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Abstract. This article provides a scholarly and analytical study of the 9th-century 

encyclopedic scholar Muhammad ibn Musa al-Khwarizmi’sكtreatiseتكِك باَ  ُ ةَعان ك  اِ كSan‘at“ ِ الَارِطَست ك 

al-Asturlab”ك(“TheكConstructionكofكtheكAstrolabe”)كandكitsكmanuscriptكcopyكpreservedكinكBerlin.ك

The work explains the structure of the astrolabe, the methods of its construction, its application 

in astronomical calculations, and the procedures for determining geographical coordinates. The 

Berlin manuscript represents an important source from textual, source-critical, and 

codicological perspectives. It holds particular significance for elucidating the development of 

astronomy and applied mathematics within Islamic civilization. Through this treatise, the high 

level of scientific advancement in 9th-century Central Asia and the scholarly traditions of the 

Khwarazm school of science are clearly manifested. The Berlin copy provides an opportunity 

for international research on the scientific heritage, for conducting comparative source analysis, 

and for further clarifying al-Khwarizmi’sكcontributionكtoكastronomy. 
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In the 9th century, the schools of astronomy and mathematics that developed within the 

scientific milieu of Central Asia played a crucial role in the progress of world civilization. One 

of the leading representatives of this period, Muhammad ibn Musa al-Khwarizmi, was not only 

the founder of algebra but also a scholar who left a significant legacy in astronomy and geodesy. 

His treatiseك“San‘atكal-Asturlab”ك isكvaluedكasكaكscientificكworkك illuminatingك theك traditionsكofك

astronomical instrument-making in the medieval Islamic East. 
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The astrolabe was a universal astronomical instrument used to determine the altitude of 

celestial bodies, calculate time, identify the qibla direction, and compute geographical 

coordinates. The treatise explains both the theoretical foundations of this instrument and the 

practical process of its construction. 

The following issues are addressed in ِتك باَ  ُ ةكَ  اِ  :”al-AsturlabكSan‘at“ ِ الَارِطَست ك عان ك

The structure of the astrolabe (mater, plate, rete, alidade). 

Methods of its construction based on geometric and trigonometric calculations. 

Projection of the celestial sphere and the coordinate system. 

Rules for determining time and the qibla using the instrument. 

The work harmonizes the astronomical traditions of Claudius Ptolemy with the 

methodological approaches of the Islamic scientific school, thereby demonstrating the 

continuity of scientific heritage. 

Several manuscript copies of al-Khwarizmi’sكworksكareكpreservedكinكvariousكEuropeanك

libraries.كAmongكthem,كanكimportantكcopyكofك“San‘atكal-Asturlab”كisكhousedكinكtheكBerlinكStateك

Library (Staatsbibliothek zu Berlin). 

The distinctive features of the Berlin manuscript include: 

The manuscript is written in Arabic in naskh script. 

It contains astronomical diagrams and geometric drawings. 

Marginal notes added by later scribes appear on certain pages. 

Paleographic analysis indicates that the copy dates to the 12th–13th centuries. 

This manuscript serves as one of the principal sources for textual criticism and scholarly 

reconstruction. It enables the restoration of the complete text of the treatise and the 

identification of differences among various manuscript copies. 

Muhammad ibn Musa al-Khwarizmi was one of the most prominent astronomers of the 

9th century. Unfortunately, many of his works have not survived. His algebraic and arithmetic 

treatises, astronomical tables (zij), and geographical works have been preserved only in rare 

Arabic manuscripts or Latin translations. 

Accordingكtoكavailableكdata,كmoreكthanكtenكworksكareكattributedكtoكhim.كHisكtreatiseك“Kitabك

al-‘Amalكbi-l-Asturlabat”ك (“TheكBookكonك theكUseكofك theكAstrolabes”)ك isك includedكwithinك anك

anonymous manuscript collection preserved under number 5093 in the former Prussian Library 

in Berlin. 

I. Frank published a partial German translation of the text [1]. Together with E. 

Wiedemann, he published translations of two sections of the treatise [2, pp. 122–125]. The 
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treatise was also studied by K. Schoy [3, p. 143]. A Russian description of the work was 

published by B. A. Rosenfeld and N. D. Sergeeva [4, pp. 201–218]. 

In the manuscript preserved under number 5093 in the former Prussian Library in Berlin, 

the name of the author of the treatise is not explicitly mentioned. However, the fifth section of 

theكmanuscriptكbeginsكwithكtheكphrase:ك“MuhammadكibnكMusaكal-Khwarizmiكsaid…”.كSinceكtheك

manuscript follows immediately after Ahmad ibn Kathir al-Farghani’sك “Kitabك ‘Amalك al-

Asturlab”ك(“TheكBookكonكtheكConstructionكofكtheكAstrolabe”),كandكbothكtextsكareكwrittenكinكtheك

same hand, researchers until relatively recent times considered this work to be by al-Farghani 

as well. According to information provided by Sezgin, however, it has been proven that the 

manuscript in fact belongs to al-Khwarizmi [2, p. 143]. 

TheكBerlinكmanuscriptكconsistsكofكtwoكparts.كItsكfirstكpartكisكentitledك“San‘atكal-Asturlab”ك

(“Theك Constructionك ofك theك Astrolabe”).ك Accordingك toك Rosenfeldك andك Sergeeva,ك thisك section 

represents a revised version of al-Khwarizmi’sك treatise.ك It consists of four chapters: the 

definition of the radii of parallels, tables, the construction of almucantars, the construction of 

shadowsكonكtheكastrolabe’sكsurface. 

The second part of the manuscriptكisكentitledك“Kitabكal-‘Amalكbi-l-Asturlabat”ك(“TheكBookك

onكtheكUseكofكtheكAstrolabes”)كandكconsistsكofك48كchapters. 

Chapter 1 explains the method of determining the altitude of celestial bodies using the 

astrolabe. Chapters 2–3 describe how to determine the ascendant (ṭāliʿ)كandكtheكtimeكduringكtheك

nightكorكday.كToكdetermineكtheكascendantكaccordingكtoكtheكSun’sكaltitude,كal-Khwarizmi locates 

theكSun’sكpositionكonكtheكreteكofكtheكastrolabeكusingكtheكdiopterكandكrotatesكtheكreteكuntilكthisك

position corresponds to the almucantar appropriate to the observed altitude. The degree of the 

ecliptic that intersects the eastern horizon represents the sought ascendant. The angle through 

which the rete has been turned indicates the elapsed portion of the day. The elapsed portion of 

theكnightكisكdeterminedكbyكplacingكtheكcorrespondingكdegreeكofكtheكeclipticكoppositeكtheكSun’sك

position. 

In Chapter 4, al-Khwarizmi compares the result obtained by means of the astrolabe with 

the result calculated from tables, therebyكverifyingكtheكinstrument’sكaccuracy. 

Chapters 5–7 discuss the determination of the arcs of day and night. To determine the 

daytimeكarc,ك theكSun’sكdegreeك isك placedكonك theكeasternكhorizonكandك theكcorrespondingكpointك

indicated in the cell (scale) is marked. ThenكtheكSun’sكdegreeكisكplacedكonكtheكwesternكhorizonك

and the corresponding point is marked again. The difference between these two degrees 
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representsكtheكdaytimeكarc,كwhileكtheكdifferenceكbetweenك°360كandكtheكdaytimeكarcكgivesكtheك

nighttime arc. 

Chapters 8–9 deal with the ascensions of the zodiacal signs at the terrestrial equator and 

at various latitudes. To determine the ascension (maṭāliʿ)كofكaكzodiacalكsignكatك theكterrestrialك

equator, al-Khwarizmi places the beginning of the sign on the celestial meridian; the degrees 

indicated on the scale correspond to the degrees of ascension. To determine the ascension of a 

sign at an arbitrary location, he places the beginning of the sign on the eastern almucantar, then 

aligns its end with the same almucantar; the degrees indicated on the scale represent the degrees 

of ascension. 

Chapters 10–12 and 14–15 explain how to determine the ecliptic coordinates of celestial 

bodies. To determine the ecliptic latitude of a celestial body, al-Khwarizmi measures the 

altitude of the body and the altitude of its corresponding degree; the difference between the two 

altitudesكequalsكtheكeclipticكlatitude.كToكdetermineكitsكlongitude,كheكplacesكtheكbody’sكmarkerكonك

the celestial meridian; the degree of the ecliptic corresponding to that meridian gives the 

longitude. 

Chapters 13 and 19 describe the method for determining declination. To find the 

declination of a celestial body, al-Khwarizmiكdeterminesكtheكaltitudeكofكtheكbody’sكparallelكandك

the altitude of the parallel of the sign of Aries (Ḥamal) at the celestial meridian; the difference 

between them equals the declination. 

Chapters 16–18 are devoted to determining the degrees of rising (maṭlaʿ),ك settingك

(maghrib), and culmination of celestial bodies. To determine the degree of rising,كtheكbody’sك

marker is placed on the eastern horizon and the position of the indicator on the scale is marked. 

Thenك theك reteك isك rotatedك untilك theك Sun’sك degreeك reachesك theك easternك horizon.ك Theك differenceك

between the first and second positions of the indicator gives the degree of rising. The same 

procedure is applied for determining the degree of setting, except that the eastern horizon is 

replacedكbyكtheكwesternكhorizon.كToكdetermineكtheكdegreeكofكculmination,كtheكbody’sكmarkerكisك

placed on the celestial meridian and its noon altitude—its greatest altitude at that locality—is 

determined.كTheكcorrespondingكdegreeكofك theك eclipticكatك thatكmeridianك representsك theكbody’sك

degree of culmination. 

Chapter 20 explains how to determine the arcs of day and night according to celestial 

bodies. 
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Chapterك ك21 describesك theك methodك ofك determiningك theك gnomon’sك shadowك (thatك is,ك theك

cotangentك orك tangentك ofك theك Sun’sك altitude)ك accordingك toك theك “shadowك quadrant”ك onك theك

astrolabe’sكsurface. 

In Chapter 22, al-Khwarizmi explains the method for determining geographical latitude. 

Chapters 23–24 and 26 describe the method of determining the altitude of a celestial body 

and the time according to the ascendant (ṭāliʿ).كToكdetermineكtheكaltitudeكofكaكcelestialكbodyك

based on the ascendant, al-Khwarizmi places the degree of the ascendant on the eastern 

almucantar,كthenكidentifiesكtheكalmucantarكcorrespondingكtoكtheكSun’sكdegree;كthisكindicatesكtheك

altitude of the celestial body at the given time. To determine the elapsed portion of the day 

according to the ascendant, the degree of the ascendant is placed on the eastern almucantar, and 

theكdegreeكoppositeكtheكSun’sكdegreeكisكexaminedكtoكseeكhowكmanyكhoursكitكcorrespondsكto—

these represent the hours that have passed. 

In Chapters 25 and 27–28, the altitude of a celestial body is determined according to time. 

Forكexample,كifكtheكSun’sكaltitudeكisكtoكbeكdeterminedكbyكaكgivenكhour,كitsكdegreeكisكsetكtoكtheك

correspondingكhourكmark;كwhicheverكalmucantarكtheكSun’sكdegreeكintersectsكinكtheكeastكorكwestك

represents its altitude. 

Chapters 29–30كexplainكtheكconversionكofك“equalكhours”ك(ك1/24ofكtheكfullكdayكandكnight)ك

intoك“unequalكhours”كandكviceكversa. 

Chapters 31–33 discuss the equalization of houses and other astrological procedures. 

Chapters 34 and 40 compare the geographical coordinates of two locations. 

Chapters 35–36 describe the determination of the times of the dawn (fajr), noon (zuhr), 

afternoonك(‘asr),كandكsunsetك(maghrib)كprayers. 

Chapter 37 explains how to determine the azimuth of a celestial body. 

Chapterك ك38 discussesك theك determinationك ofك theك Moon’sك risingك time,ك andك Chapterك ك39

explains how to determine the ascendant according to the Moon. 

Chapters 41–42 describe a well-known compass (divider) used for determining prayer 

times. Chapters 43 and 45 are devoted to certain astrological problems. 

Chapter 44 discusses various types of astrolabes constructed with 90/n almucantars: full, 

half, one-third, one-fifth, one-sixth, and others. In the full astrolabe, 90 almucantars are drawn 

from the horizon to the zenithكatكintervalsكofك.°1كInكtheكhalfكastrolabe,ك45كalmucantarsكareكdrawnك

atك intervalsكofك;°2ك inك theكone-thirdكastrolabe,ك30كalmucantarsك atك°3ك intervals;ك inك theكone-fifth 

astrolabe,ك18كalmucantarsكatك°5كintervals;كandكinكtheكone-sixth astrolabe, 15 almucantarsكatك°6ك

intervals. 
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Chapter 46 discusses the division of the inhabited part of the Earth into climatic zones 

(iqlīms). 

Chapters 47–48 describe the method of constructing a quadrant. Chapter 47, in particular, 

explains the construction of the sine quadrant. The description of the sine quadrant in al-

Khwarizmi’sكtreatiseكrepresentsكtheكearliestكknownكaccountكofكthisكinstrumentكinكtheكhistoryكofك

astronomy as a distinct scientific device. 

Conclusion 

In conclusion, the great Khwarazmian scholar Muhammad ibn Musa al-Khwarizmi left 

an enduring mark on world science and is rightfully regarded as the father of modern algebra. 

He introduced decimal numerals into mathematics and systematized the decimal positional 

numeral system based upon them. Moreover, his works laid the theoretical foundations for later 

developments that ultimately influenced the formation of computational science. 

Based on the foregoing analysis, al-Khwarizmi emerges as one of the foremost scholars 

of medieval science across multiple disciplines, including as an inventor and constructor of 

scientific instruments. 

The Berlin manuscript is significant for several reasons: 

It demonstrates the development of astronomical instrument-making in the Islamic world. 

It confirms al-Khwarizmi’sكpracticalكengagementكinكastronomy. 

It served as one of the sources that later contributed to the study of Eastern scientific 

heritage during the European Renaissance. 

It contains important information for the history of geometry and trigonometry. 

From this perspective, the manuscript is an important object of study not only for source 

criticism but also for the broader history of science. 

Al-Khwarizmi’sك “San‘atك al-Asturlab”ك representsك aك crucialك stageك inك theكdevelopmentكofك

Islamic science. The manuscript preserved in Berlin constitutes an essential source for studying 

the textual tradition of the work, conducting in-depth analysis of its scientific content, and 

reconstructing al-Khwarizmi’sكastronomicalكlegacy.كTextual and source-critical research based 

on this manuscript will further clarify the role of Eastern scientific heritage in the development 

of world civilization. 
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