتربیع

إلعلامات إلیمنی للشعاعات إلیسری إلتي  6إلأصل یمنة ویسرة وعلّم علی مبلغ کل وإحد منها علامة لذلك إلشعاع. فتکون

 إ لی خلاف إلتوإلي.  9عنه وتکون 8إلکوکب إ لی توإلي إلبروج، فالعلامات إلیسری للشعاعات إلیمنی إلتي تتأأخر 7تتقدم
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بلدك وبین مکة في إلطول، فا ن طول مکة أأکثر، فالعَدم من  1إلسماء >وعلّم علی إلمري في إلحجرة علامة< وإعرف ما بین

جة إلتي کنت وضعها إلفضل من عند إلعلامة وإنظر إ لی إلدر  2إلعلامة نحو إلیسار وإنقل إلمري إ لی حیث بلغت في عدد

وإعرف عددها في إلأفق وجهة إلسمت من ما وقعها، وذلك هو  3علی خط وسط إلسماء أأین بلغت من دوإئر إلسموت

( إ ن کان من تقاطع إلأفق مع مدإر إلحمل إ لی جهة وسط إلسماء، فهو في 4-3-03. )كسمت إلقبلة بعدده وجهته في بلد

ن کان مننحو إلجنوب وفي إلجنوبي نحو إ 4إلشمالي لشمال، وإ 
نحو  6إلتقاطع إ لی جهة خط وتد إلأرض، فهو في إلشمالي 5

ن کان إلتقاطع في  ن کان علی نفس إلتقاطع، فالصلوة علی خط إلمشرق وإلمغرب، إ  إلشمال وفي إلجنوبي نحو إلجنوب؛ وإ 

ن ساوی ن کان في أأفق إلمشرق، فباس تدبار إلمغرب. وإ  ولا مکة وبلدك فالصلوة ط 7أأفق إلمغرب، فباس تدبار إلمشرق، وإ 

ن کان أأکثر فنحو إلشمال.  علی خط إلزوإل، إ ن کان عرض مکة أأقل من عرض بلدك فنحو إلجنوب وإ 

میلاهما  8( فا ن أأرید سمت بلد غیر مکة وکان من ذوإت إلظلین فاس تخرج إلدرجتین إللتین یساوي03-3-3)

لی دإخله في إلأسطرلاب  علی خط وسط إلسماء 9في إلشمال عرض ذلك إلبلد، وذلك بأأن تعدم  من عند مدإر إلحمل إ 

لی خارجه في إلجنوبي من إلمقنطرإت مثل عرض ذلك إلبلد وتعلّم علی إلمنتهی  في إلخط علامة ثم أأدر کل وإحد  إلشمالي وإ 

 طول له، ثم خذ فضل ما بین طوله وبین 11وإلصیف فالدرجتان إلمارتان فیهما علی إلعلامة هما إلمسامتتان 10من ربع  إلربیع

ن 3-3-03. )كفیحصل سمت ذلك إلبلد وجهته في بلد و| 32|بلدك وإعمل به في صحیفتك ما عملت بمکة في إلقبلة  ( وإ 

کان ذلك إلبلد ذإ ظل وإحد إس تخرجت إلعلامة علی خط وسط إلسماء بعرضه ووصلت بالمنطقة کاغدة یلزم مریها تلك 

ما تقدم في إلقبلة فتکون دإئرة  12ورتین وإعمل به وبفضل ما بین إلطولینإلعلامة وأأقم هذإ إلمري مقام إ حدی إلدرجتین إلمذک

 إلسمت إلتي وإفاها هذإ إلمري هي دإئرة سمت ذلك إلبلد في بلدك فتعرف عددها وجهتها علی مثال ما س بق.
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ذإ خليم ذلك  1، شدم إلخیط علی إلموضع إلذي منه أأرسل، ثم یشالنزل کذلك إلشاقول إ لی فوق وینصب إلشخص بحیث إ 

 إلشاقول، یدلم طرفه إلمسُجِد علی رأأس إلشخص إلمنخرط، فیکون إلنصب کما أأردت.

ظل هذإ إلشخص وخُطم مرکز إلدإئرة إ لی رأأس إلظل خطاً مس تقیماً،  2( ثم إرصد في إلوقت إلذي تشاء03-3-2)

ثم إرفع إلشخص وضع مکانه إلأسطرلاب مقلوبًا بحیث ینطبق إلخط إلأفق  فیه علی إلخط الاعتدإل وینطبق خط 

 و| 30|الانتصاب علی خط إلزوإل. ویکون إلخط إلمخطوط في وسط إلظل وإقعاً في ربع الارتفاع من إلأسطرلاب، 

أأین وقع من أأجزإئه، فما کان بینه وبین خط الاعتدإل فهو سمت إلظل إلمساوي لسمت إلشمس؛ إ ن کان إلظل  3وتنظر

ن کان سمت إلظل في نصف إلمغرب، فسمت إلشمس  في نصف إلجنوب، فسمت إلشمس في نصف إلشمال وبالعکس، وإ 

ذإ عرفت ذلك فاطلب في دوإئر إلسموت ئرة عددها کعدد إلسمت وفي جانبه وجهته دإ 4في نصف إلمشرق وبالعکس. وإ 

< علی موضع إلمري علامة، فأأما إلطالع فهو ما وإفی أأفق إلمشرق من إلمنطقة برجه ودرجته.  وضع درجة إلشمس علیها >وعلّم

، فأأدر له إلعنکبوت معکوساً حتی توإفي درجة إلشمس أأفق إلمشرق، فما تحرك ( وأأما إلدإئر من إلفلك03-3-3)

 د إلعلامة فهو إلدإئر؛ فانقله إ لی ما أأصبت من إلساعات.إلمري من عن

 ما أأرید من إلبلاد 5( إلفصل إلسادس: في معرفة سمت إلقبلة وسمت03-3)

( إلبلاد تتحدد بأأطوإلها إلمأأخوذة من فلك نصف إلنهار موضعه في إلأرض معلوم، قد صیرم إبتدإءً للأطوإل 03-3-0)

-3-03في جانب إلمغرب، وبعروضها إلتي هي مقدإر تباعدها عن خط الاس توإء. ) باصطلاح کالاتفاق علی نهایة إلعمارة

( ولیس یحتاج في إلقبلة إ لی غیر مکة لیس تقبل بها إلکعبة في إلصلوإت وفي سائر إلمناجات. ومکة في إلبلاد ذوإت 2

ذإ کانت من إلجوزإ 6إلظلین فا نم عرضها أأحد وعشرون جزءإً وثلث جزء، ء في خمس درجات ونصف إلشمس سامتها مرة إ 

ذإ صارت في أأربع وعشرین درجة ونصف درجة من إلسرطان وفیهما یشرق ضیاءها آبارها 7درجة وأأخری إ   8علی میاه أ

( ویقرب نصف نهارها عند 3-3-03) 10فیما بین إلمسامتتین. 9ویصیر إلظل طباق إلخف ثم یش تمل عن سمت رؤوسهم

ذ هي هاتین إلدرجتین علی وسط  11فضع لمعرفة إلقبلة إ حدی ظ| 30|، کذلك نصف نهار بغدإد في إلطول ثلثة أأزمان وإ 
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جنوبیاً شرقیاً أأو شمالیاً غربیاً، وقابل بربع الارتفاع جهة إلشمس وأأدر إلأسطرلاب علی نفسه  1إلسمت إلمس تخرج إ ن کان

علی إلخط إلمس تقیم إلذي في  2حتی یقع ظل إلهدفة إلتي تلي إلشمس علی إلعضادة سوإء وینطبق علیها ویقع ضوء ثقبتها

طول إلعضادة ثم إخرج کل وإحد من إلقطر إلأفق  والانتصاب علی إس تقامتهما في إلأرض وفي جهتیهما، فیکون إلمخرج علی 

ن کان إلسمت جنوبیاً  3إس تقامة إلأفق  هو خط الاعتدإل وإلمخرج علی إس تقامة قطر الانتصاب هو خط نصف إلنهار. وإ 

شرقیاً، نقصت إلسمت من تسعین ووضعت مري إلعضادة من أأجزإء الارتفاع علی مثل ما یبق  وقابلت  غربیاً أأو شمالیاً 

إلأسطرلاب حتی یقع ظل إلهدفة علی نفس إلعضادة، ثم إخرج حینئذ إلقطرین علی إس تقامتهما في  4بهذإ إلربع جهة وأأدرت

 إل.وإلمخرج علی إس تقامة إلأفق  هو خط إلزوإلجهتین، فیکون إلمخرج علی إس تقامة خط الانتصاب هو خط الاعتدإل 

( ومتی إس تخرجت في یومك الارتفاع إلذي لا سمت له ووضعت مري إلعضادة علی مبدأأ أأجزإء 03-4-3)

الارتفاع ورصدت إلشمس حتی ساوی إرتفاعها ذلك الارتفاع إلمس تخرج ووقع ظل إلهدفة علی إلعضادة، کان إلخط 

لا للدرجات الاع  ظ| 31|إلأفق  مطابقاً لخط  تدإل. أألا إ نم ذلك غیر عام من أأجل أأنم الارتفاع إلذي لاسمت له غیر موجود إ 

 إلشمالیة إلمیل.

 ومعرفة إلدإئر من إلفلك وإلمطالع به ( إلفصل إلخامس: في کیفیة رصد إلسمت في دإئرة إلأفق03-3)

 6ضة ملساء، فأأدر دإئرة یکونحصول خط  الاعتدإل وإلزوإل علی وجه أأرض محضم  5( متی أأردت ذلك بعد03-3-0)

مع بهما أأرباعاً متساویة وإنصب علی مرکزها شخصاً مس تویًا مخروطاً حاد إلطرف نصبة یقوم بها عمودإً  مرکزها ملتقاهما، فسترب

، في أأحد طرفیه حفرة یسیرة یدخل فیها رأأس إلشخص  علی وجه تلك إلأرض؛ وطریقه أأن یؤخذ قصب صلیب غیر مثنیم

دإرة، فینصب إلشخص فیلزمها، ویقدم  ر طوله بحیث یبلغ محیط إلدإئرة ویدإر علی محیطها، فا ن لزمه إلطرف في کل إلا 

لیه میل ن خرج إلطرف عن إلمحیط في موضع فله إ  مس تویة، وإ 
ی7 ز 8، یجب أأن یسوم أأو تغرم

خش بة خارج إلأرض إلمسوإة  9

ذإ إلخطین ویرسل منها  11به رأأسها أأو شيء منها علی ملتق  10مُمالة یشرف شاقول دقیق إلرأأس ینزل علی نفس إلملتق ، فا 
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ن کان دإ 1خارج مدإر إلحمل، فا نم سعة إلمشرق في إلأسطرلاب إلشمالي خل مدإر إلحمل جنوبیة وفي إلجنوبي شمالیة، وإ 

ا في إلأسطرلاب إلشمالي شمالیة وفي إلجنوبي جنوبیة. نهم  فا 

ن وقعت إلدرجة أأو مري إلکوکب، وهما علی إلأفق، فیما بین دإئرتین03-3-2) فانظر  3من دوإئر إلسموت، 2( فا 

لی ما یوإفق إلدإئرة إلأکثر عددها وهي  إ لی ما یوإفق إلدإئرة إلتي عددها أأقل من درجات إلمنطقة علی إلأفق وهي إلأولی وإ 

 إلثانیة وإلتي بینهما هي إلمطلوبة، فاضرب ما بین إلدرجة إلأولی وبین إلمطلوبة إلتي وضعتها علی إلأفق في تفاضل أأعدإد دوإئر

 5وإقسم إلمجتمع علی ما بین إلدرجة إلأولی وبین إلثانیة وزد ما خرج علی أأقل عددین إلدإئرتین، فتجتمععلی إلأفق  4إلسموت

 10بتناقصه. 9وتتناقص 8وهي تزدإد بازدیاده 7مشرق إلدرجة إلمطلوبة في جهة میلها، 6سعة

تاً 03-3-3) ن لم یکن إلأسطرلاب مسمم ( وإ 
صف وطة، فضع مري إلنثم کان مجیمباً وفي إلجیوب دإئرة إلمیل مخط 11

من أأول إلأجزإء مثل میل إلدرجة وإنظر إلجیب إلخارج  12إلتسعیني علی مثل تمام عرض إلبلد في أأجزإء الارتفاع، ثم عدم 

 من مبلغه أأین یقع من إلحرف إلتسعیني. فعدده من عند إلقطب هو سعة مشرق تلك إلدرجة.

 عتدإل( إلفصل إلرإبع: في إس تخرإج خط  نصف إلنهار والا03-4)

( سوم 03-4-0)
إلبندقة  15إلماء إلمقنطر علیها نحو جمیع إلجوإنب بالسوإء وتقف 14إلأرض غایة إلتسویة حتی یس یل 13

دون أأخری، ثم لفم علی حرف إلأسطرلاب  و| 31|إلمس تویة الاس تدإرة علی کل موضع منها لا تتدحرج بنفسها إ لی جهة 

ذإ أأقرم حول إلحجرة شیزإً یعلو قلیلًا علی وجهه بحیث إ  
إة، إس تقر علی حاش یة إلشیز  17مسطوحاً  16 علی إلأرض إلمسوم

 موإزیًا للمس توي من وجهها ولم یمسه إلقطب. 

للشمس في أأحدي إلجانبین وإس تخرج له سمته في جهته وإرصد حتی  18( ثم إفرض في نهارك إرتفاعاً 03-4-2)

إة، ومري إلعضادة موضوع عیصیر إرتفاع إلشمس کالذي فرضت، وضع إلأسطرلاب مقلوباً علی تلك إ لی مثل لأرض إلمسوم
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ن کانت دوإئر إلسموت03-0-3) ( وإ 
 و| 43| 2مخطوطة تحت إلأفق، ووضعت درجة إلشمس علی مقنطرة 1

إرتفاعها في جانبه، فانظر إلدإئرة إلسمتیة إلمارة علی نظیر درجة إلشمس ومبلغها من إلأفق وعددها هو بعد إلسمت. وتأأمل 

ن کان في إلربع إلشمالي إلشرقي للمثال، فسمت إلشمس جنوبي غربي  إلربع إلذي فیه إلسمت وإعکس صفتیه أأعني إ 

 وکذلك سائر الارتفاع. 

 ( إلفصل إلثاني: في إتخاذ عدد دإئرة إلسمت03-2)

ب غیر مخطوطة في إلأسطرلاب بتفاضلٍ مساوٍ لتفاضل إلمقنطرإت في إلأسطرلا 3( ربما کانت دوإئر إلسموت03-2-0)

 إلتام أأو بغیر ذلك إلتفاضل. 

لمري أأکثر وعدد إلآخری أأقل، فعلّم حینئذ علی موقع إ هماىٰإ حدثم وقعت درجة إلشمس فیما بین دإئرتین منها عدد 

إلدرجة علی أأقل إلدإئرتین عددإً وعلّم علی موقع إلمري علامة أأولی وأأدره أأیضاً  4علامة محفوظة وأأدر إلعنکبوت حتی تقع

علی أأکثرهما عددإً وعلّم علی موقع إلمري علامة ثانیة وإضرب >ما بین إلعلامة إلمحفوظة وإلعلامة إلأولی في ما بین  5حتی تقع

عددي إلدإئرتین وإقسم إلمجتمع علی< ما بین إلعلامة إلأولی وإلثانیة فیخرج إلتعدیل وزده أأبدإً علی أأقل عددي إلدإئرتین؛ 

ذإ وقعت دإئرة علی إ حدی نقطتي2-2-03من أأرباع إلأفق. ) 6عفیجتمع عدد دإئرة سمت إلشمس في رب  7( وإلسمت یبطل إ 

هذه إلدإئرة إلتي لا سمت لها، والارتفاع علیها إلذي لا سمت له ومنهم من یسم  هذه  8تقاطع إلأفق ومدإر إلحمل، وتسم 

ذإ کانت إلسمت تسعین، فکان الارتفاع معه إرتفاع نصف إلنهار. 9إلدإئرة أأول إلسموت؛  وإ 

 إلشمس وإلکوإکب 10( إلفصل إلثالث: في معرفة سعة مشرق03-3)

 11( سعة إلمشرق هو بعد إلمطلع عن مشرق الاعتدإل نحو إ حدی جهتي إلشمال وإلجنوب، وسعة إلمغرب تساویها03-3-0)

إلکوکب علی أأفق إلمشرق  ظ| 43|أأو مري  13. ولمعرفتها ضع درجة إلشمسمأأخوذة من مغرب الاعتدإل 12وأأفقها في جهة

لیه هو سعة ن کانت إلدرجة أأو مري إلکوکب  14في إلأسطرلاب إلمسمت، فیکون عدد دإئرة إلسمت إلوإصلة إ  مشرقها؛ إ 
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 إلباب إلخامس عشر

 إلمسممت ( إلفصل إلأول: في معرفة إلسمت في إلأسطرلاب03-0)

 1ودوإئر إلسموت ظ| 43|( معنی إلسمت هو بعد دإئرة الارتفاع في إلأفق عن أأحد طرفي خط الاعتدإل، 03-0-0)

نقطع عند ولذلك تنقطع عند محیط إلمقنطرة إلمش تملة علی هذه إلنقطة کما ت  صفي إلأسطرلاب تجتمع وتتقاطع عند نقطة 

 إلأفق.

وس 2طرإت لئلام ( وربما لم تخط فوق إلأفق في خلال إلمقن03-0-2) نما تخط من کل دإئرة  3تش بك بها قسم وإ 

منها ما وقع تحت إلأفق في إلصفیحة. فا ن کانت في إلأسطرلاب مخطوطة فوق إلأفق وأأخذت إرتفاع إلشمس ووضعت 

ق، أأین تبلغ من إلأف 4درجتها علی مقنطرته في جانبه، فانظر حینئذ إ لی إلدإئرة إلمارة علی هذه إلدرجة من دوإئر إلسموت

 فتجد عددها مکتوبًا عندها وهو مقدإر بعد إلسمت.

نم بعد إلسمت 03-0-3) ( إ ن کانت إلدرجة في إلنصف إلصاعد من وتد إلأرض إ لی إلطالع إ لی وسط إلسماء، فا 

نه من مغرب الاعتدإل. ن کانت في إلنصف إلآخر إلهابط، فا   هو من مشرق الاعتدإل؛ وإ 

ن کانت موقع دإئرة إلسمت 03-0-4) تقاطع إلأفق ومدإر إلحمل فوق خط إلمشرق وإلمغرب،  5من نقطتي( وإ 

ن کان منهما تحت خط إلمشرق وإلمغرب فهو في إلشمالي  نم إلسمت في إلجنوبي نحو إلشمال وفي إلشمالي نحو إلجنوب، وإ  فا 

ذإً کان 7وفي إلجنوبي نحو إلجنوب؛ وتس توي 6نحو إلشمال نصف إلأفق إلذي  إلدرجات ومریات إلکوإکب بالعمل في هذإ. وإ 

وإلنصف إلآخر غربیاً، ثم کان نصفه إلذي یتوسطه قلب إلجنوب جنوبیاً وإلنصف إلآخر  8یتوسطه قلب إلمشرق شرقیاً 

لی قلب  9شمالیاً. ترکیب إلصفات في کل ربع وسمت بسمتین، فکان ما بین قلبي إلمشرق وإلجنوب ربعاً شرقیاً جنوبیاً، وإ 

لی   قلب إلشمال غربیاً شمالیاً، وإلباقي شرقیاً شمالیاً.إلمغرب غربیاً جنوبیاً، وإ 

  

                                                             
 إلسموت: إلسموإت 1
: لیلا 2  لئلام
وس: قشوس 3  قسم
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 2إس تخرجتهما 1هذإ الانحطاط ثلثه وثلثیه وزد إلثلث علی أأول إلبیت إلحادي عشر وأأول إلبیت إلثالث إلذین فخذ من

لة لذلك إلموضع. 3فتصیر و| 43|بالتسویة وزد إلثلثین علی أأول إلبیت إلثاني عشر وأأول إلثاني   معدم

 ضع حرف س تین فبق  إلغربي، ثم ( وفي إلأسطرلاب إلزورقي فاس تخرج إلمحفوظ وهو إلشرقي وأألقه من04-2-3)

إلأفق إلشرقي من إلزورق علی درجة إلطالع، فیمر حرف إلدقل علی برج إلبیت إلعاشر ودرجته وعلّم حینئذ علی موقع مري 

إلدقل علامة وسط  وأأدر إلزورق مس تویًا حتی یزول إلمري عن إلعلامة بمقدإر إلمحفوظ إلغربي، فیوإفي حرف إلدقل أأول 

لیه بمقدإر إلمحفوظ إلغربي ثانیة، فیبلغ حرف إلدقل أأول إلبیت إلثامن. وأأعد إلمري إ لیإلبیت إلتاسع  ، وأأزله أأیضاً عما إنتهی  إ 

 إلعلامة إلوسط  وأأدر إلزورق معکوساً بقدر إلمحفوظ إلشرقي فیوإفي حرف إلدقل أأول إلبیت إلثاني عشر.

درجة إلطالع علی أأفقها فیوإفي أأول إلعاشر  6 ثم تضعوغربیهما 5إلمحفوظین شرقیهما 4( وفي إلهلالي تس تخرج04-2-3)

 9منها مس تویًا بحسب أأفق إلطالع مقدإر إلمحفوظ إلشرقي وتعلّم  8علی إلمري علامة وسط  وتعدم  7خط وسط إلسماء وتعلّم 

نها ط  >وعدم م منها مرة ثانیة وتعلّم علی إلمبلغ علامة ثانیة، ثم عد إ لی إلوس 10علی مبلغه في إلحجرة علامة أأولی وتعدم 

معکوساً مقدإر إلمحفوظ إلغربي وعلّم علی مبلغه في إلحجرة علامة ثالثة< وعدم منها أأیضاً معکوساً مرة ثانیة وعلّم حیث علامة 

ن وضعت إلمري علی إلعلامة إلأولی، وإفی خط وسط إلسماء أأول إلبیت إلحادي عشر وعلی إلثانیة، أأول إلبیت  رإبعة وإ 

أأول إلبیت إلتاسع وعلی >إلرإبعة<، أأول إلبیت إلثامن وبمعرفة س تة من إلبیوت سرإج إلعلة  11الثة،إلثاني عشر وعلی إلث

 من إلس تة إلباقیة لأنها تقابل بالبرج وإلدرجة.
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برإج؛ وکل بیت کان مبتدءإً من هاتیننصف نهار أأربعة أأقسام وکل وإحد منها بثلثة بیوت لم تساو  إلدإئرتین  کتساوي إلأ

نه یسم  وتدإً وکل وتد فهو بین بیتین ینطبقان به عن جنبتیه، أأما إلذي عنه إ لی إلتوإلي فیسم  مائل إلوتد. وهو کالرإدف ة فا 

ذإ زإل إلوتد عن مکانه بدورإن إلفلك ذإ کان ق ، وأأما إلذي عنه إ لی خلاف إلتوإلي فیسم  في إلخلافة إ  بله وتدإً ثم زإئلًا إ 

زإل عنه. ومتی کان إلبرج إلذي علی خط وسط إلسماء عاشر برج إلطالع سمیت إلأوتاد قائمة وثابتة، وإلقیام فیها أأحسن 

ذإ کان تاسع إلطالع  ذإ کان إلبرج إلذي علی خط وسط إلسماء إلبرج إلحادي عشر من إلطالع سمیت مائلة وإ  من إلثبات، وإ 

 سمیت زإئلة.

( وأأما إلبیوت، فا ن أأردتها بخطوط إلساعات إلمعوجة إلتي تحت إلأفق، فضع درجة إلطالع علی أأفق إلمشرق 04-2-2)

لبرجها وحطم درجة إلسابع عن أأفقها إلمجانس بساعتین حتی تبلغ أأول إلساعة إلثالثة وإنظر ما وإفی خط  ظ| 43|إلمجانس 

آخرتین حتی تصیر علی أأول إلساعة  وسط إلسماء من برج ودرجة فهو أأول إلبیت إلحادي ها أأیضاً ساعتین أ عشر وحطم

إلخامسة، فما وإفی خط وسط إلسماء فهو أأول إلبیت إلثاني عشر، ثم ضع درجة إلطالع علی أأول إلساعة إلحادیة عشر، 

سط و  أأول إلبیت إلتاسع خط وسط إلسماء، وضع درجة إلطالع علی أأول إلساعة إلتاسعة، فیکون ما وإفی خط 1فیوإفي

ن شئت فاس تخرج تعدیل 3-2-04إلسماء هو أأول إلبیت إلثامن؛ وأأبرج إلبیوت إلمتقابلة متقابلة ودرجاتها متساویة. ) ( وإ 

ن کانت إلدرجة شمالیة إلمیل وإنقص هذإ إلثلث من ثلثین إ ن کانت جنوبیة  نهار درجة إلطالع وزد ثلثه علی ثلثین جزوإً إ 

د صان فاحفظه، ثم ضع درجة إلطالع علی أأفق إلمشرق إلذي یجانسه فتوإفي درجات إلأوتاإلمیل فما حصل بعد إلزیادة أأو إلنق

 أأمکنتها.

وأأدر إلعنکبوت مس تویًا حتی یزول إلمري بقدر إلمحفوظ فیوإفي خط وسط >إلسماء أأول إلبیت إلحادي عشر وتعلّ 

وأأدره أأیضاً حتی یزول إلمري  2ني عشرعلامة علی مبلغه في إلحجرة إلعلامة فیوإفي خط وسط< إلسماء أأول إلبیت إلثا

لی إلعلامة وعدم منها مائة وعشرین وإنقل إلمري إ لی حیث  س تین جزوإً فیوإفي خط وسط إلسماء أأول إلبیت إلثاني، ثم عُد إ 

ن کان إلطالع مغبرم إلذروة،4-2-04إنتهیت فیوإفي خط وسط إلسماء أأول إلبیت إلثالث. ) ( وإ 
حصل بانحطاط إلأفق،  3

                                                             
 إلذروة: إلزروة 3 صح: إلحادي عشر 2 فیوإفي: فیوإفي في 1
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ذإ إتفق ذلك 1ها في جانبهإلشمس علی إرتفاع  ، فانظر إ لی موقع إلمري من أأعدإد إلحجرة، وهي أأن یخلو إلأفق عن إلبرج فا 

سماء، علی یة بالتسعین عند خط وسط إل ه مبتدئة من کلم وإحد من طرفي خط إلمشرق وإلمغرب في إلیمین وإلیسار ومنت 

من برج ودرجة؛ أأما إلبرج  2إلمشرق في تلك إلقطعة ما وإفاهکم وقع فانقله إ لی مثله في إلجانب إلآخر، ثم إنظر إ لی أأفق 

فانقص عدده إلمأأخوذ من أأول إلحمل من إثني عشر برجاً فیبق  عدد برج إلطالع وأأما إلدرجة فانقصها من ثلثین فیبق  درجة 

 إلطالع. 

في إلتسطیح وإنظر  جها( وفي إلمرکبات من إلتسطیحین ضع درجة إلشمس علی مقنطرة إرتفاعها إلمجانسة لبر 04-0-3)

من برج ودرجة، وإلطالع منهما هو إلذي یجانس إلأفق إلذي وإفاه وإترك  3إ لی ما وإفق أأفق  إلمشرق مشترکهما ومعترضهما

 إلذي یخالف أأفقه. 

إلأفق إلمساوي عدده  4( وأأما في إلصفیحة إلآفاقیة فاس تخرج إلدإئر بما تقدم من إلوجوه وإقصد من إلآفاق،04-0-3)

عرض بلدك نصفه أأو قطعته إلشرقیة إلیسری وضع علیه درجة إلشمس من منطقة إلعنکبوت وعلّم علی موقع إلمري  عدد

ثم أأدر إلعنکبوت مس تویًا حتی یزول إلمري عن إلعلامة بمثل هذإ إلدإئر، فما وإفی ذلك إلأفق إلشرقي فهو إلطالع بدرجته 

من إلمنطقة فهو درجته؛ وکل ما یعمل بدرجة إلشمس في هذإ إلباب  5وله من إلأقطار إلأربعة خط وسط إلسماء وما وإفاه

لی إلمطلوب  ( ومتی کان أأخذ الارتفاع 01-0-04من إلطالع وغیره. ) و| 43|متی إمتثل في إلکوإکب بمریاتها مثله أأدمی إ 

في موضع مفرط إلعلوم عن وجه إلأرض، قد حصل له إنحطاط
س تخرج بالارتفاع إلأفق عن أأفق أأذیاله علی وجه إلأرض، إ 6

إلموجود هناك درجة إلطالع بحسب ما تقدم، ثم رفعت حتی توإفي إلمقنطرة إلشرقیة إلتي یساوي عددها ذلك الانحطاط 

 إلکل ، فما وإفی أأفق إلمشرق فهو درجة إلطالع في تلك إلذروة.

 ( إلفصل إلثاني: في تسویة ما سوی إلأوتاد من إلبیوت04-2)

بروج إنقسم بالا ضافة إ لی معدل إلنهار إلمقاطعة أأرباعاً علی نقط  غایة إلتقارب بالتقاطع وغایة ( کما أأنم فلك إل04-2-0)

 8فیها إلکوإکب؛ کذلك إنقسم فلك إلبروج بدإئرتي أأفق إلمسکن وفلك 7إلتباعد بالتماثل وقسم کل ربع بثلثة بروج تنتقل

                                                             
 جانبه: جانب 1
 ماوإهما وإفاه:  2

 معترضهما: عرضهما 3
 + إفاق 4

 وإفاه: وفاه 5
 إنحطاط: الانحطاط 6
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درجة إلشمس خط وسط  1إلشمس علیه وعلممت علی موقع إلمري علامة أأولی وإدرت إلعنکبوت مس تویًا حتی توإفي

ما بین  رعلی موقع إلمري علامة ثانیة وتدیر إلعنکبوت مس تویًا حتی یزول إلمري عن إلعلامة إلثانیة بقد 2إلسماء، فتعلّم 

حینئذ إ لی أأفق إلمشرق ولیس غیره ما وإفاه فهو برج إلطالع بدرجته. وإلغارب نظیرها في إلبرج إلسابع  3إلأولی وإلثانیة وتنظر

 وسط إلسماء ووتد إلأرض تکونان علی خطهما في برجهما.  4منه ودرجتا

لمشرق إلنهار ثم تضع حرف أأفق إ ( وفي إلأسطرلاب إلزورقي تس تخرج إلدإئر من إلفلك في إلماضي من04-0-4) 

مثل ذلك إلدإئر وتنقل إلمري  و| 43|في إلزورق علی درجة إلشمس في إلمنطقة وتعدم من موقع مري إلدقل نحو إلیسار 

دإرة إلزورق معکوساً ثم إنظر إ لی حرف أأفق إلزورق إلشرقي أأین بلغ من إلمنطقة فهی  درجة إلطالع في برجها،  إ لی منتهاه با 

 5حرف إلدقل منها فهو برج وسط إلسماء ودرجته؛ ودرجات باقي إلوتدین نظائر لهذین.وما بلغه 

إلحمل  8هلاله وقطعتها ما بین مدإري 7إلجنوبیة إلمیل علی تحدیب 6( وأأما في إلأسطرلاب إلهلالي فالبروج04-0-3)

إلغربیة. وأأما  وإلمتیامنة عنه هي وإلجدي وإلأفق في هذه إلقطعة وإلمقنطرإت إلمتیاسرة عن خط وسط إلسماء هي إلشرقیة

نها علی تقعیر هلاله وقطعتها هي إلتي بین مدإري إلحمل وإلسرطان وإلأفق في هذه إلقطعة وإلمقنطرإت  إلبروج إلشمالیة إلمیل فا 

 .عنه هي إلغربیة وذلك مکتوب تحت هاتین إلقطعتین في إلجانبین 9إلمتیامنة عن خط وسط إلسماء هي إلشرقیة وإلمتیاسرة

ذإ کانت درجة إلشمس في إلتحدیب، فضع درجتها علی مقنطرة إرتفاعها في جانبه وإنظر إ لی أأفق إلمشرق في قطعتها،  10فا 

ن وقع علیه برج شمالي إلمیل نظرت إ لی أأفق إلمغرب في إلقطعة  11فا ن وقع علیه برج جنوبي إلمیل، فهو إلطالع بدرجته؛ وإ 

ن کانت3-0-04هو إلغارب بدرجته ودرجة إلطالع نظیرته. )إلجنوبیة، ما وإفاه من إلبروج إلجنوبیة ف  ( وإ 
درجة إلشمس  12

في إلتقعیر والارتفاع شرقي، فخذه من إلمغربیات وهي في إلقطعة إلشمالیة شرقیة وإلغربیة تأأخذه من إلمشرقیات إلتي هي في 

لی ما وإفق أأفق إلمشرق في إلبرج   هذه إلقطعة؛ إ ن کانهذه إلقطعة غربیة، وضع درجة إلشمس علی مقنطرته وإنظر إ 

ن کان إلبرج جنوبي إلمیل، نظرت إ لی أأفق إلمغرب نحو إلیسار  في هذه إلقطعة،  ظ| 43|شمالي إلمیل، فهو إلطالع بدرجته وإ 

( ومما س بق في هذإ إلأسطرلاب، إ ذإ وضعت درجة 3-0-04فما وإفاه فهو إلبرج إلغارب بدرجته نظیر درجة إلطالع. )
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 مدإري: مدإرین 8
 إلمتیاسرة: میاسرة 9
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ثم ضع درجة إلشمس علی خط وسط إلسماء وعلّم علی إلمري وأأدر إلعنکبوت معکوساً حتی  1احفظ إلفضل بینهمانهارها، ف

-03إلدرجة مقنطرة إرتفاعها وهو غربي؛ وکذلك فافعل بمریات إلکوإکب. ) 2یزول إلمري عن إلعلامة بقدر إلمحفوظ، فتوإفي

 علّم منها علیه علامة إلدرجة وضعها علی أأفق إلمشرق في( وفي إلزورقي ضع حرف أأفق إلمشرق علی درجة إلشمس و 3-3

علامة إلدرجة علی مثل الارتفاع إلموجود في  3إلصفیحة وعلّم علی موقع مري إلدقل علامة ثم أأدر إلزورق مس تویًا حتی تقع

ن أأرید الارتفاع من إلدإئر، فعدم مثله من إلع لیسار وإنقل لامة نحو إجانبه فما تحرك مري إلدقل من إلعلامة فهو إلدإئر. وإ 

ن أأخذت من مرکز إلکوکب مثل علامة إلدرجة  4مري إلدقل إ لی منتهاه، فتوإفي علامة إلدرجة إرتفاعها في جانبه. وإ 

( وإلعمل في إلمرکبات علی هذه إلأمثلة بعد حفظ إلشرإئط إلمذکورة 3-3-03بدلها، وقفت علی إلمطلبین منها. ) 5وإس تعملتها

 فیها.

 عشرإلباب إلرإبع 

 وإلکوإکب ظ| 43| ( إلفصل إلأول: في معرفة إلطالع بارتفاع إلشمس04-0)

( إلأفق وفلك نصف إلنهار في دورة إلحرکة إلأولی موإضع مبادي إلتغایر إلیومیة وما وإفقها في فلك إلبروج 04-0-0)

 6بدر ویساويکون فیهما إلمحاق وإل یسم  أأوتادإً ونظیرإهما في دور إلقمر یحدإن أأیضاً مبادي إلتغایر إلمنوطة بالشهور وی

 9إلمسماة عند إلطبیعیین 8إلشمس لذلك وفیهما الاعتدالان والانقلابان 7إلنور وإلظلام في إلقمر. ونظیرإهما أأیضاً في دور

 إلنقط إلمغیرة.

ذإ عرفت إرتفاع إلشمس في جانبه ووضعت درجتها علی مقنطرته04-0-2) وإفق أأفق إلمشرق درجة إلطالع  10( فا 

 ووإفق إلمغرب درجة إلغارب وخط  وسط إلسماء ووتدإلأرض درجتیهما من برجیهما.

( فا ن کان إلأسطرلاب 3-0-04وإلحال علی مثله في إلکوإکب، إ ذإ وضعت مریاتها علی مقنطرة الارتفاع إلموجود لها. )

ذإ صار غربیاً، إحتسبت به شرقیاً ووضعت درجة منصفاً، لم یخالف إلکامل في هذإ إلباب مادإم الارتفا ع شرقیاً، ثم إ 
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 إلطبیعیین: إلطبیعتین 9
 مقنطرته: مقنطریة 10



44 
 

من وقت طلوعه إ لی  ظ| 44|نهاره وتعدیل نهاره وإمتثل فیه ما تقدم بالنهار في إلشمس، فیحصل لك إلدإئر من إلفلك 

 وقت أأخذ إرتفاعه ومنه ومن درجة إلشمس یعرف إلماضي من إللیل.

 أأحدهما من إلآخر 1( إلفصل إلخامس: في معرفة إلدإئر وإرتفاع إلشمس أأو إلکوإکب03-3) 

ذإ علمت03-3-0)  إلدرجة علی  2علی درجة إلشمس في إلمنطقة وعلی مقنطرة الارتفاع في جانبه بین إلمقنطرإت، تضع ( إ 

إرتفاعها وعلّم علی موقع إلمري من إلحجرة علامة ثم أأدر إلعنکبوت معکوساً حتی توإفي إلدرجة أأفق إلمشرق، فما تحرك إلمري 

ذإ کان إلمعط ( وفي عکس ذلك2-3-03إلدإئر من إلفلك في إلماضي من إلنهار. )من عند إلعلامة فهو  معلوماً هو  3، إ 

علی موقع إلمري علامة وتدیر إلعنکبوت حتی یزول  5إلدرجة علی إلأفق إلمشرق وتعلّم  4إلدإئر وأأرید الارتفاع منه، تضع

م  6إلمري عن إلعلامة بمقدإر إلدإئر إلمعط ، ثم تنظر مقنطرة وإفت، فهو إرتفاع إلشمس في جانب تلك  7ةإ لی إلدرجة أأی

( فا ن وقفت إلدرجة فیما بین مقنطرتین، فعلّم علی إلحجرة من إلمري علامة وسط  ثم ضع إلدرجة علی 3-3-03إلمقنطرة. )

اً علامة ثانیة ضأأقل إلمقنطرتین إلمختلفتین بها عددإً وعلّم من إلمري علامة أأولی وضعها علی أأکثر إلمقنطرتین عددإً وعلّم أأی

إلوسط  في أأصل إلقسمة وإقسم إلمبلغ علی ما بین إلعلامة إلأولی وإلثانیة وزد ما خرج 8وإضرب ما بین إلعلامة إلأولی و

( ومهما أأقمت مري إلکوکب 4-3-03فیجتمع إرتفاع إلشمس للوقت إلذي أأعط  فیه إلدإئر. ) 9علی أأقل إلمقنطرتین عددإً،

( فا ن أأرید إلدإئر 3-3-03ه ما ذکرنا حصل لك إلدإئر منذ طلع أأو إرتفاعه بذلك إلدإئر. )مقام درجة إلشمس، وعملت ب

منذ أأول إللیل، فضع مریه علی إرتفاعه إلموجود وعلّم علی إلمري علامة ثم أأدر إلعنکبوت معکوساً إ لی أأن یوإفي نظیر درجة 

إلمشرق، فیکون ما تحرك إلمري من إلعلامة هو إلدإئر؛ وفي عکسه، تضع >نظیر< درجة إلشمس  10و| 43|إلشمس أأفق 

إلعنکبوت مس تویًا بمثل إلدإئر في إلماضي من إللیل في إلحجرة من  12علی إلمري علامة ثم تدیر 11علی أأفق إلمشرق وتعلّم 

 13کان إلأسطرلاب منصفاً والارتفاع غربیاً، ( فا ن3-3-03عند إلعلامة فیوإفي مري إلکوکب إرتفاعه في ذلك إلوقت. )

فاحتسب به شرقیاً وضع درجة إلشمس علی مقنطرته وعلّم علی إلمري وأأدر إلدرجة مس تویًا حتی تضعها علی خط وسط 

ن کان إلدإئر هو إلمعط  كإلسماء، فما تحر  وزإد علی نصف قوس  14إلمري فزده علی نصف قوس نهارها فیجتمع إلدإئر. وإ 
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 ( إلفصل إلرإبع: في معرفة إلدإئر بالجیوب03-4)

( أأما علی وجه إلتقریب، فعدم من إلمرکز في إلنصف إلتسعیني مثل إرتفاع نصف إلنهار في یومك وعلّم علی إلمبلغ 03-4-0)

لی کم وقع مري عفي حرف إلعضادة وأأدرها حتی توإفي هذه إلعلامة خط إلجیب إلخارج من الارتفاع إلموجود وإنظر حینئذ 

إلعضادة من أأجزإء الارتفاع، فخذ لکل خمسة عشر جزءإً ساعة معوجة وإضرب ما لا یتم خمسة عشر في أأربعة، فتجتمع 

( وللتحقیق فالق 2-4-03دقائق من ساعات؛ وهي إلماضي من إلنهار إ ن کان الارتفاع شرقیاً أأو إلباقي منه إ ن کان غربیاً. )

ل أأجزإئه، امه، وضَع مري إلعضادة علی مثله، فا ن کان إلربع إلمقابل لربع الارتفاع مقسوماً بمثعرض إلبلد من تسعین فیبق  تم

ن کان جنوبیاً فنحو مقابل إلکرسي،  1فعدم من کل وإحد من إلمریین مثل میل إلشمس یومئذ إ ن کان شمالیاً فنحو إلکرسي وإ 

إ لی جهة وإحدة وعلّم علی تقاطعه مع إلخط  3إلمریین من عند و| 44|علی منتهی  إلمیل إلمأأخوذ  2ثم ضع حرف إلمسطرة

ن کان ه بالشمال، إ  ن >لم< یکن إلربع مقسوماً، فلاس تخرإج  4إلأفق  علامة فتسمم إلمیل شمالیاً وبالجنوب، إ ن کان جنوبیاً. وإ 

إلشمس  6لإلعضادة عن إلقطب، فا ن کان می 5ك( ثم فکَم 3-4-03هاتین إلعلامتین ح تعدیل إلنهار في ذلك إلیوم. )

شمالیاً، فعدم في إلنصف إلتسعیني من عند إلقطب مثل تعدیل إلنهار وعلّم علی إلمنتهی  ثم ضع مري إلنصف إلس تیني علی 

فق   7كمثل إرتفاع نصف نهار یومك في أأجزإء الارتفاع وإمسکه علیه وحرم  إلعضادة حتی توإفي علامة إلمنتهی  إلخط إلأ

ن کان میل علی إلعلامة إلشمالیة؛ وإ 
إلشمس جنوبیاً، فعدم من عند إلقطب في إلنصف إلس تیني مثل جیب تعدیل إلنهار  8

ك إلعضادة حتی  وعلّم علی إلمنتهی ، ثم ضع مري إلنصف إلس تیني علی مثل إرتفاع نصف نهار یومك وإمسکه علیه وحرم

رتفاع نصف إلنهار وعلی علامته وإمسك مري إلعضادة علی إ 10علامة إلمنتهی  إلخط إلأفق ، فتکون إلعلامة إلجنوبیة 9توإفي

بحسب جهة إلمیل وإنظر جیب إلخارج من إرتفاع إلشمس للوقت أأین یلاقي حرف إلعضادة إلس تیني، وعلی إلوضع 

لی إلمري فما کان فهو جیب منکوس، تأأخذ قوسه کما تقدم. ) 11إلمذکور، ( فا ن کان الارتفاع شرقیاً، 4-4-03عدم منه إ 

ن کان الارتفاع غربیاً، فاجمع هذه إلقوس إ لی نصف قوس أأخذت فضل ما بین هذه إلقوس  وبین نصف قوس إلنهار وإ 

ن کان  إلنهار، فیحصل من إلفضل أأو إلمجموع، ما دإر من إلفلك من وقت طلوع إلشمس إ لی وقت قیاس إرتفاعها. وإ 

رتفاع نصف ار ومنه إإلوقت لیلًا والارتفاع لکوکب له مري في إلأسطرلاب، فاس تخرج میله وهو بعده عن معدل إلنه
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 في معرفة إلدإئر من إلفلك من خطوط إلساعات إلمخطوطة علی ظهر أمُ إلأسطرلاب ( إلفصل إلثالث:03-3)

یاه وخطوطها منفرجة فیما بین مدإرإت عملت 03-3-0) ما في إلربع إلمقابل إ  ما في ربع الارتفاع وإ  ( هذه إلساعات تخط إ 

بعاد بینها وتعمل ذإ تأأملت مدإرلکل  نوع  إلساعا 1فیه تساوي إلأ أأول  2ت معوجتها ومس تویتها؛ ولن یخف  علیك حالها إ 

ن  5تعمل؛ 4إلجدي أأقل من ست، فهی  للمس تویة، وقلمما 3إلسرطان فکانت فیه أأکثر من ست ساعات، أأو في مدإر أأول وإ 

ذإ کانت في ربع الارتفاع، أأن تفتش2-3-03سوإء، فهی  للمعوجة. ) 7فیهما ست 6کانت  8( ومعرفة إلماضي من إلنهار بها، إ 

لی تقاطع 9إرتفاع إلشمس ولا محالة أأنم إلعضادة فیها تکون ن  10محرفة، فانظر إ  حرفها مع مدإر درجة إلشمس یومئذ، فا 

ن وقع 3-3-03هار إ ن کان الارتفاع شرقیاً؛ )إتفق علی خط أأول ساعة، فما تحته هي ساعات تامة ماضیة من إلن  ( وإ 

إلتقاطع بین خطین من خطوط إلساعات، علممت علی موقع مري إلعضادة علامة ثانیة وأأدرتها إ لی نحو مبدأأ أأجزإء الارتفاع 

علی تقاطع مدإر إلدرجة مع خط أأول إلساعة وعلّم علی مریها علامة أأولی، ثم أأدرها نحو  ظ| 43|حرفها  11حتی تضع

آخر تلك إلساعة مع إلمدإر وعلّم بالمري علامة ثالثة، ثم إضرب ما بین إلأولی  12إلکرسي حتی تضع حرفها علی تقاطع خط أ

 13وإلثانیة من إلعلامة في س تین وإقسم ما إجتمع علی ما بین إلعلامة إلأولی وإلثالثة، فیخرج کسر إلساعة بدقائقها؛ وتضفه

 من إلنهار.، فیکون إلماضي كإ لی إلتامات إلتي مع

عادة03-3-4) ( وقد مرم من تحویل بعضها إ لی بعض ما یغني عن إ 
ن کان الارتفاع غربیاً، کان ما  14 إلذکر. وإ 

ن  15خرج بهذإ إلعمل هو إلباقي من إلنهار؛ فا ن کانت معوجة، نقصته من إثنتي عشرة ساعة لیبق  إلماضي من إلنهار بها وإ 

 لماضي.حتی یبق  إ 16کانت مس تویة، فمن قوس إلنهار
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 في معرفة إلدإئر من إلفلك من خطوط إلساعات إلمخطوطة علی ظهر إلعضادة ( إلفصل إلثاني:03-2)

ر فم علی 03-2-0) أأجزإء الارتفاع  1أأي س تة، وضَع مري إلأخری علی« و»دإخلها حرف ( سفمل من لبنتي إلعضادة قدم

، فس یمرم ظل حرف إلعضادة عن وضعها ذلك 2ك، ثم قابل ربع الارتفاع عین إلشمس ولا تحر كمثل إرتفاع نصف نهار یوم

یاها، علی 3إللبنة إلعلیا، وهو إلأسفل من حرفیها ن تقاطع خط م من إلخطوط في طولها مارإً علی وسط إلقطب ومنصفاً إ 

إلوقت قبل  4خطوط إلساعات معه وتحدم حینئذ عدد إلساعات إلمعوجة إلماضیة من إلنهار مکتوبًا عن جنبتیه؛ إ ن کان

ن کان بعد نصف إلنهار، فالعدد إلفاضل علی س تة. ) ن لم یمر ظل 2-2-03نصف إلنهار، فالعدد إلقاصر عن س تة وإ  ( فا 

إلطول فیما بین خطین من خطوط إلساعات، فعلّم علیه وإعرف ما قبله  5خطذلك إلحرف علی نفس إلتقاطع بل مرم من 

مسطرة علی تقاطع أأول تلك  6من إلساعات إلتامات وعلّم علی منتهاها لتعرف کسر إلساعة إلمعوجة بالتقریب؛ وهو أأن تضع

إلمسطرة  8علی مبلغ حرف 7إلساعة مع خط إلطول ویماس حرفها حرف إلعضادة إلمظلل، وهو إلذي نحو إلأرض منها، وتعلّم 

حرف إلمسطرة علی إلعلامة إلتي علممت في ممرم إلظل من خط إلطول مماساً  9من أأجزإء الارتفاع علامة أأولی، ثم تضع

لذلك إلحرف، وعلّم علی مبلغ حرفها من أأجزإء الارتفاع علامة ثانیة، وضع إلمسطرة أأیضاً علی تقاطع خط أآخر تلك إلساعة 

من أأجزإء الارتفاع علامة ثالثة، حرف إلمسطرة  10وعلّم علی مبلغ و| 43|مع خط إلطول مماساً للحرف إلمذکور من إللبنة 

دقائق إلکسر وتضفها  11ثم إضرب ما بین إلعلامة إلأولی وإلثانیة في س تین وإقسم إلمبلغ علی ما بین إلأولی وإلثالثة، فتخرج

( إ ن أأردتها مس تویة، فحولها إ لی إلدإئر ومنه إ لی إلمس تویة بالقسمة علی 3-2-03إ لی إلتامات إلتي معك وهي معوجة. )

مبدأأ ساعة وبعد نصف إلنهار منتهی   12عشر. وإعلّ أأنم إلخط إلوإحد من هذه إلخطوط یکون قبل نصف إلنهار خمسة

نه غیر محقق من  ساعة أأخری. فانعم تأأمل ذلك ثم إعمل به في جمیع ما یعمل علیه في إلآلات بخطوط إلساعات إلمعوجة؛ فا 

لا ما یخرج من قسمة إلدإئر علی أأجزإء إلس  اعات.جمیع إلجهات، إ 
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( وربما کانت خطوط إلساعات معمولة فوق إلأفق منقوطاً علیها للتمیز من إلمقنطرإت کما هي في إلأسطرلاب 03-0-3)

إلهلالي بالضرورة. وحینئذ یکون إبتدإئها من عند أأفق إلمشرق، فاس تعمل فیها درجة إلشمس نفسها کما کنت تس تعمل 

إلأسطرلاب منصفاً، وهو إلذي فیه أأنصاف  1ن( فا ن کا3-0-03نظیرها حین کانت مخطوطة تحت إلأفق. ) و| 42|

إلمقنطرإت إلشرقیة فیما بین أأفق إلمشرق وبین خط وسط إلسماء دون أأنصافها إلغربیة، فمعرفة إلدإئر من إلفلك فیه علی 

ذإ کان غربیاً، فاحتسبت به شرقیاً وإعرف مقنطرإته وضَع درجة إلشم علیها  سمثال ما تقدم مهما کان الارتفاع شرقیاً؛ وأأما إ 

>وعلّم علی موقع إلمري علامة أأولی. ثم ضَع درجة إلشمس علی خط نصف إلنهار< وعلّم علی موقع إلمري علامة ثانیة 

وإحفظ ما بین هاتین إلعلامتین وسممه محفوظاً، ثم أأدر إلعنکبوت معکوساً حتی توإفي درجة إلشمس أأفق إلمشرق، فما تحرك 

 .إلمحفوظ، ویکون جملتهما هو إلدإئر من إلفلكإلمري من إلعلامة إلثانیة فزد علیه 

( وأأما في إلأسطرلاب إلزورقي، فضع حرف أأفق إلمشرق من إلزورق علی درجة إلشمس وعلّم علی إلحرف 03-0-3)

هذه إلعلامة علی أأفق إلمشرق من إلصفیحة وعلّم علی موقع مري إلدقل علامة، ثم  2منها علامة وأأدر إلزورق حتی تضع

إلموجود في جانبه شرقاً کان أأو غربًا، فما تحرك إلمري  3س تویًا حتی تضع تلك إلعلامة علی مقنطرة الارتفاعأأدر إلزورق م 

 . من إلعلامة فهو إلدإئر من إلفلك

ذإ روع  في بروج تقعیر هلاله إلشمالیة وبروج تحدیبه إلجنوبیة، 03-0-3) ( وإلعمل في إلهلالي علی مثال ما تقدم، إ 

 6إلشمس علی إرتفاعها في جانبه إ ن کانت إلدرجة جنوبیة وفي خلاف جانبه إ ن کانت شمالیة، وتعلّم  5درجة 4وهو أأن توضع

علی إلمري أأو إلنائب عنه علامة، ثم یدإر إلعنکبوت للجنوبیة معکوساً وللشمالیة مس تویًا حتی توإفي إلدرجة إلأفق فما زإل 

 إلمري عن إلعلامة فهو إلدإئر.

ذإ حفظت شریطة إلمجانسة في برج درجة إلشمس وإرتفاعها ( وأأما في إلمر 03-0-01) کبات فالأمر فیه علی حاله، إ 

دإرة إلمعکوسة. ظ| 42|  وإلأفق إلذي یوإفیه بالا 
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 إلباب إلثالث عشر

 إلفصل إلأول: في معرفة إلماضي من إلنهار من قبل إرتفاع إلشمس( 03-0) 

إلمنطقة درجة إلشمس وفي إلصفیحة إلمقنطرة إلتي یساوي عددها إرتفاع إلشمس إلذي وجدته، وضع ( أأوجد في 03-0-0)

درجة إلشمس علی تلك إلمقنطرة في إلجانب إلذي وجدت فیه الارتفاع من جانبي إلشرق وإلغرب، وعلّم علی موقع إلمري 

إلمري من عند إلعلامة  1كإلمشرق، فما تحرم  من إلحجرة علامة، ثم أأدر إلعنکبوت معکوساً حتی توإفي درجة إلشمس أأفق

( فا ن قسمت هذإ إلدإئر 2-0-03فهو إلدإئر من إلفلك من وقت طلوع إلشمس إ لی وقت قیاسك إرتفاعها في جانبیه. )

ن قسمته علی أأجزإء ساعات درجة إلشمس، خرج  ساعاته  ظ| 40|علی خمسة عشر، خرج لك ساعاته إلمس تویة؛ وإ 

ن قسمته ع ذإ کان معلوماً، فضربته فیما کنت قسمت علیه،  2لی س تة، خرج کهریان. کما تأأخذإلمعوجة؛ وإ  هذه إلمقادیر إ 

ن کانت لیلیة،  3أأعني إلساعات إلمس تویة في خمسة عشر؛ وإلمعوجة إ ن کانت نهاریة، في أأجزإء ساعات درجة إلشمس، وإ 

ذإ وضعت 3-0-03ن إلفلك فیها. )فف  أأجزإء ساعات نظیر درجتها؛ وکهریان في س تة حصل لك إلدإئر من أأزما ( وإ 

درجة إلشمس علی إرتفاعها، فانظر إ لی نظیرها أأین وقع من إلساعات مس تویة کانت أأو معوجة. فا ن وقع علی خط من 

( فا ن وقع نظیر درجة 4-0-03خطوطها، فأأعدإدها إلمبتدئة من تحت أأفق إلمغرب توقفك علی إلماضي منها وهي تامة. )

علی موقع إلمري من  4من خطوط إلساعات فمع تاماتها کسر. ومعرفة قدره من إلساعات أأن تعلّم  إلشمس فیما بین خطین

علی إلمري في  6إلنظیر خط أأول تلك إلساعات وتعلّم  5إلحجرة علامة وسط ، ثم تدیر إلعنکبوت معکوساً حتی یوإفي

اعة مة إلأولی وإلوسط  أأربع دقائق من سإلحجرة علامة أأولی. فا ن کانت إلساعات مس تویة، فخذ لکل وإحد مما بین إلعلا

ن کانت معوجة، فأأدر إلعنکبوت مس تویاً حتی یوإفي3-0-03فیجتمع إلکسر إلتابع لتاماتها. ) ( وإ 
إلنظیر أآخر تلك إلساعات  7

لی ما بین إلأولی وإلثانیة، فیکون إلکسر إلتابع لتاماتها.  وعلّم علی إلمري علامة ثانیة وإنسب مما بین إلأولی وإلوسط  إ 

م 8وطریقه أأن تضرب دقائق  10ما بلغ علی ما بین إلأولی وإلثانیة، فتخرج 9ما بین إلأولی وإلوسط  في س تین وتقسم

 11إلکسرة.
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ن کانت تحت إلأفق فا نم غروبه یکون باللیل. وعلی هذإ، تضع فا نم غروبه یکون بالنهار وإ 
مریه علی خط وسط إلسماء  1

 توسطه إلسماء بالنهار یکون أأم باللیل. 2وتعتبر درجة إلشمس حتی تعرف

حروف إلأفق إلشرقي وإلغربي وإلدقل علی مرکز إلکوکب وتعتبر  ( وفي إلزورقي تضع کل وإحد من02-4-2)

ن کانت نظیرها، فهو  3في کل وإحد منها ما في دإخل إلزورق؛ فا ن کانت درجة إلشمس، فتلك إلحالة له تکون بالنهار وإ 

 باللیل.

 رأأو نها إلفصل إلخامس: في معرفة وقت طلوع إلکوکب أأو غروبه أأو توسطه إلسماء من لیل( 02-3) 

ن 02-3-0) ( ضع مري إلکوکب علی أأفق إلمشرق وعلّم علی موقع مري رأأس إلجدي أأو إلسرطان من إلحجرة علامة، فا 

نهارإً فأأدر إلعنکبوت معکوساً حتی توإفي درجة إلشمس أأفق إلمشرق فما زإل إلمري عن إلعلامة فخذ لکل  4کان طلوعه

دقائق من ساعة وذلك هو إلماضي من إلنهار إ لی وقت طلوع ذلك  5خمسة عشر جزءإً ساعة ولکل جزء مما یبق  أأقل إربع

ن کان طلوعه لیلًا، فضع مریه علی أأفق إلمشرق وعلّم علی موقعه علامة ثم أأدر إلعنکبوت  معکوساً  و| 40|إلکوکب. وإ 

لی وق طلوع، فاجعله  تحتی تبلغ درجة إلشمس أأفق إلمغرب، فما زإل إلمري عن إلعلامة فهو إلدإئر في إلماضي من إللیل إ 

ساعات. وعلی مثله فاعمل لتوسطه إلسماء بوضع مریه علی خطه وإعتبار إللیل وإلنهار ودرجة إلشمس فیه، ثم ضع لغروبه 

مریه علی أأفق إلمغرب وعلّم علی إلمري علامة وأأدر إلعنکبوت معکوساً حتی توإفي درجة إلشمس بالنهار أأفق إلمشرق 

 وباللیل أأفق إلمغرب.

في إلزورقي ضع حرف إلأفق إلشرقي علی مرکز إلکوکب وعلّم علی مري إلدقل علامة، فا ن کان ( و02-3-2)

طلوعه نهارإً، فأأدر إلزورق مس تویًا حتی یوإفي إلحرف درجة إلشمس فما تحرك إلمري من إلعلامة فهو إلدإئر في إلماضي من 

ن کان طلوعه لیلاً  إلنهار، وإ 
فیکون زوإل إلمري عن إلعلامة بقدر إلدإئر في فمتی توإفی إلحرف نظیر درجة إلشمس،  6

 إلماضي من إللیل. وإس تعمل حرف إلأفق إلغربي لغروبه وحرف إلدقل لتوسطه إلسماء علی مثال ما تقدم في إلأفق إلشرقي.
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تلك إلدرجة هي إلتي تغرب معه. وأأما في إلأسطرلاب إلزورقي، فضع حرف إلأفق إلشرقي للطلوع وإلغربي للغروب علی 

 عملت. 1وإفق ذلك إلأفق من إلمنطقة فهو درجة إلطلوع أأو إلغروب لأیهمامرکز إلکوکب في إلصفیحة وإنظر إ لی ما 

آخر أأو غروبه أأو توسطه إلسماء ( إلفصل إلثالث: في معرفة ما یطلع أأو یغرب من إلکوإکب بطلوع02-3)  أ

آخر علیه فهو طالع بطلوع02-3-0)  ه( ضع مري إلکوکب إلمقصود علی أأفق إلمشرق وإنظر، فا ن إتفق معه مري کوکب أ

وإلذي یتفق علی أأفق إلمغرب فهو غارب بطلوعه، وکذلك ما وإفی خط وسط إلسماء هو متوسط وقت طلوعه. ثم ضع 

مریه علی أأفق إلمشرق فهو طالع بغروبه، وما وقع مریه علی خط وسط  2مري إلکوکب إلمقصود علی أأفق إلمغرب، فما إتفق

لیه ثال ضع مریه علی خط وسط إلسماء وإعتبر ما یتفق مریه ع إلسماء فهو إلذي یکون متوسطاً حین غروبه. علی هذإ إلم 

في هذه إلأوضاع إلثلاثة کون نظیر درجة إلشمس علی إلمقنطرة إلثامنة  3أأو علی أأفق إلمشرق أأو أأفق إلمغرب، فا ن إتفق

ذإ کانت شرقیة 4عشرة، ذإ کانت إلمقنطرة غربیة، فمعه طلوع إلفجر وأأما إ  فمعه مغیب  ،حدث للکوکب تلك إلحالة؛ أأما إ 

 إلشفق.

( وأأما في إلأسطرلاب إلزورقي، فضع حرف إلأفق إلشرقي من إلزورق علی مرکز إلکوکب إلمقصود 02-3-2)

آخر، فهو إلطالع بطلوعه وما مرم حرف إلأفق إلغربي من إلزورق علی  وإنظر إ لی هذإ إلحرف، فا ن مرم علی مرکز کوکب أ

 ط ما مرم حرف إلدقل علی مرکزه.مرکزه من إلکوکب فهو إلغارب بطلوعه وإلمتوس

 معرفة طلوع إلکوکب أأو غروبه أأو توسطه إلسماء أأنهارإً یکون أأم لیلاً  5ظ| 41| ( إلفصل إلرإبع: في02-4)

ن إتفقت 8فا ن إتفقت 7علی أأفق إلمشرق، 6( ضع مري إلکوکب02-4-0) نه طالع معها، وإ   9درجة إلشمس معه علیه فا 

علی أأفق إلمغرب، فطلوعه وقت غروب إلشمس مساء، فا ن کانت درجة إلشمس فوق إلأفق في حیزم إلنهار، فطلوعه 

یکون نهارإً أأو إ ن کانت تحت إلأفق فطلوعه یکون باللیل. ثم ضع مریه علی أأفق إلمغرب، فا ن کانت درجة إلشمس معه 

ن کانت علی أأفق إلمشرق،  ن کانت فوق إلأ علیه، فغروبه یکون مع غروبها، وإ  فق، فغروبه یکون مع طلوعها بالغدإة؛ وإ 
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-02وقتئذ في أأول إلمیزإن کوکب ذو عرض کان طالعاً مع درجته أأو في أأول إلحمل کان غاربًا مع درجته. ) 1إلأفق. فا ن إتفق

آفاقها ویکون له فیها طلوع وغروب( وأأما ذوإت إلظلین وإلمسامتتین فا نم مدإر قطب فلك إلبروج تقا2-2 فمادإم فوق  .طع أ

ذإ صار علی إلأفق إلشرقي کان إلکوکب إلذي علیه  إلأفق کان طلوع إلکوإکب وغروبها علی مثال ما في ذوإت إلظل. وإ 

ذإ صار قطب فلك 2طالعاً أأیضاً مع درجته. وعلی إلأفق إلغربي یغرب  إلکوکب إلذي علی هذإ إلأفق مع درجته أأیضاً. فا 

هناك تحت إلأفق، إنعکس ما ذکرنا فصار طلوع إلکوکب إلشمالي إلعرض بعد درجته وغروبه قبلها وطلوع  ظ| 33|إلبروج 

 إلکوکب إلجنوبي إلعرض قبل درجته وغروبه بعدها.

لام بدرجتي إلطلوع وإلغروب إلمتحدتین 3( ولیس یتمیز02-2-3) مع  4خط الاس توإء في ذلك عن ذوإت إلظلین إ 

مه یکون في خط الاس توإء عند طلوع إلمنقلبین وغروبهما، وبأأنم درجتي إلطلوع وإلغروب فیه تکوناندرجة إلکو ن  5کب فا 

ذإ أأردت معرفة درجة طلوع إلکوکب، فضع مریه علی أأفق إلمشرق  درجة إلممر ولا یکون ذلك کذلك في ذوإت إلظلین. فا 

ما وإفی هذإ  7مریه علی أأفق إلمغرب وتنظر 6بغروبه تضعوإنظر ما وإفی هذإ إلأفق من برج ودرجة وطلوعه یکون معها؛ و 

ن أأردت إعتبار ذلك في خط الاس توإء، فأأقم خط إلمشرق إلمس تقیم مقام  إلأفق من برج ودرجة فهی  إلتي تغرب معه. وإ 

 أأفق إلمشرق وخط إلمغرب مقام أأفق إلمغرب وإعمل بها ما عملت بالأفقین، فس تبینم لك درجتا طلوعه وغروبه.

فاعرف مري إلکوکب بأأي إلتسطیح عمل من جهة إلبرج إلذي هو في  8( وأأما في إلأسطرلاب إلمرکب02-2-4)

آخره، ثم ضع مریه علی أأفق إلمشرق إلذي یجانسه من إلأفقین إلمشترك وإلمعترض وإنظر  حیزه بین إلقطرین إلمارین علی أأوله وأ

معاً فیه  9لذي یجانس أأفقه في إلتسطیح أأعني أأن یکوناإ لی ما وإفی کلیهما في جانب إلمشرق من إلبروج ودرجها وخذ با

إلدرجة إلمجانسة  12وإعرض عن إلبرج إلذي یخالف إلأفق إلوإقع علیه في إلتسطیح؛ فتکون 11أأو معاً جنوبیین 10شمالیین

یاه، هي إلتي تطلع مع ذلك إلکوکب. ) ه علی معه، فضع مری 13( وأأما إلدرجة >إلتي< تغرب3-2-02لأفقه، دون إلمخالفة إ 

 14أأفق إلمغرب إلذي یجانسه وإنظر إ لی ما وإفی أأفق  إلمغرب من إلبروج وإلدرج وخذ بالمجانس دون إلمخالف فتکون و| 41|
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 إلباب إلثاني عشر 

 ( إلفصل إلأول: في معرفة درجة إلممر وهي إلتي تمرم مع إلکوإکب علی خط وسط إلسماء02-0)

ذإ کان في ( إلشمس وإلکوکب إلعدیم إلعرض تمرم علی خط وسط إلسماء مع 02-0-0) درجاتها، وإلکوکب ذو إلعرض إ 

ه تس بق 1أأول إلسرطان أأو أأول إلجدي فا نم درجته لا تخالف ذإ کانت درجته غیر إلمنقلبین، فا نم درجة ممرم  2درجة ممره. وأأما إ 

ن کان عرضه شمالیاً أأو کانت في  ذإ کانت درجته في إلنصف إلصاعد إلذي یتوسط رأأس إلحمل وإ  إ لی وسط إلسماء درجته إ 

ذإ کانت درجته في إلنصف  4درجة 3إلنصف إلهابط إلذي یتوسط رأأس إلمیزإن وعرضه جنوبي. ثم تتخلمف ممره عن درجته، إ 

إلصاعد وعرضه جنوبي أأو في إلنصف إلهابط وعرضه شمالي. ویکون الاختلاف بینهما بحسب عرضه، في قلته وکثرته، 

ذإ أأردت 2-0-02إلمیزإن. ) 5مقادیره عند أأول إلحمل أأووفي بعده عن أأول إلسرطان أأو إلجدي حتی یکون علی أأعظم  ( فا 

یاه، فضع مریه أأو طرف کاغدته إلمعتناة من صفیحة عرض س تة  6معرفة هذه إلدرجة إلتي توإفي خط وسط إلسماء بموإفاته إ 

ره علی خط وسط إلسماء وإنظر ما وإفی هذإ إلخط من برج ودرجة، فهی  درجة مم 8وربع وسدس جزئه 7وس تین جزءإً 

( وفي إلأسطرلاب إلزورقي ضع إلدقل علی مرکز 3-0-02وسط إلسماء أأو علی خط وتد إلأرض. ) و| 33|علی خط 

 إلکوکب، فما وإفق حرفه من درج إلمنطقة فهی  درجة ممره.

 في معرفة إلدرجة إلتي تطلع مع إلکوکب وإلتي تغرب معه ( إلفصل إلثاني:02-2)

عرض لها عن إلمنطقة في إ حدی إلجهتین، تطلع وتغرب في درجاتها إلتي هي فیها. ( إلشمس وإلکوإکب إلتي لا 02-2-0)

وأأما ذوإت إلعروض، فلها في ذلك أأحوإل تتغایر في إلبلاد ذوإت إلظل وإلظلین؛ وذلك أأنم قطب فلك إلبروج دإئم إلظهور 

وبي إلعرض بعد دها ویطلع إلجنفي ذوإت إلظل إلوإحد منها، فیطلع إلکوکب إلشمالي إلعرض فیها قبل درجته ویغرب بع

قبلها، ولا یتفق فیها لشيء منها طلوع أأو غروب مع درجته أأصلًا. وأأما إلبلاد إلتي سامتها إلشمس في  9درجته ویغرب

إلس نة مرة أأو مرتین: أأما ذو إلمرة إلوإحدة فا نم مدإر قطب فلك إلبروج یماسم أأفقه ویس توي فیه حال طلوع إلکوإکب 

ذإ کان أأول إلسرطان في وسط إلسماء، فیکون قطب فلك إلبروجوغروبها مع إلذي ذ لا إ  علی  10کرنا في ذوإت إلظل إ 
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ولیله. وما یدور من معدل إلنهار في إلوإحدة منها یسم  أأجزإء  1إلنصف إلشمالي وتقصر في إلجنوبي وتختلف في إلنهار

ذإ أأردتها، فاقسم قوس إلنهار أأو إللیل علی إثني عشر فتخرج 2إلساعات وأأزمانها نهاریة ولیلیة.  أأجزإء ساعات. 3فا 

إلأفق وعلّم علی  4لشمس علی خط ما من خطوط إلساعات إلمعوجة تحت( أأم، فضع نظیر درجة إ00-3-4)

وإحدة ویصیر علی  6نظیر درجة إلشمس ساعة 5إلحجرة من إلمري علامة، ثم أأدر إلعنکبوت مس تویًا أأو معکوساً حتی یقع

ة إلشمس بدرج إلآخر من إللذین یحیطان بالساعة، فما تحرك إلمري من إلعلامة فهو أأجزإء ساعات إلنهار. ومتی عملت

ن عرفته لأحدهما ثم نقصته من ثلثین بق  أأجزإء إلساعات  نفسها ما عملت بنظیرها، حصلت علی أأجزإء ساعات إللیل وإ 

ن أأردت أأجزإء إلساعات من إلساعات إلمس تویة، فزد علی عددها ربعه بأأن تضربه في خمسة وتقسم إلمبلغ علی  للآخر. وإ 

ذإ نقصت من أأجزإء إلساعات خمسها بأأن تضربهاذلك أأربعة فتخرج أأجزإء إلساعات؛ وفي عکس في أأربعة وتقسم إلمبلغ  7، إ 

 علی خمسة، فیخرج عدد إلساعات إلمس تویة.

( وإلهند یس تعملون مقدإرإً یسمونه کهري ویسمونه دقائق إلأیام، ومتی قسمت قوس إلنهار أأو إللیل 00-3-3)

ن أأردته من ع نهما یتناس بان، فضعه علی س تة، خرج ما فیه من عدد کهریان. وإ  في  ظ| 33|دد إلساعات إلمس تویة، فا 

ف ما في أأحدهما وإضعف ما في إلآخر، ثم إجمعهما فیکون عدد کهریان. ومعرفة عدد إلساعات إلمس تویة من  مکانین ونصم

ن أأردت ع 10بأأن تضعفه وتقسم 9خمس یه 8عدد کهریان أأن تأأخذ دد ما بلغ علی خمسة فیخرج عدد إلساعات إلمس تویة. وإ 

فه. ذإ أأردت أأجزإء إلساعات من عدد کهریان فنصم  کهریان من أأجزإء إلساعات فاضعفها وفي عکسه إ 
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 2في تقس یم قوسي إلنهار وإللیل بنوع  إلساعات 1:إلفصل إلثالث( 00-3)

 3( إلساعة مدة مأأخوذة باصطلاح لدورإن خمسة عشر أأزمانًا فینقسم إلدور بها أأربع وعشرون ساعة تسم 00-3-0)

لام في وقتي الاعتدإل،  5مختلفان طول إلس نة 4مس تویة لأنم مقدإرها وإحد لا یتغیر في نهار وفي لیل، لکنم إلنهار وإللیل إ 

فساعات کل وإحد منهما تخالف إ لا في >إلاثني< عشر إلذي هو عدد ساعات نهار الاعتدإل ولیله. فالساعات إلمس تویة 

ا ساعات  8أأیضاً إعتدإلیة وإس توإئیة 7ولیله، وقد تسم  6إ ذن مس تویة في إلتقدیر مختلفة في إلتعدید لکل نهار بمعنی أأنهم

ولأنها أأیضاً عدد ساعات نهار الاس توإء في جمیع إلبلدإن ولأنها وإسطة  10وإللیل في خط الاس توإء طول إلس نة 9إلنهار

 إلقدرتین مقدإري ساعتین صیفیة وش تویة.

ذإ کان ما یطلع في کل نهار وفي کل لیل س تة بروج ولها نصف وثلث وسدس، مال مس تعملوإ 00-3-2) ( وإ 

 ید في کسورها کسرإن هما إلربع ونصف إلسدس.لتوإفق عدتها عدة ساعات إلنهار إلمعتدل ولیز  11إلساعات إ لی تنصیفها

زإء إلمس تویة لأنم إعوجاجها یظهر بقیاس 12فجعلوإ کل نهار وکل لیلة من إلس نة إثنتي عشرة ساعة مقدإر  13سمموها معوجة با 

فهی  إ ذن مس تویة في إلتعدید مختلفة في إلتقدیر  14ساعة وإحدة من نهار غیر معتدل إ لی مقدإر ساعة وإحدة من لیله،

إلماضي من إلنهار أأو إللیل إ لی کله فیقال نصف وثلث وربع؛  16أأیضاً زمانیة لأنم بها نسب 15لنهار وإللیل؛ وتسم با

 في إلرخامات وإلآلات فیقاس بها. 18لأنها تس تعمل و| 33|ساعات إلقیاس  17وتسم 

لام أأن تعرف 19( ولیس تحتاج00-3-3) قوس إلنهار أأو إللیل کم هو بها، فمتی قسمتها علی خمسة  20من إلتسویة إ 

ذإ عرفته في أأحدهما ثم إلقیته من أأربعة وعشرین بق  ساعات إلآخر مس تویة. وأأما  عشر خرج عدد ساعاتهما إلمس تویة، وإ 

نها تطول إ لی مقدإر إلوإحدة منها، 22إ لی عددها إ ذ هو إثني عشر أأبدإً لا یتغیر وأأنما تحتاج 21إلمعوجة فلیس تحتاج في  23فا 
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 ( إلفصل إلثاني: في قوس إلنهار وإللیل00-2)

ق هو مدة کون إلشمس فوق إلأف ( ما فوق إلأرض موسوم بالنهار وما تحتها موسوم باللیل. وإلنهار إلمطلق00-2-0)

 وإللیل إلمطلق هو مدة غیبتها تحت إلأفق.

نما یضاف 00-2-2) لیه موصوفان به. وإ  لام أأنم نهاره ولیله مضافان إ  ( وکذإ إلحال في کل کوکب أأو نقطة مفروضة إ 

لی دإئرة تنقسم  2لیل لفظ قوس لأنم إلحرکة مس تدیرة یرسم بها کل متحرك في إلأثیر1إ لی کل نهار و بالطلوع وإلغروب إ 

ذإ کانت إلحرکة حمائلیة لا منحنویة 3نهار  4ولیل، کل وإحد منهما قوس منها وهو مع ذلك ظاهر إلتقویس للعیان خاصة إ 

ذإ أأردت معرفة قوس نهار درجة، فضعها علی 3-2-00کما هي تحت إلقطب. ) 5کما هي في خط الاس توإء ولا رحاویة ( فا 

قوس نهارها ما  6علامة، ثم أأدر إلعنکبوت مس تویًا حتی توإفي إلدرجة أأفق إلمغرب، فتکونأأفق إلمشرق وعلّم علی إلمري 

ن أأدرت تحرك إلمري في إلحجرة وإ 
ذإ إبتدأأت  7 إلعنکبوت معکوساً کان ما تحرك إلمري هو قوس لیلها. وبالحرکة إلمس تویة إ 

بوضع إلدرجة علی أأفق إلمغرب ثم أأدرت إلعنکبوت مس تویًا إ لی أأن یوإفي أأفق إلمشرق، کانت حرکة إلمري بمقدإر قوس 

 ة وس تین بق  إلآخر؛ وهکذإ إلحال فيإلنهار وإللیل ثم نقصته من ثلثمائ |...  02و، س  33| 8لیلها. ومتی عرفت أأحدي

ذإ إس تعملت مریاتها کما إس تعملت إلدرجة.  قسي نهار إلکوإکب ولیلها إ 

( وفي إلأسطرلاب إلزورقي تضع أأفق إلمشرق من إلزورق علی إلدرجة في إلعنکبوت أأو علی مرکز 00-2-4)

لك قوس إلنهار وإللیل  10لصفیحة ما تقدم، فتحصلعلیه ثم تعمل بهذه إلعلامة في إلأفق إلثابت إلذی في إ 9إلکوإکب وتعلّم 

 للدرجة أأو إلکوإکب.

ذإ رإعیت فیها إلجنس،  11( وأأما في إلأسطرلابات00-2-3) فاس تعملت  ظ| 33|إلمرکبة فلا یغایر هذإ إلعمل إ 

 في إلتسطیح. 12إلبرج وإلدرجة في إلأفق إلمجانس ما

                                                             
« وإو»شطب إلکاتب  1

 أأخری.
 إلأثیر: الاثر 2
 نهار: نها 3

 37یه؛ و ىمنحنویة: منحنو 4

   : منحنوییة6و، س 
و،  33رجاویة؛ و  رحاویة: 5

 : رحادیه3س 
 فتکون: یکون 6

 أأدرت: إردت 7
+ إلفصل إلثالث: في قوس  8

إلنهار ... عرفت إحدی 

ر إلکاتب هذه إلسطور  )حرم

 من جدید(. 

: یعلّ 9  تعلّم
 فتحصل: فیحصل 10
إلأسطرلابات:  11

 الاسطرلاب
 ما: إما 12
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 إلباب إلحادي عشر 

 ( إلفصل إلأول: في تعدیل نهار درجة إلشمس أأو جرم إلکوکب إلثابت00-0)

علی مائة وثمانین  2تملاً فیکون کل وإحد منهما نصف دإئرة مش   1للیله، و| 33|( إلنهار إلمعتدل هو إلمساوي 00-0-0)

ذإ إس تویا في أأول إلحمل یسم  إس توإء ربیعیاً وفي أأول إلمیزإن  3جزءإً وهو في أأول کل وإحد من برجي إلحمل وإلمیزإن. فا 

نم إلنهار في إلنصف إلشمالي یزدإد علی إلنهار إلمعتدل ویلج فیه من لیله ما یسم   4یسم  إعتدإلًا وإس توإء خریفیاً. ثم إ 

( وأأما في إلنصف 2-0-00فضل إلنهار أأي علی لیله أأو علی إلنهار إلمعتدل ونصف هذإ إلفضل یسم  تعدیل إلنهار. )

نم إلنهار ینقص عن إلنهار إلمعتدل ویلج منه في لیله ما یسم  فضل إلنهار ومن حقه أأن یسم  فضل إللیل  5إلجنوبي، فا 

وفي إلجنوب نقصان إلنهار لکان أأصوب. ونصفه  6إلشمال زیادة إلنهار أأي علی نهاره أأو علی إللیل إلمعتدل بل لو سم  في

( فا ن 3-0-00إلذي تعدیل إلنهار یساوي أأبدإً في کل درجة فضل ما بین مطالعها في خط الاس توإء ومطالعها في إلبلد. )

جرة علامة ثم ن إلحأأردت تعدیل نهار درجة مفروضة، فضعها علی خط إلمشرق وإلمغرب إلمس تقیم وضع علی موقع إلمري م

أأدر إلعنکبوت حتی توإفي تلك إلدرجة أأفق إلمشرق، فما زإل إلمري عن إلعلامة فهو تعدیل إلنهار؛ ونهارها زإئد علی إلنهار 

دإرة نحو إلأفق باس توإء. وإعمل في إلکوإکب بمریاتها  دإرة نحو إلأفق بانعکاس وناقص عنه إ ن کانت إلا  إلمعتدل إ ن کانت إلا 

 رجة فیؤدیك إ لی تعدیل نهارها.ما عملت بالد

( وفي إلأسطرلاب إلزورقي ضع أأفق إلمشرق من إلزورق علی إلدرجة وعلّم علیه منها، ثم ضع إلعلامة 00-0-4)

إلکرسي وبین مري إلدقل فهو تعدیل إلنهار؛ إ ن کان  ظ| 33|علی خط إلمشرق، فما کان بین مبدأأ إلعدد في منتصف 

ن کان إ لی إلیسار فنهارها ناقص. وللکوإکب فضع أأفق إلمشرق علی مرکز ذلك  وإقعاً من إلمبدأأ إ لی >إلیمین< فنهارها زإئد وإ 

 إلکوکب وعلّم علیه منه وإمتثل ما تقدم من علامة إلدرجة.

  

                                                             
 للیله: للیلة 1
 مش تملًا: مش تمل 2

ل 3  أأول: الاوم
 یسم : فیسم  4

 إلنهار: إلنها 5
 إلنهار: نهار 6
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فحیث  إلیمین في الارتفاع إلشرقي ونحو إلیسار في الارتفاع إلغربي وضع إلمري علی إلمنتهی ، مثله من إلعلامة في إلحجرة نحو

 بلغت إلدرجة أأو مري إلکوکب فهو موضع مقنطرة الارتفاع.

( في إلزورقي ضع حرف إلدقل علی درجة إلشمس أأو مرکز إلکوکب وعلّم علی إلدقل منها علامة وضع 01-2-2)

إلأولی >و<علّم عند مریه في إلحجرة علامة وإس تخرج إلتعدیل بعلامة إلدقل بین إلمقنطرتین وعدم  هذه إلعلامة علی إلمقنطرة

 ظ| 33|إلمتقدم وضع مري إلدقل علی إلمنتهی  فیصیر >نائب< إلدرجة أأو مري إلکوکب  1مثله من إلعلامة علی الاعتبار

 إلموجود. 2علی الارتفاع

 إلسماء إلطالع ووسط( إلفصل إلثالث: في إتخاذ درجة 01-3)

ن وقع إلأفق فیما بین خطین من خطوط  3( برج إلطالع هو إلمعترض علی أأفق إلمشرق ودرجته هي إلتي توإفیه،01-3-0) فا 

برج إلطالع فعلّم بالمري في إلحجرة علامة وسط  وأأدر إلعنکبوت معکوساً حتی یبلغ إلخط إلأول في إلمنطقة أأفق إلمشرق 

جرة علامة أأولی وأأدر إلعنکبوت مس تویاً حتی یبلغ إلخط إلثاني في إلمنطقة أأفق إلمشرق< وعلّم عند >وعلّم عند إلمري في إلح

إلمري في إلحجرة علامة ثانیة وإنسب ما بین إلعلامة إلأولی وبین إلوسط  بما بین أأولاها وإلثانیة وخذ من أأصل إلقسمة 

ن شئت ضربت ما بین إل قسمت علامة إلأولی وبین إلوسط  في أأصل إلقسمة و بمثل تلك إلنس بة، فیکون إلتعدیل. وإ 

إلأول، فیجتمع عدد درجة  4إلمبلغ علی ما بین أأولی إلعلامات وثانیها فیخرج إلتعدیل، ثم زد إلتعدیل أأبدإً علی عدد إلخط

ذإ وقع خط وس إلسماء  طإلطالع في برجها. وعلی مثله إلحال في برج وسط إلسماء إلمعترض علی خطه ودرجته إلتي توإفیه إ 

نك إ ذإ عملت بخط وسط إلسماء مثل ما عملت في إلأفق حصل لك منه درجة وسط  فیما بین خطین من خطوط برجه، فا 

 إلسماء في برجها.

علی ما بین خطین  5( وکذلك في إلأسطرلاب إلزورقي إ ذإ حصل حرف إلأفق إلشرقي في إلزورق01-3-2)

ذ منها عملت فیه ما عملت هناك بخط  6إ وقع حرف إلدقل فیما بین خطینفي إلمنطقة، فاعمل به ما عملت هناك بالأفق وإ 

 .كوسط إلسماء حتی یحصل مطلوب

                                                             
 الاعتبار: إعتبار 1
 الارتفاع: الارتفاعه 2

إلخط: إلحطوط؛ ه، نخ:  4 توإفیه: وإفته 3

 إلحط

 إلزورق: إلزورقي 5
 خطین: خطتین 6
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ما إلحساب وهو أأن تضع إلخط إلأول إلمتقدم >عن< درجة إلشمس علی خط وسط إلسماء وتعلّم 01-0-3) ( وإ 

علی إلمري علامة، ثم تضع إلخط إلثاني إلمتأأخر عن درجة إلشمس علی خط وسط إلسماء وتنظر کم زإل إلمري عن إلعلامة 

وتنس به من أأصل إلقسمة حتی تعلّ أأنصف هو أأم وذلك أأصل إلدرجات وتحصل کم من إلخط إلأول إ لی درجة إلشمس 

ثلث أأم سدس أأم عشر وتأأخذ بمثل تلك إلنس بة من أأصل إلدرجة وهو إلتعدیل، فتعدم مثله من إلعلامة نحو إلیسار وتضع 

إلمري علی إلمبلغ ثم تنظر ما وإفی خط وسط إلسماء مما بین إلخط إلأول وبین إلثاني فهو درجة إلشمس فتعلّم علیها في 

ن أأردت إلتعدیل بالحساب، فاضرب ما بین إلخط إلأول وبین درجة إلشمس في أأصل إلدرجات، فاقسم إ لمنطقة علامة. وإ 

 إلمبلغ علی أأصل إلقسمة فیخرج ذلك إلتعدیل.

ذإ وقع حرف إلدقل علی إلخط إلأول فعلّم 01-0-4) علی مري إلدقل  1( وهکذإ إلحال في إلأسطرلاب إلزورقي إ 

ثم ضع أأیضاً علی إلخط إلثاني، فیزول إلمري بقدر أأصل إلدرجات وإس تخرج إلتعدیل وعدم من إلعلامة في إلحجرة علامة، 

 نحو إلیسار وضع إلمري علی إلمنتهی  فیوإفق حرف إلدقل درجة إلشمس وعلّم علیها في إلمنطقة. 

 الارتفاع 2إلفصل إلثاني: في إتخاذ مقنطرإت( 2-01) و| 33|

ذإ لم یکن إلأسط01-2-0) ت مقنطرإته بمثل تفاضل إلدرجات في إلمنطقة إس تحسانًا لا إضطرإرإً، ( إ  رلاب کًلا تاماً، تخطم

ت ولم )؟( ووقع الارتفاع إلموجود للشمس أأو إلکوکب فیما بین مقنطرتین، فضع إلدرجة أأو مري إلکوکب عند  3فا ذإ خطم

لامة ثم یاً أأو غربیاً، وعلّم علی إلمري في إلحجرة عذلك علی إلمقنطرة إلأقل عددإً منهما وهي إلأولی في جانب الارتفاع شرق 

 إلدرجة أأو مري إلکوکب إ لی  4أأدر إلعنکبوت مس تویًا في الارتفاع إلشرقي ومعکوساً في الارتفاع إلغربي حتی تنتهی 

لی وبین الارتفاع وإلثانیة إلأکثر عددإً، فما زإل إلمري عن إلعلامة فهو أأصل إلمقنطرإت، وإنظر کم بین إلمقنطرة إلأ  5إلمقنطرة

ن شئت ضربت ما بین  إلموجود وإلنس بة من أأصل إلقسمة کما تقدم وخذ من أأصل إلمقنطرإت مثله فیکون إلتعدیل. وإ 

     إلمقنطرة إلأولی وبین الارتفاع إلموجود في أأصل إلمقنطرإت وقسمت ما إجتمع علی أأصل إلقسمة فیخرج إلتعدیل وعدم 

                                                             
: وعلّ 1  فعلّم
 مقنطرإت: مقنطرة 2

ت 3 ت: نحطم  خطم
 تنتهی : ینتهی  4

 إلمقنطرة: إلمنطقه 5
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ضع حرف أأفق المشرق للمطالع أأت حرف أأفق المغرب للمغارب علی المعلوم ( تفي الأسطرلاب الزترقي 9-3-2)

تمعکوساً ا ن کنت تضعت  1لك من الطرفین تعلم  علی مري الدقل تأأدر هذا المري مس تویًا ا ن کنت تضعت النهایة

تعملته أأین ق الذي اس  حتی یزتل المري عن العلامة بقدر ما أأعطیته من المطالع أأت المغارب، ثم انظر ا لی أأفق الزتر  2المبدأأ 

ذا تأأملت 3-3-9بلغ من المنطقة، فهو الطرف ال خر من الدرج السواء. ) ( تلن یخفی علیك ذلك في الأسطرلاب الهلالي ا 

 ما تقدم من الأعمال فیه.

 الباب العاشر

 البرتج ( الفصل الأتل: في اخاذ موضع الشمس من منطقة10-1)

ی الأسطرلاب کلیاً ت ( درج فلك البرتج ثلثمائة تس تون10-1-1) ً، ، فا ن انقسم البرتج في المنطقة بثلثین قسماً یسم  کلّ 

ن انقسم بخمسة أأقسام یسم ی سدساً.  ی ثلثاً، تا  ن انقسم بعشرة أأقسام یسم  ی نصفاً، تا  ن انقسم بخمسة عشر قسماً یسم  تا 

ن بلغ به الص قسمة البرتج بثلثة  3غر ا لی أأن تکونتذلك بحسب ما تهی أأ في البرج من الانقسام بحسب القسمة تالعظم، فا 

 أأقسام یسم ی عشراً.

نما لم یس تعمل فیه الربع تالس بع تالثمن تالتسع لامتناع الثلثین عن الانقسام  4تلنسم هذه الأعداد أأصل القسمة؛ تا 

لباقیة اعریة عن الکسور؛ تمتی کان الانقسام دتن الل علی أأصل القسمة، کانت خطوط الدرجات  علیها قسمة عددیة

 بین اخیطین الذین في المنطقة مترتکة، تللوقوف علیها طریقان.

ما التقدیر خمیناً برأأي العین فقط علیه بالحزر تهو المانع عن قسمة 10-1-2) البرج بس تة أأقسام  ظ| 34|( ا 

مته بثلثة بسهولة قس بخمسة أأقسام ربما لا یسهل بالترمین تالتقدیر  5لأن  ما بین اخیطین یکون خمس درجات تتقس یم البعد

م کل تاحد من نصفیه بثلثة في السدس تلهذا، لم یجر الرسم في الأسطرلاب بالخمس تلو عمله  6أأقسام في الثلث تیقس 

ه علیه فیه اعتراض.  عامل لم یتج 

                                                             
 النهایة: الیها به 1
 المبدأأ: الیه ت 2

 تکون: یکون 3
 لتسم: لیسم 4

البعد: شطب الکاتب  5

 ؛ ه: البعد«البرجد»

م: تقس مه 6  یقس 
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مثل هذا العمل  1تانظر کم زال المري عن العلامة فهو مطالع تلك الدرجة من أأتل الحمل أأت الجدي في البلاد؛ متی عملت

 . بعینه علی أأفق المغرب کان زتال المري عن العلامة بمقدار مغارب ما فرض لك في عرض ذلك البلد

السواء المعطاة تعلم  علی  3علی مبدأأ درج 2( تفي الأسطرلاب الزترقي ضع حرف الأفق الشرقي في الزترق9-2-2)

تانظر کم زال المري عن العلامة فهو  ظ| 33| 4امري الدقل ثم أأدر الزترق معکوساً حتی تضع ذلك الحرف علی منتهاه

المطالع المطلوبة في عرض الزترق. تمتی أأردت المغارب عملت هذا العمل بعینه علی حرف الأفق الغربي في الزترق حتی 

 المغارب.  6تحصل 5

کان طرفا المفرتض في نصف تاحد من نصفي فلك البرتج فاعمل بهما  7( تفي الأسطرلاب الهلالي مهما9-2-3)

مطالع بأأفق المشرق تللمغارب بأأفق المغرب ما تقدم من مثله في مطالع خط الاس تواء تأأقم الأفق فیه بدل خط تسط لل

ن انقسم ذلك ا لی النصفین فوقع طرف في أأحدهما تطرف السماء هناك؛ تا 
دارة  8 في ال خر، فامتثل أأیضاً مثله بالمخالفة في الا 

ن مطلوبك من المطالع ا ن کنت عملت بأأفق المشرق، تالمغارب ا ن کنت لل تاحد من القسمین تاجمع ما یخرج لك فیکو

فاس تعمل کل برج في المطالع تالمغارب بأأفقه الذي یجانسه في  9( فأأما في الأسطرلاب المرکب4-2-9عملت بأأفق المغرب. )

 .كطلوبم التسطیح تتوق  الذي یخالفه فیه تاجمع ما تحصل للبرتج المختلفة فامتثل ما تقدم فس تصل به ا لی

 في تقویس مطالع البلد تمغاربه ( الفصل الثالث:9-3)

السواء التي لها تلك المطالع أأت المغارب أأت منتهاها معلوماً، فضعه  10( لابد  من أأن یکون في المنطقة مبدأأ درج9-3-1)

للمطالع علی أأفق المشرق تللمغارب علی أأفق المغرب تعلم  علی المري علامة، فا ن کان الموضوع مبدأأها فأأدر العنکبوت 

ن کان الموضوع منتهاها فمعکوساً حتی یزتل المري عن العلامة بقدر المطالع أأت ا لی لمغارب المعطاة، ثممس تویًا تا   انظر ا 

أأت  ت| 34|السواء ا ن کنت تضعت المبدأأ  11الأفق الذي تضعت علیه ما الذي تافاه من المنطقة، فهو منتهيی تلك درج

 ا ن کنت تضعت المنتهيی؛ تمهما عرفت المبدأأ أأت المنتهيی عرفت کمیة ما بینهما من درج السواء. 12هو مبدأأها

                                                             
 عملت: علمت 1
 الزترق: الزترفي 2
 درج: الدرج 3

 منتهاها: منهبها 4
 + حتي 5
 تحصل: یحصل 6

 مهما: بهما 7
 طرف: طرتف 8
 المرکب: المرکبة 9

 درج: الدرج 10
 درج: الدرج 11
 مبداؤهامبدأأها:  12
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( تمعرفة مطالع خط الاس تواء في الأسطرلاب الزترقي هو أأن تضع حرف العمود، تهو الدقل، علی الدرجة 9-1-9)

اً حتی تضع حرف علی موقع مریه من الحجرة علامة، ثم تدیر الزترق معکوس 1التي هي مبدأأ الدرج السواء المعطاة تتعلم  

 السواء فما تحرك مري الدقل من عند العلامة فهيي المطالع المطلوبة.  2العمود علی الدرجة التي هي منتهيی تلك درج

ماس المري أأقسام الحجرة تربما زایلها بانقطاعها، فناب عنه أأي خط  3( تفي الأسطرلاب الهلالي ربما9-1-10)

تأأمثاله بعد أأن یکون  4ثل الحرف الداخل من العمود المس تقیم المنصف للفلكمس تقیم مر  علی مرکز العنکبوت تبلغها م 

( فا ن أأردت مطالع برج أأت بعضه تأأضعافه مع برج فانظر فا ن کان أأتل المفرتض تأ خره معاً في 11-1-9معی ناً حوفوظاً. )

السواء من المنطقة علی خط تسط السماء تعلم  علی  5نصف تاحد من نصفي فلك البرتج شمالیة تجنوبیة، فضع أأتل درج

ن کان المعطی من النصف الجنوبي فأأدر العنکبوت مس تویًا حتی یوافي  6موقع المري أأت النائب عنه من الحجرة علامة؛ فا 

لع عنه من العلامة فهو مطا 9المري أأت النائب ت| 33| 8كالسواء المفرتضة لك خط تسط السماء فما تحر  7أ خر تلك درج

دارة معکوسة حتی  10تلك درج ن کان معاً من النصف الشمالي فافعل بهما ما تقدم تلتکن الا  السواء في خط الاس تواء، تا 

ن کان بعض ما فرض لك من هذا النصف تبعض من ذلك البعضین  11، فاس تررج لل تاحد من ذلكتحصل المطالع. تا 

دارتین فاجمع ما یخرج لل تاحد منهما السواء المفرتضة لك في خط  12، فتکون الجملة مطالع تلك درجمطالعه باختلاف الا 

 الاس تواء.

 درج السواء تمغاربها في البلاد ذتات العرتض ( الفصل الثاني: في معرفة مطالع9-2)

( ضع أأتل البرج أأت البعض منه أأت الأضعاف المفرتضة علی أأفق المشرق في صفیحة ذلك العرض تعلم  علی المري 9-2-1)

، ثم أأدر العنکبوت مس تویًا حتی یوافي أ خر المفرتض لك أأفق المشرق، فما تحرك المري من العلامة فهو مطالع في الحجرة

لا أأن  13تلك درج السواء في ذلك البلد. فا ن أأریدت >من< أأتل الحمل، تلم یجر فیها رسم بأأتل الجدي، تلا ذلك بجائز ا 

ة ل خرها المري ثم أأدر العنکبوت مس تویًا حتی تطلع الدرج المفرتض ی صر ح، فضع أأتل أأهما أأرید علی أأفق المشرق تعلم  علی

                                                             
: یعلم 1  تعلم 
 درج: الدرج 2
 ربما: بما 3
 للفلك: للفلکه 4

 درج: الدرج 5
 النائب: الثابت 6
 الدرج درج: 7
 + فما یحرك 8

 النائب: الثابت 9
 درج: الدرج 10
 ذلك: دالك 11
 درج: الدرج 12

 درج: الدرج 13
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ذا کان الأ 9-1-3)  فق لموضع ذي عرض سم یت مطالع البلد تخالفها المغارب فیه متساتي مطالع النظر. تمطالع البلد ( تا 

ذا فرض لك برج 4-1-9ربما زادت علی مطالع خط الاس تواء تربما نقصت عنها، تیسمی الفضل بینهما فضل المطالع. ) ( فا 

ل المفرتض لك علی خط تسط السماء تعلم  مطالعه في خط الاس تواء، فضع أأت  1أأت أأکثر تأأریدت ت| 32|>أأت< أأقل 

علی موقع المري من الحجرة علامة، ثم أأدر العنکبوت مس تویًا حتی یوافي أ خر ما فرض لك خط تسط السماء فما تحرك 

ن أأریدت المطالع في خط الاس تواء 5-1-9المري من العلامة فهو مطالع ما فرض لك من برج أأت أأقل منه أأت أأکثر. ) ( تا 

ل ا لی درجة مفرتضة من درج البرتج، فضع أأتل الحمل علی خط تسط السماء تعلم  علی المري علامة، ثم من أأتل الحم

ن 6-1-9أأدر العنکبوت حتی توافي تلك الدرجة خط تسط السماء، فما زال المري من العلامة فهو المطالع المطلوبة. ) ( تا 

ما أأن تضعأأریدت من أأتل الجدي، فقد جری الرسم باس تعمال ذلك أأحیانًا ، ف الدرجة المفرتضة علی خط تسط السماء  2ا 

المین، فهيي المطالع المطلوبة؛  3تتنظر العدد الذي تافاه المري من أأعداد الحجرة، تهي مبتدئة من تسط الکرسي أ خذة نحو

لته منها من أأتل الحمل سسعین أأبداً، فیتحول من أأتل الحمل ا لی أأتل الجدي.  ما أأن یزید علی الذي حص   تا 

ذا أأعطیت مطالع قوس من فلك البرتج 9-1-7) نك ا  ( تأأما تعکیس هذه المطالع تأأخذ حصتها من درج السواء: فا 

أأت المنتهيی أأهما کان معلوماً تأأرید ال خر، تضع المعلوم منهما علی خط تسط السماء تتعلم   4في خط الاس تواء معلومة المبدأأ 

ن کان الموضوع منتهيی منها ا ن کان الموضوع مبدأأ  5علی المري علامة تتعد   القوس نحو المین مثل تلك المطالع المعطاة تا 

 7ظ| 32|کان فما تافی خط تسط السماء من المنطقة هو المنتهيی ا ن کان  6القوس فا لی الیسار، فضع المري علی أأي المثلین

ذا عرفت المبدأأ تالمنتهيی في المنطقة کا  درج السواء التي لها ن مابینهما هيالموضوع مبدأأ أأت المبدأأ ا ن کان الموضوع منتهيی؛ فا 

ن کانت المطالع مفرتضة من أأتل الحمل أأت الجدي فضع أأهما کان علی خط تسط السماء تعد  8-1-9تلك المطالع. ) ( تا 

لی المبلغ فما تافی خط تسط السماء من المنطقة هو الدرجة التي  من عند المري نحو الیسار مثل تلك المطالع تانقل المري ا 

ی تقویساً. لها تلك   المطالع المعطاة؛ تتحویل المطالع ا لی درج السواء یسم 

                                                             
 أأریدت: ارید 1
 تضع: یضع 2

شطب الکاتب کلمة  3

 «.المیل»

 مبدأأ: مبداء 4
: یعد   5  تعد 

 المثلین: المیلعین 6
 + ان کان 7
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متباینین أأعني برجاً شمالي التسطیح في أأفق  1المقنطرات تالأفق سواء کان المشترك أأت کان المعترض، تلاسس تعمل ش یئین

 التسطیح.أأت مقنطرات جنوبیة 

( تأأما في الأسطرلاب الزترقي فضع حرف أأفق المشرق في العنکبوت تهو الأیس من الزترق علی درجة 8-4-7)

الشمس في الصفیحة تعلم  علی حرف الأفق علامة الدرجة، تکذلك فضع حرف أأفق المغرب تهو الأیمن من الزترق علی 

في جانب المغرب  3علی الحرف علامة النظر تضع هذه العلامة علی المقنطرات الثامنة عشرة 2نظر درجة الشمس تعلم  

الزترق مس تویاً حتی توافي علامة الدرجة  ظ| 31|تأأدر  5أأعني العمود المس تقیم، في الحجرة علامة 4تعلم  علی مري الدقل،

تطلوع الشمس تهو الباقي من اللیل.  6أأفق الصفیحة، فما تحرك المري من العلامة فهو الدائر في مدة ما بین طلوع الفجر

 من المقنطرات الشرقیة ثم أأدر الزترق معکوساً  8الثامنة عشرة 7( تلمغیب الشفق، ضع علامة الدرجة علی المقنطرة8-4-8)

 حتی توافي علامة الدرجة أأفق المشرق في الصفیحة، فما تحرك المري من عند العلامة فهو الدائر بین المغیبین.

 الباب التاسع

في خط الاس تواء تعکس ذلك من تحویل  تالقسي المفرتضة في المنطقة 9( الفصل الأتل: في معرفة مطالع البرتج9-1) 

 10هذه المطالع ا لی درج السواء

ن  القسي المفرتضة في فلك البرتج، سواء کانت أأبراجاً تامة أأت کانت بعض برج أأت أأضعافه، یسمی أأقسامها ( 9-1-1) ا 

تفي معدل النهار أأزمانًا  تمطالع. فمطالع کل قوس مفرتضة من فلك البرتج هي الأزمان التي تطلع معها  11درج السواء؛

ذا کان 2-1-9تمغاربها هي الأزمان التي تغرب معها. ) الأفق الذي منه الطلوع تفیه الغرتب أأفق موضع عدیم العرض، ( فا 

سم یت المطالع فیه مطالع الفلك المس تقیم تالأصوب فیهما رفض هذه اللفظ بعلل لیس هذا موضع الا بانة عنها تالأحسن 

بدالها بخط الاس تواء تقد فعلناه، تمغارب کل قوس هناك مساتیة لمطالعها فیه.  ا 

  

                                                             
 ش یئین: س تین 1

 تعلم؛ ه: تعلم   —2 
 عشرة: عشر 3

 مری الدقل: مرئي ہ الدقل 4
 + علامة 5
 الفجر: ت 6

 المقنطرة: المقنطرات 7
 عشرة: عشر 8
 البرجالبرتج:  9

 السواء: السماء 10
السواء: السماء؛ ه، نخ:  11

 السواء
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( تللذي تجري علیه الأحکام 3-4-8فلیس یجري علیه حکم بل لا یکاد یفطن له العوام کما یشعرتن بالصبح الکاذب. )

تعند « طلوع الفجر» 1توب عند شرقیتهما>في< بعض الأسطرلابات قوسان مشابهتان خیطوط الساعات المعوجة، مک 

ذا أأردت معرفة ما بین طلوع الفجر تبین طلوع الشمس،  2تبلغهما« مغیب الشفق»الغربیة  درجة الشمس عند تقتیهما. فا 

تاخیطان المذکوران في الأسطرلاب مخطوطان، فضع درجة الشمس علی قوس طلوع الفجر تعلم  موقع المري من الحجرة 

نکبوت مس تویًا حتی توافي درجة الشمس أأفق المشرق، فما تحرك المري من عند العلامة فل خمسة عشر علامة تأأدر الع 

منه ساعة مس تویة تما لا یتم خمسة عشر فل جزء منه أأربع دقائق من ساعة تهي من طلوع الشمس. تحین تضع  3جزءاً 

جر تأأي أأفق المشرق فهو الطالع مع الف درجة الشمس علی خط طلوع الفجر فانظر أأي کوکب من الثوابت یوافق مریه

( تهکذا ا ن أأردت ما بین غرتب الشمس تبین مغیب الشفق، 4-4-8کوکب تافق مریه المغرب فهو الساقط حینئذ. )

درجة الشمس  4فضع درجة الشمس علی أأفق المغرب تعلم  موقع المري من الحجرة، ثم أأدر العنکبوت مس تویًا حتی تبلغ

منه ساعة مس تویة تما لا یتم خمسة عشر فاضربه  5ل المري من العلامة فل خمسة عشر جزءاً خط مغیب الشفق فما زا

لی ما تافی  حینئذ من مریات الکواکب فهو الطالع،  6أأفق المشرق ت| 31|في أأربعة فتجتمع دقائق من ساعة. تکذلك فانظر ا 

 تما تافی أأفق المغرب فهو ال فل.

طوطتین، فضع نظر درجة الشمس علی المقنطرة الثامنة عشر في جانب ( فا ن لم تکن هاتان القوسان مخ8-4-5)

المغرب تعلم  علی موضع المري علامة، ثم أأدر العنکبوت مس تویًا حتی توافي درجة أأفق المشرق فما تحرك المري عن عند 

شفق، ضع درجة غرتب الشمس تمغیب ال  7العلامة فهو الدائر من الأزمان فاجعله ساعات تکسورها. تلمعرفة ما بین

في جانب المشرق  8الشمس علی أأفق المغرب تعلم  علی موقع المري ثم ضع نظر درجة الشمس علی المقنطرة الثامنة عشرة

 تانظر کم زال المري من العلامة فهو الدائر بینهما فاجعله ساعات. 

فظ فیه یق الأخر بعد أأن تح( تفي المرکب من الأسطرلابات لا یخط هذان اخیطان، فاس تعمل فیه هذا الطر 8-4-6)

شریطة تعم  
لی نظر برجها من أأي التسطیحین هو، فاس تعمله فیما جانسه من  9 أأنواعه تهو أأن تنظر ا لی برج الشمس تا 

                                                             
 شرقیتهما: شرقیهما 1
 تبلغهما: یبلغهما 2
 جزءاً: جزؤا 3

 تبلغ: ببلغ 4
 جزءاً: جزتاء 5
 + ت 6

شطب الکاتب کلمة  7

 «. معرفة»
 عشرة: عشر 8

 تعم: نعم 9
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لی ظل أأتل العصر المقیاس مرة ثانیة فیجتمع ظل أ خر أأتقات ( ثم زد ع2-3-8ارتفاع الشمس لأتل أأتقات العصر. )

( تفیما بین أأئمة 3-3-8) ت| 30|العصر، فهو أأتل أأتقاتها علی مذهب العراقیین، تاعرف منه الارتفاع علی مثال ما تقدم. 

فونه بالمثلیعالفریقین في هذا الباب اختلافات کثرة ترتایات معی نة خارجة مما نحن فیه تمدارها علی ما ذکرنا ه  ر 
 2تالمثلین 1

بعد فيء الزتال. تمنهم من لا یذکر معه أأت معهما فيء الزتال تلا یعرف تحقیق الأمر فیه ذکراً أأت  3أأي المقیاس تالمقیاسین

 ترکاً فیوقع غره في اخیطأأ تنفسه في التعب تالشاقة.

ن کان خط الزتال مخطوطاً علی ظهر أأم  الأسطرلاب کان معه أأ 8-3-4) یضاً خطا أأتل العصر تأ خره فیه ( تا 

مخطوطین مقاطعین للمدارات. فمتی عل مت علی تقاطع مدار درجة الشمس مع کل تاحد منهما تفعلت ما تقدم في خط 

 الزتال، حصل لك ارتفاعاهما تظلاهما بأأي مقیاس أأردت.

 طلوع الفجر تمغیب الشفق ( الفصل الرابع: في معرفة تقتي8-4)

ها ثلث طلائع یطلع أأمامها، تأأتلاها الصبح الکاذب المس تطیل المرتفع مس تدقاً تیعرف بذنب ( للشمس من ضوء8-4-1)

السحان شبیهاً تلا یجري علیه حَل  أأت عقد، تالثانیة الفجر المعترض المنبسط علی الأفق تعلیه تجري أأحکام الصوم 

ذا أَزف طلوع الشمس تهي في عقابیلها ا لی  4یتحتف  بها حتی تطلع فیها تتبق تالصلوة، تالثالثة الحمرة المنتشرة علی الأفق ا 

 فیها. 6عند ارتفاعها تتبقی 5أأن تصفر

هي تطانب تلك الطلائع منعکسة الترتیب تأأتلاها  8بعد غیابها، 7( تللشمس منها أأیضاً ثلث ساقات تتبعها8-4-2)

الحمرة المنتشرة علی الأفق بعد مغیبها نظرة الطلیعة الثالثة تهي الشفق عند أأصحاب الحدیث، تالثانیة البیاض المنبسط 

تطیل الرأأي، تالثالثة البیاض المس   ظ| 30|علی الأفق نظرة الطلیعة الثانیة التي هي الفجر تهو الشفق عند أأصحاب 

ه شفقاً کاذبًا أأت ما شئت.  المس تدق الباقي ا لی العتمة تبعَدها نظرة الطلیعة الأتلی فسم 

  

                                                             
 المثل: المیل 1
 المثلین: المیلین 2

 المقیاسین: المقیاسان 3
 تبقی: یبقی 4

 تصفر: یصفو 5
 تبقی: یبقی 6

 تتبعها: یتبعها 7
 غیابها: عیارها 8
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( فا ن کان 2-1-8تذلك الارتفاع سسعون سواء غر منسوب ا لی شمال أأت جنوب. ) 1نفسها صأأت مري الکوکب نقطة 

خط الظهرة مخطوطاً للزتال في الأسطرلاب، فیکون في الربع المقابل لربع الارتفاع، فاعرف موضع الشمس من برجها 

اع فهو ا من أأجزاء الارتفتانظر منتهيی مدارها اخیارج من درجتها ا لی هذا اخیط تضع حرف العضادة علیه فما قطع مره

 ارتفاع الشمس یومئذ في نصف النهار.

 أأحدهما من ال خر ( الفصل الثاني: في معرفة ظل نصف النهار تارتفاعه8-2)

علی غایة الطول  3لأن  أأظلال الشرص في أأتل النهار تکون« مرجعة 2أأبا»( ظل نصف النهار یسم ی في الزتال 8-2-1)

علی تلك المقادیر  7في الازدیاد تتفيء 6غایة القصر نصف النهار، ثم تأأخذ 5دیرها ا لی أأن تبلغتتقل ص تتتناقص مقا 4تلایزال

. ) 9ا لی أأن تبلغ ظ| 29| 8الأتلی ( فا ن أأردت معرفة أأقصر أأظلال النهار في یومك 2-2-8غایة الطول أأیضاً بالعشي 

خر من الارتفاع، فما تقع علیه مرها ال  فاس تررج ارتفاع الشمس نصف النهار تضع مري العضادة علی مثله من أأجزاء 

ن کان الارتفاع شمالیاً کان رأأس  أأقسام الظل فهو ظل نصف النهار؛ فا ن کان الارتفاع جنوبیاً فرأأس الظل نحو الشمال تا 

ن کان سسعین سواء اس تقلت الظل نحو الجنوب، تا 
 أأظلالها فبطل أأصلًا لنصف النهار.  11أأقدام 10

ن کان الظل لنصف8-2-3) النهار معلوماً تضعت علیه مري العضادة، فیوقفك مرها ال خر علی ارتفاع  ( تا 

ن شئت تضع حرف العضادة علی تقاطع مدار الشمس مع خط الزتال، فتضع مرها من أأقسام الظل علی  نصف النهار. تا 

لا أأن یکون الصانع قد  ظي ا حتال له ا ذا حفيء الزتال. تتعس معرفة جهة رأأس الظل تجهة الارتفاع من هذا الباب، ا 

 بمعرفة تامة تتصرف کامل في العلم مع لطف کف  تحذق تمهارة في الصناعة.

 14تالمثلین 13العصرین بظل المثل 12في معرفة ارتفاعي ( الفصل الثالث:8-3)

ذا عرفت فيء الزتال بمقدار معلوم من أأصابع أأت أأقدام، فزد علیه مثل المقیاس الذي لها، فیجتمع ظل الشرص 8-3-1) ( ا 

ذا تضعت مري العضادة علی مثله من أأقسام الظل، تقع مرها ال خر علی  لأتل أأتقات العصر علی مذهب الحجازیین. تا 
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الجنوبي. تکان ما تجدت من ارتفاعه  3فهو 2الشمالي تخارجه 1من المقنطرات تاحفظه، فا ن کان داخل مدار الحمل فهو

ن کان  4یبقیمأأخوذاً من جانب الجنوب فانقص ذلك الارتفاع من سسعین تزد ما  علی المحفوظ فیجتمع عرض البلد. تا 

ن کان ارتفاعه الموجود مأأخوذاً من نا حیة الشمال بمرتره 5الارتفاع سسعین جزءاً  سواء فالمحفوظ نفسه هو عرض البلد. تا 
6 

 شمالیاً عن سمت الرأأس فانقص الارتفاع من سسعین تما بقي فأألقه من المحفوظ فیبقی عرض البلد.

 في معرفة عرض البلد بالشمس ثالث:( الفصل ال 7-3)

ذا أأردت ذلك فارصد غایة ارتفاعها في ذلك الیوم تجانبه أأهو 7-3-1) ( هذا علی قیاس الکوکب الطالع الغارب في البلد، فا 

تجهته لیومئذ، فا ن کان الارتفاع تالمیل موصوفین معاً بجهة تاحدة تکانت  7من الجنوب أأم من الشمال، فاس تررج میلها

ن کانت تلك الجهة الشمال  8هة هي الجنوب فاجمع المیل تالارتفاع تأألق مجموعهما منتلك الج  سسعین، فیبقی عرض البلد؛ تا 

ن ات صف الارتفاع تالمیل بجهتین مختلفتین فخذ فضل ما بین المیل  فانقص سسعین من المجموع، فیبقی عرض البلد؛ تا 

ن کا الشمس هو  9ن الارتفاع سسعین سواء اس تغني عنه فکان میلتالارتفاع تانقصه من سسعین فیبقی عرض البلد؛ تا 

 عرض البلد.

 الباب الثامن ت| 29|

 الکوکب في فلك نصف النهار في معرفة ارتفاع الشمس أأت ( الفصل الأتل:8-1)

ت علی قطب الل،  10( ارتفاعات الشمس تالکواکب تکون8-1-1) ن مر  ة علی سمت الرأأس، فا  من دائرة عظمی مار 

للشمس فاس تعمل درجتها لیومئذ،  11فهيي فلك نصف النهار تالارتفاع الموجود فیه هو ارتفاع نصف النهار؛ فا ن أأردته

طرات فهو نفا ن أأردته لکوکب ثابت فاس تعمل مریه بأأن تضع الدرجة أأت المري علی خط تسط السماء، فما تافقه من المق 

ب، نحو الحجرة في الشمالي أأت نحو القطب في الجنوبي فالارتفاع من جانب الجنو  صارتفاع نصف نهاره؛ ا ن کان من نقطة 

ن کان من نقطة  ن طابقت الدرجة  صتا  نحو القطب في الشمالي أأت نحو الحجرة في الجنوبي فالارتفاع من نا حیة الشمال، تا 
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ارتفاعاته عن الزائد  1ك تارصد أأعظم ارتفاعیه حتی تقفالظهور، فعین  منها تاحداً من المشهورة التي لا تکاد تلتبس علی

لا  مع حصول 2تتبني أأصغر ارتفاعیه، فارصده حین یقف عن التناقص  3علی الأخذ في الناقص، تاحفظه، تلیس ینتفع به ا 

لا لیلًا، تاللیل دراك الکواکب بالعین لا یکون ا  اء من الشمس مّنع في حاشیته بقایا ضی 4تیکاد یأأخذ في التزاید. تمعلوم أأن  ا 

عن ا دراك الکوکب الواحد علی فلك نصف النهار مرتین في لیلة أأت لیال متقاربة ا لا في )؟( في الشمال تیحتاج في غرها ا لی 

( فا ذا حصل لك ارتفاعا الکوکب، کان أأصغرهما شمالیاً لا حواله تأأما 5-1-7عن شهر. ) ت| 28|مدة بین الرصدین لا یقصر 

ثة أأقسام: أأحدها أأن یکون شمالیاً، تالثاني أأن یکون جنوبیاً، تالثالث أأن لا یکون شمالیاً تلا جنوبیاً بل أأعظمهما فیحتمل ثل 

سسعین جزءاً سواء؛ فأأما في القسم الأتل ا ذا کان الارتفاعان معاً شمالیین بمرتر الکوکب شمالیاً عن سمت الرأأس فاجمعهما 

ن شئت فزد ل نصف فضل ما بینهما علی الأصغر أأت انقصه من الأعظم فیحص تخذ نصف الجملة فیکون عرض البلد، تا 

بکلیهما عرض البلد. تأأما في القسم الثاني الذي یختلف فیه جهتها الارتفاعین بمرتر الکوکب جنوبیاً عن سمت الرأأس فانقص 

ن شئت  5أأعظمهما من مائة تثمانین تزد أأصغرهما مالیهما من فانقص شعلی ما یبقی تخذ نصف المبلغ فیکون عرض البلد، تا 

ف ما بقي تأألقه من سسعین فبقي عرض البلد. تأأما في القسم الثالث الذي فیه أأعظمهما ربع دائرة بمرتر الکوکب  الجنوبي تنص 

علی قمة الرأأس، فاعمل مثل ما عملت في الأتل بعینه، فا ن اتفق في هذا الثالث أأن یعدم أأصغرهما مع عدم طلوع لذلك 

 7لا غر، لکن مماسة الکوکب الأفق فلا 6اره مماساً للأفق، فالعرض حینئذ خمسة تأأربعون جزءاً الکوکب تغرتب، کان مد

نما یعقل تهماً.  یدرك حساً تا 

 الغاربة فیه الطالعة 8( الفصل الثاني: في معرفة عرض البلد بالکواکب7-2)

 9رفة عرضه.الأسطرلاب، فلن ینتفع به في مع( تما لم یکن الکوکب الذي له طلوع تغرتب في البلد مثبتاً في 7-2-1)

تذلك لاحتیاجه في أأکثر العمل ا لی الحساب تخرتجه بذلك من جنس أأعمال الأسطرلاب. فا ن کان الکوکب المعین  مثبتاً 

ارتفاعاته الشرقیة ا لی >أأن< یقف عن التزاید تیتوسط جرمه موضعي الطلوع تالغرتب تذلك یکون  ظ| 28|فیه، فارصد 

لته، فضع مري الکوکب علی خط تسط السماء تانظر ما بینه تبین مدار الحمل 2-2-7صف نهاره. )ارتفاع ن ذا حص  ( تا 
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ذ لیس للجنوبي 3-3-6الرأأس نحو أأفق الشمال تیکون ذلك أأصغر ارتفاعاتها. ) ن أأردت معرفته بالأسطرلاب الشمالي، ا  ( تا 

لیه مدخل، فضع مري الکوکب علی خط تسط السماء فیما بین القطب تالکرسي تانظر ما تافقه قنطرات فهو أأعظم من الم  ا 

لی عدد المقنطرة التي تقع علیها،  ارتفاعیه، تأأدره حتی یوافي خط تسط السماء تحت القطب فیما بینه تبین الأفق تانظر ا 

 فهو أأصغر ارتفاعیه.

ذا اعتبرت مثل هذا في الأسطرلاب الجنوبي کان ما دار فیه من الکواکب الثابتة حول القطب تحت 6-3-4) ( فا 

بدیة  2أأعظم انحطاطیها، 1بد اخیفاء، تلا فائدة في تعریفالأفق أأ  تسائر ذلك طالعات تغاربات فیه تلن توجد فیه الأ

م الصفیحة حتی یتم  فیها الأفق تتقع تراءه الدائرة المماسة له أأعني التي هي أأتلی الأبدیات الظهور تما في  لا  أأن تعظ  الظهور ا 

نه یتعذر صناعة تیسمج منظراً.من سائر المدارات في عرض تلك الص  3ضمنها  4فیحة؛ تما أأظن أأحداً یتکلف ذلك لأ

 الباب السابع

 في معرفة عرض البلد بالکواکب الأبدیة الظهور فیه ( الفصل الأتل:7-1)

( عرض البلد علی الأرض هو أأقصر بعد کري بین البلد تبین خط الاس تواء تمن یعتذر علی ذرعه تمساحته مع 7-1-1)

تبین معدل النهار من  5ما بین السمت ظ| 27|طول المسافة تاعتراض الجبال تالأنهار تالبحار فیها فیشابهه علی السماء 

تالعرض  ل تبهما یغنی في معرفة عرض البلد تلأن  ارتفاع القطبفلك نصف النهار تیساتیه في الحس ارتفاع قطب الشما

نهما معدتمان في خط الاس تواء لأن  العرض ی البلد عن  6في قرن، فا  ذا تنح  منه لا له تالقطب لازم أأفقه غر مرتفع علیه. فا 

یه. ) لکوکب ظاهرة في ذلك البلد ( تمتی ارتفع، دار ما حوله من ا2-1-7خط الاس تواء، ارتفاع القطب علیه بمقدار تنَحَ 

نها 7لا تطلع خفی نهاراً بضوء الشمس؛ تهذه الکواکب یقل  عددها بقلة  مدار العرض  8فیه من شرق تلا تأأفل في غرب. فا 

( تیظهر بعض البنات 3-1-7تیکثر بکثرته. تهي کالفرقدین تالنعش من بنات النعش فا نها تدتر ظاهرة في بلاد المغرب. )

قلیم الثا ذا ظهر مدار الکوکب کله تافی فلك نصف النهار فوق القطب في أأعظم في الا  لث تکلها في اخیامس مرتفعة. تا 

بدیة 4-1-7ثم تافاه ثانیة تحت القطب في أأصغر ارتفاعیه. ) 9ارتفاعیه ذا أأردت معرفة عرض البلد من أأحد هذه الأ ( فا 
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 1تاخیفاء في البلاد ( الفصل الثاني: في معرفة الکواکب الأبدیة الظهور6-2)

نه في دترانه یماس الأ ( کل کوکب یساتي بعده عن معدل النهار فضل م6-2-1) فق ا بین عرض البلد تبین التسعین، فا 

من غر أأن یکون طالعاً أأت غاربًا. فا ن قصر بعده عن معدل النهار عن هذا الفضل کان له طلوع من جانب المشرق 

ن کا ن فضل بعده علی الفضل نظرتَ فا ن کان بعده شمالیاً فهو أأبدي الظهور هناك تا   نتغرتب في جانب المغرب. تا 

جنوبیاً فهو أأبدي اخیفاء، مهما کانت الزیادة علی الفضل في الکوکب الأبدي الظهور أأکثر کان في دترانه أأعلا تأأبعد عن 

قرابه من القطب. ) بطاء في المنظر لا  ن کان له في  ظ| 26|( فأأما معرفة ذلك 2-2-6الأرض تفي حرکته ا  بالأسطرلاب، ا 

نك تضع مریه علی خط تتد الأرض، فا ن تقع علی نفس الأفق فهو المماس له في  العنکبوت مري أأت عمل له من کاغد فا 

ن تقع تحته  الدتران. أأما في الأسطرلاب الشمالي، فهو أأتل الأبدیات الظهور تأأما في الجنوبي فهو أأتل الأبدیات اخیفاء. تا 

ن تق یّ  النهار فهو في ع فوقه في حفي حیّ  اللیل فهو في الأسطرلاب الشمالي طالع غارب تفي الجنوبي أأبدي اخیفاء، تا 

 الشمالي أأبدي الظهور تفي الجنوبي ذت طلوع تغرتب.

 2تأأعظمهما ( الفصل الثالث: في معرفة أأصغر ارتفاعي الأبدیة الظهور6-3)

ما طالعة علیه تغاربة عنه ترسم 6-3-1) ( قد ظهر مما تقدم أأن  أأصناف الکواکب ثلثة في کل مسکن ذي عرض، تهي ا 

ما أأبدیة الظهور تدتر حول قطب الشمال ظاهرة لا فیما بین  الطلوع تالغرتب قوس نهار فوق الأرض تقوس لیل تحتها، تا 

ما أأبدیة اخیفاء تدتر حول قطب تطلع تلا تغرب تمدارها لها نهار کله، تا 
الجنوب تحت الأرض غائبة لا تطلع تلا تغیب  3

الأتل فالکواکب کلها تطلع هناك تتغرب باس تواء زماني  4نفکان مدارها لها لیل کله. تلیس في خط الاس تواء غر الص 

معان في نا حیة الشمال تیصر الثاني  ا في غر خط الاس تواء تتخالط فیصر الصنف الأتل في الثاني بالا  نه  نهارها تلیلها. ثم ا 

معان نحو الجنوب تمن الأت  5في الأتل بالرجوع عن الشمال تکذلك یصر من الثالث ل في الثالث بالرجوع عن في الأتل بالا 

( تمن خواص الأبدیات الظهور أأن توافي فلك نصف النهار فوق الأرض مرتین کل یوم بلیلته ا حدهما 2-3-6الجنوب. )

من سمت  6تیعرف ذلك باعتلائها علی جدي القبلة تهو أأبعد البنات عن النعش الأصغر تأأقربهما ت| 27|فوق القطب، 

تالأخری تحت القطب تیعرف ذلك بسفولها تحت الجدي تتباعدها عن سمت  7تها،الرأأس تیکون ذلك أأعظم ارتفاعا
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لا  أأن یکون فیه فضلة صالحة خارج مدار السطان مخطوط 4-5 ( تهذا في الأسطرلاب الشمالي أأبیَنَ منه في الجنوبي ا 

( تأأما الکواکب الثابتة فأأقر  6-4-5الجنوبیة. ) 1فیها بقایا المقنطرات
قطة مریاتها علی خط تسط السماء فما مر  منها علی ن 2

فهو الذي یمر  في ذلك العرض الذي له الصفیحة علی سمت الرأأس تأأما الذي یمر  ترائها نحو الحجرة في الشمالي أأت  ص

دتنها نحو القطب في الجنوبي فهو الذي یمر  
في ذلك العرض عن جنوب سمت الرأأس تالذي یمر  دتنها نحو القطب في  3

 و الذي یمر  فیه عن شمال سمت الرأأس.نحو الحجرة في الجنوبي فه 4الشمالي أأت ترائها

 الباب السادس

 لا یدتر 6من الکواکب یدتر في مدار الدرجات تأأها 5في معرفة أأها ( الفصل الأتل:6-1)

( کل کوکب یبعد عن معدل النهار بأأقل من المیل الأعظم فلا ب د  من >أأن< یدتر في مدار درجتین شمالیتین ا ن 6-1-1) 

ذا ف رِض لك کوکب تأأردت 7کان ب عد الکوکب ، فضع مریه هل هو کذلك 9أأن تعلم 8شمالیاً أأت جنوبیتین ا ن کان جنوبیاً. فا 

لیه بکاغد کما ذکرنا  علی خط تسط السماء، فا ن تقع فیما بین مداري السطان  10ت| 26|المثبت في العنکبوت أأت  المضاف ا 

ن تقع خارجهما أأت داخلهما فلیس مما یدتر في مدار ش یئ من الدرجات. ) نه کذلك، تا  ( تأأما معرفة 2-1-6تالجدي فا 

ر العن  ر  علی کبوت مقبلًا تمدبراً تما مالدرجتین، فیجب أأن تعلم  علی موقع مریه من خط تسط السماء علامة، ثم تدت 

ن کان شمالي البعد فتمر علی علامته درجة من الربع الربیعي  العلامة من الدرجات فهيي التي یدتر الکوکب في مدارها، ا 

ن تافق  ن کان جنوبي البعد فتکون ا حدی الدرجتین في الربع اخیریفي تالأخری في الش توي، تا  تأأخری من الصیفي تا 

ن کان بعده شمالیاً فمع أأتل برج المري مدار الس  نه یدتر في مدار درجة تاحدة هي أأتل هذین، ا  طان أأت مدار الجدي فا 

ن کان جنوبیاً فمع أأتل برج  الجدي. 11السطان تا 
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 عنه أأت یجتنب أأي الکواکب یمر  علی سمت الرأأس تأأها یش تمل( الفصل الرابع: في معرفة 5-4)

ذا بلغت کل تاحدة من نقطتي5-4-1)  خط الاس تواء تمن سکناه علیه ثم  2ت| 25|الاعتدال سامت  1( الشمس ا 

مّیل عن تلك المسامتة بعَد رأأس الحمل ا لی الشمال تبعَد رأأس المیّان ا لی الجنوب. تأأما في البلاد ذتات العرتض تهي 

یة بعرتضها عن خط  نها في تقتي الاعتدالین تکون جنوبیة عن سمت الرأأس. تالبلاد المتنح  بالوجود في نا حیة الشمال فا 

لی نوعین یقال لأحدهما ذتات ظلین تلل خر ذتات ظل تاحد. فأأما النوع الأتل فهيي التي تقصر عرتضها عن الاس تواء ع

متساتیین تلاتزال  3مقدار المیل الأعظم فسامتها الشمس مرتین في الس نة عند درجتین غر نقطتي الاعتدال ذات میلین

قصر الظل تي العرض المیل الأعظم. فتتحد المسامتتان ت المدة بین المسامتتین تتقاصر بحسب ازدیاد العرض ا لی أأن یسا

 طباق اخیف مس تقلًا تذلك مبدأأ البلاد ذتات الظل الواحد.

( فا ن أأردت معرفة الدرجتین اللتین فیهما تنشق المسامتتان فأأدر العنکبوت علی الصفیحة التي للعرض 5-4-2)

طرات تهي غایتها من المقن صالمقصود فیه معرفة ذلك تانظر ما یمر من درج الربع الربیعي تالربع الصیفي علی نقطة 

ذا عرفت الدرجتین المهذه النقطة في صفائح هذه البلاد ذتات الظلین فیما 4تتکون ارتین  بین مداري الحمل تالسطان. فا 

ن  ربیعیتهما هي التي فیها أأتلی المسامتتین صعلی نقطة   6تصیفیتهما للمسامتة الأخری، تالمدة بینهما هي التي فیها سسر 5فا 

ني منها تهي التي تفضل ( تأأما النوع الثا3-4-5الشمس، ما بین الدرجتین، فخذ لها بالتقریب لل درجة منه یوماً. )

في ظل النهار نحو  ظ| 25|عرتضها علی المیل الأعظم فلا سسامت الشمس شیئاً منها تلا یوجد فیها طرف ظل المقیاس 

 7( تأأما العرض4-4-5الجنوب کما یکون في ذات الظلین ا لی الشمال مرة تفیما بین المسامتتین نحو الجنوب أأخری. )

نه یش به ذتات الظلینالمساتي للمیل الأعظم فهو مب لا  أأنه یتصور منه أأنه کالمتوسط بین النوعین لأ بحصول  8دأأ النوع الثاني ا 

ة تاحدة في رأأس السطان تیش به ذتات الظل الواحد ا ذ لا یوجد للمقیاس فیه ظل نحو الجنوب في نصف  المسامتة فیه مر 

-5 ذتات الظل الواحد داخل هذا المدار. )العرض تکون علی حویط مدار السطان نفسه تفي 9لهذا صالنهار تنقطة 
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 عن معدل النهار 1في معرفة بعد الکواکب ( الفصل الثالث:5-3)

ا لی ما سوها من الس یارة في هذا الباب.  3درجتها تلیس یلتفت 2( أأما ب عد الشمس عن معدل النهار فهو میل5-3-1)

تأأما الکواکب الثابتة فما کان مریه معمولًا في الأسطرلاب، فا ن  معرفة بعده عن معدل النهار هو أأن تضع مریه علی خط 

ی میلًا له تمیل مجزي. تانظر لجهته ا لی تسط ا لسماء فما کان بینه تبین مدار الحمل من المقنطرات، فهو بعد المطلوب تیسم 

ن تقع  رأأس مریه فا ن تقع داخل مدار الحمل في الأسطرلاب الشمالي أأت خارجه في الجنوبي فا ن  ذلك البعد في الشمال، تا 

( تما لم یکن له مري في الأسطرلاب فلا 2-3-5لجنوبي فهو في الجنوب. )خارج مدار الحمل في الشمالي أأت داخله في ا

لا  أأن تکون في الأسطرلاب صفیحة لعرض س تة تس تین جزءاً تربع جزء تسدسه  4سبیل ا لی معرفة هذا المطلوب فیه ا 

ت فا ن کانت فیه علی  6معاً تاختر علی کلیهما دتائر السموت، ظ| 24|فیها مقنطرات الارتفاع تالانحطاط  5تقد خط 

ل الدائرة المارة علی درجة 7هذه الکوکب  8الصفة، فضع مري رأأس الجدي أأت السطان علی خط تسط السماء تحص 

ثم عد  علیها بالمقنطرات عرض الکوکب من عند درجته في  9المفرتض الذي خلا العنکبوت عن مریه من دتائر السموت،

ن کان عرضه المنطقة، أأما ا ن کان عرضه شمالیاً ففي ا لأسطرلاب الشمالي ا لی داخل المنطقة تفي الجنوبي ا لی خارجها تا 

جنوبیاً ففي الشمالي ا لی خارج المنطقة تفي الجنوبي ا لی داخلها فحیث انتهیت فهو موضع مري ذلك الکوکب في الصفیحة. 

 الکوکب المعلم  في الصفیحة، ثم علیها حوددة الطرف یطابق طرفها مري 11کاغدة متینة بالش به 10فحوله ا لی المنطقة، الصق

-5أأدر العنکبوت حتی یوافي طرف الکاغدة خط تسط السماء تاعتبر به ما تقدم في الکوکب المثبت في الأسطرلاب. )

ن أأردت أأبعاد الس یارة فاعمل لها بدرجتها تعرتضها في جهتها مثل هذا العمل حتی یظهر لها المري تاعمل به ما 3-3 ( تا 

 12الأسطرلاب الزترقي ضع حرف العمود المس تقیم علی تسط دائرة ذلك الکوکب تعلم  علی ما تافاه ( في4-3-5تقدم. )

علی خط تسط السماء تتعد  منها في المقنطرات ا لی مدار الحمل فیکون  14تضعها 13منه فتنوب هذه العلامة عن مریه، فا ن

 ب عد ذلك الکوکب عن معدل النهار.
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من الثور تب عدها عن أأتل الحمل ا لی التوالي س بع تأأربعون  1في الشمال للدرجة السابعة عشرة ظ| 23|س بعة عشرة جزءاً 

ن  بعدها عن أأتل المیّان ا لی خلاف التوالي س بع  2درجة فهو أأیضاً میل الدرجة الثالثة عشرة من الأسد في الشمالي فا 

من الدلو نحو الجنوب.  5تالثالثة عشرة 4من العقرب 3رجة أأیضاً تهو میل کل تاحدة من الدرجة السابعة عشرةتأأربعون د

فالذي في الربع الربیعي من أأتل الحمل ا لی أ خر الجوزاء متزاید صاعد تفي الصیفي بعَده متناقص هابط تفي اخیریفي متزاید 

 هابط تفي الش توي متناقص صاعد. 

طرلاب الزترقي تعرف ذلك بأأن تضع حرف العمود المس تقیم علی تلك الدرجة تتعلم  علیه علامة ( تفي الأس5-2-3)

حتی تضع تلك العلامة علی خط تسط السماء تتعد  ما بینها تبین مدار الحمل من المقنطرات، فیکون  6ثم تدیر الزترق

 الدرجة.  7میل

( فا ن کان الأسطرلاب مجی ب الظهر تفي ربع الجیوب5-2-4)
منه حول القطب ربع دائرة صغرة فهيي دائرة المیل  8

لیها عن جنبتیها أأعني التوالي  9الأعظم. تمعرفة میل الدرجة منها أأن تأأخذ أأقرب بعد الدرجة من أأقرب نقطتي الاعتدالین ا 

لعضادة تضع طرف ا 10تخلافه، تلن یفضل هذا البعد علی سسعین درجة، فعد  مثله من أأتل أأجزاء الربع الذي فیه الجیوب

المحرفة علی المبلغ تعلم  علی ممر الحرف من دائرة المیل ثم انظر الجیب المار علی تلك العلامة أأین ینتهيي من أأجزاء الربع فما 

ذا کان المیل معلوماً تأأرید ب عد درجته من نقطة الاعتدال، تعد  من أأتل 5-2-5کان فهو میل الدرجة. ) ( تفي عکس ذلك ا 

الجیب اخیارج من منتهاه أأین یقطع دائرة المیل فتعلم  علیه  12مثل المیل المعطی تتنظر 11ربع الجیوبالتي ل ت| 24|الأجزاء 

فیها، ثم تضع حرف العضادة علی العلامة، فما قطعه مرها من أأجزاء الربع، فهو ب عد الدرجة التي لها ذلك المیل عن 

لا بعَد معرفة الفصل من الس نة.  ( فأأما أأي اعتدال هو تالبعد ا لی التوالي هو6-2-5الاعتدال. ) لی خلافه فلن یعلم ا  تا 

ن کان خریفاً فهو  ن کان صیفاً فهو ا لی خلاف التوالي عن أأتل المیّان تا  فا ن کان ربیعاً فالب عد ا لی التوالي من أأتل الحمل تا 

ن کان ش تاء فهو >من< أأتل الحمل ا لی خلاف التوالي. عنه ا لی التوالي تا 
13 

                                                             
 عشرة: عشر 1
 عشرة: عشر 2
 عشرة: عشر 3
 العقرب: العرب 4

 عشرة: عشر 5
 الزترق: الزترقی 6
 میل: مثل 7
 الجیوب: الجنوب 8

 نقطتي: نقطي 9
 الجیوب: الجنوب 10
 الجیوب: الحنوب 11
 تنظر:ینطر 12

 التوالي: المتوالي 13



26 
 

فانظر في خط تسط السماء کم بین مدار الحمل تبین أأحد مداري الجدي أأت السطان من المقنطرات فذلك هو المیل 

لی رأأس الجدي فهو الجنوبي. ) ن کان ا  ن کان ذلك ا لی رأأس السطان فهو الشمالي تا  ن رمته بتولی  2-1-5الأعظم، ا  ( تا 

بیع حین یکون أأفیاء الزتال متصاغرة في شمال المقیاس منفصلة، أأت متقاطعة في جنوب الاعتبار فارصد في أأتاخر الر 

المقیاس منبسطة، ارتفاع الشمس نصف نهار کل یوم متی یتناهی ارتفاعه في کبد السماء تیزمع الزتال ا لی نا حیة المغرب 

ن کان من نا حیة الجنوب تعلی ما تجدته با 1تلایزال. فتجده لی أأن ینتهيي ارتفاع نصف اکل یوم متزایداً ا  لنهار لأمس زایداً ا 

ا لی غایة أأیاماً. ثم یأأخذ بعَدها في النقصان أأت تجده متناقصاً ا ن کان من نا حیة الشمال علی ما تجدته بالأمس نا قصاً ا لی أأن 

ذا تقعت علی الغایة التي تعق  ها التناقص بعد الزیادة ب ینتهيي ارتفاع نصف النهار ا لی غایة أأیاماً ثم یأأخذ بعَدها في الزیادة. فا 

نصف نهار کل یوم في أأتاخر اخیریف  ت| 23|( ثم ارصد ارتفاع الشمس 3-1-5أأت الزائد بعد التناقص حفظتها لما بعد. )

حین کان أأفیاء الزتال متزایدة ا لی أأن یقف أأیضاً علی مقدار لا تناقص بعدها بل یقف علی مقدار تاحد ثم یأأخذ في التزاید 

لی ما حفظت أأتلًا لأتل الصیف. )فاحفظ تلك الغا ن کان حصل التناقص4-1-5یة أأیضاً. ثم ع د ا  بعد التزاید  2( فا 

ن کان الصیفي حصل متزایداً بعد التناقص  3فانقصت منه هذا المحفوظ الش توي تخذ نصف ما یبقی فیکون المیل الأعظم. تا 

ن شئت ع الصیفي من مائة تثمانین ثم أألق الش توي مم ا بقي تخذ نصف  4فانقص ند ذلك ما یبقی فیکون المیل الأعظم. تا 

فانقص کل تاحد من المحفوظین من سسعین تاجمع ما یبقی منهما تخذ نصفه أأت اجمع المحفوظین تانقص المبلغ من مائة تثمانین 

ف ما یبقی، فیکون في جمیعها المیل الأعظم.  تنص 

 ( الفصل الثاني: في معرفة حصة کل درجة من المیل5-2)

( أأما في الصفیحة فضع الدرجة علی خط تسط السماء تانظر ما بینها تبین مدار الحمل من المقنطرات علی هذا 5-2-1)

تلك  5اخیط فیکون میل الدرجة، فا ن کان موقعاً داخل مدار الحمل في الأسطرلاب الشمالي أأت خارجه في الجنوبي فا ن  میل

ن کان في الأسطرلاب الشمالي خارج م ن  ذلك المیل جنوبي.الدرجة شمالي تا  تالمیل الکلي  6دار الحمل تفي الجنوبي داخله فا 

لا  لدرجتین فقط هما أأتل السطان تأأتل الجدي. تأأما المیل الجزئي ن ه مشترك بمقدار  7الأعظم لا یکون ا  الذي للدرجات فا 

( مثالها کان هذا المیل 2-2-5ة. )الاعتدالین أأعني أأتل الحمل تالمیّان بأأبعاد متساتی 8تاحد لأربع درجات عن جنبتي نقطتي
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ن أأردت للقوس جیبها المع7-1-4القوس. ) ت| 22|)الصفحة بیضاء کاملة(  ظ| فخذ فضل ما بینها تبین التسعین  1کوس( تا 

ن کانت القوس أأنقص من سسعین فانقص ل المس توي لهذا الفضل، فا  ن کانت القوس أأزید  2تحص  هذا الجیب من س تین تا 

 تما حصل بعد الزیادة أأت النقصان فهو الجیب المعکوس لتلك القوس. 3علی سسعین فزد هذا الجیب علیه

 لقوس للجیب المس توي تالمعکوس( الفصل الثاني: في معرفة ا4-2)

ذا کان معك جیب مس تو تأأردت قوسه فضع النصف الس تیني علی خط الانتصاب تخذ من أأجزائه المرقومة، 4-2-1) ( ا 

تهي من عند القطب، مثل الجیب الذي معك تانظر اخیط المس تقیم اخیارج من المنتهيی أأین مبلغه من أأجزاء الارتفاع، 

ن لم تکن خطوط الجیوب فیه مخطوطة تنصفا العضادة منقسمان 2-2-4المس توي. )فما کان فهو قوس ذلك الجیب  ( تا 

بأأقسامها فضع النصف الس تیني علی أأحد اخیطین المذکورین تعد  منه مثل الجیب المس توي الذي معك تعلم  عند المنتهيی 

هو قوس ذلك لعلامة من أأقسامه ف عن اخیط علامة ثم أأدر العضادة حتی یطبق نصفها التسعیني علی هذا اخیط، فما تافی ا

( فا ن کان الجیب معکوساً تأأردت قوسه فخذ فضل ما بینه تبین الس تین تاعرف له القوس کما 3-2-4الجیب المس توي. )

ن کان الفضل للجیب علی  تقدم في المس توي فا ن کان الفضل للس تین علی ذلك الجیب فانقص هذه القوس من سسعین تا 

بعد الزیادة أأت النقصان قوس ذلك الجیب المعکوس. تمهما کان الجیب في کلي  4ین، فتحصلالس تین فزد القوس علی سسع

ذا کانت سسعین سواء فجیبها  ظ| 22|قوسه سسعین سواء  6مس تویة تمعکوسة س تین سواء کانت 5النوعین کما أأن  القوس ا 

 في کلي النوعین س تون سواء.

 الباب اخیامس

 الجنوب7( الفصل الأتل: في معرفة المیل الأعظم في جهتي الشمال ت5-1) 

ن معمورة الأرض في نا حیة الشمال صیفاً تتبعد عنهم نحو الجنوب ش تاء 5-1-1) کا  ( الشمس تقرب من سمت رؤتس س 

ی لها میلاً  یه تکل تاحد یسم  ی حد  تمتی أأردته من الصفیحة، أأعظم.  8بمیل لها في هاتین الجهتین متساتي المقدار لا یتعدَّ
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ذا أأخذ الارتفاع بهذه الصفیحة کان ممر هذه العضادة علی  ي تدلیتها. فا  طرفها لشد شاقول منه یمنعها عن الامتناع تیقو 

 ضلعي المربع قائماً مقام ممر عضادة الأسطرلاب المحرفة علیهما.

 الباب الرابع

 ( الفصل الأتل: في معرفة جیب القوس المفرتضة مس تویًا تمعکوساً 4-1) 

( القوس طائفة من حویط الدائرة، تترها هو اخیط المس تقیم الواصل بین طرفیها، تجیبها المس توي هو نصف تتر 4-1-1) 

ذَن یقوي علی جیبها المس توي تالمعکوس.  ( تالجیوب 2-1-4)ضعفها، تجیبها المعکوس هو سهم ضعفها، فوتر القوس ا 

اخیط  2موازاة ت| 21| 1في الأسطرلاب خطوط مس تقمة علی ظهره متوازیة خرج من کل تاحد من أأجزاء الارتفاع علی

ی نصف 3-1-4الأفقي. فیقسم نصف قطر الانتصاب سسعین قسماً مختلفة. ) ( ینقسم بمثلها أأحد نصفي العضادة تیسم 

ی نصف التجییب أأت النصفالتقویس أأت النصف التسعیني ثم یقسم نصفه الس تیني.  ا ال خر بس ت ین قسماً متساتیة تیسم 

ن  منهم من یقتصر في الجیوب علی ربع 4-1-4) ( ترب ما خرج معها من أأجزاء الارتفاع أأمثالها موازیة خیط الانتصاب. ثم ا 

معك  3( فا ن کانت5-1-4ربلًا. )الارتفاع الأیس تمنهم من یفعل ذلك في کلي الربعین الأعلیین حتی یصر النصف کله مغ

ی الجیب کله.  ن کانت القوس سسعین جزءاً سواء فجیبها س تون جزءاً سواء تیسم  قوس معلومة تأأردت جیبها المس توي تا 

ن کانت أأقل  من سسعین تا 
الارتفاع مثل تلك القوس  5جزءاً فضع النصف الس تیني علی خط الانتصاب تخذ من أأجزاء 4

من الأجزاء المرقومة علی حرف العضادة المبتدئة من عند تسط القطب فما کان  6لمنتهيی أأین یبلغتانظر اخیط اخیارج من ا

ن کانت القوس أأکثر من سسعین أألقیتها من مائة تثمانین فهو عدد جیبها المس توي. تا 
ثم أأخذت الجیب لما یبقی کما تقدم  7

ن لم تکن الجیوب6-1-4فیکون الجیب المس توي لتلك القوس التي معك. ) ( تا 
ظهر الأسطرلاب ثم کان  مخطوطة في 8

حرفا نصفي العضادة منقسمین کما ذکرنا ، فضع حرف النصف التسعیني علی أأحد خطي الانتصاب تالأفقي تخذ من 

فحیث انتهیت فعلم  علی اخیط علامة تأأدر  9عند تسط القطب مثل عدد القوس التي أأعطیتها؛ أأقسامها المختلفة المبتدئة من

 21|تلك العلامة فهو عدد الجیب المس توي لتلك  10العضادة حتی یطابق حرفها الس تیني ذلك اخیط فما تافی من أأقسام

                                                             
 + علی 1
 موازاة: موازان 2
 کانکانت:  3

 سسعین: س بعین 4
 أأجزاء: أأجحزاء 5
 یبلغ: تبلغ 6

 ثمانین: ثمنین 7
 الجیوب: الجنوب 8
 أأعطیتها: اعطیته 9

 أأقسام: اقسامه 10
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 في اس تعمال ظل السلم   ت| 20| 1( الفصل الثالث:3-3)

( هذا الظل مربع في الربع المقابل لربع الارتفاع، أأحد زتایاه علی المرکز تالزاتیة التي تقابلها علی منتصف الربع، 3-3-1)

الأقربان في المحیط کل تاحد مقسوم بأأقسام مقیاس الظل معدتدتان من عند القطرین أأعني اخیط الأفقي تخط  2تضلعاه

الانتصاب. فیجتمع منتهيی العددین عند المحیط تیکون أأحد هذین الضلعین نحو الأرض تال خر منتصباً علیه تمکتوب في 

ن کان أأقداماً منکسة، فتسط المربع علی قطره عدد الأصل للتقس یم. ا ن کان الظل أأصا ثنان بع، مائة تأأربعة تأأربعین، تا  ا 

ذا کان مخطوطاً فیه علی ظهر الأم 2-3-3تأأربعون تربع. لا یکون هذا المربع ا لا في الأسطرلاب حو رف العضادة. ) ( فا 

ا لی حرفها  رتأأعطیت ارتفاعاً للشمس تأأرید الظل المس توي لوقتئذ، فضع مري العضادة علی مثل الارتفاع المعطی تانظ

ن تقع علی المنتصب، فاقسم علی عدده ما هو  المار علی أأي الضلعین تقع. فا ن کان تقع علی أأسفلها، فعدده هو الظل؛ تا 

لیه. ) له ا  لا فحو  ( تفي 3-3-3موضوع في تسط المربع أأصلًا للقسمة فیررج الظل، فا ن کان بمقدار الجنس المطلوب فذك تا 

ذا أأعطیت ظلًا تأأرید  لیه. ثم عکس ذلك ا  له ا  لا فحو  ارتفاع الشمس لوقته فا ن کان الظل بالمقدار الذي في الأسطرلاب تا 

ا ن کان غر فاضل علی المقیاس، فضع حرف العضادة علی مثله في الضلع الأسفل فیوافي المري الأعلی الارتفاع المطلوب. 

ن کان الظل المعطی المحول أأکثر من المقیاس، فاقسم علیه عدد الأصل للق  لی مثله سمة، فما خرج فضع حرف العضادة عتا 

 من الضلع المنتصب، فري المري مقدار الارتفاع في أأجزاء.

ن أأعطیت ما ارتفع علی 3-3-4) جدار من ظل أ خر یقابله، فانظر کم فیه سمك الجدار المظل ل بأأقسام  ظ| 20|( تا 

في مقیاس الظل الذي في الأسطرلاب تاقسم المجتمع علی  3الظل الذي أأعطیته تأألق منه الظل المعطی تما بقي فاضربه

ن قصر المحول عن  4بعد الجدار المظل ِل فیررج المحول. فا ن ساتی هذا المحول المقیاس فالارتفاع خمسة تأأربعون جزءاً، تا 

ن فضل المحول 5مقدار المقیاس فضع لی المقیاس ع حرف العضادة علی مثله من الضلع المنتصب فیوافي المري الارتفاع. تا 

فاقسم عدد الأصل علی المحول، فما خرج فضع حرف العضادة علی مثله من الضلع الأسفل تانظر ما تافق المري من 

( ترب ما لم یکن المربع مخطوطاً علی ظهر الأم تلکنه کان علی ظهر صفیحة القمر علی مرکز 5-3-3الارتفاع فهو المطلوب. )

لسة الحرکة حورفة دقیقة بطول قطر هذا المربع سهلة الدتران علی قطبها مثقوب منه عضادة س  6غر القطب تقد تدل ت

                                                             
تضلعاه: تضلعها؛ ه، نخ:  2 + الفصل الثالث1 

 تضلعاه

 فاضربه: ما ضربه 3
 بعد: سمك 4

 فضع: تضعت 5
 دلیتىتدلت:  6
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لًا ا لی جنس الظل الذي في الأسطرلاب، فتعمل به ل عنه فیصر ما یخرج من القسمة حوو  تی یخرج لك ما ذکرنا  ح المحو 

لی الأقدام  ف الأصابع تزد علی النصف سدسه، تا  ن شئت في تحویل الأصابع ا لی الأقدام الصحاح فنص  الارتفاع. تا 

ف المبلغ. تأأما في تحویل الأقدام الصحاح ا لی المنکسة فانقص منها نصف  المنکسة فزد علی الأصابع نصف سدسها تنص 

لی الأصابع فانقص من ثة ضعفها س بع الضعف. تأأما في تحویل الأقدام المنکسة ا لی الصحاح فزد علیها جزءاً من ثل  س بعها تا 

لی الأصابع فانقص  لت الظل ا لی جنس الذي  ظ| 19|عشر منها تا  ذا حو  من ضعفها جزءاً من ثلثة عشر من الضعف. فا 

م تهذا في الظل جه الأرض المس توي المس تنبط علی ت  في الأسطرلاب فقد تهیأأ لك اس ترراج الارتفاع منه علی ما تقد 

ذا أأعطیت ارتفاعاً تأأرید ظله فضع مري العضادة علی مثل ذلك 5-1-3من المقیاس القام  علیه. ) ( تفي عکس ذلك ا 

ج  الارتفاع المعطی تانظر ا لی مرها ال خر أأین تقع من أأجزاء الظل فهو المطلوب. ا ن کان في الأسطرلاب من الجنس الم فرََّ

ن لم یکن لیه کما تقدم. تا  له ا   فحو 

 في معرفة الارتفاع تالظل المعکوس أأحدهما من ال خر ( الفصل الثاني:3-2)

في  1( الظل المعکوس هو ما تقع علی جدار مواجه للشمس من مقیاس موتود فیه قام  علیه تلم یعهد معمولًا 3-2-1)

رتفاعاً ی أأقسام الظل بها أأجزاء. فا ن أأعطیت االأسطرلاب. تالرسم فیه أأن ینقسم مقیاسه س تین قسماً متساتیة تسسم  

للشمس مفرتضاً تأأرید ظله المعکوس، فانقص ذلك الارتفاع من سسعین تضع مري العضادة من أأجزاء الارتفاع علی مثل 

ما یبقی تخذ ظله بالمري ال خر تاضربه في س تین تاقسم المبلغ علی مقیاس الظل الذي في الأسطرلاب فما خرج فهو الظل 

له أأتلًا ا لی الظل الذي في الأسطرلاب الم ذا أأعطیت ظلًا معکوساً تأأرید ارتفاعه فحو  عکوس للارتفاع المعطی. تفي عکسه ا 

م المبلغ علی س تین فما خرج تضع المري من أأجزاء الظل علی مثله تتنظر المري ال خر علی کم  بأأن تضربه في مقیاسه تتقس 

 سسعین فتفي الشمس لذلك الظل. تقع من أأجزاء الارتفاع، فا ن کان نقصته من

  

                                                             
 في معمولا+ 1
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، قل من ذلك الکلي. تمتی کان هذا الکلي حوصلًا لما هناك حوفوظاً فیه المري خط المشرق تالمغرب فهيي منحطة انحطاطاً أأ 

 ثم زید علی ارتفاعها الموجود في الجبل صار من عند أأفقه المنحط عن أأفق سفحه.

 ( الفصل الثاني: في انحطاط الأش یاء المعی نة علی الأرض عن المواضع المرتفعة2-2)

لیه مه2-2-1) ن  المنظور ا  ن ه یتجاتز کسور الجزء الواحد ( أأما هذا الانحطاط فا  ن قل  اعتلاء موضع الناظر فا  ما قرب تا 

شرفِ علی موضع یعین  لك أأت شيء علی تجهها مشار  1ا لی أأضعافه. فمتی کنت في موضع مرتفع عال عن تجه الأرض م 

نبوبة، تالأسطرلاب یعل ق من یسارك، لیه، فانظر نحوه من الثقبتین أأت بالأ ذا رأأیته کان ارتفا 2ا  ع مري العضادة في أأجزاء فا 

 الارتفاع مساتیًا لانحطاط ذلك الشيء. 

 الباب الثالث

 الفصل الأتل: في معرفة الارتفاع تالظل المس توي أأحدهما من ال خر( 3-1) 

عند  3ت| 19|( الظل، تکون في الأسطرلاب علی حویط الربع المقابل لربع الارتفاع أأقساماً غر متساتیة تمن 3-1-1)

ذا انقسم مقیاسهخط الانتصا باثني عشر قسماً متساتیة >أأت کانت أأقداماً، فعلی نوعین،  4ب مبتدئة. رب ما کانت أأصابع ا 

ی  أأحدهما أأن ینقسم بس بعة أأقسام متساتیة< تیسم ی صحاحاً تس باعیة، تال خر علی أأن ه منقسم بس تة تنصف تیسم 

مري العضادة  5ب من أأي جنس هو یکون بأأن تضع( تمعرفة حال ما یکون منه معمولاً في الأسطرلا1-2-3منکسة. )

تقع مرها ال خر من أأجزاء الظل، فیکون عدة أأقسام  7>علی< ماذا 6علی خمسة تأأربعین جزءاً من أأجزاء الارتفاع تتنظر

ن  المقیاس الذي به عمل الظل. فا ن کان ما تقع علیه اثني عشر فالظل المعمول أأصابع، فا ن کان س بعة فهو أأقدام صحاح، تا 

ن کان الظل الذي تعطاه3-2-3کان س تة تنصف فهو أأقدام منکسة. ) من جنس الذي في الأسطرلاب فضع مري  8( ثم ا 

العضادة علی مقدار الظل المعطی تانظر ا لی مرها ال خر علی کم تقع من أأجزاء الارتفاع، فهو ارتفاع الشمس في الوقت 

ن لم  یکن الظل المعطی من جنس الذي في الأسطرلاب، تجب علیك الذي کان الظل فیه علی المقدار الذي أأعطیته. تا 

لیه ثم تعمل به ما ذکرنا . ) له أأتلًا ا  م ما اجتمع علی المقیاس 4-1-3أأن تحو  لیه تتقس  ل ا  ( تتحویله أأن تضربه في المقیاس المحو 

                                                             
 عال: عالي 1
 یسارك: یساك 2

 + تمن 3
 مقیاسه: تقیاسه 4

 تضع: یضع 5
 تنظر: ینطر 6

 ماذا: ماذي 7
 تعطاه: یعطاه 8
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 في معرفة ارتفاع رؤتس الجبال تالحیطان ( >الفصل الثالث:<1-3)

بنیة من المنارات تالأهرام تأأمثال ذلك علی مثال ما تقدم في قیاس 1-3-1) ارتفاع  1ت| 18|( أأخذ ارتفاع الجبال تالأ

نبوبة ا لی قلة الجبل أأت طرف المنارة أأت ذرتة الهرم حتی  2الکواکب بأأن تنظر من ثقبتي العضادة بفرد عین أأت في جوف الأ

 ارتفاعها في مقام الرصد.تراها فیکون ما تقع علیه مري العضادة هو 

 >الباب الثاني

 في معرفة انحطاط الشمس عن الأفق بحسب شموخ الجبال ( الفصل الأتل:<2-1)

( اخیلاف بین ارتفاعي الشمس المأأخوذین معاً في تقت تاحد أأحدهما في قلة  جبل تال خر في سفوحه تاجب 2-1-1)

لا أأن أ صغر مقدار شهوق الجبال عند عظم الأ  رض، تقل ل ذلك الاختلاف بینهما؛ کما أأن أ صغر الأرض بحیث اضطراراً ا 

( تلکن الآلة المقیس 2-1-2عظم فلك الشمس یس توي بین الوجود في مرکز الأرض تبین الوجود علی ظهرها في الحس. )

ذا عظمت حتی تجز ت أأجزاءها تشمخ الجبل أأخرج ذلك الاختلاف ا لی الحس. تحکی أأبوالطیب س ند ب  نبها الارتفاع ا 

انحطاطاً )؟( عن خط المشرق تالمغرب تأأن ه عرض ذلك علی المأأمون فأأراه  3علي أأن  المأأمون أأمره تأأنه فعل ذلك فوجد لها

( تکذلك اقتفینا بأأرض الهند في جبل لم یعل جداً تلم یبلغ ذرعان عموده الألف 3-1-2به طریق معرفة قطر الأرض. )

( 4-1-2نظر، فوجدنا  انحطاطه عن الأفق في سفحه خمسین جزءاً تسدسه. )تقس نا في قل ته طبقی السماء تالأرض في الم 

هَب أأن  الجبل أأعظم ما یمکن من علوه مثل جبل دنباتند بطبرس تان تالح وَیرِث بأ ذربیجان تقاقوس بأأرض الرتم لیکون ل  ف 

ذا قیس في ذرتته بثقبتي الهدفتین  جرم الشمس تقد طلع نصفه أأت غرب نصفه،  ظ| 18|هذا الانحطاط فیه أأظهر، فا 

یه لذلك -1-2کلیاً. ) 4تجد مري العضادة منحطاً عن اخیط الأفقي بمقدار هو انحطاط الأفق هناك غر متغر القدر تنسم 

لا  تجب 5 ن کان الربع المنحط فیه مري العضادة مقسوماً بمثل أأقسام ربع الارتفاع فقد حصل من أأجزائه مقداره، تا  ( فا 

تعل ق الأسطرلاب بیسارك تتجعل ربع الارتفاع نحو تجهك ثم تقیس الشمس، فما ارتفع مري العضادة في ربع الارتفاع أأن 

فهو مقدار انحطاط الأفق هناك عن الحسي في السفح. تمادامت الشمس فیما بین موضع طلوعها تبین الموضع الذي یبلغ 

                                                             
 + في قیاس 1
 ثقبتي: ثقبتین 2

یه ذلك؛ ه، نخ:  4 لها: اها؛ ه، نخ: لها 3 تنسم 

 تنسمیه لذلك
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ن نقص عن ا ذا کان أأنقص من ارتفاع نصف النهار؛ تذلك موکول ا لی ما س یجيء  ،لأتلتا  فالأتل یمکن أأن یکون غربیاً ا 

من اس ترراجه فیما بعد، أأت من دفتر الس نة المثبت فیه غایة ارتفاع الشمس نصفَ نهار کل یوم من أأیامها، تیمکن أأن یکون 

ذا ساتی المعلومَ منه، تیمکن أأن یکون الأت  ذا ساتی الثاني تقصر اتفاقالأتل لنصف النهار ا  ارتفاع نصف  1ل شرقیاً ا 

تاخیطاء من زیادة الارتفاع الغربي علی الأتل  2النهار. تیجب أأن لا یکون هذا الا مهال کثراً، فلیس یؤمن عند ذلك الزلة

ذا خللهما ما هو أأعظم من کل تاحد منهما.  تهو شرقي ا 

 ( >الفصل الثاني:< في أأخذ ارتفاع الکواکب1-2)

لا أأن ینظر  ظ| 17|فیها من أأحوال  3( تأأما ارتفاع الکواکب، فلیس یشغل فیه بالکواکب الس یارة لمشابهة1-2-1) القمر ا 

لا   لا ما هو منها مثبت في الأسطرلاب بمریه تاسمه، تا  لیه تیخاف فوت الوقت. تکذلك فلیس یقصد من الکواکب الثابتة ا  ا 

ن أأردت أأخذ ارتفاع کوکب تلیس للکوکب من 2-2-1نه الأزیاج. )عدل فیه عن العمل به ا لی الحساب الذي تضم  ( تا 

لیه طرف  م، فعلق الأسطرلاب بمینك مخلی  تقابل لربع الارتفاع ذلك الکوکب تارفع ا  الضیاء ما یمکن به اس تعمال ما تقد 

غمضة تارفع العضادة  لیه تخط  العضادة الأعلی تانظر نحوه من ثقبة اللبنة السفلی بفرد عین تالأخری م  ذلك  4ها حتی تریا 

بکلتي الثقبتین. ثم انظر حینئذ ا لی مري العضادة علی کم تقع من أأجزاء الارتفاع کما فعلت في الشمس، فما کان  5الکوکب

( تقد یکون علی ضلعي اللبنتین 3-2-1فهو ارتفاع الکوکب تقتئذ تشرقیة تغربیة معلومة علی مثل ما تقدم في الشمس. )

یة ثلمة 6الأعلیتین ر علیك النظر في کلتي الثقبتین، فخذ أأنبوبة فض  ، فوق الثقبة، یسهل منها ا دراك الکواکب. تمتی تعذ 

جوفاء دقیقة تکون سعة تجویفها س تة عدسة تینبغي أأن تکون علی غایة الاس تواء تالاس تقامة تنقي داخلها من القشور. 

نبوبة بفرد عین، کما ک ا لی جنب العضادة بطولها من أأي جانبیها کا 7ثم أألزقها بش به نت ن. ثم أأدر العضادة تانظر في جوف الأ

ذا أأدرکت الکوکب من داخلها فقد تقع مري العضادة علی ارتفاعه.  تنظر في الثقبتین أأت الثلمتین، فا 

  

                                                             
 اتفاق: امتاع 1

 الزلة: الزلیة 2 

 لمشابهة: لمشابه 3
 تری: یري 4

 الکوکب: الکواکب 5 

 الأعلیتین: الاعلتین 6 

 شهةىبش به:  7
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ط بین الهدفتین أأحوج في أأخذ الارتفاع ا لی قلب القطب حتی 1-1-6) ذا توس  ن  القطب بفرسه ا  د   ظ| 16|( فا  ش 

ذا کانت اللبنتان علی الصورة فلا ب د  من عمود فیما بینهما في  بفرسه علی ظهر ا م الأسطرلاب تیخلو الوجه عن الموانع. تا 

( 7-1-1ا في الزترقي یري الارتفاع أأت خط من قطر یتوسطهما یقوم ما علی الطوق منه مقام المري. )الوسط مثل م

م بها الربع الذي من الکرسي ا لی نحو الیسار. تیکون ابتداء الأرقام من عند  تالرسم في أأجزاء الارتفاع التسعین أأن یقس 

 1رفةمنتصف الکرسي. فتس تعملها العضادة التامة تالمحاخیط الأفقي المعرتف بخط المشرق تعلی الظهر تمنتهاها عند 

ن کان مریا الارتفاع فیها عند الهدفتین. تأأما ا ن کان مري الارتفاع في هذه الصفیحة في منتصف ما  تالصفیحة القمریة ا 

ن  أأجزاء الارتفاع تکون ند لأرقام من ع في الربع الذي من الکرسي ا لی جانب المین تابتداء ا 2بین الهدفتین من حویطها فا 

 ها عند خط المغرب.الکرسي تانتهاء

مخلی  تقابل بالربع  3( فا ن أأردت معرفة ارتفاع الشمس في تقت ما من النهار فعل ق الأسطرلاب بمینك1-1-8)

الأیس من الکرسي عین الشمس لیواجهك ظهر الأسطرلاب مرمی ما یکون في العضادة. ثم انظر ا لی الشعاع الداخل من 

کت العضادة تأأدرت طرفها ثقبة ال  ن تقع فوقها أأت تحتها حر  ن طابق ثقبة السفلی فهو المطلوب. تا  هدفة العلیا أأین تقع، فا 

لیه تینطبق علیه، تیقع الضوء من ثقبة العلیا علی ثقبة السفلی.  الأسفل ا لی ظل اللبنة العلیا رفعاً أأت خفضاً حتی ینتهيي ا 

علی أأین بلغ من أأجزاء الارتفاع. تیعرف ذلك بسهولة من أأعداد الخمسات فا ذا حصل کذلك نظرت ا لی مري العضادة الأ 

ن کان  ت| 17|التامة المکتوبة فوقها مزیداً علیها ما قطع المري من الخمسة الناقصة  فما کان فهو ارتفاع الشمس لوقتئذ. تا 

نحو الربع الأیمن فهو  تصف للکرسيمري الارتفاع علی حویط صفیحة القمر متوسطاً للبنتین فما زال عن خط الانتصاب المن 

یکاد  4( هکذا أأخذ ارتفاع القمر ا ن کان باهر النور مظل لًا للأرض بأأشخاصها علی أأن  ذلك لا9-1-1ارتفاع الشمس. )

( 10-1-1یس تعمل ا لا عن ضرترة لفساد العمل به من أأجل اختلاف منظره تسرعة حرکته تتغیر موضعه تعرضه. )

ن کانت الهدفتان علی  لیك. تا   العنکبوت فلیکن تجه الأسطرلاب ا 

لا بالقرب من نصف 1-1-11) ( فأأما معرفة جانب الارتفاع أأهو شرقي أأم غربی، فلا یخفی علی من أأحس  بدترانها ا 

النهار تعند ذلك یجب أأن یمهل هنیهة ثم یعاد أأخذ ارتفاع الشمس، فا ن زاد علی الأتل فالأتل شرقي، فا ن ساتاه فکذلك. 

                                                             
 لا: الا 4 بمینك: لمینك 3 تکون: یکون 2 المحرفة: الحرفه 1
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 الباب الأتل

 ( الفصل الأتل: في أأخذ ارتفاع الشمس1-1) 

( الارتفاع في الأشخاص السمائیة هو أأقصر ب عد کري  بین المرتفع الذي یقاس به تبین دائرة الأفق، فا ذن هو قوس 1-1-1)

هذه الدائرة ا لی الارتفاع لأن  علیهما السمو  ا لی قمة الرأأس تهي  1المرتفع. تن سبتمن دائرة عظمی قائمة علی الأفق بینه تبین 

أأعلی ما فیه المسکن. فا ن کان الشرص المقیس منحطاً عن الأفق تحت الأرض، فما بینه تبین الأفق من دائرة الارتفاع 

ی انحطاطا، ا ن احتیج ا لی ذکر دائرته سمیت دائرة الانحطاط من  ذا کان ذا شعاع، 2-1-1أأجله. )المذکورة یسم  ( تالمرتفع ا 

یان أأیضاً هدفتین بسبب أأنهما  یظهر للأشخاص المنصوبة علی الأرض فیه ظل، فارتفاعه بلبنتین متوالي الوجهین تیسم 

في تسطهما یدخل الشعاع في علیاهما تیقع علی سفلاهما. تالأسطرلاب في تلك الحالة منسدل معلق  ت| 16| 2منفذتان

ما علی عضادة هي قطعة مس تطیلة کالمسطرة مسلوکة في القطب بحلقته مخ . تمنصب الهدفتین في ظهر الأسطرلاب ا  لی 

ا تریه تتدل  بثقبة في منتصفها تلها تراء الهدفتین شظی تان حادتان سسم ی کل تاحدة منهما مري العضادة تمري الارتفاع لأنه 

 علیه.

فة ب( تالعضادة علی نوعین أأحدهما تام1-1-3)     طولها ة یمر بنصفها القطر المار علی القطب فینتصفها بالطول تال خر منص 

فة  بالقطر المذکور قد اسقط أأحد نصفیها تترك منه حول القطب قطعة مس تدیرة یمسکها القطب بها تیسم ی عضادة حور 

فت عن التمام ا لی النصف تبعض یقول مخرق ا حر  سلأن  مناط أأعمال کثرة علی حرفها أأت أأنه  ا خرقت با  قاط النصف ة لأنه 

ما أأن یکون منصب الهدفتین علی حویط صفحة مخرقة لأعمال القمر تنوره 4-1-1کما خرق العنکبوت بالش بکة؛ ) ( تا 

لی أأقطاب تأأفراس، مّنع  ق  القمر المقنطر فیه ا  تزیادته تنقصانه أأت لکسوفه، تربما شغل ظهر الأسطرلاب بأأعمال کأمثال ح 

( فنصبت الهدفتان من طوق العنکبوت علی طرفي العمود المس تقیم المار بفلکة القطب. 5-1-1. )العضادة عن الدتران

تالأصوب فیهما أأن ینحی ا عن هذا العمود بالتساتي في جهة تاحدة لئلا یعترض القطب بینهما. تیمنع عن تصول الشعاع ا لی 

 تالزترقي. 3یزال یعمل في الهلاليثقبة الهدفة السفلی کما عمل صانع هذا الأسطرلاب المعقرب تکما لا

                                                             
 الهلالي: الهلال 3 منفذتان: منقویتان في 2 نسبت: سبب 1
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لیهما معاً؛ الفصل الرابع: في تعریف 1ال خذ عنه یمیناً أأت لیك أأم مدبرتن عنك تمتیامنون ه أأم  2شمالًا أأت ا  نفر أأمقبلون ا 

 متیاسرتن؛ 

واکب في مواضع الک الباب العشرتن: الفصل الأتل: في معرفة قطر الأرض تدترها؛ الفصل الثاني: في تصحیح

 أأسطرلاب عتیق تهذا أ خر الفهرست.

  

                                                             
 تعریف: تعرف 2 أأت: ت 1
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الباب الرابع عشر: الفصل الأتل: في معرفة الطالع بارتفاع الشمس تالکواکب؛ الفصل الثاني: في سسویة ما سوی 

 الأتتاد من البیوت؛ 

دد دائرة الفصل الثاني: في اخاذ عالباب اخیامس عشر: الفصل الأتل: في معرفة السمت في الأسطرلاب المسمت؛ 

لنهار الفصل الرابع: في اس ترراج خطي نصف االسمت؛ >الفصل الثالث:< في معرفة سعة مشرق الشمس تالکواکب؛ >

 ت| 15|>به<؛  1الفصل اخیامس: في کیفیة رصد السمت في دائرة الأفق تمعرفة الدائر من الفلك تالمطالع تالاعتدال؛<

  2أأرید من البلد؛ الفصل السادس: في معرفة سمت القبلة تسمت ما

الباب السادس عشر: الفصل الأتل: في معرفة أأبعاد الدرجات تالکواکب عن الأتتاد؛ الفصل الثاني: في معرفة مطرح 

ذا کان فیما  ذا اتفق علی درجة أأحد الأتتاد؛ الفصل الثالث: في مطرح شعاع الکواکب ا  ین الأتتاد؛ الفصل بشعاع الکواکب ا 

لی المواضع المفرتضة؛ الفصل اخیامس: في تحاتیل الس نین تمبلغ التس یرات عندنا ؛ الفصل  3الرابع: في سس یر الأدلاء ا 

 السادس: في مطرح الشعاع بالصفیحة الملقبة به؛ الفصل السابع: في سس یر الأدلاء بهذه الصفیحة؛ 

قین؛ سمك شخص یوصل ا لی أأصله بالمثلث القام  الزاتیة المتساتي السا الباب السابع عشر: الفصل الأتل: في معرفة

 الفصل الثاني: في معرفة سمك ما یوصل ا لی أأصله بالمثلث القام  الزاتیة المختلف الساقین؛ 

الباب الثامن عشر: الفصل الأتل: في معرفة سمك شخص لا یوصل ا لی أأصله بارتفاعین لرأأسه؛ الفصل الثاني: في معرفة 

الفصل الثالث: في معرفة سمك شخص لا یوصل ا لی أأصله بالظل في  4ك شخص لا یوصل ا لی أأصله بمقیاسین؛سم

 الأسطرلاب؛ 

بعاد المنقعرة ظ| 15|الباب التاسع عشر  في الأرض الفصل الثاني: في معرفة بعد علی  5الفصل الأتل: في معرفة الأ

لی الأ  طول مام؛ الفصل الثالث: في معرفة بعد معترض علی سمت التجه الأرض في سمت الطول الذي سسلکه ا ن توجهت ا 

                                                             
 المطالع: الطالع 1
 + ت 2
 تحاتیل: تحویل 3

بمقیاسین: شطب الکاتب  4

 ؛«بالظل في الأسطرلاب»

 ه، صح: بمقیاسین

 نقعرة: المتقعدةالم  5
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الباب الثامن: الفصل الأتل: في معرفة ارتفاع الشمس أأت الکوکب في فلك نصف النهار؛ الفصل الثاني: في معرفة ظل 

الفصل  ت| 14|رفة ارتفاعي العصرین بظل المثل تالمثلین؛ نصف النهار تارتفاعه أأحدهما من ال خر؛ الفصل الثالث: في مع

 الرابع: في معرفة تقتي طلوع الفجر تمغیب الشفق؛ 

الباب التاسع: الفصل الأتل: في معرفة مطالع البرتج تالقسي المفرتضة في المنطقة في خط الاس تواء تعکس ذلك 

من تحویل هذه المطالع ا لی درج السواء؛ الفصل الثاني: في معرفة مطالع درج السواء تمغاربها في البلاد ذتات العرتض؛ 

 الفصل الثالث: في تقویس مطالع البلد تمغاربه؛ 

باب العاشر: الفصل الأتل: في اخاذ موضع الشمس من منطقة البرتج؛ الفصل الثاني: في اخاذ مقنطرات الارتفاع؛ ال 

 الفصل الثالث: في اخاذ درجة الطالع تتسط السماء؛ 

الثابت؛ الفصل الثاني: في قوس  1الباب الحادي عشر: الفصل الأتل: في تعدیل نهار درجة الشمس أأت جرم الکوکب

 ار تاللیل؛ الفصل الثالث: في تقس یم قوسي النهار تاللیل بنوعي الساعات؛ النه

الباب الثاني عشر: الفصل الأتل: في معرفة درجة الممر تهي التي مّر مع الکواکب علی خط تسط السماء؛ الفصل 

فة ما یطلع أأت یغرب من الفصل الثالث: في معر  ظ| 14|تالتي تغرب معه  2الثاني: في معرفة الدرجة التي تطلع مع الکوکب

أأت غرتبه أأت توسطه السماء أأنهاراً یکون  4السماء؛ الفصل الرابع: في معرفة طلوع الکوکب 3الکواکب بطلوع أ خر أأت توسطه

 تغرتبه أأت توسطه السماء من لیل أأت نهار؛  5أأم لیلًا؛ الفصل اخیامس: في معرفة تقت طلوع الکوکب

معرفة الماضي من النهار من قبل ارتفاع الشمس؛ الفصل الثاني: في معرفة الباب الثالث عشر: الفصل الأتل: في 

الدائر من الفلك من خطوط الساعات المخطوطة علی ظهر العضادة؛ الفصل الثالث: في معرفة الدائر من الفلك من خطوط 

رفة الدائر اخیامس: في مع أأم الأسطرلاب؛ الفصل الرابع: في معرفة الدائر بالجیوب؛ الفصل 6الساعات المخطوطة علی ظهر

 تارتفاع الشمس أأت الکواکب أأحدهما من ال خر؛ 

                                                             
 الکوکب: الکواکب 1
 الکوکب: الکواکب 2

 توسطه: توسط 3
 الکوکب: الکواکب 4

 کوکب: کواکب 5
 + العضاده 6
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دلة بین التفریط تأأتساط الناس في الأخلاق المعت ت| 13|مقصودنا  ههنا مَن حل  الرتبة الوسطی، فخر الأمور أأتسطها. 

بواب تفصولنا لیش تمل في  فراط شهداء علی غره تفائزتن بعیش السعداء بینهم تالله الموفق للخر. تقد جدتلنا الأ تالا 

 تجودها.  1الطلب

الباب الأتل: الفصل الأتل: في أأخذ ارتفاع الشمس؛ الفصل الثاني: في أأخذ ارتفاع الکواکب؛ الفصل الثالث: في  

 رؤتس الجبال تالحیطان؛معرفة ارتفاع 

الباب الثاني: الفصل الأتل: في معرفة انحطاط الشمس عن الأفق بحسب شموخ الجبال؛ الفصل الثاني: في انحطاط 

 الأش یاء المعینة علی الأرض عن المواضع المرتفعة؛

 معرفة الارتفاع : فيالباب الثالث: الفصل الأتل: في معرفة الارتفاع تالظل المس توي أأحدهما من ال خر؛ الفصل الثاني

 تالظل المعکوس أأحدهما من ال خر؛ الفصل الثالث: في اس تعمال ظل السلم؛

الباب الرابع: الفصل الأتل: في معرفة جیب القوس المفرتضة مس تویًا تمعکوساً؛ الفصل الثاني: في معرفة القوس 

 للجیب المس توي تالمعکوس؛

ة المیل الأعظم في جهتي الشمال تالجنوب؛ الفصل الثاني: في معرفة حصالباب اخیامس: الفصل الأتل: في معرفة  ظ| 13|

کل درجة من المیل؛ الفصل الثالث: في معرفة بعد الکواکب عن معدل النهار؛ الفصل الرابع: في معرفة أأي الکواکب یمر  

 2علی سمت الرأأس تأأها یش تمل عنه أأت یجتنب؛

الکواکب یدتر في مدار الدرجات أأها لا یدتر؛ الفصل الثاني: في  الباب السادس: الفصل الأتل: في معرفة أأها من

بدیة الظهور تأأعظمهما؛ بدیة الظهور تاخیفاء في البلاد؛ الفصل الثالث: في معرفة أأصغر ارتفاعي الأ   3معرفة الکواکب الأ

بدیة الظهور فیه؛ الفصل الث ني: في معرفة عرض البلد االباب السابع: الفصل الأتل: في معرفة عرض البلد بالکواکب الأ

 بالکواکب الطالعة الغاربة فیه؛ الفصل الثالث: في معرفة عرض البلد بالشمس؛ 

                                                             
، «اللطلب»کتب الکاتب  1

 ثم شطب اللام الأتلی.

أأت تجتنب: تالحب؛ ه:  2

 الحب

 أأعظمهما: اعظمها 3
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ما للانحطاط. فالتي للارتفاعات ( 0-8-5) ما للارتفاع تا  تالأفق یکون مبداء المقنطرات أأعني الدتائر المتداخلة تهي ا 

 الکائنة تحت الأفق لیشترك بینهما حتی یبتديء کل تاحد بأأعدادها من عنده.  1هي الکائنة فوق الأفق للانحطاط فهيي

ذا اس تقبلت الأسطرلاب بوجهك تالکرسي فوق 0-8-6) ذا اس تقبلته ( تا  مواجه جهتك فهو الوضع المس توي. تا 

تالکرسي تحت مواجه صدرك فهو الوضع المقلوب تما حاذي الجهة حینئذ فهو قام  مقام. تخط تتد الأرض مکان خط 

 الوضع المس توي ت< یصر أأفق المغرب في یصر ارتفاع المغرب بالید المنیتسط السماء تانحطاط المشرق بالید الیسی >

( تمقنطرات الانحطاط في 7-8-0تکذلك جهتا خط المشرق تالمغرب المس تقیم یبدلهما بخلافه. ) .لمشرق في المقلوبأأفق ا

ذا قلبت الأسطرلاب تصر  تیکون  3مقنطرات الارتفاع حینئذ مقنطرات الانحطاطت  2رتفاعمقنطرات الاالوضع المس توي ا 

ی به ذلك الأسطرلاب  في القلب  4أأعني أأن  مقنطرات الارتفاع في الشمالي تصر ظ| 12|من غر الجنس الذي یسم 

في القلب مقنطرات ارتفاع لأسطرلاب  5مقنطرات انحطاط لأسطرلاب جنوبي تمقنطرات الانحطاط في الشمالي تصر

ن شئت سمیتها  ن شئت سم یتها مقنطرات ارتفاع تانحطاط تا  جنوبي تهما في الجنوبي بعکس هذه الصفة. تلهذا قلنا ا 

 طرات مش تملة تمجتنبة بمعنی الا ضافة ا لی الجنس.مقن

( تالأفق بینهما یشترك تیکون مرة مش تملًا تأأخری مجتنباً. تیکون في الأسطرلابات المرکبة أأفق أ خر یسمی 0-8-8)

یاه علی مدار الحمل، تلشدة ظهوره للناظ معترضاً تهو مخالف الوضع للأفق المشترك بالتحدیب  رتالتقعر ما. تله مقاطع ا 

لا  بالأرقام. نه ا ن خلا عن النقط لم یتمیّ من بین المقنطرات ا  ( تیتعاکسان في صفحة 9-8-0) 6قلَ  ما ینقط علی المشترك لأ

ن کان شمالي التسطیح کان المعترض جنوبیة تبالعکس. تتجانسهما البرتج بموافقة التسطیح  التسطیح أأعني أأن  المشترك ا 

 أأیضاً تتنافرهما مخالفة التسطیح. 

لیه من الأسطرلاب هو معرفة درجات الأتتاد من الطالع تالغارب تتسط السماء تتتد 0-8-10) ( تلأن  ما یحتاج ا 

الأرض تمعرفة ما یلي الأتتاد من البیوت التي هي الثاني تاخیامس تالثامن تالحادي عشر تمعرفة الزتائل الباقیة من 

 عنه ذلك من تنحط درجته في الصناعة. تبعد ذلك ما لایس تغنيالبیوت تتحقیق ما مضی من النهار أأت اللیل. تیکتفي ب

لا  بالبراهین فیها. ) 7المتوسط الرتبة فیها. تأأما عالیها ( تنحن نجعل 11-8-0فلن یش بع من الازدیاد منها تلن یرضی ا 

                                                             
 هي: هو 1
 الارتفاع: ارتفاع 2

 الانحطاط: انحطاط 3
 تصر: یصر 4

 تصر: یصر 5

 بالأرقام: بالأتراق 6 
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ا لی هاتین الجهتین؛ فیکون ما في  1من جهة میلها ظ| 11|( تالبرتج تکون شمالیة من تجهین، أأحدهما 0-8-2)

لی أ خر  لی أ خر السنبلة شمالي المیل تما في النصف ال خر من أأتل المیّان بالتوالي ا  النصف الذي من أأتل الحمل بالتوالي ا 

الحوت جنوبي المیل، تذلك لها في الفلك ذاتي لایتغر. تالوجه ال خر من جهة القطب تالتسطیح، ا ن کان الأسطرلاب 

ن کان مرکباً حفظ في کل برج جهته بالوجهینشمالیاً  ن کان جنوبیاً فبرتجه کلها جنوبیة التسطیح تا   فبرتجه کلها شمالیة تا 

المذکورین معاً. تما یقع في حیّ  کل برج من الکواکب فتابع لتسطیحه. تمدار الحمل ثابت الوضع في کلي نوعي الأسطرلاب 

ب فهو في الشمالي مش تمل التسطیح شمالي المیل تما دار خارجه نحو فما دار من العنکبوت داخله نحو قطب الأسطرلا

الحجرة فهو مش تمل التسطیح جنوبي المیل. تأأما في الأسطرلاب الجنوبي فما دار من العنکبوت داخل مدار الحمل فهو 

 التسطیح شمالي المیل. 3التسطیح جنوبي المیل تمادار خارجه فهو مجتنب 2مجتنب

لی کوکب من الثابتة، هو شظیة بارزة من رأأس الجدي في ( تالمري الم0-8-3) طلق غر المضاف ا لی عضادة أأت ا 

الأسطرلاب الشمالي أأت من رأأس السطان في الجنوبي مّاس الحجرة عند دتران العنکبوت کأن تعد  أأجزائها. تربما یدتر 

ذا اسسعت الصفیحة، فعدم المري الم توسطهما طلق في الأسطرلاب تلاب د  من أأن ی ب عد ما بین مدار المنقلب تبین الحجرة ا 

دارة  4في العنکبوت طوق مماس للحجرة تعلیه خط هو بعض القطر المار علی رأأسي المنقلب، فیماس طرفه الحجرة في ا 

ذا ذکرنا  حینئذ المري عنینا به رأأس  ذلك  ت| 12|العنکبوت تینوب عن مري رأأس الجدي أأت السطان في الأعمال. فا 

 اخیط. 

تقاطعه مع خط المشرق تالمغرب المس تقیم تنصفه  5( تالأفق هو القوس المقاطعة مدار الحمل علی نقطتي0-8-4)

ی أأفق المشرق تالأیمن أأفق المغرب؛ تتقعره في الأسطرلاب الشمالي تتحدیبه في الجنوبي نحو الکرسي؛ تما  الأیس یسم 

ی ما فوق الأفق من افوقه ا لی الکرسي هو حیّ النهار تما تحته ا لی خلاف جهة الک لقطر رسي هو حیّ اللیل. تبذلك یسم 

المنصف للکرسي خط تسط السماء تما تحته منه خط تتد الأرض. تهذه حالة الأفق تصورته في المواضع ذتات العرض. 

 فأأما في خط الاس تواء، فالأفق هو خط المشرق تالمغرب نفسه، تأأما في عرض سسعین فهو مدار الحمل نفسه. 

                                                             
 میلها: مثلها 1
 مجتنب: مجیب 2

 مجتنب: مجیب 3
 القطر: قطر 4

 نقطتي: نقطي 5
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الشرقي الجنوبي من المقنطرات  1بع( تأأحسب أأن  الدال علی ال فاقیة ما عمله بعض الصناعة في الر 5-7-0) ظ| 10|

تفي الربع المقابل له أأعني الغربي الشمالي ما >هو< حصة من خطوط الساعات تفي الربعین الباقیین مثل ذلك لعرض أ خر. 

الواحد علی عرضین تتجها الصفیحة علی أأربعة عرتض. ثم زاد علیه أ خر بتضعیف ذلك تهو أأنه عمل في  2فاش تمل الوجه

ع الصفیحة أأفق عرض بمقنطراته فتوالت الدتائر کالبکرات المتوالیة الدندانجات تتسع تجه الصفیحة أأربعة کل ربع من أأربا

 ( ثم عملت ال فاقیة بعد ذلك حاتیة ل فاق أأکثر تغر مس تعملة بما اس تقلت به تلك.6-7-0من العرتض. )

 من في تالسمکي تالسلحفي تأأمثالها تلکن  ما رک ب من نوعیها ترکیباً أ خر کالصد ت| 11|( تمن الأسطرلابات 0-7-7)

ن باینت8-7-0اهتدی لاس تعمال الذي تقدم ذکرها س یهتدي بها ا لی تلك. ) ( تمنها ما، تا 
المعهود في الصنعة لم تباینه في  3

بالتسطیح  4( تمثل الذي عملته9-7-0الاس تعمال، تذلك کالمبطخ الذي تولاه یعقوب الکندي تمّ مه حبش الحاسب. )

ن  العمل بهما لا یغایر العمل بالمعهود. )الأسطو  ( تمنها أأنواع مس تغربة عن التسطیح، تطرفة 10-7-0اني تلق بته بالحاتي، فا 

خارجة تجري مجری الآلات المس تعملة في الساعات تالرخامات المعمولة لها تللطوالع تذلك مثل المسطري تالصلیبي تاللولبي 

 تأأمثالها. 

یف الأسطرلابات البس یطة غر مس تغنیة عن تلقیب ما فیها تتعر  ذکره من الأسماء تالألقاب:( مقدمة لبعض ما نرید 0-8)

 من ذلك طرفاً.  5خطوطها تدتائرها ثم المرکبة أأمَس  حاجة ا لی ذلك. فلهذا یجب أأن نذکر

لمحددة ا( فالعنکبوت هو الش بکة المخرقة التي فیها منطقة البرتج تمریات الکواکب الثابتة تهي رؤتسها 0-8-1)

دارة  کرؤتس الشظایا مکتوب عند کل تاحد اسم کوکبة. تمکان العنکبوت فوق الصفائح یس تدیر علیها تهي ثابتة لا تزتل تا 

ما معکوسة  لی الکرسي النائي من الحجرة ا لی خارج للتعلیق تمن الکرسي ا لی المین تا  ما مس تویة تهي الیسار ا  العنکبوت ا 

لیسار. تتوالي البرتج أأن یکون مثلًا من برج الحمل ا لی الثور ثم ا لی الجوزاء تکذلك ا لی تهي من المین ا لی الکرسي ا لی ا

 التوالي أأن یکون من الحمل ا لی الحوت ثم ا لی الدلو تکذلك ا لی أأتلها. 6أ خرها تخلاف

                                                             
 ربع: ربعي 1
 الوجه: الواجد 2

 باینت: مانت 3
 عملته: عمله 4

 نذکر: یذکر 5
 خلاف: حلافة 6
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المقنطرات فیه علی مثاله في الأسطرلاب المعهود سواء کان جنوبیاً أأت شمالیاً بزیادة شيء  ( تصفائح4-6-0) ظ| 9|

ط  فیه قبل خطیط المقنطرات کما هو في العناکب البس یطة بأأسماء البرتج تأأجزائها. تأأثبت  فیه تهو نطاق البرتج قد خ 

ط   طعة عند البلوغ ا لی ت المقنطرات فیها بعد ذلك منقحولها الکواکب الثابتة بمثل ما یس تررج في العنکبوت الشمالي ثم خ 

 النطاق تعائدة ا لی نظامها عند مفارقة النطاق. فیکون علی هذه الصورة التي لوجه تاحد من تجوه الصفائح.

نما تکون في الأسطرلابات الشمالیة تالجنوبیة تلا 1-7-0) ( الصفیحة ال فاقیة:7-0) ت| 10| ( هذه الصفیحة لا تنفرد تا 

نما سس ند ا لی ما لیس من جنس التسطیح من معرفة الدائر من أأزمان معدل النهار في الماضي من اللیل تق وم بذاتها. تا 

 1( تفیها ال فاق المتناس بة2-7-0تالنهار بالجیوب تخطوط الساعات التي هي من فن الآلات دتن مذهب سسطیح الکرة. )

ن خطت  2علی تعالي تقاطع مدار الحمل مع الأقطار المربعة الصفیحة فا ن کانت متوالیة تفاضلت في کل ربع بأأربعة أأربعة تا 

نظام تات بع  4الترطي مضرتبًا في أأربعة. ترب ما لم یعتبر في تفاضلها تخطیها 3بفضل معلوم صار التفاضل المذکور بمقدار ذلك

رادة لسبب أأت غر سبب.  فیها الا 

ن مّامه ما تقع منها في الصفیحة کلها في جانب المین تالیسار حتی تکو ( فمن الصناعة من یخط هذه ال فاق0-7-3)

للمشرق تالمغرب معاً. تمنهم من یقتصر علی الأنصاف الشرقیة من کل أأفق تیلقي أأیضاً فیها الغربیة، تمنهم من لا یکملها 

فها أأیضاً بل یقتصر منها علی ما تقع بین مداري السطان تالجدي من القطعة  تن الغربیة. الشرقیة من الأفق دتلا ینص 

 صورة ال فاقیة هکذا.  5تذلك بحسب الاس تحسان، لا یتغر به شيء من العمل. تتکون

( تلو شاء شائي >أأن< یکثر  هذه ال فاق في الوجه الواحد من الصفیحة لثمن تجهها بأأربعة أأقطار کما جری 0-7-4)

سع بهما ع بها ضعف ت  فأأما غربیة ال فاق لم یستسمح  6 لو خط  بالقطرین الزائدین أأیضاً.الترس یم بتربیعها بالقطرین، فوس 

بقدر مّک ن الصانع من لطف الکف تالاقتدار بالعلم تالعمل علی  8النقوش 7اشتباکها مع الشرقیة الأتلی. تازدانت بل

 مقاصد الصناعة. 
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( بل لو کان نصب في العنکبوت علی العمود المس تقیم الذي فیه قاعدة الهلال یماسه بطرفیه أأت علی موضعین 0-5-3)

لتقابل لنا، ینافي قیاس ا في الطوق أ خرین لا یتوسطهما القطب تالفرس بهدفتین مثقوبتي الوسط متوازیة السطحین علی

ذا کان مبدأأ العدد في الحجرة من مقابلة الکرسي في کل تاحد من الربعین، تخَلا له مع ذلك ظهر  الارتفاع عن العضادة ا 

 الأسطرلاب لما أأراد من سائر الأعمال. تهذه عنکبوت الهلالي. 

نها لا تغایر مقنطرات الأسطرلاب الشمالي المعهود ا لا في ش یئین، 4-5-0) ظ| 8| ( تأأما مقنطراته في الصفیحة فا 

أأحدهما الأفق تهو أأن  ما کان منه تاقعاً خارج مدار الحمل فأأیسه هو أأفق المشرق تأأیمنه أأفق المغرب. تما تقع منه داخل 

ن  الأمر فیه بالعکس تهو أأن أأیسه ی  کون أأفق المغرب تأأیمنه أأفق المشرق. تال خر أأن ه لم ا انجزم منه ما تحتمدار الحمل فا 

اً   3فوق الأفق ثم نقط علیها متوالیة 2من خطیطها 1الأفق سقطت خطوط الساعات المعوجة عنه، فمن أأرادها لم یجد ب د 

 عن المقنطرات تقت الاس تعمال علی المهتدي لکیفیات الأعمال، مس تغن عنها.  4لتتمیّ  

( تکما أأزلنا المعایق من العلاقة عن العضادة في الدتران کذلك یجب أأن تزال عن العنکبوت، تالأصوب له 0-5-5)

الحلقة أأین أأرید من تجه  5أأن یثقب الکرسي للعلاقة من الجانبین دتن الوجه لیکون حوور العلاقة غایته عن الوجه، تتقع

 لالي.الأسطرلاب تظهره. تهذه صورة صفیحة المقنطرات في اله

( هذا أأسطرلاب رأأیت لأبي سعید السجزي فیه کتاباً ثم تجدت منه معمولاً 1-6-0) ( الأسطرلاب الزترقي:6-0) ت| 9|

خ حتی یوقفني التاریخ من أأبي سعید أأهو تابع فیه أأت متبوع، تکیف ما هو. ) -6-0صنعة جعفر بن محمد بن جریر غر مورَّ

ن ه لم یکن هتدي بحقیقة مبنی الأم2 ر فیه تهو الذي یراه أأرجبهد الهندي من حمل الحرکة الأتلی المدیرة للل من ( فا 

المشرق ا لی المغرب دترة في قرب من مدة الیوم بلیلته علی الأرض دتن الأثر تیأأباه بطلمیوس تیناقضه في المقالة الأتلی 

ن ه قد ش ب ه الأفق فیه بزترق 3-6-0. )المجسطيمن   دخله عمود خارج عن الفلك مخرق( فأأما الذي عمله أأبوسعید فا 

الحاش یة یمر بالمرکز تشظیة طرفه یماس الحجرة لیقوم في العمل مقام مري رأأس الجدي تالأفق متصل من داخله بالفلك 

ذ  الأفق في هذا یقوم مقام العنکبوت في تلك تهو علی هذه الصورة. 6یوصل کالعادة في عناکب سایر الأسطرلابات ا 
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ادة قیاساً عنهما في ازي الوجهین المتقابلین تثقبتهما علی مثال ثقبتي اللبنتین في العضحوراکان یدار بهما العنکبوت تجعلهما متو 

دارة قطب 4-4-0أأخذ الارتفاع. ) ق  القمر تأأقطابه تأأفراسه الدائرة با  نه کان ینتقل ظهر الأسطرلاب بح  ( تذلك لأ

ة في العنکبوت  المار علی الفلکیة الوسطانیالأسطرلاب. فأأسقط العضادة من أأجلها تتصل أأیضاً بهذا الطوق العمود المس تقیم

مختلفتین عند الملتقی تحریًا منه للاس تطراف. تلم یتمم بهذا الطوق بل قطعه بالقرب من أأتل القوس في أ خر الجدي بقطعة 

لیهما مقوسة یجر  بها نحو القطب.   أأتصلته ا 

تالعمود المس تقیم تالحلقتین اللتین علی طرفیه تالفلکة  2( تأأضاف مریات الکواکب الثابتة ا لی الطوق5-4-0) 1ت| 7|

یقاع رأأس الثوابت التسطیح المس تعمل للبرج الذي تلك الکواکب في  تسائر القطع المس تعملة في الوصل بعد أأن راعی في ا 

بصورة  هحیّه لأن  تلك شریطة قائمة فیه تفي المسطن تسائر المرکبات. تهذه صورة عنکبوت هذا الأسطرلاب تهي أأش ب

أأعرضت عنها تعدلت ا لی تلقیبه بالمعقرب لقرب الش به  ظ| 7|السطان لو لا أأن  المسطن قد فاز بهذه السمة. تلهذا 

زبانیتین تذنب تأأرجل  4حتی أأنبذت ما هو ا ضافة ت 3بین السطان تبین العقرب بأأرجلهما تزبانیتهما تاشتراکهما في الصید بهما

لیه هذا اللقب بلبس علی العیان مزید. ا لی ال سي. تجعل عقدها تأأطراف   ها کواکب ثابتة تِفقها، اختلس ا 

نها في الصفیحة مرکبة من النوعین بحسب ترکیب0-4-6) المنطقة من کلي  5( تأأما مقنطرات هذا الأسطرلاب فا 

فقین اللذین اشترك أأحدهما بین نوعي المقنطرات تاعترض علیه ال خر کهذه الصورة.   التسطیحین تابعة للأ

ررِج هذا الأسطرلاب أأبوسعید السجزي تیظن  به من یراه في أأتل تهلة 1-5-0) ( الأسطرلاب الهلالي:5-0) ت| 8| ( م 

نما هو سسطیح تاحد هو الشمالي تلیس یمتنع أأن یکون من سسطیح  أأن ه مرک ب من نصفي مطبل تأ سي تلیس کذلك؛ ا 

لا أأن  الشمالي أأتفق لشکله تأأل   یق بخلقته تالجنوبي لا یطابقه کمطابقته.جنوبي بانفراده أأیضاً، ا 

ةً لیتمکن من بلوغ التسعین في الارتفاع تلا مّانعها العلاقة التي فیها الحلقة. 0-5-2) ( تکان حزَّ من عرض العضادة حز 

غ طرفها لتلو لم یفعل، بل قصر العضادة قلیلًا تنقص من طولها، أأت رفع الثقبة في الکرسي شیئاً حتی ارتفعت العلاقة تلم یب

 لکفاه الأمر تلم یحتج ا لی تصلیح صورة العضادة.  6أأجزاء الارتفاع،
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کثرة منها تزاد  اع( تاقتدی أأبوسعید أأحمد بن محمد بن عبدالجلیل السجزي بنسطولس في اختراع أأنو 5-3-0) ت| 6|

البرتج من مساطر مختلفة یعی نون بها مقادیر الأقطار في 1علیه مّزیج
( ثم حظي أأحد أأحداثنا بلطف 6-3-0دتائرها. ) 2

للاس تنباط، فعمل للأمر الشهید أأبي العباس خوارزم  3کف  في الأعمال تمهارة في الصناعات لفضل فطنة تحسن الاعتناء

 طرائف من بربط من س تمائة قطعة عاج تأ بنوس تبقم تزتجي سک تین بملعقتیهما أأحدهما ساذج الحلیةشاه، أأنا ر الله برهانه، 

( تتصله تأأحسن جائزته. ثم قال لي 7-3-0تال خر مکتوبة بالس مسرتج، تتزن الجملة أأقل من نصف دره، فجناها. )

لي  ما یجدي ن ك تعلم زهادتي في الهزل تاللعب. تأأنفل هذا الفتی منها ا   5في طباعه؛ ففعلت ه 4علیه بالمنهج المرتضی، تلا همل ا 

جت ه في صنعة الأسطرلاب تعمل المرایا. فخرج فیها نا بغة زمانه لولا أأن عجمته تدنا ءة همته لم یمک ناه من التبرع في العلوم.  تخر 

 8المذکورة تهو عمرت 7( تهذا الأسطرلاب الذي أأنفذه الش یخ أأیده الله من الصنعة1-4-0) 6( الأسطرلاب المعقرب:0-4)

( قد اقتفی فیه أأثر نسطولس في ترکیبه من نوعي التسطیح لکن ه فصل برتج الأرباع تلم 2-4-0بن الحسن اخیوارزمي )

في نصف فلك البرتج الجنوبي المیل  المطبل فیه أأساساً تخط  9یوالها کما توالت في المسطن من نوع تاحد. تقد تضع

بالتسطیح الشمالي برج العقرب تالدلو ا لی التسطیح الجنوبي حتی صارا في نظام ال سي تخط  أأیضاً في نصف فلك البرتج 

 الشمالي المیل تهو المطبل بالتسطیح الجنوبي برجي الجوزاء تالسطان ا لی التسطیح الشمالي حتی صارا في نظام ال سي.

تالمهارة في تصل البرتج بعضها ببعض بما راق منظره تلاق بالعقد صورته.  ظ| 6|ثم اس تعمل الحذق  (0-4-3)

تذلك أأنه عل ق أأتل الجوزاء بأ خر الثور بقطعة کنصف شل هلالي قد اتصلت بعرضها بأأتل الجوزاء حتی أأخذت عرض 

بالقطعة نحو قطب  10تتحدیب القوسین المحیطتینالمنطقة، ثم دق ت معقفة حتی اتصلت بأأتاخر الثور من داخل البرج اتحاد 

الأسطرلاب. تفعل مثله بأ خر السطان حتی تصله بأأتائل الأسد من داخله تکذلك تصل أأتل الدلو بأ خر الجدي لمثل 

المحدبتین عند تقاربهما من غر اتصال. ثم متباعدین بعد ذلك نحو المشرق تترك من صفیحة  11تانك القوسین المتحاذیتین

بوت طوقاً مماساً للحجرة عرضه باس تحسانه مقارب لنصف عرض البرتج في المنطقتین قد اتصل هذا الطویق بالقرنین العنک 

من أ خر الثور تأأتل الأسد بالقرب منهما أأیضاً بقطعتین مس تقمتین أأقام علیهما هدفتین صغرتین یخی ل منهما أأنهما  12اخیارجین
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ظهار اقتداره علی العمل، فابدع 1-3-0) ( الأسطرلاب المسطن:0-3) ( ثم ا ن  نسطولس قصد الانحراف في الصناعة تا 

المنقلبین.  2( قد قطع ال سي فیه علی عرضه بنصفین علی نقطتي2-3-0مرکباً من أ سي تمطبل. ) 1الأسطرلاب المسطن

فاش تمل علی برتج فلك البرتج الصاعد الذي أأتله رأأس الجدي تأ خره أ خر >الجوزاء تأأتل برج الحمل في تسطه تعلی 

المیّان في تسطه. تأأل فهما من المنطقتین  3جبرتج فلك البرتج الهابط الذي أأتله رأأس السطان تأ خره أ خر< القوس، تأأتل بر 

لین المتقاطعین اللتین تقدم تصویرهما في المطبل تال سي بحیث حصل فیها س تة برتج من التسطیح الشمالي في ربعین متقاب

لکواکب اهما ربع الربیع تاخیریف تالس تة البرتج الباقیة في ربعي الش تاء تالصیف من التسطیح الجنوبي. تأألِحق بل برج من 

ه اخیطان اخیارجان من قطب الأسطرلاب مار ین علی أأتله ه الذي یحد  تأ خره بحسب نوع التسطیح  4الثابتة ما تقع في حیّ 

 شمالي کان أأت جنوبي تهذه صورة عنکبوت الأسطرلاب المسطن.  6لبرج 5ت| 5|الذي 

ن ه عمل في النصف الأیمن من الصفیحة0-3-3) د عن خط نصف النهار ا لی کل تاح ( تأأما مقنطرات المسطن، فا 

السماء تسفلها نحو خط تتد الأرض مقنطرات الارتفاع بالتسطیح الشمالي منقطعة عند  7من علو الصفیحة نحو خط تسط

ا >لیست<  علی تقاطع مدار  8. فیتقاطع الأفقانمن نوع تاحد بل ثنَ۟ي  ظ| 5|خط نصف النهار تلم یشترك بینهما أأفق لأنه 

 علی کل تاحد من الأفقین نقطاً متوالیة للتمیّ.  9شرق تالمغرب تننقطالحمل مع خط الم 

( ثم عمل في نصف الصفیحة الأیس عن خط نصف النهار تنحو کل تاحد من سفلها تعلوها المقنطرات 0-3-4)

شرق تالمغرب لم بالتسطیح الجنوبي فتثنی  الأفق أأیضاً تیقاطعا علی نظر النقطة المذکورة تهي تقاطع مدار الحمل مع خط ا

علیهما أأیضاً نقطاً متتالیة. تمن شأأن کل مقنطرة خط بکلي التسطیحین أأن ینقیا علی نقطة تاحدة علی  10المس تقیم تننقط

 خط نصف النهار تیتصلا تهذه صورة مقنطرات المسطن. 
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ت مقلوبة. تالأفق مشترك بینهما تلذلك تنقط علیه نق ط  ذ لیست  ط بالتوالي لمیّ  منها تلا یتش به بها، فیتش بهخ  الأمر فیه ا 

 له علاقة غر متقاطعة مدار الحمل علی نقطتین یمر  علیهما خط المشرق تالمغرب في جانبیه.

ن  أأتل ترکیب ظهر في الأسطرلاب من نوعیه البس یطین الذین هما الشمالي 1-2-0) ( الأسطرلاب ال سي تالمطب ل:0-2) ( ا 

( أأما ال سي ففیه من التسطیح الشمالي نصف فلك البرتج الشمالي المیل تمن 2-2-0لجنوبي هو المطبل تال سي. )تا

ی أ س یاً علی تجه التشبیه بورقة ال س. تاقتصر فیه علی ماهو تاقع في  التسطیح الجنوبي نصف الجنوبي المیل، تیسم 

الجدي تفي الجنوبي بمقدار  1ما عملت في الشمالي بمقدار مدارالصفیحة داخل مدار الحمل تلذلك عملت الصفیحة بمقداره ک

مدار السطان. تاشترك في ال سي المدار الذي في ضمن مدار الحمل بین رأأسي السطان تالجدي فدارا معاً علیه، تأألِحق 

  2بل نصف من فلك البرتج ما أأرید من کواکبه بحسب سسطیحه سواء اش تملت أأت اجتنبت.

لمطبل فهو من بواقي ال سي تعلی خلافه لأن  نصف فلك البرتج الشمالي المیل فیه هو من التسطیح ( تأأما ا0-2-3)

ی مطبلًا علی تجه التشبیه بالطبل الکراعة.  الجنوبي تالنصف ال خر الجنوبي المیل هو فیه من التسطیح الشمالي. تیسم 

 الجدي تالسطان. تالکواکب الثابتة فیه في نصفي فلك مدار الحمل تیتحد فیه مدار 3ت| 4|تالبرتج کلها فیه دائرة خارج 

ر عکوسهما متصلین فیکون المطبل هو المصفر  البرتج علی مثال ما تقدم في ال سي بحسب سسطیح النصفین. تنحن نصو 

ن اسقط الأبیض بقي المطبل.  تال سي هو المترتك علی بیاضة فا ن اسقط الملون بقي ال سي تا 

قنطرات، فصفحتها لل تاحد من ال سي تالمطبل تاحدة تالترطیط تاحد؛ تهو مقنطرات ( تأأما الم 4-2-0) ظ| 4|

ن شئت  ن شئت مقنطرات الانحطاط بمعنی کونها تحت الأ  <سم یتها>الارتفاع بالتسطیح الشمالي تتحتها مقنطرات ا  فق تا 

نقط المتتالیة لیتمیّ عن نهما منقوط بال سم یتها مقنطرات ارتفاع بالتسطیح الجنوبي تهذا اللقب أأتلی بها. تالأفق مشترك بی 

ما یتقابلان داخل مدار الحمل 5-2-0المقنطرات. ) یاه بالوضع أأعني أأنه  ( تلابد  فیه من أأفق مسات لهذا الأفق مخالف ا 

یه أأفقاً معتر  5تقاطع 4بتقعرهما تخارجه بتحدیبهما تیتقاطعان علی نقطتي اً. ضمدار الحمل مع خط المشرق تالمغرب، تنحن نسم 

لا أأن ینقط علی تجه الاحتیاط. ن ه لیس بمشابه الوضع للمقنطرات ا   تلیس یحتاج ا لی النقط فا 
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ذا  ( ثم0-1-3) ن   ،المحور أأت اس تقامته هلی خارجها مع لزتما  داخل الکرة أأت ا لی موضع البصر عن القطب  ینح  ت ا   فا 

الصغاني  1مدعن ذلك أأبوحا أأبانة تنا قصة کما ئکون في الأسطرلاب قطوع مخرتط زائدة تمکاف تشکال الدتائر المذکورة أأ 

خط مس تقیم أأت  في الأسطرلاب من اقترحلی عمل الدائرة المفرتضة في الکرة بأأي نوع ا  تأأشار  .کتاب التسطیح التام في

لا   ،الثلثةالمخرتط حد قطوع بتدتیر أأت أأ حویط  خراج القطوع   أأن  ا  ر  2ت| 3|لی الفعل ا  ا  بالتطریق الصناعي لم ا عس تتعذ 

کان الترطیط فیهما لم  3سطرلاب علی نوعین البس یطین شمالیه تجنوبیه، ا ذخطیطها في السطوح المس تویة اقت صر من الأ 

یعد الدتائر تاخیطوط المس تقمة؛ تهما أأسهل ما في الصناعیات تلمثله أأتثر شمالي الأسطرلاب علی جنوبی ه لفضل سهولة 

 عمل ما کان من الدتائر أأصغر قطراً علی التي هي أأعظم قطراً. 

ن  العوارض ال 0-1-4) ذا اس تعملت في الآلات سساعد في المثال علی عمل ( فا  طبیعیة اللاحقة بالأجسام التعلمیة ا 

أأذرع فما دتنها ثم یأأخذ بالتعذر تالاعتیاص فما فوقها حتی یحرن في التي نصف قطرها مائة  4دائرة نصف قطرها عشرة

 الأسطرلاب الشمالي دتائر مراکزها ( تمقنطرات الارتفاع فوق الأرض تکون في5-1-0یکاد توافي لعملها. ) 5ذراع تلا

من قطبه نحو الکرسي یأأتي من الحجرة للعلاقة تالحلقة تهي مبتدئة من الأفق متصاعدة متضائقة. تالأفق فیه أأعظمها یقابل 

مدار الحمل تخط المشرق تالمغرب المس تقیم علی نقطة تاحدة في جانب  6الکرسي بتقعره. تمن الضرترة فیه أأن یتقاطع

( تکذلك هما في الأسطرلاب الجنوبي لکن الأفق فیه 6-1-0الأیس تعلی أأخری مثلها في جانب المغرب الأیمن. ) المشرق

یقابل الکرسي بتحدیبه دتن تقعره. تما کان من المقنطرات أأقل عدداً من العرض الذي عملت له الصفیحة، فمرکزها من 

عددها عرض  7زداد اسساعاً ا لی أأن تبلغ المقنطرة التي یساتيالقطب في خلاف جهة الکرسي تتحدیبها نحوه، تلا یزال ی

 ظ| 3|الصفیحة، فیکون فیه خطاً مس تقیماً موازیًا خیط المشرق تالمغرب. ثم ینقلب الأمر في المقنطرات الزائدة الأعداد 

 الکرسي تتقابله بتقعرها. 8علی عرض الصفیحة فتصر مراکزها من القطب في جهة

( تمقنطرات الانحطاط في الأسطرلاب الجنوبي، أأعني بها التي تکون تحت الأرض، فهيي مقنطرات الارتفاع 0-1-7)

ت مقلوبة. کذلك مقنطرات الانحطاط في الأسطرلاب الشمالي هي مقنطرات الارتفاع في الجنوبي قد  ط  في الشمالي قد خ 

                                                             
شطب الکاتب کلمة  1

 «.الصناعي»
لی الفعل+  2  ا 

ذا 3 ذ: ا   ا 
 عشرة: عشر 4
 لا: الا 5

 + ت 6

 یساتي: سساتي 7 
 جهة: اجهة 8



2 
 

لی الممکن ا  یاها ا  لی أأبعد غایاته تأأعلی درجاته کفعله بسائر الفنون من تبلیغه ا   1هختراعا وفيید بالتوفیق تبطلمیوس مؤ فهو الم

ن لم  ؛من حد الکمال )؟( مهکن یتا  اء هذه الآلة علی تلو لا ابتن )؟(.لی ا  الس بق  الحائز قصبفهو  ،له هفیه مس تنبط تقد 

تالمادة تالدتائر  2ة کرة العالم مس تقمتلکن أأساس الأمر فیها علی توه   ،عجازن یتصف بالا  أأ  لکادقواعد البراهین الضرتریة 

 ةبصر تلك الدتائر ساکنأأ ه بذلك ن  أأ حتی  3هالیها هو أأحد قطبی ا  نة تموضع الناظر ت  دالتي علی سطحها الداخل تاخیارج م

 .ة بمررتطات البصر علی سطح مس تقیم مفرتض قام  علی حوور اللکة متشکل  کانت أأت متحر  

 هلل أأن  قطبي ا شَنبةلی هاتین الجهتین معلوم من ا   ماتسبب نسبته( 1-1-0) :الشمالي تالجنوبي الأسطرلاب ( ذکر0-1)

 ذا الوضع شمالیاً ی الأسطرلاب بهالناظر فیه علی جنوبي القطبین تیسم   يأأحدهما الذ ؛لی قسمینا  نقسم بالقسمة الأتلی ی 

ه سواء ماس  هذا السطح الکرة علی قطب الشمال أأت قام دتن ،عن الناظر السطح المتشل فیه الدتائر یکون شمالیاً  لأن  

ن   .ةعلی حوور الحرک ئهأأت ترا طب الشمال ح قیسط ت دار العنکبوت یکون في هذا ال یقطب الأسطرلاب الذي علیه  فا 

تجاتز هذا المدار في ت لا  ظ| 2|الشمس  سطح مدار الجدي لأن   له من السطوح المختارت  ،الأسطرلاب به شمالیاً  يسم  ف 

یها تشل الم  4سطحال  لأن   اً جنوبی أأسطرلاباً  یسم  ی تالقسم ال خر هو الذي الناظر فیه علی شمالي القطبین ت  .لی الجنوبا   تنح 

لی جهته ا  لأسطرلاب ا ینتسبف  ،عن موضع الناظر تیکون قطبه الذی یدتر علیه العنکبوت هو قطب الجنوب یجتنبفیه 

 .له سطح مدار السطان لمثل ما ذکرنا ه في الشمالي یختارت 

 صغراهات  ظماهاعالدتائر التي علیها  ل الکرة لم خقطبي يحدأأ نا ظر البصر مهما کان علی نفس  بأأن   ءتلا خفا( 0-1-2)

مس تقمة کما  طاً  في الأسطرلاب خطو علی القطب سشل   تجتازفالتي  .علیه >لا< تجتازعلی ذلك القطب أأت  تجتازمن أأن 

ها لم یدرك من حویط  ت علی دترها أأت خارجاً أأ البصر ا ذا کان في سطح دائرة داخلها  أأن   المناظرتقلیدس في أأ کتاب  5في تبین  

بلونیوس في أأ  بین   کما في الأسطرلاب دتائر علی ذلك القطب سشل   تجتازتالتي لا  .لك الدائرة سوی خط مس تقیمتمن 

ذا کان دائرة فالأ  أأن   بالتبادلمن قطعي المخرتط المتساتي الزاتیتین  کتاب المخرتطات تهکذا  . دائرةخری کذلكأأحدهما ا 

 .رأأس مخرتط البصر علی نفس قطب الکرة مادامحال تلك الدتائر 

                                                             
 اختراعه: الاحتراعه 1
 مس تقمة: مس تقیم 2

 هاىىقطبیها: القط 3
 السطح: سطح 4

 في: من 5



1 
 

 لی اس تعمال فنون الأسطرلاباتا  التطریق  مقالة في

 بسم الله الرحمن الرحیم ظ| 1|

  تمّ م باخیریس   رب  

 لی اس تعمال فنون الأسطرلاباتا  في التطریق  البرتني >أأحمد< مقالة أأبي الریحان محمد بن

صحت تلم یمنع في حقائق الأتقات متی أ   1ضبطت الأسطرلاب، أأطال الله بقاء الش یخ، أأشرف الآلات التي بها ( 0-0-1) 

دة الرؤتس تذلك لاش تماله علی  ؛جهتها مانع عن قیاس الشمس أأت أأحد الکواکب الثابتة المثبتة في عنکبوته بالمریات المحد 

ف عس  من غر تکل ف فیها تت  لی الفعلا  في ا خراج ما في قوة الأسطرلاب في مقالة عملتها  2ئة باباأأعمال قارب عددها م

 هفي تبلیغ 5الصوفي بنتأأکثرها کأبي الحسین  4اقل هأأحد بالتفریع أأ  3اهاعد  تن ا  ثم  .لیهاا  ضافة أأش باهها ا  ت  معکوساتهاتضاعف ت 

ن لم  ؛فیها علی عمره تعمر غره 6نیضملم  ،مائة تثمانینلفاً تس ت  أأ بواب کتابه أأ  ز فادة ما لمس تفید عاجا  منها باب عن  یخل  تا 

.یطول ت  8ابمالزیادة علی أأبواب أأبي الحسین  7کنیمر تقیاس أ ت علی ماض تلمثله عن تحقیق التصو   تما ( 2-0-0) 9یمل 

یبونونبیعلی کتاب في اس تعمال الأسطرلاب غر کتاب أأ  ءنا  لأحد من القدماثرع في العمل في الأسطرلاب  11طریقبال  10/ا 

ذا حص   ي.ب عن الأسطرلاب الکر قیفرازاً له في التل ا   حالمسط   ت لتاش تمل کتابه هذا علی مائة تس بعة تخمسین بابًا ا 

الفهرست  هنضم ی أأبوابه في الکتاب نا قصة عم ا  تها شیئاً کثراً علی أأن  عد   12تصالتقریب نق دعن زتائ نقحتبالتهذیب ت 

اا  تثابت بن قرة  .الأصل المنقول فسادة عنها ت جمتر صور القل مبترةتأأعماله في بعضها  د.الأعدا ا أأن ه م  ا  ة ت جمولی التر ه تأأن   م 

 .عند المطالعة 13أأصلح منه ما أأمکن

أأحد منهم لصنعة  يتد ه بالمقیاس تظله تالماء تطاساته لا 14ت| 2|تصرتن في مقاصده ق تالهند ی ( 0-0-3)

ن   ءس تعماله أأت شيأأسطرلاب تلا لا لینا من ا  تلم یقع ( 4-0-0) ،لیهم منهما  ه مما اختصت به الیونا نیون تلم ینقل مما شابهه لأ

ن کان  .س لهبب کتاب بطلمیوس في سسطیح الکرة مع تفسر رجهتهم کتاب في صنعته غ م بطلمیوس فیه مخترع له قد  تفا 

                                                             
 تضبط: یضبط 1
 باب: بًابا 2
 تعداها: بعداها 3
نماها؛ ه، نخ: اقلها 4  أأقلها: ا 

 : صوفيالصوفي 5
ن 6  یضمن: نص 
 یمکن: ممکن 7
 بما: مما 8

؛ ه، نخ: تمّل 9  مّل: تعمل 
یبون: اهون 10  أأبیون/ا 
 البطریق: الطریق 11
 نقصت: نقضت 12

 أأمکن: امکمن 13
 + في مقاصده 14



 

5. Arabic Part 
5-1: Arabic Edition of the Ta q 

Edition based on the unique manuscript Fonds Arabe no. 2498 preserved in the 
National Library of France (Bibliothèque nationale de France) in Paris. 

I have used the following abbreviations and symbols in my edited Arabic text of 
the Ta q: 

  (for mish [margin]) indicates a marginal note. 
   indicates text that was crossed out by the scribe. 
 Vertical arrows in footnotes indicate that the given word is written above or below 

the word in the text. Two arrows indicate placement exactly above or below the 
word in the text, one arrow placement just before or after it. 

 + indicates superfluous words in the manuscripts. 
 I have added folio numbers between vertical lines |   |. 
  (for wajh) indicates the front side of the folio (recto). 
  (for ahr) indicates the back side of the folio (verso). 
 I have reconstructed some passages for mathematical sense, and added words and 

passages that were omitted by scribal error. Such reconstructed words and 
passages appear in angular brackets  <  >. 

 For easy reference, I have divided the text into sections numbered (14-1-2, 14-1-
3 etc.). These numbers appear in parentheses in the Arabic edition. 
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