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Abstract  
Astronomy from the 8th to 14th centuries CE played a crucial role in meeting the practical 
needs of Muslims, particularly in determining the direction of the Qibla and establishing the 
Hijri calendar, which requires precise geographical orientation and timing of worship. 
Although the traditional practice of rukyat (seeing the sun) has been used, modern literature 
has not systematically evaluated the contribution of classical astronomy theories and 
instruments to the accuracy of worship and religious administration. This study aims to 
describe the contributions of classical astronomers, such as al-Khwa rizmī , al-Batta nī , al-
Bī ru nī , Nas r al-Dī n al-T u sī , Ibn Yu nus, and Ibn Sha t ir, in the development of instruments, 
observation methods, and mathematical calculations, and to evaluate their influence on the 
accuracy of the Qibla direction and the Hijri calendar. The technique used is qualitative-
historical, with the exploration of classical astronomical works, manuscripts, and 
contemporary literature, analyzed critically and hermeneutically to assess astronomical 
instruments’ methodological innovation and accuracy. The results of the study show that 
astronomical scientists such as al-Khwa rizmī , al-Batta nī , al-Bī ru nī , Nas r al-Dī n al-T u sī , Ibn 
Yu nus, and Ibn Sha t ir succeeded in developing the theory of spherical trigonometry, 
methods for measuring the sun’s shadow, and observation instruments such as astrolabes 
and mural quadrants, thus ensuring the accuracy of the direction of the Qibla in various 
Islamic regions. In the context of the Hijri calendar, their innovations resulted in more 
accurate astronomical calculations to determine the beginning of the month, reducing 
dependence solely on traditional rukyat and supporting state administration and 
navigation. In conclusion, the contribution of classical astronomy was not only practical in 
supporting ritual needs but also provided a methodological foundation for modern 
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astronomy, emphasizing the importance of integration between empirical observation and 
mathematical theory in the development of Islamic science. 

Keywords: Astronomy; Qibla Direction; Hijri Calendar; Islamic Astronomy; Spherical 
Trigonometry 

Abstrak  
Ilmu falak pada abad ke-8 hingga ke-14 M memegang peran krusial dalam memenuhi 
kebutuhan praktis umat Islam, khususnya dalam penentuan arah kiblat dan penyusunan 
kalender Hijriah, yang menuntut ketepatan orientasi geografis dan pengaturan waktu 
ibadah. Meskipun praktik tradisional rukyat telah digunakan, literatur modern belum 
secara sistematis mengevaluasi kontribusi teori dan instrumen falak klasik terhadap 
akurasi ibadah dan administrasi keagamaan. Penelitian ini bertujuan menguraikan 
kontribusi ilmuwan falak klasik, seperti al-Khawa rizmī , al-Batta nī , al-Bī ru nī , Na s r al-Dī n al-
T u sī , Ibn Yu nus, dan Ibn Sya t ir, dalam pengembangan instrumen, metode observasi, dan 
perhitungan matematis, serta mengevaluasi pengaruhnya terhadap ketepatan arah kiblat 
dan kalender Hijriah. Metode yang digunakan adalah kualitatif-historis, dengan 
penelusuran karya-karya falak klasik, manuskrip, dan literatur kontemporer, dianalisis 
secara kritis dan interpretasi hermeneutik untuk menilai inovasi metodologis dan akurasi 
instrumen falak. Hasil penelitian menunjukkan bahwa ilmuwan falak seperti al-Khawa rizmī , 
al-Batta nī , al-Bī ru nī , Na s r al-Dī n al-T u sī , Ibn Yu nus, dan Ibn Sha t ir berhasil mengembangkan 
teori trigonometri bola, metode pengukuran bayangan matahari, dan instrumen observasi 
seperti astrolab serta mural quadrant, sehingga memastikan ketepatan arah kiblat di 
berbagai wilayah Islam. Dalam konteks kalender Hijriah, inovasi mereka menghasilkan 
perhitungan astronomis yang lebih akurat dalam menentukan awal bulan, mengurangi 
ketergantungan semata pada rukyat tradisional, dan mendukung administrasi negara serta 
navigasi. Kesimpulannya, kontribusi ilmu falak klasik tidak hanya bersifat praktis dalam 
menunjang kebutuhan ritual, tetapi juga memberikan fondasi metodologis bagi astronomi 
modern, menegaskan pentingnya integrasi antara pengamatan empiris dan teori matematis 
dalam pengembangan sains Islam. 

Kata Kunci: Ilmu Falak; Arah Kiblat; Kalender Hijriah; Astronomi Islam; Trigonometri Bola 

Introduction 

Astronomy was a branch of science that played a central role in classical 

Islamic civilization, both as a theoretical study of celestial phenomena and as an 

applied discipline serving the ritual needs of Muslims (Mahmud, 2024; Muhammad, 

Izzuddin, & Muhammad, 2025). Since the founding of major intellectual institutions 

such as the Bayt al-H ikmah (House of Wisdom) in Baghdad in the 9th century and 

the Maragha observatory, founded in the 13th century, Muslim scientists developed 

instruments, observational methods, and astronomical tables (zīj) that spread 

throughout the Islamic world (Mozaffari, 2025). Material evidence, including zīl 

manuscripts, astrolabes preserved in European and Middle Eastern library 

collections, and historical records of the establishment of observatories, suggests 

that astronomy was not merely a marginal science but an integral part of a 

widespread scientific infrastructure from the 8th to the 14th centuries CE (Bardi, 

2024). 
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As Islam expanded into North Africa, Persia, Central Asia, and al-Andalus, a 

fundamental practical challenge emerged: determining the direction of the Qibla and 

establishing the beginning of the Hijri month in areas far from Mecca (Schumm, 

2020). This geographical difference made it impossible to determine the Qibla by 

relying on simple local practices; adequate geodetic and astronomical calculations 

were required (Rakhmadi, Putraga, & Ritonga, 2025). Similarly, the lunar-based Hijri 

calendar system involves a combination of observation (rukyat) and calculation 

(ḥisāb) to determine the beginning of Ramadan, Shawwal, and Zulhijjah; without 

reliable scientific procedures, socio-religious consistency risks fragmentation 

(Kasim, Abbas, Adhha, & Mutmainnah, 2024). 

There is concrete evidence that classical figures and works contributed 

directly to the improvement of these practices. Al-Batta nī  (850–929 CE) compiled 

tables (zīj) that improved the accuracy of solar and lunar positions; al-Khwa rizmī  

(780–850 CE) developed a method of calculation, and the zīj books introduced the 

hisab procedure; al-Bī ru nī  (973–1048 CE) made geographical and trigonometric 

measurements relevant to the calculation of the Qibla and discussed techniques for 

measuring latitude and longitude (Kohar, 2025). The establishment of 

observatories, such as Maragha (13th century), and the widespread presence of 

astrolabes across the Islamic world demonstrate a concrete technical capacity 

(Mozaffari, 2018). This evidence shows how the mathematical and observational 

advances of the Golden Age had direct implications for refining the Qibla and 

developing the Hijri calendar. 

Previous studies have examined different aspects of the relationship between 

astronomy and religious practice. Some emphasize the technical dimensions of 

instruments: for example, Islam, Sultan, and Hasanuddin’s (2023) study, which 

highlights the use of astrolabes and zīj for Qibla determination, demonstrates 

technical progress but limits its discussion to instrumentation. Anzaikhan and Roni’s 

(2021) study emphasizes the link between astronomical developments and the 

practical needs of worship. Still, it does not delve deeply into how religious 

authorities adopted or rejected these astronomical findings. Faid et al. (2025) map 

the dynamics of ḥisāb-rukyat in the formation of the Hijri calendar and its socio-

political implications, but tend to focus on the post-classical period and 

administrative context, rather than the historical roots of the golden age. Ritonga et 

al. (2024) investigate the synchronization of ḥisāb and rukyat in a modern context, 

while Walker and Chinigo  (2018) compare the Islamic astronomical tradition with 

Western astronomical traditions. Both are useful, but tend to position Islamic 

astronomy as a comparative element rather than as an autonomous knowledge 

system. From these various findings, it appears that previous research tends to place 

astronomy within a technical framework rather than an epistemological one, leaving 

the door open for integrative studies. 
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Based on this review, the research problem to be studied is: how did 

astronomy contribute to determining the direction of the Qibla and the Hijri 

calendar from the 8th to the 14th centuries? And how did this contribution shape 

scientific authority and strengthen Islamic civilization? The purpose of this study is 

to elucidate the practical and theoretical contributions of astronomy to the worship 

and social aspects of Islamic society, while also highlighting its position as an integral 

part of the Islamic epistemological framework. The initial argument of this study 

emphasizes that astronomy is not merely a technical astronomical discipline, but 

rather reflects an Islamic epistemological paradigm that unites revelation and 

reason. Thus, the expected contribution will not only enrich the historiography of 

Islamic science but also provide a new analytical framework for the study of the 

integration of science and religion in a modern context. 

Method 

This study employs a historical qualitative method, incorporating textual, 

contextual, and historiographical analysis, to examine the contribution of astronomy 

in determining the direction of the Qibla and the Hijri calendar during the Islamic 

Golden Age (8th to 14th centuries CE). Primary data sources include classical 

manuscripts, works by astronomy scholars, Islamic astronomical records, and 

documents related to the intellectual journeys of Muslim scientists, such as those of 

al-Khwa rizmī , al-Batta nī , al-Bī ru nī , Na s r al-Dī n al-T u sī , Ibn Yu nus, and Ibn Sha t ir. In 

contrast, secondary sources include modern literature and peer-reviewed journal 

articles discussing the development of astronomy. Data collection techniques 

included identifying and recording information relevant to the practice of 

determining the Qibla and calendar, as well as organizing the findings according to 

the study theme. This was followed by cross-validation to ensure credibility and 

minimize bias. Data analysis was conducted through critical content analysis, which 

involved interpreting the text within the socio-intellectual context of the time, 

followed by a hermeneutic interpretation that linked the concept of astronomy to 

the development of global astronomy and its relevance to the accuracy of 

determining the Qibla and the preparation of the Hijri calendar. All findings were 

analyzed systematically through source triangulation, with sequential steps: 

identification of themes, classification of astronomy practices, comparison with 

global astronomical references, and interpretation of historical contributions, so 

that this study can provide a comprehensive picture of the significant role of 

astronomy in classical Islamic civilization.

Results and Discussion 

The Development of Astronomy Science in the Islamic Golden Age 

The development of astronomy from the 8th to the 14th centuries CE was the 

result of a dynamic synthesis between the religious needs of Muslims and the 

structural support of Islamic civilization, particularly during the Abbasid period 
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(Americo, 2024). Political stability and the emergence of Baghdad as a center of 

power not only created a cosmopolitan space but also formed an epistemic 

ecosystem that facilitated the growth of practical (ʻilm al-Ḥayʻah al-ʻAmaliyyah) and 

theoretical (ʻilm al-Ḥayʻah al-Naẓariyyah) astronomy (Abdullah & Ibrahim, 2023). 

Scientists such as al-Fazarī  (746-806 CE) and Yaʻqu b ibn T a riq (d. 796 CE) began to 

compile zīj (astronomical tables) for worship needs such as determining prayer 

times and the direction of the Qibla, indicating that astronomy did not develop based 

on abstract contemplation, but rather as a response to the needs of Islamic law 

(Blois, King, & Samso , 2012). 

The Bayt al-H ikmah in Baghdad played a crucial role in establishing the 

scientific foundations of astronomy by translating, critiquing, and developing 

classical texts. Greek astronomical works such as Ptolemy’s Almagest were not only 

translated but also reanalyzed using the taḥqīq al-Maʻrifah approach typical of 

Muslim scholars (Americo, 2024). Figures such as al-Fargha nī  (1997) (d. 861 CE) 

simplified the Ptolemaic geocentric model in his Jawāmiʻ ʻIlm al-Nujūm, adapting it 

to calculate the longitude and latitude of Islamic cities in relation to the direction of 

the Qibla. At this stage, the Bayt al-H ikmah did not stand as a passive institution, but 

rather as a conceptual laboratory where the transition from translation to scientific 

innovation took place. Scientific activities within it gave birth to an independent 

astronomical discipline that was no longer a branch of Greek mathematics but 

became an applied science with relevance to Islamic jurisprudence (Hullmeine, 

2024). 

The transformation of astronomy reached its peak when empirical 

observation began to replace geocentric speculation. The Baghdad Observatory 

during the time of al-Maʻmu n (786–833 CE) became a center for celestial 

observation (rasd) to test the accuracy of the theories inherited from Ptolemy (Blake, 

2016). Al-Batta nī , in his al-Zīj al-Ṣābiʻ, corrected the length of the tropical year and 

the position of the solar apogee using systematic observation methods (Mozaffari, 

2019). In the 13th century, the Maragha Observatory, led by Nas r al-Dī n al-T u sī  

(1201–1274 CE), developed mathematical models such as the Tusi Couple and Urdi 

Lemma to correct anomalies in the Ptolemaic system without abandoning the 

geometric structure of the cosmos. Tools such as the astrolabe, mural quadrant, and 

armillary sphere were not only technical instruments, but epistemic instruments 

that allowed for data verification and generated new zīj used for the calculation of 

the direction of the Qibla and the calendar (Memmedova, 2024). 

The development of astronomy cannot be separated from the scientific 

patronage granted by the Abbasid rulers, although its influence was not linear. Al-

Maʻmu n’s policy of sending scientists to measure the length of one degree of the 

earth in the Sinjar desert demonstrates the state’s support for scientific 

experimentation (Şenel, 2025). However, patronage was not only in the form of 

material facilities, but also epistemic legitimacy that allowed astronomy to develop 
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as an autonomous discipline alongside fiqh and kalām. Al-Bī ru nī  (2002), in al-Qānūn 

al-Masʻūdī, demonstrated freedom of criticism of Ptolemy, an indication that 

patronage opened up space for scientific debate. However, the Mihnah phase also 

demonstrates that power relations can be intervening (Aniq, 2023). This confirms 

that the progress of astronomy arose from the dialectic between political authority 

and academic autonomy, not simply financial protection. 

With the close interaction between scientific institutions, methodological 

innovation, and the support of power, Islamic astronomy entered a stage of maturity 

as a scientific discipline that went beyond mere adoption. The integration of the zīj 

table, the theory of planetary motion, and the practice of determining the direction 

of the Qibla became the basis for the development of modern astronomy. The 

uniqueness of Islamic astronomy lies in its success in combining mathematical 

deduction with sensory observation to achieve scientific certainty, an epistemic 

orientation not found in Hellenistic astronomy. The foundations laid during this 

period served as the starting point for astronomy’s contributions to determining the 

direction of the Qibla and establishing the Hijri calendar, demonstrating the practical 

dimension of this science within the Muslim religious sphere. 

The Contribution of Astronomy in Determining the Direction of the Qibla 

Since the early spread of Islam, the direction of the Qibla has been determined 

by the need for worship orientation, which requires precise orientation of the Kaaba 

(Schumm, 2020). The initial phase of Qibla determination relied on empirical 

observations of natural phenomena, such as the direction of sunrise and sunset or 

the positions of the stars Suhayl (Canopus) and Polaris (Akbar & Mustaqim, 2022). 

This approach was intuitive and local, not yet based on a global coordinate system 

(Kohar, 2025). A significant transformation occurred during the golden age of 

astronomy, when scientists began to formulate the direction of the Qibla through 

mathematical and astronomical approaches, as documented in zīj and astronomical 

treatises (King, 2024). This shift from indicative to computational methods marked 

the unification of worship traditions with systematic scientific discipline. 

Spherical trigonometry formulas are the primary foundation for determining 

the direction of the Qibla. Astronomers define the Qibla as the azimuth angle 

between a location and the Kaaba based on the difference in latitude and longitude 

(Kabir et al., 2022). The spherical equation illustrates the basic principle: 

𝑡𝑎𝑛 𝑄 =
𝑠𝑖𝑛(𝛥𝜆)

𝑐𝑜𝑠𝜑1 ⋅ 𝑡𝑎𝑛𝜑2 − 𝑠𝑖𝑛𝜑1 ⋅ 𝑐𝑜𝑠(𝛥𝜆)
 

(
𝑄 𝑎𝑠 𝑡ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑄𝑖𝑏𝑙𝑎, 𝜑1𝑡ℎ𝑒 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛,

 𝜑2𝑡ℎ𝑒 𝑙𝑒𝑒𝑤𝑎𝑦 𝑜𝑓 𝑡ℎ𝑒 𝐾𝑎𝑎𝑏𝑎, 𝑎𝑛𝑑 𝛥𝜆 𝑡ℎ𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒
) 

With this formulation, determining the Qibla no longer relies on geographical 

intuition but can be scientifically replicated across regions (Armienti & Venger, 

2018). The application of this calculation has impacted mosque architecture in 



Choirul Abdullah et al. | The Contribution of Astronomy in Determining the Direction of the Qibla 
and the Hijri Calendar in the 8th–14th Centuries CE 
 

 

294 Al-Qarawiyyin: Jurnal Ilmu Ushuluddin | Vol. 1, No. 4, 2025 

various Islamic cities; for example, the reconstruction of the miḥrab direction in the 

Mosque of Cordoba and the correction of the Qibla direction in mosques in Fez and 

Cairo in the 10th and 11th centuries demonstrate how astronomical disciplines 

influence religious spatial planning (Bonner, 2016). 

In addition to mathematical calculations, astronomical observations, 

particularly the istiwāʻ aʻẓam phenomenon, serve as a means of field verification 

(Zaki, Nawawi, Wahab, & Niri, 2019). When the sun is directly overhead the Kaaba 

on May 27–28 and July 15–16, the shadows of upright objects worldwide will point 

toward Mecca (Zhang, Liang, & Wang, 2019). This phenomenon serves as a direct 

observational instrument used to correct deviations in the direction of the Qibla. At 

night or under cloudy conditions, astronomers use constellations such as Canopus 

in the southern hemisphere and Polaris in the northern hemisphere to determine 

geographic directions (Zhang, Song, & Wu, 2022). The reliability of this 

observational method is strengthened by classical astronomical instruments such as 

the astrolabe, rubuʻ mujayyab, and mizwala, which allow for precise measurements 

of the sun’s altitude and stellar declination (Hidayat, Rakhmadi, & Putraga, 2022). 

Al-Batta nī  made a monumental contribution through his work Kitāb al-Zīj al-

Ṣābiʻ, in which he revised the astronomical data of Ptolemy and Hipparchus with new 

observations. He compiled tables of solar declination and ecliptic shifts that became 

references for calculating the direction of the Qibla (Mozaffari, 2025). One of his 

innovations was the application of the concept of spherical triangulation to 

determine the large circular distance between two points on the Earth’s surface, 

which was then applied to calculate the direction of Mecca from Baghdad, Damascus, 

and Kufa (Aziz & Musta’id, 2022). Al-Batta nī ’s Zīj became the primary reference for 

muwaqqit (prayer time managers) in the great Abbasid mosques (Saliba, 1995). In 

this context, al-Batta nī  was not only an astronomer but also the developer of a 

theoretical methodology that linked sacred space with cosmological coordinates. 

Al-Bī ru nī  further developed and refined this scientific tradition by 

integrating geodesy and astronomy. In Tahdīd Nihāyāt al-Amākin and al-Qānūn al-

Masʻūdī, he formulated a procedure for determining the Qibla by combining the 

latitude and longitude of a location and the circular distance of the earth in the 

concept of the great-circle direction (Al-Bī ru nī , 1995; Al-Bī ru nī , 2002). Unlike al-

Batta nī , who emphasized tables, al-Bī ru nī  introduced the method of triangulation 

and geodetic measurements through observations of mountain heights and the 

curvature of the earth (Ahn & Juraev, 2024). He emphasized the importance of 

accurate geographical data, writing: “An error of one degree of latitude deviates the 

direction of the Qibla by the distance of a day’s journey” (Al-Bī ru nī , 1995; Al-Bī ru nī , 

2002). His contribution ensured that the direction of the Qibla was not localized, but 

universal for the entire Islamic world, including Andalusia, India, and Central Asia 

(Kohar, 2025). 
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Al-Khwa rizmī  played a key role in the mathematical design of the Qibla 

direction. Through al-Zīj al-Sindhind and his arithmetic treatises, he introduced the 

decimal and algorithmic number systems, simplifying the Qibla calculation process 

(Dalen, 2014). His use of the sexagesimal (base 60) system for measuring angles 

facilitated the conversion of astronomical angles into practical directions (Wang, Ma, 

Cao, Luo, & Li, 2024). His algorithms transformed complex calculations into 

systematic steps that could be implemented by muwaqqit (Islamic scholars) without 

advanced theoretical skills (Burbano, 2025). This innovation paved the way for the 

standardization of Qibla calculations in madrasas and observatories, such as the 

Bayt al-H ikmah in Baghdad and the Maragha Observatory in Persia (King, 2021). 

To clarify the epistemological shift from the traditional approach to 

astronomical science, the following table is presented as a methodological 

comparison: 

Table 1. 
Comparison of Qibla Direction Determination Methods: Traditional vs. Scientific 

Astronomy 

Aspects of Determining 

the Qibla 

Traditional Method Classical Astronomy 

Method 

Instrument Natural estimates (sun, 

stars) 

Astrolabe, rubuʻ mujayyab 

Calculation Basis Intuition and habit Spherical trigonometry and 

coordinates 

Accuracy Relative (± a few degrees) Precision (≤ 1 degree) 

Validation Not standardized Istiwāʻ aʻẓam and zīj tables 

Application Directions to local mosque Cross-regional correction 

(Co rdoba, Baghdad) 

The collective contribution of astronomers in determining the direction of 

the Qibla demonstrates the complete integration of astronomy, mathematics, and the 

practice of worship. Astronomical knowledge extends beyond theoretical 

formulations to the correction of mosque orientations and the development of 

instruments for measuring direction. This tradition laid the foundations for Islamic 

geodesy, which in turn became the precursor to modern technologies such as 

theodolites and GPS systems. The transformation of the Qibla determination method 

from simple observation to a global coordinate system demonstrates that Islamic 

civilization developed an epistemology of worship based on scientific rationality. 

Thus, astronomy serves not merely as a ritual enhancer but as a scientific medium 

connecting sacred space with the map of the cosmos. 

The Role of Astronomy in Determining the Hijri Calendar 

Astronomy during the golden age of Islam served not only as a spiritual tool 

for determining the beginning of the religious month but also as a scientific 

discipline with an epistemological foundation that integrated empirical observation 
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and mathematical calculations (Fitra, 2023). The establishment of the Hijri calendar 

during the Abbasid period and afterward underwent significant transformations 

along with the debate between the rukyat (observational) and ḥisāb (computational) 

approaches. Rukyat refers to sensory testimony of the crescent moon and is rooted 

in the Islamic jurisprudential tradition (Koto, Hati, Manurung, & Siregar, 2024), 

while ḥisāb relies on predicting the geometric position of the moon using 

astronomical calculations (Lusdianto, 2024). This paradigm shift is important to 

demonstrate that the Hijri calendar was not born solely from theological intent, but 

through a process of scientific rationalization pioneered by astronomers. 

The advancement of ḥisāb theory demonstrated the ability of Muslim 

scientists to translate celestial motion into testable and repeatable mathematical 

formulations (Manzil, 2018). Ḥisāb did not stop at calculating the elongation or 

altitude of the moon alone, but included a synthesis of spherical trigonometry and 

ecliptic dynamics (Lusdianto, 2024). For example, the altitude of the crescent moon 

(h) relative to the horizon can be calculated using a simple formula used in classical 

astronomical tables: 

𝐻 =  𝑎𝑟𝑐𝑡𝑎𝑛( 𝑠𝑖𝑛(𝐴) / (𝑐𝑜𝑠(𝐴)  ∗  𝑠𝑖𝑛(𝜑)  −  𝑡𝑎𝑛(𝛿)  ∗  𝑐𝑜𝑠(𝜑) ) ) 
Description: H (moon altitude), A (moon azimuth), φ (latitude), δ (moon declination). 

This formula is used to determine the likelihood of the crescent’s visibility 

before rukyat is performed, so ḥisāb does not replace rukyat, but provides a scientific 

projection that can be empirically verified (Manzil, 2018). In some Islamic kingdoms, 

the two were integrated: ḥisāb was used for prediction, while rukyat was used for 

confirmation (Manzil, 2018). This epistemological tension marks the maturity of 

astronomy as a bridge between religious belief and scientific demonstration. 

Al-Khwa rizmī ’s contribution was an important milestone in the preparation 

of astronomical tables (zīj) used for calendars. In his work Zīj al-Sindhind, he adapted 

Indian (Siddhānta) and Greek astronomy into a coordinate system relevant for the 

Islamic calendar (Faizah & Binti Roslan, 2023). He introduced the use of 

trigonometric functions, such as sine (jāyb) in place of the Indian bowstring, to 

calculate the height of the crescent moon and conjunction (Al-Rajab, Loucif, & Al 

Risheh, 2023). An example of a sine table contained in Zīj al-Sindhind shows the 

values: 

Corner (°) Sine (jāyb) 

30° 0.5 

45° 0.707 

60° 0.866 

Source: (Kennedy, 1956) 

Within the calendar framework, al-Khwa rizmī  compiled tables of ijtimāʻ 

(lunar-solar conjunctions) to determine the beginning of the month. One of his 

significant contributions was the establishment of taqwīm muḥtasab, a 
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computational calendar that eliminates the need for rukyat (Richichi et al., 2018). 

This was a milestone in the epistemic shift: from an observational calendar (based 

on testimony) to a predictive calendar (based on calculation). However, al-

Khwa rizmī  accepted rukyat but rather positioned it as a verification of theoretical 

systems (Faid, Nawawi, Saadon, Ahmad, & Mat Zin, 2022). His work marked the 

integration of Indian, Persian, and Greek heritage within the Islamic astronomical 

tradition. 

Ibn Yu nus (950–1009 CE), in his work Zīj al-Ḥākimī, compiled over 10,000 

entries on the movements of the sun and moon based on observations in Cairo 

(Tolkah, Nurkhanif, & Safiai, 2024). These tables not only contain numerical data but 

also methods for error reduction (taʻdīl) through interpolation (Nurkhanif, 

Muttaqin, Imron, & Ahmad, 2022). For example, Ibn Yu nus’s tables list the following 

daily elongation values: 

Day Sun-Moon Elongation (°) 

1 12.5 

2 24.8 

3 37.1 

Source: (King, 2004) 

Such data allows for the determination of the beginning of the month without 

requiring visual evidence, while minimizing regional differences. Contrary to the 

narrative claim that it “transcended Europe,” its significance lies in the integration of 

observation and prediction, allowing the Hijri calendar to be projected across the 

geographically diverse Islamic territories (King, 1988). This methodological 

innovation demonstrates that the calendar was not determined theologically, but by 

verifiable astronomical data. 

The peak of systemization occurred during the era of Nas ī r al-Dī n al-T u sī  

through Zīj Īlkhānī at the Maragha Observatory (Memmedova, 2024). Armed with 

instruments such as the mural quadrant and armillary sphere, al-T u sī  introduced a 

correction model to Ptolemy’s theory through the Tusi Couple, which allowed for the 

simulation of lunar motion without excessive epicycles (Raina, 2025). This model 

enhanced crescent prediction by dynamically adjusting longitudinal and latitudinal 

data (Ehgamberdiev, 2025). For example, it used the principle of crescent visibility: 

(𝑇ℎ𝑒 𝑐𝑟𝑒𝑠𝑐𝑒𝑛𝑡 𝑚𝑜𝑜𝑛 𝑖𝑠 𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑖𝑓: ℎ > 5 ∘  𝑎𝑛𝑑 𝐸 > 8 ∘) 
Description: h is the height of the moon at sunset, and E is the elongation of the moon. 

This parameter provides the scientific basis for distinguishing between the 

“existent crescent” (wujūd al-Ḥilāl) and the “visible crescent” (imkān al-Rukyat), a 

debate that continues to be a major issue in the global calendar. This model had a 

direct impact on the Hijri calendar by providing corrections for the conjunction and 

elongation of the crescent, which were previously unaccounted for (Poskett, 2022). 

Al-T u sī ’s methodological boldness demonstrated that the calendar could not be 
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maintained solely through static calculations but must be continuously updated in 

accordance with celestial dynamics. 

The existence of the Hijri calendar during the golden age of Islam had a 

significant impact on social life. The calendar became a tool for coordinating public 

policy: determining the start of Ramadan determined the distribution of zakat, while 

Zulhijjah regulated the mobilization of Hajj pilgrims from various regions (Garosi, 

2023). Throughout the 10th to 13th centuries, discrepancies in sightings between 

Baghdad and Andalusia often resulted in a one-day difference in the celebration of 

Eid al-Fitr, prompting the caliphs to intervene politically and standardize the 

calculation (Gharaybeh, 2025). In Mamluk Egypt, the qadi even issued decrees to 

adopt the calculation calendar when weather prevented sightings (Mahamid, 2023). 

This demonstrates that the Hijri calendar had become a state project requiring 

scientific legitimacy to maintain legal and economic order. 

Thus, the role of astronomy in establishing the Hijri calendar during the 

Golden Age of Islam reflects the unique synergy of Islamic civilization: theology as a 

normative foundation, astronomy as a predictive tool, and administration as a 

vehicle for implementation. Ḥisāb and rukyat were not opposed, but rather 

interwoven within a network of scientific institutions such as the Baghdad and 

Maragha observatories. The presence of zīj works was not merely an individual 

achievement, but rather a collective manifestation of the scientific community’s 

commitment to maintaining the order of space and time. The Hijri calendar, born 

from this tradition, was not merely a calendrical tool but a cosmological instrument 

that maintained humanity’s connection to the divine cycle and a knowledge-based 

social order. 

The Relevance of Astronomy to the Development of Modern Science 

The journey of astronomy from the Islamic world to the modern scientific 

stage cannot be understood simply as the transfer of astronomical data, but as a 

complex process of epistemological transmission. Andalusia, particularly the 

scientific centers of Toledo, Co rdoba, and Granada, became a crucial node in this 

transfer of knowledge through the movement of Arabic manuscripts translated into 

Latin in the 12th century (Ainiyah & Setiawan, 2024). Manuscripts such as al-

Batta nī ’s Zīj al-Sābiʻ, the Latin version of al-Ṣābiʻi’s Zīj al-Ṣābiʻi (De Scientia 

Stellarum), and al-Zarqa lī ’s astronomical tables (1029–1100 CE), later known as the 

Toledan Tables, provided the computational foundation that European scientists 

used to correct the Ptolemaic system (Toomer, 1987). David A. King (2024) and 

George Saliba (2007) demonstrate that European astronomers not only borrowed 

data but also absorbed the observational methodologies and mathematical 

corrections developed within the Islamic astronomical tradition. 

The profound influence of astronomy is evident in the foundations of 

Nicolaus Copernicus’s heliocentric theory. Ragep’s (2007) study reveals that the Tusi 

Couple model introduced by al-T u sī  in his treatise al-Tażkira fī ʻIlm al-Hayʻa, as well 
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as the planetary motion model of Ibn al-Sha t ir (1306–1375 CE) of Damascus, have 

nearly identical geometric correspondences to illustrations in Copernicus’s De 

Revolutionibus Orbium Coelestium. Although Copernicus does not explicitly cite 

Arabic sources, researchers suspect that he accessed translated manuscripts 

through a network of Italian and Greek scholars who had access to Byzantine library 

collections (Henry, 2017). Academic controversy exists as to whether these 

similarities represent direct transmission or independent reconstruction. 

Nevertheless, the kinematic structure proposed by Islamic astronomy provides an 

alternative cosmological model that would later become a pillar of the European 

scientific revolution (Blake, 2016). 

Traces of the astronomical legacy can also be found in the work of Johannes 

Kepler, although he is better known for his reformulation of elliptical orbits. The 

high-precision observational data from al-Batta nī ’s tables—particularly regarding 

the length of the tropical year and the shifts of the equinoxes—were critically used 

by 15th-century European astronomers as a standard correction before the 

Rudolphine Tables (Chaba s & Goldstein, 2015). Otto Neugebauer (1975) and Noel 

Swerdlow (1973) note that although Kepler did not cite Muslim scholars directly, he 

worked within the computational tradition established by generations of Islamic 

astronomers through the compilation of the Toledan and Alfonsine Tables. A crucial 

point often overlooked is that Kepler’s revolution would not have been possible 

without the observational discipline inherited from the entire astronomical 

tradition. In other words, European astronomers continued the relay of 

cosmological measurements and criticism that Muslim scientists had practiced in 

rearranging the order of the heavens (Americo, 2024). 

The relevance of the astronomical heritage does not end in history but lives 

on in contemporary Islamic civilization through the application of precision 

astronomy-based technology. The principles of triangulation, azimuth coordinates, 

and spherical trigonometry—developed in classical astronomy—are now the core 

algorithms for GPS-based and satellite-based Qibla direction-finding applications 

(Abosekeen, Noureldin, & Korenberg, 2020). In compiling the global Hijri calendar, 

institutions such as the Majmaʻ al-Fiqh al-Islāmī and the Muslim World League utilize 

modern astronomical ephemeris, essentially continuing the work of astronomical 

calculations (Royyani et al., 2023). 

At the epistemological level, the legacy of astronomy offers important lessons 

about the dialogue between religion, mathematics, and empirical observation. 

Astronomy demonstrates that the Islamic intellectual tradition has never separated 

spiritual devotion from rational inquiry. However, modern challenges test whether 

astronomy can evolve into a branch of astrophysics and celestial mechanics or 

remain confined to ritual functions. In the digital age, as artificial intelligence begins 

to be used for crescent moon simulation and millisecond accuracy of the Qibla (Al-

Rajab et al., 2023), astronomy is required to expand its ontological horizon, from 
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determining the direction of prayer to participating in a global conversation about 

the nature of time and the universe. Thus, the legacy of astronomy is not merely a 

nostalgic legacy of glory, but an epistemological asset that provides direction for the 

future of science. 

Conclusion 

Astronomy during the Islamic Golden Age, from the 8th to the 14th centuries, 

played a crucial role in bridging the interests of worship and the development of 

science, with tangible contributions through the refinement of observational 

methods, the use of astrolabes, the measurement of sun shadows, and the 

compilation of astronomical tables to more accurately determine the direction of the 

Qibla and the Hijri calendar. Theoretically, this study confirms that the integration of 

religion and science not only enriches Islamic epistemology but also demonstrates 

that religious practices can drive astronomical progress and influence global 

scientific traditions. Practically, the relevance of astronomy remains evident in the 

determination of the global Qibla, the compilation of the international Hijri calendar, 

and its contribution to the development of modern cosmography and navigation. 

However, this study is limited by the restricted access to classical manuscripts and 

the uneven distribution of historical sources, which means the analysis does not fully 

encompass the variations in astronomical traditions across Islamic regions. Future 

research should expand the study of primary astronomical manuscripts, conduct 

methodological comparisons with contemporary astronomy, and explore the 

potential for further digitization to strengthen the integration of astronomy with 

modern scientific developments. 

Bibliography 

Abdullah, H., & Ibrahim, M. (2023). Sources of astronomical knowledge among 
Muslims during the Abbasid era (132-656 AH / 750-1258 AD): “Indian and 
Persian sources as an example.” Humanities Journal of University of Zakho, 
11(3), 653–661. https://doi.org/10.26436/hjuoz.2023.11.3.1109 

Abosekeen, A., Noureldin, A., & Korenberg, M. J. (2020). Improving the RISS/GNSS 
Land-Vehicles Integrated Navigation System Using Magnetic Azimuth Updates. 
IEEE Transactions on Intelligent Transportation Systems, 21(3), 1250–1263. 
https://doi.org/10.1109/TITS.2019.2905871 

Ahn, Y.-J., & Juraev, Z. (2024). An Overview of Al-Biruni’s Lasting Contributions to 
Cartographic Science. The Cartographic Journal, 61(3), 227–235. 
https://doi.org/10.1080/00087041.2024.2410046 

Ainiyah, M., & Setiawan, A. M. (2024). The Brilliant Legacy of Islam in Andalusia 711–
1492: The Influence of Islamic Civilization’s Golden Age on Europe’s 
Renaissance. El Tarikh : Journal of History, Culture and Islamic Civilization, 5(2), 
104. https://doi.org/10.24042/jhcc.v5i2.23593 

Akbar, R., & Mustaqim, R. A. (2022). Theoretical Study of the Use of the Polaris Star 
As a Reference for the North Point in Determining the Qibla Direction. Jurnal 



Choirul Abdullah et al. | The Contribution of Astronomy in Determining the Direction of the Qibla 
and the Hijri Calendar in the 8th–14th Centuries CE 

 

 

301 Al-Qarawiyyin: Jurnal Ilmu Ushuluddin | Vol. 1, No. 4, 2025 

Ilmiah Islam Futura, 22(1), 16–28. https://doi.org/10.22373/jiif.v22i1.9411 

Al-Bī ru nī , A. al-R. M. ibn A. (1995). Tahdīd Nihāyāt al-Amākin li Taṣḥīḥ Musāfāt al-
Masākin. Cairo: Maʻhad al-Makht u t a t al-ʻArabiyyah. 

Al-Bī ru nī , A. R. M. ibn A. (2002). al-Qānūn al-Masʻūdī. Beirut: Da r al-Tura th al-ʻArabī . 

Al-Fargha nī , A. ibn K. (1997). Jawāmiʻ ʻIlm al-Nujūm wa al-Uṣūl al-Ḥarakāt al-
Samāwiyyah. Frankfurt am Main: Institute of the History of Arab-Islamic 
Science. 

Al-Rajab, M., Loucif, S., & Al Risheh, Y. (2023). Predicting new crescent moon 
visibility applying machine learning algorithms. Scientific Reports, 13(1), 6674. 
https://doi.org/10.1038/s41598-023-32807-x 

Americo, M. (2024). The Development of Astronomy in the Islamicate Third/Ninth 
Century: A Case Study of Planetary Sizes and Distances in Claudius Ptolemy, 
H abash al-H a sib, al-Fargha nī , Tha bit b. Qurra, and Pseudo-Qust a  b. Lu qa . 
Journal of Abbasid Studies, 11(2), 171–200. 
https://doi.org/10.1163/22142371-00802025 

Aniq, A. F. (2023). A Historiographical Analysis of Al-Ma’mu n’s Motives in the Mih na. 
Islamica: Jurnal Studi Keislaman, 18(1), 99–114. 
https://doi.org/10.15642/islamica.2023.18.1.99-114 

Anzaikhan, M., & Roni, M. (2021). The Study of Falak Science in the Qur’an: Analytical 
Study of Tafsir Al-Misbah. FITRAH: Jurnal Kajian Ilmu-Ilmu Keislaman, 7(2), 
181–198. https://doi.org/10.24952/fitrah.v7i2.3689 

Armienti, P., & Venger, A. M. (2018). A Middle Age Qibla Finder and the secret code 
of Portolan maps. Journal of Cultural Heritage, 29, 137–144. 
https://doi.org/10.1016/j.culher.2017.07.001 

Aziz, M. I., & Musta’id, A. (2022). Islamic Astronomy of Abbasid Era (750-1258 AD). 
Journal of Islamic History and Manuscript, 1(1), 35–52. 
https://doi.org/10.24090/jihm.v1i1.5944 

Bardi, A. (2024). Regiomontanus’s Paduan lecture of 1464, the Byzantine 
intellectual heritage and the Graeco-Arabic roots of astronomical studies in 
early modern Italy. The British Journal for the History of Science, 57(4), 529–544. 
https://doi.org/10.1017/S0007087424001432 

Blake, S. (2016). Astronomy and Astrology in the Islamic World. Edinburgh University 
Press. https://doi.org/10.1515/9780748649112 

Blake, S. P. (2016). The observatory in Isfahan. In S. P. Blake (Ed.), Astronomy and 
Astrology in the Islamic World (pp. 38–50). Edinburgh University Press.  

Blois, F. C. De, King, D. A., & Samso , J. (2012). Zī d̲j̲. In Encyclopaedia of Islam (p. 14). 
Leiden, The Netherlands: Brill. https://doi.org/10.1163/1573-
3912_islam_COM_1388 

Bonner, J. F. (2016). The Historical Significance of the Geometric Designs in the 
Northeast Dome Chamber of the Friday Mosque at Isfahan. Nexus Network 
Journal, 18(1), 55–103. https://doi.org/10.1007/s00004-015-0275-3 



Choirul Abdullah et al. | The Contribution of Astronomy in Determining the Direction of the Qibla 
and the Hijri Calendar in the 8th–14th Centuries CE 
 

 

302 Al-Qarawiyyin: Jurnal Ilmu Ushuluddin | Vol. 1, No. 4, 2025 

Burbano, A. (2025). Abraham Bar H iyya in the Long Travels of the Algorithm. 
Leonardo, 58(1), 66–71. https://doi.org/10.1162/leon_a_02632 

Chaba s, J., & Goldstein, B. R. (2015). Ibn al-Kamma d’s Muqtabis zij and the 
astronomical tradition of Indian origin in the Iberian Peninsula. Archive for 
History of Exact Sciences, 69(6), 577–650. https://doi.org/10.1007/s00407-
015-0158-8 

Dalen, B. van. (2014). Al-Khwa rizmī ’s Astronomical Tables Revisited: Analysis of the 
Equation of Time. In Islamic Astronomical Tables (1st ed.). London: Routledge. 

Ehgamberdiev, S. (2025). Patrons and Patronage in Central Asian Astronomy. 
Journal of Astronomical History and Heritage, 28(2), 382–399. 
https://doi.org/10.3724/SP.J.1440-2807.2025.02.07 

Faid, M. S., Mohd Nawawi, M. S. A., Mohd Saadon, M. H., Wahid, K., & Norman, P. 
(2025). Methods in Determining New Hijri Month: a Thematic Review From 
Islamic Jurisprudence Perspective. Malaysian Journal of Syariah and Law, 13(1), 
75–99. https://doi.org/10.33102/mjsl.vol13no1.687 

Faid, M. S., Nawawi, M. S. A. M., Saadon, M. H. M., Ahmad, N., & Mat Zin, A. A. @. (2022). 
Islamic Historical Review on Middle Age Lunar Crescent Visibility Criterion. 
Journal of Al-Tamaddun, 17(1), 109–125. 
https://doi.org/10.22452/JAT.vol17no1.9 

Faizah, N., & Binti Roslan, N. (2023). The Role of Sindhind Zij As the First Islamic 
Astronomical Calculation Table in Indian Civilization. Al-Hilal: Journal of Islamic 
Astronomy, 5(2), 135–154. https://doi.org/10.21580/al-hilal.2023.5.2.18158 

Fitra, T. R. (2023). Historiografi Hisab Rukyah [Historiography of Hisab Rukyah]. 
ISTORIA : Jurnal Pendidikan Dan Ilmu Sejarah, 18(2), 96–107. 
https://doi.org/10.21831/istoria.v18i2.52420 

Garosi, E. (2023). The ‘Year According to the Arabs’: The Rise of the ‘Hijra’-Era in the 
Context of the Administrative Structures in the Early Islamic Empire. Islam and 
Christian–Muslim Relations, 34(4), 337–364. 
https://doi.org/10.1080/09596410.2023.2282844 

Gharaybeh, M. (2025). Jurisprudential Reliance on Astronomical Calculations in 
Determining the Beginnings of the Hijri month. In H. M. K. Al Naimiy, H. M. 
Elmehdi, & I. A. Shehadi (Eds.), Proceedings of the 14th Arabic Conference of the 
Arab Union for Astronomy and Space Sciences (pp. 160–177). Singapore: 
Springer Nature Singapore. https://doi.org/10.1007/978-981-96-3276-3_13 

Henry, J. (2017). Copernicus: A Very Short Introduction. Annals of Science, 74(2), 
169–171. https://doi.org/10.1080/00033790.2016.1278460 

Hidayat, M., Rakhmadi, A. J., & Putraga, H. (2022). Uji Akurasi Perhitungan Waktu 
Ashar menggunakan Rubu’ Al-Mujayyab [Accuracy Test of Asr Time Calculation 
using Rubu' Al-Mujayyab]. DIKTUM: Jurnal Syariah Dan Hukum, 20(1), 99–113. 
https://doi.org/10.35905/diktum.v20i1.1915 

Hullmeine, P. (2024). Ptolemy’s cosmology in Greek and Arabic. The background and 
legacy of the Planetary Hypotheses. Turnhout: Brepols. 



Choirul Abdullah et al. | The Contribution of Astronomy in Determining the Direction of the Qibla 
and the Hijri Calendar in the 8th–14th Centuries CE 

 

 

303 Al-Qarawiyyin: Jurnal Ilmu Ushuluddin | Vol. 1, No. 4, 2025 

Islam, U., Sultan, N., & Hasanuddin, M. (2023). Fiqh and Astronomical Rashdul Qibla: 
Determining the Direction of the Qibla by Using a Stellarium. Al-Marshad: Jurnal 
Astronomi Islam Dan Ilmu-Ilmu Berkaitan, 9(1), 41–58. 
https://doi.org/10.30596/jam.v9i1.14554 

Kabir, M. H., Ruman, U., Alam, S., Islam, S., Sultana, J., & Islam, M. M. (2022). 
Approximate Shortest Distance and Direction between two Places on the 
Spherical Earth and the Oblate Spherical Earth. GUB Journal of Science and 
Engineering, 8(1), 49–56. https://doi.org/10.3329/gubjse.v8i1.62332 

Kasim, A. J., Abbas, A., Adhha, N., & Mutmainnah, I. (2024). Determination of Hijri 
Calendar in Islamic History and Its Criteria in Southeast Asia. Journal of Al-
Tamaddun, 19(1), 247–259. https://doi.org/10.22452/JAT.vol19no1.18 

Kennedy, E. S. (1956). A Survey of Islamic Astronomical Tables. Transactions of the 
American Philosophical Society, 46(2), 123–177. 
https://doi.org/10.2307/1005726 

King, D. A. (1988). Ibn Yu nus on Lunar Crescent Visibility. Journal for the History of 
Astronomy, 19(3), 155–168. https://doi.org/10.1177/002182868801900301 

King, D. A. (2004). In Synchrony with the Heavens: Studies in Astronomical 
Timekeeping and Instrumentation in Medieval Islamic Civilization. Leiden: Brill. 

King, D. A. (2021). Geography and Religious Knowledge in the Medieval World. In C. 
Mauntel (Ed.), Geography and Religious Knowledge in the Medieval World, (pp. 
179–188). De Gruyter. https://doi.org/10.1515/9783110686159-008 

King, D. A. (2024). Astronomy in the Service of Islam (1st ed.). London: Routledge. 

Kohar, A. (2025). Al-Biruni’s Contribution To The Development Of Qibla 
Determination Methods: Historical Analysis And Scientific Relevance. AJIS: 
Academic Journal of Islamic Studies, 10(1), 253–276. 
https://doi.org/10.29240/ajis.v10i1.12600 

Koto, I., Hati, L. P., Manurung, A. S., & Siregar, A. S. (2024). Islamic Holy Days: The 
Contention of Rukyatul Hillal and Hisab Hakiki Wujudul Hilal Disputes for 
Muslims in Indonesia. Pharos Journal of Theology, 105(2), 1–14. 
https://doi.org/10.46222/pharosjot.105.210 

Lusdianto, K. (2024). The Concept of Maslahah in the Dynamics of the Rukyah and 
Hisab Methods for Determining the Beginning of the Lunar Month. Istinbath : 
Jurnal Hukum, 20(1), 102–122. 
https://doi.org/10.32332/istinbath.v20i01.9793 

Mahamid, H. M. (2023). Religious Policy of the Mamluk Sultan Baybars (1260–1277 
AC). Religions, 14(11), 1384. https://doi.org/10.3390/rel14111384 

Mahmud, H. (2024). Dasar-Dasar Ilmu Falak: Pengenalan terhadap Astronomi dalam 
Perspektif Islam [The Basics of Astronomy: An Introduction to Astronomy from 
an Islamic Perspective]. Indonesian Journal of Islamic Jurisprudence, Economic 
and Legal Theory, 2(4), 2278–2286. https://doi.org/10.62976/ijijel.v2i4.1031 

Manzil, L. D. (2018). The Correlation of the Historical Science of Hisab Rukyat with 
the Development of Islamic Civilization. Al-Istinbath: Jurnal Hukum Islam, 3(2), 



Choirul Abdullah et al. | The Contribution of Astronomy in Determining the Direction of the Qibla 
and the Hijri Calendar in the 8th–14th Centuries CE 
 

 

304 Al-Qarawiyyin: Jurnal Ilmu Ushuluddin | Vol. 1, No. 4, 2025 

185–206. https://doi.org/10.29240/jhi.v3i2.432 

Memmedova, A. (2024). Dog u Ku ltu r Tarihinin Unutulmaz Bilim Adamī – Nasireddin 
Tusi [Unforgettable Scientist Of Eastern Cultural History – Nasir Al-Din Tusi]. 
Uluslararası Sosyal Bilimler Akademi Dergisi, (14), 64–78. 
https://doi.org/10.47994/usbad.1411961 

Mozaffari, S. M. (2018). Astronomical observations at the Maragha observatory in 
the 1260s–1270s. Archive for History of Exact Sciences, 72(6), 591–641. 
https://doi.org/10.1007/s00407-018-0217-z 

Mozaffari, S. M. (2019). Ibn al-Fahha d and the Great Conjunction of 1166 AD. Archive 
for History of Exact Sciences, 73(5), 517–549. https://doi.org/10.1007/s00407-
019-00232-0 

Mozaffari, S. M. (2025). Reflections on Observational Astronomy in the Medieval 
Islamic Period (1st ed.). London: Routledge. 

Muhammad, N. A., Izzuddin, A., & Muhammad, I. (2025). A Methodological Study of 
Qibla Direction Determination in Mara qī l Al-’Ubudiyah: The Perspectives of 
Astronomical Science (Falak) and Islamic Jurisprudence (Fiqh) of Syekh 
Nawawi Al-Bantani. AL - AFAQ : Jurnal Ilmu Falak Dan Astronomi, 7(1), 104–123. 
https://doi.org/10.20414/afaq.v7i1.13394 

Neugebauer, O. (1975). A History of Ancient Mathematical Astronomy. Berlin: 
Springer. 

Nurkhanif, M., Muttaqin, A., Imron, A., & Ahmad, M. R. (2022). The Integration 
Between Syar’i and Astronomy to Determine the Beginning of Hijri Calendar: 
An Applied Study of Moon Elongation to Prove the Hilal Testimony. Ulul Albab : 
Jurnal Studi Islam, 23(2), 183–207. https://doi.org/10.18860/ua.v23i2.17489 

Poskett, J. (2022). History’s unsung heroes. New Scientist, 253(3379), 27. 
https://doi.org/10.1016/S0262-4079(22)00523-1 

Ragep, J. F. (2007). Copernicus and his Islamic Predecessors: Some Historical 
Remarks. History of Science, 45, 65–81. 
https://doi.org/10.4000/abstractairanica.39750 

Raina, D. (2025). ‘Come, Let Us Ascend to the Heavens’: The Jantar Mantar at Jaipur 
and the Politics of Scientific Architecture. In Palimpsests of Religious Encounter 
in Asia, 1500–1800 (pp. 141–166). Leiden: Brill. 

Rakhmadi, A. J., Putraga, H., & Ritonga, M. (2025). Frequency-Based Analysis of 
Mosque Qibla Errors in Medan. Al-Hilal: Journal of Islamic Astronomy, 7(1), 37–
50. https://doi.org/10.21580/al-hilal.2025.7.1.24203 

Richichi, A., Sharma, S., Pandey, A. K., Pandey, R., Sinha, T., & Norharizan, M. D. 
(2018). Lunar occultations of Aldebaran and other late-type stars observed 
from Devasthal. New Astronomy, 59, 28–32. 
https://doi.org/10.1016/j.newast.2017.08.009 

Ritonga, M., Rakhmadi, A. J., Hidayat, M., & Putraga, H. (2024). The Transformation 
of Hisab-Rukyat in Determining the Beginning of the Hijri Month in 
Muhammadiyah. Al-Hikmah: Jurnal Agama Dan Ilmu Pengetahuan, 21(1), 83–



Choirul Abdullah et al. | The Contribution of Astronomy in Determining the Direction of the Qibla 
and the Hijri Calendar in the 8th–14th Centuries CE 

 

 

305 Al-Qarawiyyin: Jurnal Ilmu Ushuluddin | Vol. 1, No. 4, 2025 

92. https://doi.org/10.25299/al-hikmah:jaip.2024.vol21(1).14676 

Royyani, M. A., Kibtyah, M., Adeni, A., Rofiuddin, A. A., Machzumy, M., & Kholis, N. 
(2023). Religious Dialogue and Astronomy from the Perspective of Indonesian 
Muslim Scholars. Samarah: Jurnal Hukum Keluarga Dan Hukum Islam, 7(1), 
261–280. https://doi.org/10.22373/sjhk.v7i1.12406 

Saliba, G. (1995). A History of Arabic Astronomy: Planetary Theories During the 
Golden Age of Islam. New York: NYU Press. 

Saliba, G. (2007). Islamic Science and the Making of the European Renaissance. 
Cambridge: MIT Press. 

Schumm, W. R. (2020). How accurately could early (622-900 C.E.) muslims 
determine the direction of prayers (qibla)? Religions, 11(3), 102. 
https://doi.org/10.3390/rel11030102 

Şenel, S. (2025). Science Expanding Amid Political Challenges: Translation Activities 
During the al-Mutawakkil ‘Ala ’lla h Period (232–247 H/847–861 CE). Religions, 
16(4), 430. https://doi.org/10.3390/rel16040430 

Swerdlow, N. M. (1973). The Derivation and First Draft of Copernicus’s Planetary 
Theory: A Translation of the Commentariolus with Commentary. Proceedings of 
the American Philosophical Society, 117(6), 423–512. 

Tolkah, Nurkhanif, M., & Safiai, M. H. (2024). Digital Hilal Observation: Evaluating 
the Authenticity of Hilal Testimonials in Indonesia Using the Digistar-6 
Planetarium System. International Journal of Religion, 5(6), 947–970. 
https://doi.org/10.61707/yvxx1v72 

Toomer, G. (1987). The Solar Theory of Az-Zarqa l: An Epilogue. Annals of the New 
York Academy of Sciences, 500(1), 513–519. https://doi.org/10.1111/j.1749-
6632.1987.tb37222.x 

Walker, C., & Chinigo , D. (2018). Disassembling the Square Kilometre Array: 
astronomy and development in South Africa. Third World Quarterly, 39(10), 
1979–1997. https://doi.org/10.1080/01436597.2018.1447374 

Wang, S., Ma, R., Cao, F., Luo, L., & Li, X. (2024). A Review: High-Precision Angle 
Measurement Technologies. Sensors, 24(6), 1755. 
https://doi.org/10.3390/s24061755 

Zaki, N. A., Nawawi, M. S. A., Wahab, R. A., & Niri, M. A. (2019). Perception of the 
Istiwa' of the Sun in Determining Qibla Direction in Malaysia. Sains Humanika, 
11(2), 13–25. https://doi.org/10.11113/sh.v11n2.1452 

Zhang, S., Liang, R., & Wang, M. (2019). ShadowGAN: Shadow synthesis for virtual 
objects with conditional adversarial networks. Computational Visual Media, 
5(1), 105–115. https://doi.org/10.1007/s41095-019-0136-1 

Zhang, Z., Song, Y., & Wu, P. (2022). Robust geographical detector. International 
Journal of Applied Earth Observation and Geoinformation, 109, 102782. 
https://doi.org/10.1016/j.jag.2022.102782 

 


