
 

 

1 

TokyoTech (Tokyo Institute of Technology),  HMA (History of Mathematics and Astronomy) 

Lecture note 3: (2019) 

(Mathematics and astronomy in traditional India) 

            Lecturer:  Yukio Ôhashi (大橋由紀夫) 

                      3-5-26, Hiroo, Shibuya-ku, Tokyo, 150-0012, JAPAN. 

                      (日本、150-0012、東京都渋谷区広尾 3-5-26) 

                       E-mail: yukio-ohashi@chorus.ocn.ne.jp  

 

 

Mathematics and astronomy in traditional India 

 

 

  The history of Indian astronomy can roughly be summarised as follows.  

 

(i) Indus civilization period (ca.2600/2500 BCE – ca.1900 BCE). 

(ii) Vedic period (ca.1500 BCE – ca.500 BCE). 

(iii) Vedāṅga astronomy period (From sometime between the 6
th

 and 

4
th

 centuries BCE up to sometime between the 3
rd

 and 5
th

 

centuries CE?). 

(iv) Period of the introduction of Greek astrology and astronomy 

(Sometime around the 3
rd

 and 4
th

 century CE?). 

(v) Classical Siddhānta period (Classical Hindu astronomy period). 

(From the end of the 5
th

 century up to the 12
th

 century). 

(vi) Coexistent period of the Hindu astronomy and Islamic 

astronomy (From the 13/14
th

 century up to the 18/19
th

 century). 

(vii) Modern period (Coexistent period of the modern astronomy 

and traditional astronomy). (From the 18/19
th

 century onwards). 

 

 

[For an overview of Indian astronomy, see Ôhashi (1998) in Japanese or 

more detailed Ôhashi (2009) in English.  For an overview of Indian 

mathematics, see Datta and Singh (1935 – 38), Sarasvati Amma (1979), 

and Plofker (2009) in English, and Hayashi (1993) in Japanese.] 
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Indian numerals: 

          Decimal place value system. 
 

 

     (From van der Waerden: Science Awakening I, 1961, p.52.) 

 

  The Indian system was transmitted to the Islamic World, and then 

transmitted to Europe. 

  It should be noted that the shape of the figure which is now usually 

used is the modern European style, and the shapes of traditional 

figures in different areas are different. 
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  Let us see some examples of modern Asian numerals. 

 

 

 

 

 

 

 

  Now, let us see the numerals in an early inscription 

and a manuscript: 
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  One of the earliest inscriptions which has the symbol of “zero”: 

 

  An inscription found in Cambodia.  It has the date “Śaka 605” 

which corresponds to 683 CE.  (Śaka is an Indian Era.) 

  (From Aczel: Finding Zero, New York, St. Martin’s Press, 2015, p.177.) 
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  The Indian numerals in the Bakhshālī Manuscript: 

 

  (From Hayashi: 林隆夫『インドの数学』、中公新書、1993, p.30.) 

  The Bakhshālī Manuscript is the earliest Sanskrit 

mathematical manuscript in India (probably composed in the 

7
th

 century CE or so). 

 

 

  Now, let us see the development of mathematics and astronomy in 

India from ancient time. 
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(I) Indus civilization period 

(ca.2600/2500 BCE – ca.1900 BCE). 

  It is usually inferred that Munda people (one branch of the Austro-Asiatic 

people) (mainly in the eastern part of India) and Dravidian people (mainly in the 

western part of India) were already living in Indian subcontinent thousands of 

years ago, and later (around 1500 BCE or so), Indo-Aryan people migrated to 

Indian subcontinent from the northwest.  Dravidian people are now living mainly 

in South India. 

  The Indus civilization (ca.2600/2500 BCE ~ ca.1900 BCE) is the 

earliest urban civilization in Indian subcontinent (before the 

immigration of Indo-Aryan people).  It developed in the Indus Valley 

and nearby area of the western part of the Indian subcontinent.  Its 

cities Harappa and Mohenjo-daro were excavated since 1920s, and 

some other cities were excavated later.  It had Indus scripts, and some 

people are trying to decipher them as Dravidian language, but the 

results are still at the stage of hypothesis. 

  The cities are well planned, and we can suppose that they had 

certain knowledge to determine cardinal directions.  And also, they 

had standardized system of weights and measures.  As their 

agriculture was well developed, we can suppose that they had certain 

knowledge of calendar and related astronomy, which are necessary for 

agriculture.. 

 
(From Kenoyer: Ancient Cities of the Indus Valley Civilization, Oxford University Press, 1998, p.16) 
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(II) Vedic period (ca.1500 BCE – ca.500 BCE). 

    After the period of the Indus civilization (ca.2600 BCE ~ ca.1900 

BCE), Aryans appeared in Northwest India in ca.1500 BCE or so.  

The Aryans were originally pastoral people.  The Aryans produced a 

set of Brahmanic literature called Veda in India 

.  There are four Vedas, namely, the Ṛg-veda, the Sāma-veda, the 

Yajur-veda, and the Atharva-veda.  Each of the four Vedas consists of 

the Saṁhitā, the Brāhmaṇa, the Āraṇyaka, and the Upaniṣad. 

  Firstly, the Ṛg-veda-saṁhitā was produced in Northwest India 

(present Punjab) during ca.1500 BCE and ca.1000BCE.  Let us call 

this period “Ṛg-vedic period”. 

  Then, the Aryans advanced towards east, and produced Later Vedic 

literature (Vedic literature except for the Ṛg-veda-saṁhitā) in North 

India (roughly the western part of the plain of the Ganga) during 

ca.1000 BCE and ca.500 BCE.  Let us call this period “Later Vedic 

period”. 

 

(From Sharma, R. S.: India’s Ancient Past, New Delhi, Oxford University Press, 2005) 
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  Ṛg-vedic period (ca.1500 BCE ~ ca.1000 BCE): 

Certain calendrical knowledge (connected with annual monsoon) is 

recorded. 

  In a late portion of the Ṛg-veda, the intercalary month seems to have 

been mentioned. 

Later Vedic period (ca. 1000 BCE ~ ca. 500 BCE): 

The Aryans advanced towards east. 

The society had become essentially agricultural in this stage. 

  The intercalary month is explicitly mentioned. 

  The complete set of nakṣatras (lunar mansions) is given in later Vedic 

literature. 

  One year was divided into six seasons, namely, vasanta (spring), 

grīṣma (summer), varṣā (rainy), śarad (autumn), hemanta (winter), and 

śiśira (cool). 

  In the Vedic period, the regular calendar was symbolized in rituals. 

 

 

(III) Vedāṅga period. 

  Towards the end of the Later Vedic period, a class of works 

regarded as auxiliary to the Veda was produced, which is 

called Vedāṅga (limbs of the Veda). 

  The Vedāṅga consists of six divisions, namely, phonetics, 

metrics, grammar, etymology, astronomy and ceremonial. 

  The ceremonial texts called “śulba-sūtras” contain certain 

geometrical knowledge. 

  It is this period when astronomy, which was called “jyotiṣa” 

in Sanskrit, was established as an independent learning. 
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(III.1) Śulba-sūtras (probably composed sometime between the 6
th

 

century BCE and the 2
nd

 centurie CE). 

  The Śulba-sūtras (literally mean “rules of the measuring-cords”) are 

the texts to construct the altar for Brahmanic ceremonies. 

  There are four main texts, namely, Āpastamba-śulba-sūtra, 

Baudāyana-śulba-sūtra, Kātyāyana-śulba-sūtra, Mānava-śulba-sūtra. 

  Certain geometrical knowledge is used to construct altars. 

  Let us see some examples. 
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    (From Plofker: Mathematics in India, Princeton, 2009, pp.19 – 20.) 
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  Mathematical constants in the Śulba-sūtras: 

 
  (From Plofker: Mathematics in India, Princeton, 2009, p.27.) 

  For original text and English translation of the four Śulba-sūtras, see Sen and Bag (1983).  A 

Japanese translation of the Āpastamba-śulba-sūtra by Ikari is included in Yano (1980).  Datta 

(1932) is an early monumental study of geometry in the Śulba-sūtras. 
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 (III.2) Jyotiṣa-vedāṅga (probably composed sometime between 

the 6
th

 and 4
th

 centuries BCE). 

    The Jyotiṣa-vedāṅga of Lagadha is a small monograph of astronomy written in 

Sanskrit.  It has two recensions, namely, the Ṛg-vedic recension entitled 

Ārca-jyotiṣa, and the Yajur-vedic recension entitled Yājuṣa-jyotiṣa. 

 

  The calendrical system of the Jyotiṣa-vedāṅga can be summarized as 

follows. 

  1 sāvana day (civil day) is from sunrise to sunrise. 

  1 sāvana month (civil month) is 30 sāvana days. 

  1 tithi is 1/30 of a synodic month. 

  1 synodic month is from new moon to new moon. 

  1 solar month is 1/12 of a solar year. 

  1 ṛtu (season) is 1/6 of a solar year. 

  1 solar year is from winter solstice to winter solstice. 

  1 solar year = 2 ayanas (half years), 

             = 6 ṛtus (seasons), 

             = 12 solar months, 

             = 366 sāvana days (civil days), 

             = 372 tithis. 

  1 yuga = 5 years, 

         = 60 solar months, 

         = 61 sāvana months = 1830 sāvana days, 

         = 62 synodic months = 1860 tithis, 

         = 67 sidereal months, 

         = 1835 sidereal days. 

  In the Jyotiṣa-vedāṅga, celestial longitude was expressed using nakṣatra (lunar mansion).  

One nakṣatra used there is a segment which is equivalent to 1/27 of the ecliptic.  The system of 

28 or 27 nakṣatras already appeared in some of the later Vedic literature.  The nakṣatras 

described in the later Vedic literature must have been consisted of the actual visible stars.  

The Jyotiṣa-vedāṅga started to use it as an artificial system of coordinates.  It may be 

mentioned here that the systems of 28 and 27 nakṣatras are used for different purposes in the 

later Hindu astronomy since the Classical Siddhānta period, the system of 28 nakṣatras as 

actual stars, and the system of 27 nakṣatras as artificial coordinates.  The Vedāṅga astronomy 

may be considered to be the beginning of this division. 
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  Accuracy of the Vedāṅga astronomy: 

1 solar year = 366 civil days, 

1 yuga = 5 years, 

           = 1830 civil days, 

           = 62 synodic months, 

           = 67 sidereal months, 

 

     Modern accurate value: 

       1 solar year = 365.24219 days. 

       1 synodic month = 29.530589 days. 

          --- 62 synodic months = 1830.8965 days. 

       1 sidereal month = 27.321662 days. 

          --- 67 sidereal months = 1830.5485 days. 

 

   --- Enough exact regarding lunar months! 

 

(For more detail, see Ôhashi, Yukio: “On Vedāṅga astronomy: The Earliest Systematic Indian 

Astronomy”, in Nakamura, Orchiston, Sôma and Strom (eds.): Mapping the Oriental Sky. 

Proceedings of the Seventh International Conference on Oriental Astronomy, Tokyo, National 

Astronomical Observatory of Japan, 2011, pp.164 – 170.  For other references, see this paper.) 

 

 



 

 

14 

 
(From Sharma, R. S.: India’s Ancient Past, New Delhi, Oxford University Press, 2005) 

 

 

(IV) Period of the introduction of Greek astrology 

and astronomy 

 (Sometime around the 3
rd

 and 4
th

 century CE?). 

  Greek horoscopy is mentioned in the Yavana-jātaka (ca. 3
rd

 

century CE?) of Sphujidhvaja.  The most of the contents of 

the Yavana-jātaka is Greek horoscopic astrology. 

  With Greek astrology, zodiacal signs, seven-day week, etc. 

were introduced into India. 
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  Greek mathematical astronomy seems to have been 

introduced into India sometime around the 4
th

 century CE.  

There is little source material of the development of 

astronomy during this period.  The Pañca-siddhāntikā of 

Varāhamihira (6
th

 century CE) (see below) gives the most 

important information, although its information is 

fragmental. 

 

 

  It seems that the Indian traditional Vedāṅga 

astronomy was continually used until the 3
rd

 ~ 5
th

 

centuries CE.  After the end of the 5
th

 century, India 

did not receive foreign influence for sometimes, and 

created its own classical mathematics and astronomy. 
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(V) Classical Siddhānta period 

 (Classical Hindu astronomy period). 

 (The end of the 5
th

 century ---- the 12
th

 century). 

    In the Classical Hindu Astronomy period (Classical Siddhānta 

period) (from the end of the 5
th

 century to the 12
th

 century), Indian 

astronomy did not receive apparent foreign influence, and developed 

individually.  Some of the Sanskrit works in this period are still 

considered to be authoritative by modern traditional Hindu calendar 

makers etc.  This period can be called Classical Siddhānta period or 

Classical Hindu Astronomy period.  The “Siddhānta” is the 

fundamental treatise of mathematical astronomy in Sanskrit. 

 

 

Famous astronomers and mathematicians in this period: 

Āryabhaṭa (b.476 CE) --- astronomy and mathematics, 

 Varāhamihira (6
th

 century) --- astronomy and astrology, 

 Bhāskara I (fl.629) --- astronomy and mathematics, 

 Brahmagupta (b.598) --- astronomy and mathematics, 

 Śrīdhara (8
th

 century) --- mathematics, 

 Lalla (ca.8
th

 or 9
th

 century) --- astronomy and astrology, 

 Mahāvīra (9
th

 century) --- mathematics, 

 Vaṭeśvara (b.880) --- astronomy, 

 Mañjula (fl.932) --- astronomy, 

 Śrīpati (fl.1039/1056) --- astronomy, mathematics and astrology, 

 Bhāskara II (b.1114) --- astronomy and mathematics. 

 

  And also the anonymous Sūrya-siddhānta (ca.10
th

 or 11
th

 century) is 

a very popular Sanskrit astronomical text of this period. 

 

 The Bakhshālī Manuscript (probably composed in the 7
th

 century CE 

or so) is also an important Sanskrit mathematical manuscript in India. 
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Main contents of Hindu classical astronomy: 

 

“Graha-gaṇita” (calculation of planetary position): 

     ----- Calculation of the sun, moon, and planets for calendar 

making using eccentric and epicyclic models.. 

----- (mean motion, true motion, “three problems” (direction, 

place and time), lunar and solar eclipses, conjunction of planets 

and stars, heliacal rising and setting, lunar phase etc.) 

 

“Gola” (spherics). 

     ----- Topics concerning celestial sphere, astronomical instruments 

etc. 

 

 

 

Main contents of Hindu classical mathematics: 

 

“Pāṭī-gaṇita” (arithmetical mathematics), 

     ----- Calculation of known quantities using certain algorithms. 

 

“Bīja-gaṇita” (algebraic mathematics). 

     ----- Methods to solve equations using letters to express unknown 

quantities. 

 

 

 

 

  The above mentioned “Graha-gaṇita”, “Gola”, “Pāṭī-gaṇita”, and 

“Bīja-gaṇita” are usually used Sanskrit term. 

 

 

 

  Let us see some examples. 
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(From Sharma, R. S.: India’s Ancient Past, New Delhi, Oxford University Press, 2005, facing p.232.) 

Gupta Empire (From the late 3
rd

 century to the mid-6
th

 century) 

 

  Āryabhaṭa (b.476 CE) and Varāhamihira (6
th

 century) lived around 

this period. 
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Āryabhaṭa (b.476 CE) 

 

  Āryabhaṭa is an astronomer who was born in 476 CE.  He probably 

lived in Kusumapura (=Pāṭaliputra) in ancient Magadha, i.e. modern Patna 

in Bihar.  He is the earliest astronomer in the Classical Siddhānta period 

whose name and date are definitely known 

 

  Āryabhaṭa composed two astronomical works, the Āryabhaṭa-siddhānta 

(now lost) and the Āryabhaṭīya (499 CE). 

 

  The Āryabhaṭa-siddhānta is a lost text belonging to the Ārdharātrika 

school.  Only its fragments are found to be quoted in later works. 

 

  The Āryabhaṭīya (499 CE) is a celebrated work of Hindu astronomy.  It 

consists of four sections, namely, the Gītikā section on astronomical 

constants, the Gaṇita section on mathematics, the Kālakriyā section on the 

reckoning of time, and the Gola section on the celestial sphere. 

 

  Significance of this work is that the rotation of the earth is mentioned 

there.  In the Āryabhaṭīya (I. 3, and I. 6), Āryabhaṭa mentions the 

eastward rotation of the earth.  This theory was, however, not accepted by 

other Hindu astronomers.  What Āryabhaṭa told is the rotation of the earth, 

and not the revolution of the earth. The earth was considered to be at the 

centre of the universe.  Therefore, Āryabhaṭa’s theory is different from 

Copernican heliocentric theory.  This difference should not be confused. 

 

  Āryabhaṭa explained several topics in the section of mathematics, and it 

is the beginning of the systematic mathematics in India. 

 

  For its text and English translation, see Shukla and Sarma (1976). 

  There is also a Japanese translation by Yano in Yano (1980). 

 

The contents of the Āryabhaṭīya 

 (from Shukla and Sarma (1976), pp.vii-xii): 
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Rotation of the Earth in the Āryabhaṭīya: 

  (The quotations from the Āryabhaṭīya are from Shukla and Sarma (1976).) 

Āryabhaṭīya (I. 3-4): 
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     (From Shukla and Sarma (1976), p.6 – 8.) 

    Astronomical constants concerning the movement of heavenly bodies are given by their 

revolution (or rotation) numbers (with respect to fixed stars) in a “yuga” (4320000 years).  The 

rotation number of the Earth corresponds to the number of sidereal days in a yuga. 
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Āryabhaṭīya (I. 6): 
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     (From Shukla and Sarma (1976), pp.13-14.) (From Shukla and Sarma (1976), pp.13-15.) 

 



 

 

28 

  The rotating earth theory is explained in the following verses. 

(Āryabhaṭīya (IV. 9-10)). 

 

(From Shukla and Sarma (1976), pp.119-120.) 
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Sine table in the Āryabhaṭīya (II.12): 

 

(From Shukla and Sarma (1976), pp.29-30.) 

 

 

  The relationship between arc and chord was used in ancient 

Greece for astronomical calculation, but the relationship 

between arc and half-chord (which corresponds to sine) was 

first used in India.  This is the direct origin of the modern 

trigonometry. 
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Varāhamihira (6th
 century, probably expired in 587) 

    Vrāhamihira is an astronomer and astrologer of the 6
th

 century 

CE.  He resided in Avanti, i.e. Ujjain in modern Madhya Pradesh.  

  He composed an astronomical work Pañca-siddhāntikā, and 

several astrological works.  Among his astrological works, 

the Bṛhaj-jātaka (on the horā branch of astrology, or 

horoscopic astrology) and the Bṛhat-saṁhitā (on the saṁhitā 

branch of astrology, or the astrology concerning several 

natural phenomena) are famous and important.  Especially, 

the Bṛhat-saṁhitā is an encyclopaedic work, and is an 

important source material of Indian science, technology, and 

culture at his time. 

  The Pañca-siddhāntikā is a compilation of five earlier astronomical 

works, namely, the Paitāmaha-siddhānta, the Vāsiṣṭha-siddhānta, the 

Pauliśa-siddhānta, the Romaka-siddhānta, and the Saura-siddhānta.  

The Paitāmaha-siddhānta is a remnant of Vedāṅga astronomy after the 

introduction of Greek horoscopy.  The Pauliśa-, Romaka-, and 

Saura-siddhānta are the texts after the introduction of Greek 

astronomy, and the Saura-siddhānta (also called Sūrya-siddhānta) is, 

according to Varāhamihira’s own word, more accurate than other 

works.  (This Sūrya-siddhānta should not be confused with the famous 

modern Sūrya-siddhānta, which was composed in ca. 10
th

 – 11
th

 century 

CE.)  This Pañca-siddhāntikā of Varāhamihira gives very important 

information of the early history of Hindu astronomy. 
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Brahmagupta (b.598 CE) 

  Brahmagupta is an astronomer who was born in 598 CE.  

He probably lived at Bhillamāla (modern Bhinmal in the 

southwest of Rajasthan) 

  Brahmagupta composed two works, namely, the 

Brāhma-sphuṭa-siddhānta (628 CE) (Precise treatise of the 

Brāhma school), which is a basic text of the Brāhma school 

which was also followed by Bhāskara II, and the 

Khaṇḍa-khādyaka (665 CE) (“Candied sugar”).  

Brahmagupta criticized Āryabhaṭa (b.476 CE) in his 

Brāhma-sphuṭa-siddhānta, and Brahmagupta himself was 

criticized by Vaṭeśvara (b.880 CE) who followed the Ārya 

school which was founded by Āryabhaṭa.  Brahmagupta 

later accepted the system of Ārdharātrika school, another 

school founded by Āryabhaṭa, in his Khaṇḍa-khādyaka.  

Brahmagupta was contemporary with another Indian 

astronomer Bhāskara I, but it is not known whether they 

knew each other. 
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  The Brāhma-sphuṭa-siddhānta has some chapters of 

mathematics. 

  Contents of two mathematical chapters of the 

Brāhma-sphuṭa-siddhānta: 

 

(From Colebrooke (1817).) 

 

 

 

  Brahmagupta mentioned the basic calculations including “zero” as 

follows.  Besides the Indisn numerals including symbol of “zero”, the 

calculations including “zero” are also great significance of Indian 

mathematics. 
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(From Colebrooke (1817), pp.339-140.) 
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Bhāskara II (b.1114 CE) 

  Bhāskara II is an astronomer who was born in 1114 CE.  The 

number “II” is added by modern historians only for convenience’ sake 

in order to differentiate from his namesake (Bhāskara I) of the 7
th

 

century.  Bhāskara II probably lived in Vijjaḍaviḍa (possibly present 

Bijapur in the north of Karnataka).  His father was Maheśvara who 

was also an astronomer. 

 

  Bhāskara II composed the Siddhānta-śiromaṇi (1150 CE) with his 

auto-commentary, the Karaṇa-kutūhala (1183 CE), and the 

Śiṣyadhī-vṛddhida-vivaraṇa (Commentary on the 

Śiṣyadhī-vṛddhida-tantra of Lalla (ca. 8
th

 century CE)).  

 

  The Siddhānta-śiromaṇi (1150 CE), which was written at the age of 

36 with his own commentary, is a comprehensive treatise of 

mathematics and astronomy.  It consists of 4 parts as follows. 

 

(1) Līlāvatī on arithmetical operations [Its English translation is 

included in Colebrooke, H.T. (1817).  Its Japanese translation by 

Hayashi and Yano is included in Yano (1980).], 

(2) Bījagaṇita on algebraic operations [Its English translation is 

included in Colebrooke, H.T. (1817).  For its Japanese translation, 

see Hayashi (2016).], 

(3) Graha-gaṇita-adhyāya (= Grahagaṇitādhyāya) on the calculation of 

the position of planets [For its English translation, see 

Arkasomayaji, D. (1980/2000).], and 

(4) Gola-adhyāya (= Golādhyāya) on spherics [For its English 

translation, see Sastri and Wilkinson (1861).]. 

 

  The first two parts on mathematics are sometimes treated as 

independent works.  In the last two parts, the word “adhyāya” stands 

for “chapter”. 
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  Contents of the Līlāvatī and Bījagaṇita: 

 
     (From Colebrooke (1817).) 
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  In the Bījagaṇita:, indeterminate equations, multiple variable 

equations, equations of higher degree etc. are systematically explained.  

For example: 

 

     (From Hayashi (1993), p.253.) 
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  An example from the Bījagaṇita: 

 

     (From Colebrooke (1817), pp.211-212.)  

 

  The following is an exposition by Hayashi (2009). 

 

     (From Hayashi (2009), p.139.) 
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Contents of the Sūrya-siddhānta: 

  The anonymous Sūrya-siddhānta (ca.10
th

 or 11
th

 century) is a very 

popular Sanskrit astronomical text belonging to the Saura school of 

Hindu astronomy.  There are two English translations of this text 

(Sastri and Wilkinson (1861), and Burgess (1860).). 

 

The contents of the Sūrya-siddhānta: 

 

   (From Sastri and Wilkinson (tr.): The Súrya Siddhánta, Calcutta, 1861) 
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(VI) Coexistent period of the Hindu astronomy 

and Islamic astronomy 

 (The 13/14
th

 century ----- the 18/19
th

 century). 

  After the establishment of Islamic dynasties in North India, the 

coexistent period of Hindu astronomy and Islamic astronomy (the 

13/14
th

 century ~ the 18/19
th

 century) began. 

  (Actually, the earliest Sanskrit work which mentions a kind of the 

information of Islamic calendar is the Kālacakra-tantra (an esoteric 

Buddhist work, probably composed in the 11
th

 century), where the year 

of Hijra is mentioned with two years’ error, which I shall mention in 

the section of Tibetan astronomy.) 

  (a) Delhi Sultanate period (1206 ~ 1526 AD) 

 

     (From Davis: An Historical Atlas of the Indian Peninsula, 1959, p.37.) 
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  The first Sanskrit work in which Islamic astronomy is 

explained in detail is the Yantra-rāja (1370) of Mahendra Sūri, 

which is the first Sanskrit work on the astrolabe.  At this 

time, some Sanskrit works on Hindu astronomical sciences 

were also translated into Persian by the order of Fīrūz Shāh 

(reign 1351 ~ 1388), a Sulṭān of the Tughluq dynasty.  These 

events mark the real beginning of the coexistent period of 

Hindu and Islamic astronomy.  For convenience’ sake, let us 

divide this period into two subdivisions, namely the Delhi 

Sultanate period and the Mughal Empire period. 

 

  The astrolabe is a very convenient astronomical instrument. 
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  (For detail about introduction of the astrolabe into India, see Ôhashi, Yukio: “Early History of the 

Astrolabe in India”, Indian Journal of History of Science, 32(3), 1997, 199-295.) 

 

  During the Delhi Sultanate period, only one siddhānta 

(fundamental treatise of astronomy) was produced.  It is the 

Sundara-siddhānta (also called Siddhānta-sundara) (1503 CE) 

of Jñānarāja. 

  Some interesting karaṇas (handy practical works of 

astronomy) were produced in this period.  One is the 

Karaṇa-kautuka (1496 CE) of Keśava.  Keśava’s son Gaṇeśa 

(b. 1507 CE) was also a great astronomer, and his 

Graha-lāghava (1520 CE) is a quite popular karaṇa. 
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  There is also a popular Sanskrit astronomical table 

Makaranda-sāraṇī (1478 CE) of Makaranda, which is based 

on the Sūrya-siddhānta. 

 

  (b) Mughal Empire period (1526 ~ 1858 AD) 

 

     (From Kini and Rao: Oxford Pictorial Atlas of Indian History, 1967, p.32.) 
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  Some new siddhāntas were composed during the Mughal 

Empire period.  Nityānanda wrote the Siddhānta-sindhu 

(1628 CE) (I have not seen this text.), and the Siddhānta-rāja 

(1639 AD) under the reign of Emperor Shāh Jahān (reign 

1628~1658).  At the same time, Farīd ad-Dīn Mas‘ūd ibn 

Ibrāhīm Dihlawī, a court astronomer of Shāh Jahān, 

composed the Zīj-i Shāh Jahānī (Astronomical table dedicated 

to Emperor Shāh Jahān)(1629 CE) in Persian. 

  Munīśvara (b.1603) wrote the Siddhānta-sārva-bhauma in 

1646 CE. 

  Kamalākara wrote the Siddhānta-tattva-viveka in 1658 CE, 

which basically follows the Sūrya-siddhānta. 

 

Obervatories of Sawai Jai Singh (18
th

 century) 

  In the first half of the 18
th

 century, five traditional 

astronomical observatories, among which four still exist, were 

built by Sawai Jai Singh (or Savāī Jaya Siṁha in literal 

transcription of Nāgarī script) (reign 1699 ~ 1743), a 

mahārāja who constructed the city of Jaipur. 
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  At his court, some astronomical works in Sanskrit and 

Persian were composed, for example, the Zīj-i jadīd-i 

Muḥammad Shāhī (New astronomical table dedicated to 

Emperor Muḥammad Shāh) (1728) in Persian.  And also, at 

his court, Jagannātha translated aṭ-Ṭūsī’s Arabic version of 

Ptolemy’s Almagest into Sanskrit as the Samrāṭ-siddhānta, and 

aṭ-Ṭūsī’s Arabic version of Euclid’s Elements into Sanskrit as 

the Rekhā-gaṇita. 

 

Jai Singh’s observatory is extant at Jaipur, Delhi, Banaras, 

and Ujjain.  His observatory at Mathura is not extant.  

Among them, the Jaipur observatory is the largest. 

 

 

  An overview of the Jaipur observatory. 
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Samrāṭ-yantra: 

  Among the several instruments in Jai Singh’s observatories, the most famous instrument is 

probably the Samrāṭ-yantra (“emperor instrument”).  It is a kind of equatorial sundial.  In the 

figure, φ is the latitude of the observer, δ is the sun’s declination, and h is the sun’s hour angle.  In 

the afternoon, the shadow of the gnomon (AB) is cast on the quadrant (EFGH), and its position (Y) 

indicates time.  The position (X) indicates the sun’s declination.  In the forenoon, the shadow of 

the gnomon (CD) is cast on the quadrant (JKLM). 

 

(Samrāṭ-yantra) 

 

(Samrāṭ-yantra in Jaipur) 
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Ṣaṣṭhāṁśa-yantra 

  Under the each quadrant of the larger Samrāṭ-yantra in the Jaipur observatory is constructed a 

chamber in which the Ṣaṣṭhāṁśa-yantra (“sextant instrument”) is kept.  The image of the sun (D 

and D’) through a pair of pinholes (A and A’) at its ceiling is cast on a pair of mural sextants (BC and 

B’C’) at midday.  The sun’s declination and zenith distance are obtained by this instrument.  This 

is probably the most precise instrument in Jai Singh’s observatories.  

 

 

(Ṣaṣṭhāṁśa-yantra) 
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(Ṣaṣṭhāṁśa-yantra in Jaipur) 

 

 

(Ṣaṣṭhāṁśa-yantra in Jaipur) 
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Miśra-yantra in Delhi 

  The Miśra-yantra is a unique instrument in the Delhi observatory, which is a combination of some 

instruments.  Its front side is used to observe a heavenly body’s declination four times a day.  It 

may not be so useful astronomically, but is certainly a beautiful art object.  There are several other 

interesting instruments in Jai Singh’s observatories. 

 

  (The Miśra-yantra in Delhi, looking from south) 

 

  (The Miśra-yantra in Delhi, looking from northheast) 
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Development of mathematics and astronomy 

in several regions: 
 

  Hindu traditional mathematics and astronomy further developed in 

several regions of India, and the development in South India 

(Telangana, Andhra Pradesh, Karnataka, Kerala and Tamil Nadu) is 

significant. 

 

 

   (From 『プレミアム アトラス 世界地図帳』、新訂第 3版、平凡社、2017.) 

 

  The Āryabhaṭīya, was popular in Kerala and Tamil Nadu, while the 

Sūrya-siddhānta was popular in the Telugu speaking area (Telangana 

and Andhra Pradesh). 
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  Telugu speaking area (Telangana and Andhra Pradesh): 

Already in 1825, John Warren pointed out in his Kala Sankalita that 

the solar calendar of Tamil region is based on the Ārya-siddhānta 

(=Āryabhaṭīya), and the luni-solar calendar of “Telingana” region is 

based on the Sūrya-siddhānta, while Muslims are using lunar calendar.  

It is known that Mallikārjuna Sūri, the author of the earliest extant 

commentary of the Sūrya-siddhānta, wrote the commentary both in 

Sanskrit and Telugu.  Therefore, the tradition of the Sūrya-siddhānta 

in Telugu speaking area is very important. 

  Kerala: 

  There were two major systems of Kerala astronomy. 

  One is the Parahita system, which is based on the Āryabhaṭīya (499 

CE) of Āryabhaṭa, and was started by Haridatta (ca.650 – 700) who 

composed the Graha-cāra-nibandhana.  It is said that this Parahita 

system was started in AD 683. 

  The other system is the Dṛk system started by Parameśvara (ca.1360 

– 1455) who composed the Dṛg-gaṇita (1431) etc. 

  Parameśvara’s teacher Mādhava (ca.1340 – 1425) was a great 

mathematician and astronomer.  Parameśvara’s son’s disciples 

Nīlakaṇṭha Somayājin (1443 – ca.1543) and Jyeṣṭhadeva (ca.1500 – 

1610), and Jyeṣṭhadeva’s disciple Acyuta Piṣāraṭi (ca.AD 1550 – 1621) 

were also great astronomers. 

Putumana Somayājin (ca.AD 1700 – 1760) and Śaṁkaravarman 

(AD 1800 – 38) were also great astronomers. 

  Tamil Nadu: 

Astronomy in Tamil Nadu is also closely connected with the 

astronomy of Kerala.  Before the introduction of modern astronomy, 

Tamil calendars were solely based on the Vākya-karaṇa (ca.1300 AD) 

and its auxiliary tables.  This is a practical work for calendar making, 

and is basically based on the Mahā-bhāskarīya of Bhāskara I, who was 

a follower of the school of Āryabhaṭa, and the Parahita system of 

Haridatta. 
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(VII) Modern period 

 (Coexistent period of the modern astronomy 

and traditional astronomy). 

 (From the 18/19
th

 century onwards). 

 

  Hindu Classical Astronomy is still used in order to make 

traditional regional calendars etc.  There are several 

traditional regional calendars in several different places.  Let 

us see some example of traditional calendars. 

 

 

(Some examples of Hindi traditional calendars in Hindi language) 
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(A page from a Hindi traditional calendar with my notes) 

 

 

 

  (Some examples of Bengali traditional calendars) 
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