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The Turyayantraprakasa of Bhudhara:
Chapters One to Ten

SaKHYa*

I Introduction

1.0.1 The quadrant (Sanskrit: turiya-yantra, turya-yantra, turyagola-yantra) is a
graduated quarter circle with which the altitude of a heavenly body can be measured.
The sine quadrant carries, in addition, a series of lines running parallel to one or
both the radii. These parallel lines allow us to convert the angle of altitude into the
corresponding sine and cosine and to solve trigonometric problems graphically. It is
difficult to say when and where the simple quadrant was invented. In his Almagest,
Ptolemy describes a simple quadrant in connection with what came to be known in
later times as the ‘Mural Quadrant’ which is set up on the north-south line and is
used to measure the latitude of the locality and the obliquity of the ecliptic.

The quadrant is mentioned for the first time in India by Brahmagupta in his
Brahmasphutasiddhanta (AD 628) where he describes the construction and use of
several astronomical instruments.? Of these, the cakra (circle), dhanus (semi-circle)
and turyagola (quadrant) are closely related in shape and function. Cakra is a
circular wooden plate with its circumference graduated into 360 degrees, dhanus is
its half, and turyagola the quarter. In all the three, a perforation is made at the
center into which a peg is inserted like an axis, and also a plumb-line is suspended
from the center. These instruments are so held towards the sun that the axis throws a
shadow on the circumference. Then the arc intercepted between the nadir (indicated

*SaKHYa, which means ‘friendship’ in Sanskrit, is an acronym that refers to the study group
consisting of Sreeramula Rajeswara Sarma, Takanori Kusuba, Takao Hayashi, and Michio Yano.
The present paper was prepared in the weekly meetings held at Kyoto University from October
2013 to March 2014, while Sarma was staying in Kyoto as a visiting professor of the university.
Setsuro Ikeyama and Lv Peng also actively attended the meetings.

'Cf. G. J. Toomer, Ptolemy’s Almagest (translated and annotated), New York 1984, Book I,
Chapter 12, pp. 62-63; see also Fig. D on p. 62.

2Cf. Sreeramula Rajeswara Sarma, ‘Astronomical Instruments in Brahmagupta’s Brahma-
sphutasiddhanta,” Indian Historical Review, 13 (1986-87), 63-74; reprinted in pp. 47-63 of Sreera-
mula Rajeswara Sarma, The Archaic and The Ezotic: Studies in the History of Indian Astronomical
Instruments, New Delhi: Manohar, 2008. See also Yukio Ohashi, ‘Astronomical Instruments in

Classical Siddhantas,” Indian Journal of History of Science 29(2), 1994, 155-313.
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by the plumb-line) and the shadow is the zenith-distance. Brahmagupta prefers the
semi-circular variety, for he explains all functions in connection with dhanus and
adds that the same can be done with turyagola:

The Turya-golaka-yantra is [constituted by] a half of the Dhanur[-yantra]. It is marked
with ninety degrees; as in the Dhanur[-yantra], here also [can be determined the time
in] ghatikas, the degrees of the zenith-distance (natamsa), the degrees of altitude (un-

nataméa), the distance between two planets (grahantara) and other [parameters].*

Brahmagupta’s successors show a marked preference for the cakra, presumably
because it has the ideal shape; the quadrant is not mentioned by Lalla (8th century)
in his gigyadhz_vrddhidatantm or by Sﬁpati in his Siddhantasekhara of 1039, while
the dhanus is ignored by Bhaskara II in his Siddhantasiromani of 1150.

1.0.2 The sine quadrant (Arabic: rub® al-mujayyab) was developed in Baghdad in
the ninth century. Frangois Charette and Petra G. Schmidl convincingly argue that
the earliest Arabic text bearing the title ‘The construction of a quadrant with which
the sine, the declination and the hours of daylight that elapsed can be determined’
was authored by the famous al-Khwarizmi himself.? In view of its advantages, the
sine quadrant began to be incorporated on the back of the astrolabes.

Along with the astrolabe, the sine quadrant appears to have been transmitted
to India from the Islamic world sometime in the early medieval period. While the
astrolabe, the Islamic instrument par excellence, was received as the yantraraja,
‘king of astronomical instruments,’” the sine quadrant, because of its usefulness in
solving trigonometric problems graphically, was also absorbed into the repertoire of
Indian astronomical instruments.3

1.0.3 In India Padmanabha is the first to describe the sine quadrant in his Dhruva-
bhramanadhikara of 1423. On the reverse side of the Dhurvabhrama-yantra, which
he designed for night time measurements, he incorporated the sine quadrant for

! Brahmasphutasiddhanta 22.17:
Sfgaaoacar gqIred gaie® T |
FicharAareaT=a T 9qates 1171
2Cf. Francois Charette & Petra G. Schmidl, ‘al-KhwarizmT and Practical Astronomy in Ninth-
Century Baghdad. The Earliest Extant Corpus of Texts in Arabic on the Astrolabe and other
Portable Instruments,” SCIAMVS 5 (2004), 101-98, esp. 154-55 and 179-81.
3For beautiful photos of specimens of the yantrardje and the quadrant, see respectively pp.
198-201 and pp. 204-08 in: David Pingree, Fastern Astrolabes, Historic scientific instruments of
the Adler Planetarium & Astronomy Museum, vol. 2, Chicago: Adler Planetarium & Astronomy
Museum, 2009.
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daytime observations.!

Subsequently the sine quadrant was discussed by several writers, such as Jnana-
raja in his Siddhantasundara of 1503, Kamalakara in his Siddhantatattvaviveka of
1568, Cakradhara in his Yantracintamani composed before 1621, Bhudhara in his
Turyayantraprakasa of ca. 1572 and Nandarama in his Yantrasara of 1771. Of these,
Cakradhara’s Yantracintamani and Bhudhara’s Turyayantraprokasa are exclusively
devoted to the sine quadrant.

Cakradhara, son of Vamana, composed the Yantracintamani together with a
commentary called Vivarana. He does not mention the date of his composition, but
the work is referred to by name and cited by Nrsimha Daivajiia of Kasl in 1621
in his commentary on Bhaskaracarya’s Siddhantasiromani.?> Therefore, the Yantra-
cintamant must have been written sometime between 1423 and 1621, probably in the
sixteenth century. Cakradhara coined a special name Yantracintamani (lit. ‘wishing
gem of an instrument’) for the sine quadrant, but this name did not catch on as
Mahendra Stri’s name Yantraraja for the astrolabe did. Like the ordinary quadrant,
the sine quadrant also continued to be referred to as turiya-yantra or turya-yantra.

The Yantracintamani is a slender text of just 26 verses. Cakradhara asserts that
his work, though small, carries much substance:

I shall teach an instrument which does not require mathematical calculations (ganita-
napeksya ), which can quickly determine the time and other elements (samayadikanam
asuprabodham) and which makes use of principles that have never been used before
(aparvayukti). [My work], though small (alpa), carries much substance (analpakartha),
[is composed in] fine verses and dispels the darkness of ignorance. Those who understand
[the use of] this instrument in all the details will understand the whole range of the best

mathematical astronomy.>

The Yantracintamani enjoyed great popularity. Besides the author’s own Viva-
rana, two other commentaries are extant: Yantradipika by Rama Daivajna (ca.

LCf. Sreeramula Rajeswara Sarma, ‘The Dhruvabhrama-Yantra of Padmanabha,” Samskrta-
vimarsah, Journal of Rashtriya Sanskrit Sansthan, World Sanskrit Conference Special, 6 (2012),
321-43. See also Yukio Ohashi, ‘Early History of the Astrolabe in India,” Indian Journal of History
of Science 32(3), 1997, 199-295, which contains a critical edition, translation and commentary of
Padmanabha’s Yantrarajadhikara on the southern astrolabe.

2Cf. Bhaskaracarya, Siddhantasiromani, with his own Vasana and the Varttika by Nrsimha
Daivajna, ed. Murali Dhara Caturveda, Sampurnanand Sanskrit University, Varanasi 1981, p. 456.

3 Yantracintamani 1cd-2:

T FFed TOATTIeaH Towary aaarEa=e Il led
AT CTATCTHT TEAATTATATSTRTIC |
faefr o g=fag g veaf<r asa i aaeaq 0 21
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1625) and Turyayantropapatti or Yantracintamani-sutranam upapatti by Dadabhat
(ca. 1719). Moreover, some 90 manuscript copies of this work are known to exist.!

1.1.1 Bhudhara also composed an exclusive text on the sine quadrant with the title
Turyayantraprakasa.? Besides this work, three commentaries by him are known, viz.,
the Suryasiddhantavivarana on the Suryasiddhanta, Manjary on the Svarodaya of
unknown authorship and Sodaharanalaghumanasa on the Laghumanasa of Muiijala.?

At the beginning of the Turyayantraprakasa and also at the beginning of the
Suryasiddhantavivarana, Bhudhara informs us that he is a resident of Kampilya on
the banks of the river Ganga. This city, known from the times of the Mahabharata,
survives as the modern Kampil (27° 37" 12" N; 79° 16’ 48" E), a small town on the
banks of the Ganga in the state of Uttar Pradesh. It is also sacred to the Jainas as
the birth place of Vimalanatha, the thirteenth Tirthankara.

Bhudhara belonged to the Bharadvaja-gotra. His grandfather’s name is variously
mentioned as Khemasarman or Somagarman.* His father Devadatta was said to have
been honoured by King Jalal al-Dm Akbar (r. 1556-1605).

[.1.2 Bhudhara’s commentary on the Suryasiddhanta was composed in 1572. But
no date is mentioned in the Turyayantraprakasa. In this work, he mentions that
his father Devadatta was honoured by Akbar. But this fact is not mentioned in his
commentary on the Suryasiddhanta. Therefore, it is likely that Devadatta was hon-
oured by Akbar sometime after 1572 and that the Turyayantraprakasa was composed
thereafter. The Suryasiddhantavivarana commences as follows:?

FT gIEa=ide SATqaarduuiy

TGS G SHe FANad X EHIATRT: |

AT JIg=a=2aus: HQaaard:

Frear FeETssaaT: qaaHren: gtgaet fTer i
VT T gatag fagumEE

'David Pingree, Census of the Ezact Sciences in Sanskrit, Philadelphia 1970ff [henceforth
CESS], 3, 36-37; 4, 88; 5, 103-04.

2Ibid., 4, 331-32.

3Ibid., 5, 265, mentions a Bhidharasarini by Bhiidhara; Samkara Balakrsna Diksita, Bharatiya
Jyotisa, Hindi translation by Sivanatha Jharakhandi, second edition, Lucknow 1963, p. 625, refers
to a commentary by a Bhudhara on the Narapatijayacarya. It cannot be ascertained whether these
Bhudharas are identical with the Bhudhara of Kampilya.

“In the two manuscript copies of the Turyayantraprakasa, the name is given as Khemagarman,
so also in a manuscript of the commentary on the Saryasiddhanta which was consulted by K. S.
Shukla. However, in another manuscript of the same work, the name occurs as Somasarman; cf.
CESS 4, 332. Khemasarman is a vernacular form of the Sanskrit Ksemasarman.

5Cited in CESS 4, 332.
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TEUT TRgARA AT aa: I3t

In Kampilya, [situated] on the beautiful/curved banks of the divine river [Gangal, in
the pure Bharadvaja clan [was born] the illustrious Somasarman who was the foremost
among the astronomers/astrologers. His son Devadatta, whose feet were worshipped by
hosts of kings, brightened the ten directions with his spotless fame. I, his son Bhtuidhara,
elucidate the Suryasiddhanta, having become a bee at the pair of lotus feet of the teach-

ers/elders.

[.1.3 The commentary on the Laghumanasa of Munjala (or Manjula) is preserved
in a unique manuscript in the Sampurnanand Sanskrit University at Varanasi (serial
no. 36944 and accession no. 2970).2 This manuscript is incomplete and breaks off
after verse 27 of chapter 3 (Triprasnadhikara). The name of the commentator is not
available in the manuscript. But from the contents of the commentary, K. S. Shukla
concludes that it must be Bhuidhara, because all the calculations in chapter 3 are
made for the city of Kampilya and because the calculation of ahargana in chapter 1
is made for ‘Wednesday noon, the 15th tithi in the light fortnight of Asadha in Saka
1494 (corresponding to June 25, AD 1572)’ just as Bhiidhara’s commentary on the
Suryasiddhanta calculates the ahargana ‘for the 15th tithi of the light fortnight of
Asaha, Saka 1494." Therefore, this commentary on the Laghumanasa also must have
been composed at about the same time as the commentary on the Suryasiddhanta,
i.e., ca. 1572.

1.1.4 Bhudhara’s Turyayantraprakasa (Light on the [Sine] Quadrant) is rather
a large work, consisting of 265 verses distributed into 21 short chapters of uneven
length. The text is available in the following two manuscripts:

e V: Varanasi, Sampurnanand Sanskrit University, No. 35097.
e B: Baroda, Oriental Institute, Baroda, No. 12828;3 it is incomplete, breaks off
at 13.13.4

In the Manjari, verse 2 is the same as verse 2 in the Suryasiddhantavivarana, but verse 3 is
slightly altered:
TEUT IEITARHATAT T |
T [sic!] Tega: AT aaedT: 131
Cf. CESS 4, 332.
2Cf. K. S. Shukla, A Critical Edition of the Laghumanasa of Marjula, Indian National Science
Academy, New Delhi 1990, pp. 38-40. This commentary is not noticed in the CESS.
3In the catalogue it is wrongly attributed to Bhaskara Daivajiia, son of Devadatta Daivajiia.
“In this manuscript, the verses of the first four chapters are numbered continuously from 1 to
69, but in the remaining chapters, consecutive numbers are given to the verses separately in each

chapter.
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The manuscripts are not dated, but probably belong to the nineteenth century.
They appear to have been copied from the same or similar defective source and
exhibit the same lacunae. Lacunae are noticeable, in particular, in chapter 1 which
ends in a half verse. In 1.7-14ab, where
the construction of the sine quadrant is explained and the technical terms for the
different parts of the instruments are introduced, the definition of the term mrgasya,
which occurs very often later, is missing. Moreover, the titles of chapters are not

In 1.4, the word for ‘son’ is missing.

transmitted completely in the colophons; sometimes only the topic of the chapter
is mentioned together with the serial number of the chapter (ity aksamsavicarah
saptamah), sometimes only the serial number of the chapter followed by ‘adhyaya’
(iti sastho ’dhyayah), and some other times just the serial number (iti caturthah).

Contents of the Turyayantraprakasa

Chap. Content in Sanskrit Vv. Content in English
1 Yantraracana 17 Construction of the instrument
2 Unnatamsavedhavicara 2  Measuring the altitude
3 [Dhanurjyasaravicara] 35  [Arc, chord and arrow]
4 [Madhyonnatamsavicara] 13  [Meridian altitude of the sun]
5 Krantivicara 9  Declination
6 [Arkamsavicaral 9  [Solar longitude]
7 Aksamsavicara 10 Terrestrial latitude
8 Chayavicara 17  Shadow of the gnomon
9 Stryonnatamsavicara 5  Altitude of the sun
10 Divasaratrivicara 6  Length of the day and the night
11 Madhyahnavadhyava- 31  Diurnal circle remaining up to midday
Sistadinavrttavicara
12 Unnatamsavicara 7  Altitude
13 Unnatamasajnana 9  Knowledge of the altitude
14 [Digamsajnanal 18  [Knowledge of the azimuth]
15 Digjyajnana 12 Azimuth cosine
16 Horadijnana 7  Hora and other matters
17 Sandhyakalajnana 5  Time of the twilight
18 Tattaddiksthadesajnana 15  Localities situated in different directions
19 Lagnamanajnana 14  Measure of the ascendant
20 Lagnaprakara 12 Method of the ascendant
21 Parvatadyunnatijiana 12  Heights of mountains and others

Besides the lacunae, Bhudhara’s use of some technical terms is rather unusual:
he employs kramajya in the sense of horizontal parallel as against the conventional
meaning of ‘sine’, utkramajya in the sense of ‘vertical parallel’ as against ‘versed sine’,
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ghatt and pala in the sense of the degree and minute of arc respectively whereas tra-
ditionally these terms denoted the well-known sexagesimal units of time. Attention
has been drawn to these peculiar usages at the appropriate places in our commen-
tary.

II Text and Translation

o Following manuscript V, we give a set of consecutive numbers to the verses
separately in each chapter but supply the chapter number before each verse
number for easy reference.

o The symbol V in the text indicates the beginning of a new page of the
manuscripts; the manuscript and the page are specified in the margin.

o The abbreviation ‘Em’ in the apparatus means our suggestion of emendation
without a support of manuscripts.

o A double slash with a subscript, //,, in the translation indicates the end of
the translation of verse n. It should however be noted that a sentence some-
times continues in the next verse and, due to the syntactical difference between
Sanskrit and English, we were not always successful in strictly separating the
translations of the two consecutive verses.

o A pair of brackets, [ ], indicates the word(s) added to the translation to complete
the syntax of the sentence; a pair of parentheses, (), encloses either the original
Sanskrit word(s) or our explanation of the immediately preceding word(s).

Tefaefad: qaa=TaaI:
Vafrroree T 1L Vib,

B1b
Salutation to the auspicious Ganesa!

II.1 Chapter One: Construction of the instrument?

AET IRT: 98 o ATfFIodJeqeaq |

SESTRa A TAR@A e TTadhad 11991l

'B: 9T =i fog | AT SRS T AT THT MIEd argeard a9 0 Ar
2Chapters 1-3 are composed in Anustubh meter; chapters 4-10 in Arya and its variants Giti,

Upagiti, etc.
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SEINVRNIREIEDRI L EIRE R
g gfq BT AHIATASITSHTT 1921
C LaN
SIfafaegT TS 97 AT |
TUE I hAEdTgd Tehadl qarard 193112
~ ~
T JITATHIT FOATga o |

AT R TR TTIE RIS 1l 9.7 |

There is a city [called] Kampilya, the auspicious abode of Siva, which is sanctified
by the tossing waves of the river Ganga.//; There lived the son of Khemasarman,
who was known [by the name] Devadatta, the foremost among those with countless
virtues and an excellent astronomer,//o2 who, through the power of |his knowledge
of] the astral science, captivated [the heart of] such an overlord of the [vassal] kings
as the King Jalal al-Din [Akbar].//3 He had [a son 3] by name Bhiidhara, who by his
fame crossed the mountains (whose fame reached far and wide) and who possessed
an appearance which is like an ornament on the diadem of all astronomers.//4

I HTERAUT qcdT HTERTHIE T |
TITATRETST a qracTdmread 1l 9.9 |l
IreT SATfafaa =T TaTaa e she: |
ATSTeRTVST : RUSTIIUITRaAT T 11 9.5 |l

After paying obeisance to the sun and to Siva, he (i.e. Bhudhara) brings to light
the Turya-yantra-prakasa, as if he were another sun himself.//5 This procedure
(sarani-krama) [of instrumentation] which was unknown to [previous| masters of

astral science may now be welcomed (lit. may be made the neck ornament) by eager
scholars./ /g

U 99T ATHgAT Tivarea: |

UG ITIET S I ST 1199 |l
ERIECIMICRIERCER LS ERE I

BT oY I8 SEEHEARYTE A 19.01°

AL il ml‘\ichf‘*ﬂlﬁqb“-{d |

IB: Torah e

’B: qrgdr B: "Afge

3Strangely the word for son is missing in this verse. The long attribute in the second half is
also very strange.

“B: ﬁ'qﬁf'_?l_cl'i"’

°B: ‘1’@‘

B2a

V2a
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TATEITIHHHT TeAT=: = g 19.2 1!
FHGTCATOT 9T TfgATE4r: |

AT @ e dEar 19.9e 0

Frg @I A ATy ®HE |2
YT STTa e HETT 1999 1

T FfaTT: = Wwwm 13

IT ¥ET: gi lelegmeTﬁ‘ﬁﬁ'cﬁ‘ 9.9
qaIrERIETd: NEvaEr: gar=ia |

UaHT HASATS e Tevfeae g 119931
FfyorarETar I a1

The quarter of a full circle which is encompassed by one arc (dhanus) and two
[half] diameters (vyasa) is called the quadrant (turya-yantra). //7 There one obtains
the knowledge of the sun’s altitude (unnatamsa) from the arc. When the back (i.e.,
surface) of the arc is placed [horizontally] in front of oneself, the extremity of the
arc//g which is held in the right hand is called the beginning of the arc; that which is
held by the left hand is called its end by the learned.//9 The line from the beginning
of the arc [up to the center]| is regarded as the west-east line and the line from the end
of the arc [up to the center] the south-north line.//19 It should be known that both
the lines have their starting point at the center (kendra) [of the quadrant] and their
termination at the arc. Now, starting from the end of the arc up to its beginning,//11
there should be ninety equal divisions. Those lines [of division| at intervals of five
or six [divisions, i.e., degrees|] have their own use.//12 From the east-west line, he
should draw sixty [vertical parallel] lines. Likewise, he should draw sixty horizontal
[parallel] lines (krama-jya, lit. ‘regular chords’)//13 from the south-north line up to
the arc, he who knows the instruments (yantrajna ).

e foy o e 3E 00000
SITIgET T TdATg e |
TTg e TT g FAThesd gur: 11994 |
Ud SgaaIaed q:diefad 79 |
FegaAy feggtf=a Faf=r a7 n9.980°
FGTHA TUREATEL Fad ¢ |

SENCE ECLEE @‘ chlﬂltasi d Fad 19.9910

2

GEITII~T AfART diachedqe I |1 9.9 |l

N

'B: aE=TT

°B: &g

3B: v

“B: TFIUET (ra in top margin)
5B: gt

B2b

V2b
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In the hole at the center, a thin strong string//14 should be affixed and a heavy
round weight (gurugolaka) should be tied to its end. The intelligent man should
create, outside [perimeter of] the instrument, for observing the light [of a heavenly
body], two sighting vanes (kuta, lit. projection, or projecting bit),//15 one close to
the center and another close to the arc. Some persons endow both the sighting
vanes with holes.//16 Some [others] bore a hole only in the [sighting vane] close to
the center, and observe the stars through that hole [!].}//17 Some [others] attach a
sighting tube (nalika) at the same place (at the same level) in the [two] sighting
vanes (kuta-sama-sthale).?//1g

i IR T LAATaar=ATT: |13

Thus the [first] chapter in the Turyayantraprakasa, the deliberation on the con-
struction of the instrument.

II.2 Chapter Two: Measuring the altitude

FATAATI T JdT T=F FGT |
Wﬁwmwmﬁw ||22||
Wﬁmﬁwmﬂ'ﬁ?{mﬂﬁ

WI‘&G&QWIW‘I AT T TAT .21
T A Ao 79 e g
|‘_=|§ afy WHI’CIIGQII (‘IQI?ICII-?I¢1I N2.30°

For observing the sun’s altitude degrees, having held the instrument (yantra )%
both the hands in such a way that the sighting vane near the center is towards the
sun,//; the foremost astronomer should move the tip of his arm in such a way that
the sun’s ray passes through both the holes./ /o [Having done] so, he should make a
mark on the point on the arc where the plumb-line falls. The degrees from the end
[of the arc] up to that mark are the sun’s altitude degrees.//s

c o d = | A 7
Ifa gag=waer gEiaareeaiaareraEr g

Thus the second chapter in the Turyayantraprakasa, the deliberation on the mea-
surement of the sun’s altitude in degrees.

Tt is absurd: something is wrong with the text.

2Here also the text is not properly transmitted; the chapter ends in the middle of the verse.
3V T

‘Em: I

°B: °®&WIT

5Throughout the text Bhiidhara refers to the sine quadrant as yantra.

V: gfq Iuarafaufa=Te: 1 2 1 B: f99TYT B treats this line as 11 21l

B3a
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I1.3 Chapter Three: Arc, chord and arrow

~

VaTaeT: ST WagEeTed: | V3a
ATIEIIYET IT U@ dr 1391

fafear &= aea a9 =97 gEHar 1!

g g fagra sgrar fagyr yad 130

From the beginning of the arc [up to a given point], as many degrees of arc there
are, the line that arises from so many degrees and is merged with (i.e., mapped or
projected onto) the south-north line//; is considered by the learned as the chord
(i.e., Rsine) of that arc. In this manner, when [the measure of] the arc is known,
the scholar will know the corresponding chord [graphically]./ /s

Feprfera AT aera T a Jaq | B3b

qaT SHYgNT ST AR e 3.3 112

When a certain [arc], united with another [arc], measures one hundred and eighty
degrees, then the Rsine of the greater arc will be [obtained] from that smaller arc.//3

afaraET T FTaea: Fegdrewa: 13
ATTEIIIET SIT I I19T G767 1 3.¢ ||
T =ATATEAr 90T o Sgeqrata a7 14
TET ST AT Jaed ST T3 9 113,917

Where the Rsine, which is the line that arises from so many degrees as those of [a
certain portion of] the south-north line from the center, meets the arc,//4 from the
beginning of the arc, as many degrees [of arc] there are [up to that point], by so many
[degrees] the arc is measured; the Rsine of that [arc] shall be that [Rsine given]. Thus
when the Rsine is known, the [corresponding] arc can be known [graphically].//s

T FIIIISAT T OAArT Jaq 1
AT e ST A TehedT IeTf9a T 13,8117

v 53T
3B: gTEq
4B: gTUTe
°B: Y9Eq
°B. gET
"B: e&heqT
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In this manner, the Rsine of the arc of ninety degrees will be measured by sixty
degrees (or parts) [on the south-north line]. When [the arc is] less or more [than any
one of the graduations on the rim], the wise should know [the Rsine not graphically
but] by calculating with the Rule of Three (i.e., by linear interpolation)./ /s

I g uT 47 fagmar aeafae

AT IO F TR S(raT T fqerd 130!
ATSITAOaH T TacgaTias o: |2

VaTer greiifasas afegs &H& 99q 13.c 1’
FIEHRTIT 90 "Fad 1T |TGEAT 90 ITadq 14
qarstas @safe 3%c AT e gdaq 1 3.211°

STTNI ST ety gaa—= Fe=ga |

The Rsine (jwa) of only the quarter of a circle is known to the experts on the
instruments. For a semi-circle or full circle, there is no apparent (sphuta) Rsine
(jwwa)./ /7 The arc less than one hundred and eighty degrees and greater than ninety
degrees should be subtracted (patyam ) from one hundred and eighty. The remain-
der is [treated as the degrees of the actual] arc.//s The arc greater than ‘sky-eight-
one’, i.e., 180 degrees should be subtracted from ‘sky-mountains-eyes’, i.e., 270. The
[arc] still greater than that (270) should be subtracted from ‘sky-six-fires’, i.e., 360.
Let [the remainder]| be [treated as the actual] arc.//9 Its application here in the sine
quadrant will be explained [below].

ATEHATOT INT T HTT: ST 39017
TET =TT qarqEr qartEy (8
T TE@I=AAr qTIT o SgEarat=d: a7 113,99 1

TaaeaT 99T faemee g6 o |

Starting from the beginning of the arc, as many degrees as there are [up to a
point],/ /10 the [vertical] line (rekha) arising from there on the instrument (yantra-

'Em: ThaT Strar

2V: oW B: o9Tfes

SB: qregTuITeia B: waq

“V: fas |TT w5 (original kha is changed to sa) B: faa ar &tfge B: T3 99e T
5B: am

5The author uses the locative case for the minuend throughout this work.
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gata) touches the east-west line (purvapara-rekha); the units from the end of
the [east-west] line up to there, will be the measure of the versed sine (sara, lit.
‘arrow’)//11 of the very same arc. Thus the intelligent man should know the versed
sine.

g aIRATsia® afe wawer 1390t
TJEATIRE=ATET J9id Tadey 12

UNET GNT SaT FasAT A7 T IEgE 13.931°
TIAATIRIT HIHRET I Fad |

If the arc is greater than ninety degrees, then//i2 ninety should be subtracted
from that number which is greater than ninety; for the remaining [part of the] arc,
find out the [half-|chord (jiva ). That increased by sixty//13 will be the arrow (Sara)
of the arc which is greater than ninety degrees.

FTEEe: THT: WY STarEareaIa 1 3.9¢ |
(I AT UaT a9 |

IR VAT AT ATASUTHT FIO 1 3.9¢
Ve TSR et rdeaTas ya: |

aer arrer qETy watefa fafam: 13.9q0

As many units is the measure of the [given] arrow (Sara), so many units//q4
should be counted off from the end of the east-west line [on the quadrant]. The
vertical line (utkrama-jya) that arises from those units touches an arc measured by
a certain number of degrees,//15 by so many degrees counted from the extremity
(beginning) of the original arc (i.e., arc of the sine quadrant) up to that point, the
arc of that arrow will be obtained. This is the rule.//16

TT AT EHTTT®T qToreaar oo 14

NE ITfaaaeamaT a=8Y g a9F adq 13.991°
AT HeqdT AT HAAT T |
FfeorarETar FrEetAd 9 139518
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When the [given] arrow is higher than sixty units, then sixty should be subtracted
from the higher number; what has remained//17 should be regarded as a horizontal
line (kramajya). Now, that horizontal line will touch an arc of as many degrees
measured from the south-north line,//1s by so many degrees, increased by ninety,
will be determined the measure of the arc for the arrow greater than sixty units.//19

FTAENT TEATaedT Jraar vad |

aradr fgaqom a=r 9T SETEH=d 1 3.0 012

The arc measures a certain number of degrees; the [corresponding] half-chord
(ardha-jya) has a certain measure; that much is said to be half of the chord of the
doubled arc./ /20

qTa=a: HMHHITETEEAr ggaed: 13
Wmﬁﬁwa%w\’arw@?w 3.9t
E-Fa‘lulld({(qlfﬂ"ilﬂ"d WH‘ICIH\ |

FATS T T|MET Arafgag Ty 113.321
qa: g aaTaeTag AegTad |
T |TET FTERII T 1 3.3 1
ATaRITHAT Jdl IveeT qTad |

As many degrees there are in a [given]| arc, having counted so many degrees
from the beginning of the arc [on the sine quadrant], hold the string at this point.
Now,//21 set the string with the mark, i.e., the cursor (cihna-satra) on the line of
the semi-circle® that meets the south-north line at its beginning and end.//22 Then,
when the string is [rotated and] placed at the end of the arc, the string with the
cursor is situated on as many units on the south-north line,//23 a chord having so
many units is obtained for that arc.

V. qaeT

*Em: fgpforaes o

3B: o&qTaEdr

4B: wurfaeaTer

°In other words, put the cursor (called mrgasya) at the intersection of the string and the

semicircle.
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Now, if one wishes to know the arc from the chord,//24 he should first place
the string upon the south-north line,* and as many degrees as the chord (maurvr)
has, on so many degrees one should place//25 the string with the cursor.” Again
he should [rotate and] put the string with the cursor on the line of the semicircle.
Then, the string will touch the arc at a point,//26 to which place from the extremity
of the original arc there are as many degrees of the arc, the arc for that [given] chord
will be measured by so many degrees./ /o7

“‘quﬁl-‘i ERASIEFIRIECIRINSEIESIS K 6

HEATT IF g9 T SIIFear JrEaaq 1 3.3a 07
a?rrﬁhamwwawﬁﬁﬁwa—cr

A AT AT @I o0 =& 11 3.22, 118
TR T @i aeard w1
TR ST JTacaedT: FIITaT: 1l 3.301
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As many degrees are the measure of a [given| arc, after having counted so many de-
grees from the end of the arc and placed the string there, the cursor (mrgasyaka)/ /28
should be moved to the point of the string where it touches the line of the semicircle.
From that point, one should [rotate and] put the string on the east-west line.//29
Whichever degree the cursor (mrgasya) has touched, up to that point successively

’B: H’HTF%EI'@_C[, i.e. kha for sa.
SB: ®teaTe
4Em: gferm=¥ This emendation, however, does not resolve the mismatch of gender.

5In other words, one should fix the cursor on the string.
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from the end of the [east-west] line, one should count the degrees. Thus as many
degrees there are,//3o the arrow (Sara) of that arc will have a measure of so many
degrees.

Wm%ﬁu—cﬁa”]——ﬁwmaﬁmﬁgﬂw 3390

JTIENT: TS nara fa=ar: |

H&ATT YETET: G-I o qraad 133211

I FETIETET TUT [AESETESE |

TIT ITES G T 9uisad: | 3.331

VeaTfafeaamTe= wire s 12 V5a,

TS AT JIeT dgq: I13.3¢1° Bé6a

Now, one should join the string to the east-west line.//3; As many units the
arrow ($ara) has, having counted up to so many degrees from the end of the [east-
west] line, the learned should put the cursor (mrgasya) there./ /32 Now, one should
stretch the string up to the arc in such a way that the cursor rests on the line of the
semicircle; from the end of the arc//33 up to the point occupied by the string, when
counted, as many degrees of the arc there are, the arc for that arrow will have so
many degrees./ /34

qTa=: HEHHHTIT Fageqraaedsid |
TTATHATIE TEHI0 FTHE Had 1l 3.3 1

As many degrees an arc may have, so many should be subtracted from ninety.
The remaining is [the measure of| its complementary arc (sampurnam karmukam,
lit. complete arc, implying ‘with this the arc of ninety degrees on the sine quadrant
will be complete’)./ /35

gfa g% gararesT: It
Thus the third chapter in the Turya/-yantraprakasa/.

II.4 Chapter Four: Meridian altitude of the sun
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TEATETTE AT W A F27 F 9o |
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Having understood that it is close to the time of midday, one, who has under-
stood the method of astronomical observation (vedha-vidhi-boddha ), should hold the
instrument in his hand and make the observation of the sun’s light many times.//;
If no degree higher than a certain degree is [observed|, and if [that] degree does not
vary, then that same [degree] should be understood by the excellent scholars as the
degree of the sun’s meridian altitude (madhyonnatabhaga)./ /2

TETTVHE JTqea AT JgHd: Jata 13
WWWWW e .3
Varer T=gET T &rer foeersaneaer: |4
ITLAT AGTAT JEGIATARFLAY |l €7 ||
é@mﬁﬁéﬁm&mﬁw&r E
TEIHRLIY TA- AT Jqfq T F T 17w 1°

If, for one who proceeds facing the east, the sun’s shadow falls to the left, then
it should be understood that the sun is in the southern direction, otherwise in the
northern direction.//3 If there is no shadow, then it should be understood that [the
sun| is at the zenith (sirahstha) in the localities situated at latitudes lower than
‘Vedas-eyes’ (24) degrees to the north of equator (larika).//4 In the locality situated
at the latitude of ‘Vedas-eyes’ (24) degrees, the sun does not move towards the left;
in the localities with higher [latitudes] the sun neither moves towards the left nor is
at the zenith.//5

IATIT ITa~dr I Searaar Jafqaasa |7
RIS I AEETITRTIHEFaT JTaT: 1| ¢ & |
qTa=: HIIATEATa g aihTar: ®rar: |
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T TATHIT: SRIa=TT JTeher g3 |
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As many are the degrees of latitude at a certain place, so many are subtracted
from ninety; the remaining degrees shall be designated by the term ‘degrees of co-
latitude’ (lambamsa, lit. ‘degrees of perpendicular’).//¢ The [degrees of co-latitude]
should be increased by so many as many are the degrees of declination [of the sun].
If [the sum is] less than ninety, then these degrees at that place//7 are the degrees
of the meridian altitude [of the sun]; it should also be known that the sun is in
the south. If the degrees of co-latitude increased by the degrees of declination are
measured by ninety,//s it should be known that the same [sum] is the degrees of the
meridian altitude and that the sun is at the zenith. If these are more than ninety,
then these are subtracted from ‘sky-Vasu-earth’ (180);//9 [the remainder| will be
the degrees of the meridian altitude and the sun will be in the northern direction.
This must be understood as the [proper| procedure when the sun is moving in the
northern [hemi-|sphere./ /1o

ary afenmerer afaaft agraaeseay (6
gathfed a9 faga Joiea= 1 e 9307

If the sun is in the southern [hemi-]sphere, all that has been said previously should
be known [here also but with the sun’s position| reversed, in localities which are to
the right (i.e., south) of the equator.//11
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Also, [in two other cases|, the degrees of declination are subtracted from the
degrees of co-latitude; there will be the degrees of the meridian altitude. All the
rest of the procedure is as before.//12

AGTATY MATGTT FAregATa I aTT |

TATATIIT: ST HT=TH T @ Il ¢ 931!

Now, on the equator, in both [hemi]-spheres, the remainder after subtracting the
declination from ninety will be the degrees of the meridian altitude; if there is no
declination, the degrees of co-latitude [themselves are the meridian altitude].//13

sfa sqr: 12
Thus the fourth [chapter].

I1.5 Chapter Five: Declination
Frerfgerem: s R el 13

ATV I9HT SRS TaTgehaTo: 1Y 91
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From the beginning of the arc (Sarasana), at distances of thirty degrees each in
regular order, the three [signs] starting from Aries should be arranged; likewise [at
thirty degree intervals| the three [signs| starting from Cancer in the reverse order.//;
Now, the three [signs| beginning with Libra should be arranged [in regular order| as
before; thereafter the three [signs] beginning with Capricorn should be arranged in
the reverse order, for the sake of [their| use in determining the declination (kranty-

anayana)./ /2
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The cursor (mrgasya) should be placed at the intersection of the string that
is stretched along the north-south line and the declination circle; next, place the
string on the degree of the zodiacal sign which is occupied by the sun;//3 the cursor
scratches (i.e., intersects) whichever horizontal line (krama-jiva); where that [hori-
zontal line| touches the arc [at a point], up to that degree from the beginning of the
arc,//4 the degrees are to be counted; as many degrees there are, of so many degrees
will be the declination.
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Having measured out the degrees of declination, which have been obtained pre-
viously, from the beginning of the arc//5; and having made a mark there, the as-
tronomer should join the string [to that mark]. Then, the [vertical] line that arises
at fifty-five, i.e., 55, degrees on the east-west line//g touches the string at a point;
there will be a horizontal line (anukrama-jya) that touches (i.e., passes through)
that point; that [line] touches the arc at a point; up to that [point] from the begin-
ning of the arc,//7 the degrees counted will no doubt measure the declination, which
is [thus newly] obtained. The wise should always take the [vertical] line arising from
fifty-five degrees [of the east-west line].//s
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1y Wﬁ'ﬂ'l’vﬂ?j In V, in the left margin is written, almost in the same hand, =yavanamatakrantih

I

2, with the same mark ‘=’ above kram and #. This remark (‘the declination according to the

Muslims’) presumably refers to the value given in the next verse (5.9).
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The maximum declination that consists of ‘Vedas-eyes’ (24) degrees was obtained
by the ancients (purva). [The same] by the moderns (adhunika) is tantamount to
‘three-eyes’ (23) [degrees| increased by thirty minutes (ghat?) and ‘mountains-moon’
(17) seconds (palas)./ /o

gfa srfeata=Te: 997 1!

Thus the fifth [chapter], the deliberation on the declination.
I1.6 Chapter Six: Solar longitude
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The astronomer (daivajna ), after knowing the declination from the degrees of [the
sun’s] meridian altitude and having measured the maximum declination from the
beginning of the arc, should place the string [at that point].//; Where the horizontal
line (kramamaurvr) of the declination of that moment counted from the beginning
of the arc touches the string, up to that point the astronomer (ganaka) should move
the cursor (mrgasya).//2 When the string is lifted up and placed on the south-north
line, the [horizontal] line that arises from that point occupied by the cursor touches
the arc at a point,//3 up to which point from the beginning of the arc he should
count [the degrees of the arc|; there will be the degrees of the sun’s [longitude].
When the declination is decreasing, he should count from the end of the arc.//4
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Again, the horizontal line (kramajiwa) of the declination at that time counted
from the first degree of the arc touches the declination circle at a point;/ /5 the string
placed there touches the arc at a point; up to that point from the first extremity of
the arc, are obtained the degrees of [the longitude of] the sun.//g

FTgTHAS AT g T scegurta 1!
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If the horizontal line (kramajiva) arising from the declination does not touch the
declination circle [for some reason|, the astronomer (ganaka) should put a mark on
it (the horizontal line) and take the string//7 to the south[-north] line. He should
place the cursor (mrgasya) at twenty-four degrees. Now, when the string is moved
[to and fro|, whenever the cursor (harinasya) touches the horizontal line [marked
before],//s then he should place the string at some place in the degrees of arc. From
the beginning of the arc up to the string will be the degrees of [the longitude of] the

sun./ /g
gfa weresTT: 14

Thus the sixth chapter.

I1.7 Chapter Seven: Terrestrial latitude
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When the sun is in the northern hemisphere, when the declination is subtracted
from the degrees of the sun’s meridian altitude, the remaining degrees become the
degrees of co-latitude.//; When these are subtracted from ninety, those remaining
are the degrees of the terrestrial latitude (aksamsa).
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When the sun is in the southern hemisphere, the degrees of declination increased
by the degrees of meridian altitude [of the sun]//o are the degrees of co-latitude.
These should be subtracted from ninety. The remaining degrees should be under-
stood as those called the degrees of latitude.//s

Tfe FATATIT =T g TfaeT |4 B9b
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When the sun having the degrees of meridian altitude (i.e., when the sun is on
the meridian) is to the north of the zenith (murdhanya), then from the degrees
of the declination increased by the degrees of the meridian altitude//4 ninety are
subtracted; the remainder are the degrees of latitude.

TATATHIIT: SO hreaqTd @ 1. w17

In the absence of the declination, the degrees of the meridian altitude [of the sun]
will be the degrees of co-latitude.//s
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When the sun is performing the revolution at the zenith of a certain town at a
certain time, the degrees of latitude of that town should be known as the declination
at that time.//g
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If the degrees of latitude are less than the maximum declination at any place,
there the shadow will be to the north or to the south; sometimes it is absent.//7

ATITRTETTATII 9 Fraaea U |
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In a locality having the degrees of latitude higher [than the maximum declination]
the shadow will only be in the north. All this will be the reverse in the south of the

equator.//g
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Of the stars that always revolve around the vicinity of the Pole, degrees of merid-
ian altitudes, both larger and smaller, should be known [by observation].//q Half
the sum of these two will be the degrees of the latitude of those territories. This is
the procedure when the degrees of the meridian altitude and the declination of the
sun are not known./ /1o

e . . 5
SCHATATIHTL: gaH: |

Thus the seventh [chapter], the deliberation on the terrestrial latitude in degrees.
I1.8 Chapter Eight: Shadow of the gnomon

sl faudar T g fgfaur gaesr |
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The wise say that the shadow is of two types: straight (7ju) and reverse (viparita).
The line from the top of the gnomon up to the tip of the shadow is the hypotenuse

(karna).//1
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The gnomon is said to be of three types: that having [a length of] seven
angulas, that having [a length of] twelve argulas and that having [a length of] sixty
angulas. Tts shadow is [employed] for knowing the ghatika (i.e., for measuring time
in ghatikas)./ /2
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The gnomon of ‘seven angulas’ should however be made with a measure of six
and half angulas or, otherwise, six arigulas and forty of its own sixty divisions.//s
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At the degrees of the sun’s observed (viddha) altitude, which are counted from
the beginning of the arc, the string should be placed. Then, where the horizontal
line arising from the units counted on the north-south line,//4 whose number is the
same as the arngulas of the gnomon, touches the string, from that point a vertical
line arises//5 and joins the east-west line at a point; up to that point from the center
as many units there are, by so many angulas the shadow is [measured].//g
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Having counted the degrees of the observed altitude [of the sun] from the begin-
ning of the arc, one should put the string there. From [the point of] the degrees
equal to the angulas of the gnomon counted from the beginning of the south-north
line//7 a horizontal line [arises and] touches the string at a point. Having placed
the cursor at that point, one should join the string to the south-north line.//gs Up
to the point where the cursor rests, as many units are counted from the center, by

so many arngulas the hypotenuse is [measured].//g

C o~ r~ ~ . 3
frad=g@™T AARaHT g4T: |
UTEIT: IETEAT-ATgaa T sfa fGoT: g 901

The intelligent person should understand the reverse shadow also in the same
manner. [But] the difference is that the altitude degrees [of the sun] should be
counted from the end of the arc [of the quadrant].//1¢
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The string, placed [on the arc] at the small number of altitude degrees counted
from the beginning of the arc, touches the first horizontal line at a point, from
which point//1; a vertical line arises and intersects the east-west line at a point, up
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to which point, from the center, the mathematician should count the units one by
one.//12 As many as these [units will be when] multiplied by the number of arngulas
in the gnomon, by so many arngulas, it should be known, the shadow at that time is
[measured].//13 When the string touches the second horizontal line, then one should
multiply the units by half of the number of arigulas [in the gnomon]. After that also,
one should proceed in the same way.//14

v
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Having taken (counted) the number of the observed altitude degrees [of the sun]
from the beginning of the arc, and having placed the string [at that point], one
should count the same [number| from the end of the arc. The vertical line that
arises from there//15 embraces (touches) the string at a point, where the cursor
(mrgasya) should be placed. Then, when the string is [rotated and] mounted on
the south-north line, that cursor//i¢ is situated at a point; up to that point, from
the center, as many units are counted, so many [arnigulas] will be [the length of] the
[reverse| shadow of the gnomon of sixty arigulas.//17

gfa graTaarerssarssTT: 14

Thus the eighth chapter, the deliberation on the shadow [of the gnomon].

I1.9 Chapter Nine: Altitude of the sun
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The horizontal line called kramajiva, which arises from the degrees equal in num-
ber to the arngulas on the gnomon and counted on the south[-north| line from its
beginning,//; intersects the vertical line, which arises from the point of the units
equal in number to the angulas of the shadow of that gnomon and counted on the
east[-west] line from its beginning, at a point;//2 the string placed over that point
rests on the arc; up to that point [indicated by the string], from the beginning of
the arc, the degrees are counted; they will be the altitude degrees [of the sun].//3
One who wishes to know the degrees of the sun’s altitude from the reverse shadow
of the gnomon should count the same degrees [of altitude as mentioned above] from
the end of the arc; this is the difference.//4

SEIERA IR f%lﬁaiqauﬁmwlﬁ 12
H‘g‘wwimalgﬁégql Tiraaeast: e .y 1l

This is the procedure for the gnomon of seven digits (angulas) and also for the
gnomon of twelve digits (angulas), but not for the gnomon of sixty digits (angulas);
this should be known to those who are experts in mathematics.//5

gfa gEi=ameta=er 9| agaresaT: 14

Thus the ninth chapter entitled the deliberation on the the sun’s altitude in
degrees.

I1.10 Chapter Ten: Length of the day and the night
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One should first apply the state of being altitude degrees to the [co-]latitude
degrees (i.e., treat the colatitude as the altitude) and know the length of the shadow
of the sixty-angula gnomon.//; One should count the units in the shadow from the
beginning of the west-east line. The vertical line (utkramajiva) arising from these/ /2
touches the string, placed at the degrees of declination counted from the beginning of
the arc, at a point, where one should put a mark (cihna ); the horizontal line (krama-
jiva) [arising] from there rests on the arc at a point;//3 the degrees counted up to
that point from the beginning of the arc will be half of the ascensional difference
(carardha). When the sun is in the northern hemisphere, that (carardha ), increased
by ninety and doubled,//4 will be the arc of the day. When this is subtracted from
360, the remainder will be the arc of the night inevitably.//s

gfanTeerse asegaTHta faaT: |
AT T faadid J= g FATT 1l 9.5 |

When the sun is in the southern hemisphere, [the carardha] should be subtracted
from ninety: this is the difference. In the south of the equator (lanka), the positive
and negative signs should be reversed [in the procedure taught above].//q

gfa fegaafsfaarer To: 4

Thus the tenth [chapter|, the deliberation on [the length of] the day and night.

III Commentary

II1.1 Chapter One: Construction of the instrument

Verses 1.7-14ab: Construction of the surface of the quarter circle

IB: Farg
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Bhudhara’s instructions for constructing the sine quadrant can be understood
from the reconstruction below.

adi  purvapascimarekha anta

S | 5
1< | =
s
=
| g
<
1S =
< ] =
a2
(o]
5
s S
£ &
= ¥
£
,:Mﬁ <——
o 60 utkramajyas
o N (vertical lines)
8
S = 60 kramajyas
dhanuranta (horizontal lines)

Fig. 1

The arc of the quarter circle is graduated into 90 degrees and each group of 5 or
6 degrees are marked by distinct lines. The following is a tentative reconstruction.

Fig. 2

Verses 1.14cd-18ab: Construction of the attachements

Here Bhudhara instructs that, after marking the quarter circle with a series of
lines parallel to the two radii and a graduated scale on the arc (see verses 1.7-14ab
above), a plumb line with a weight should be suspended from the center of the
quarter circle and two sighting vanes (kata) be attached to one of the radian sides.
About the sighting vanes, he cites three different practices: some people equip both
the sighting vanes with holes, some others attach a sighting tube (nalika), and yet
some others bore a hole only in the sighting vane close to the center and observe
the stars through that single hole. The third practice is clearly wrong and the text
is corrupt here.

The text is also incomplete, because it does not mention the declination circle
(kranti-vrtta ), the half circle (vrttardha-rekha) drawn with the south-north line as
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the diameter, and the bead or cursor (mrga-asya) that slides along the string of
the plumb-line. But these elements are essential for the various types of procedures
described from the third chapter onwards. These are shown in the following figure.

kiita kiita
kendra [ ]
/' krantivrtta
chidra
vrttardharekha
’
mrgasya
sutra
R gurugolaka
Fig. 3

Technical terms

anta: The end.

adi: The beginning.

utkramajya: A vertical line. See N.B. below.

karmuka: The arc of the quadrant. See dhanus below.

kata: A projection having a hole or a groove or a tube for sighting.

kendra: The center.

kramagjya: A horizontal line. See N.B. below.

krantivrtta: The declination circle whose radius (r) is Rsine = 60sin23;30, 17 ~
24. See verses 5.5cd-8 and 5.9.

gurugolaka: A heavy round weight or plumb.

chidra: The hole for tying the string.

daksinottararekha: The south-north line graduated into R (= 60) units.

dhanuranta: The end of the arc.

dhanuradi: The beginning of the arc.

dhanus: The arc of the quadrant graduated into 90 degrees. adimadhanus (the first
or original arc) for differentiation.

purvapascimarekha: The east-west line graduated into R (= 60) units.

mrgasya/harinasya: A cursor that slides on the string (lit. ‘the face, i.e., the
beginning, of Capricorn’), a term used originally for the pointed projection at
the first point of Capricorn on the rete of the astrolabe.

vrttardharekha: The line of the semicircle whose diameter lies on the south-north
line. See verse 3.22.
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vyasa: Usually means the diameter of a circle but here used for the two orthogonal
radii, namely, the east-west and the south-north lines of the quadrant.
sutra: A string with the weight and the cursor.

N.B. The terms kramajya and utkramajya usually mean the ‘sine’ and the
‘versed sine’ respectively, but in this work they denote respectively ‘horizontal’ and
‘vertical’ lines, which are orthogonal to each other just like the ‘sine’ and the ‘versed
sine’. Note that the author uses simply jya or jiva or maurvi (‘chord’) and sara or

bana (‘arrow’) respectively for ‘sine’ (see 3.2-7,24, etc.) and ‘versed sine’ (see 3.11,
12, 14, 16, etc.).

I11.2 Chapter Two: Measuring the altitude

Verses 2.1-3: Measuring the sun’s altitude

®

Fig. 4

I11.3 Chapter Three: Arc, chord (sine) and arrow (versine)

Verses 3.1-2: arc (6 < 90) — chord (J = Rsin#)

‘IE

5 =
S & NS
g milita = g
& 7] &
s s
S g g
= 5 N

g kS

=

=

Fig. 5

jya: Chord, i.e., half chord or sine.

dhanuramsa: Degrees of the arc.

dhanuramsottharekha: Line that arises from the degrees of the arc.
milita: Merged with or mapped onto.
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Verse 3.3: arc (90 < § < 180) — chord (J = Rsin#)
If «+ 8 =180 (o < ), then

Rsinf =J = Rsina.

Verses 3.4-5: chord (J = Rsinf)) — arc (0)

daksinottararekhamsottharekha
|

.

~

& a /=
samgata N4

= ng e

‘& s

[+

> ey

= $

Fig. 7
samgata: associated, united, met.

Verse 3.6: Chord for 90 degrees and interpolation
Rsin90 = 60, where R = 60. The rule of three (and hence linear interpolation)
should be employed for the interstices between the 60 lines.

Verses 3.7-10ab: Treatment of arcs greater than 90 degrees
These verses prescribe the conversion of arcs greater than 90 degrees to those
smaller than 90 degrees:

1. If 90 < 0 < 180 — 0 =180 -0,
2.If 180 <9 <270 — 6 =270—0;
3.If 2710 <0 <360 — @ =360—0.

In these cases, we have the following relations,

1. Rsinf = Rsin#’ (cf. verse 3.3 above)
2. Rsinf = —Rcost’
3. Rsinf =—Rsint’

However, the second case actually meant by the author may be:
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2. If 180< 0 <270 — 60 =6-—180,
in which case we have the relation,
2. Rsinf = —Rsinf’,

and one can use the jya (Rsine) with a positive or a negative sign for any value of
0 after the conversion, although the two manuscripts used for the present edition
do not support this reading. These rules are necessary for the quadrant, which has
only the first 90 degrees.

Verses 3.10cd-12ab: arc (f < 90) — arrow (s)

Procedure. Given an arc () that is less than 90 degrees, count the degrees of the
given arc on the arc from its beginning and find the vertical line that arises from the
that point. Count the units of the east-west line from its end up to the point where
the vertical line touches. Obtained is the arrow or versed sine (s) of the given arc.

Sara (s)
'Ij::ﬁ
=
e
dhanus (0)
_/
Fig. 8

Verses 3.12cd-14ab: arc (90 < 6§ < 180) — arrow (s)

Procedure. Given an arc (6) that is greater than 90 degrees, subtract 90 from it.
Obtain the [half-]chord (Rsine) of the remainder (6 — 90) and add 60. Obtained is
the arrow of the given arc.

That is to say,

s = Rvers § = Rsin(f —90) + R, where R = 60.

60 vers 0

60

60 sin (6-90)

180-0 .
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Verses 3.14cd-16: arrow (s = Rversin § < R) — arc (0)

Procedure. Given an arrow (Sara) s (= Rvers 0) that is less than R, count the
s on the east-west line of the sine quadrant from its end and find the corresponding
vertical line (utkramagya). Count the degrees (#) from the extremity (koti) of the
arc of the quadrant (adima-dhanus) up to the point indicated by the vertical line.
Obtained is the arc (#) for the given arrow.

Sara (s)

koti

capa (0)

\\ utkramajya

adimadhanus

Fig. 10

Verses 3.17-19: arrow (s = Rversin § > R) — arc (6)

Procedure. Given an arrow, s (= Rvers ), greater than R(= 60), subtract 60
from it. Find a horizontal line of that length that arises from the south-north line
and that touches the arc. Count the degrees of the arc from the the south-north

line to the point which the horizontal line touches. Add 90 to the degrees obtained.
The sum is the arc (#) for the arrow.
That is to say,

6 = R arcsin(s — R) +90, where R = 60.

s

s—60 | s—60 ‘ 60

90

X— 60 arcsin (s—60)

Fig. 11

Verse 3.20: Relationship of arc (dhanus) and half chord (ardha-jya)

ardhajya

dhanus

Fig. 12
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Verses 3.21-24ab: arc (f) — chord (J)

Procedure. Given an arc (), place the string (sutra) at 6 on the arc. Slide the
cursor called mrgasya on the string and place it at the intersection of the string and
the line of the semicircle (vrttardha-rekha). Rotate the string onto the north-south
line. Read the point (J) indicated by the cursor. Then, J = Rsin6.

vrttardharekha
|

)

Rsin 0
mrgésye}, .

J % A

Fig. 13

sutra

Verses 3.24c¢d-27: chord (J) — arc (0)

This is the reverse of the preceding rule (verses 21-24ab).

Procedure. Given a sine J (= Rsin#), put the string on the south-north line and
place the cursor (mrgasya) of the string at J. Rotate the string so that it may cut
the line of the semicircle at the cursor. Read the degrees () on the arc indicated
by the string.

vrttardharekha

N

Rsin 0
J gmrgasya. Q

Fig. 14

Verses 3.28-31ab: arc (f) — arrow (s)

Procedure. Given an arc (¢), count the degrees on the arc from its end and fix the
point. Stretch the string up to that point and place the cursor at the intersection
of the string and the line of the semicircle. Rotate the string up to the east-west
line and read the degrees on the line from its end up to the cursor. Obtained is the
arrow ($ara), s = Rvers 6.
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»

>
&
vrttardharekha

mrgasya.

Verses 3.31cd-34: arrow (s) — arc (6)

This is the reverse of the preceding rule (verses 28-31ab).

Procedure. Given an arrow (Sara), s = Rvers 6, count the number of the units
in s on the east-west line from its end. Stretch the string on the east-west line and
place the cursor at that point. Rotate the string so that the string may cut the line
of the semicircle at the cursor. Count the degrees on the arc from its end up to the
point indicated by the string. Obtained is the arc for the arrow, § = R arcvers s.

sutra 5

*
mrgasya
>

Ny
N = =
vrttardharekha,

Verse 3.35: Complementary arc

The relationship of an arc (6 < 90) and ‘its complementary arc’ () is: 6+6 = 90.
Its expression in the verse, tatsampurnam karmukam, which literally means ‘an arc
filled with it’, is difficult to understand.

I1II.4 Chapter Four: Meridian altitude of the sun

Verses 4.1-2: Observation of the meridian altitude («) of the sun

When it is getting closer to the time of midday, the observer measures the
sun’s altitude many times (see verses 2.1-3 above). Let the values obtained be
«;. Generally, the sequence increases up to a term and decreases after that:
ap K ag < < apme1 < Oy 2 Qg1 2> oo+ 2 ap. Then, the maximum value
() is the sun’s meridian altitude ().

Verses 4.3-5: Possible range of the sun’s positions on the meridian
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The possible range of the sun’s positions on the meridian and the possible direc-
tions of the noon shadow depend on the latitude (¢) of the locality. In the following
table, € denotes the maximum declination of the sun, which is regarded as 24 degrees
in these verses (cf. verses 5.5¢d-8 and 5.9); the p’s stand for ‘possible’.

Possible range of the sun’s positions on the meridian
Left (north) Zenith Right (south)
Locality | (shadow to right) (no shadow) (shadow to left)
p<e p p P
p=¢ p D
p>e P

Verses 4.6-10: Latitude (¢) and declination (6) — meridian altitude («), case 1
The colatitude is defined as: ¢ = 90 — ¢.
If the locality () is in the north and the declination (0) is in the north:

P+0<90 — a=¢@p+96 sun in the southern hemisphere
p+06=90 —- a=¢+96 sun at the zenith
©+3d>90 — a=180—(¢+9) sun in the northern hemisphere

NP
Eq

Fig. 17

Verse 4.11: Latitude (¢) and declination (§) — meridian altitude («), case 2
If the locality (¢) is in the south and the declination (§) is in the south, the
position of the sun is reversed:

®+0 <90 sun in the northern hemisphere
®+06=90 sun at the zenith
®+6>90 sun in the southern hemisphere

Fig. 18
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Verse 4.12: Latitude (¢) and declination (§) — meridian altitude (), cases 3 and
4

Case 3: If the locality () is in the north and the declination (d) is in the south,
then @ = @ — § and the sun is in the southern hemisphere.

Case 4: If the locality () is in the south and the declination (4) is in the north,
then a = ¢ — § and the sun is in the northern hemisphere.

Verse 4.13: Latitude (¢) and declination (§) — meridian altitude («), case 5

If the place is on the equator (¢ = 0 and @ = 90), then v = 90 — ¢ and the sun
is in the northern or southern hemisphere according to whether the declination is in
the northern or southern hemisphere; if § = 0, then o = 90.

SP

Fig. 19

II1.5 Chapter Five: Declination

Verses 5.1-2: Arrangement of the twelve signs on the quadrant

Verse 5.3-5ab: sun’s longitude (A\) — declination (¢)

Procedure. Given the longitude (\) of the sun (arka), find the corresponding
point on the arc according to the arrangement of the twelve signs described above
(verses 5.1-2). Place the cursor (mrgasya) at the intersection of the string placed
on the south-north line and the declination circle (kranti-vrtta). Rotate the string
up to the point corresponding to the solar longitude and find the horizontal line
(kramagiva) passing through the cursor. Count the number of degrees on the arc
from its beginning up to the point indicated by the horizontal line. Obtained is the
declination (¢) of the sun.
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In this procedure, it is actually not necessary to make use of the cursor as long
as the declination circle is drawn on the quadrant, because the horizontal line that
indicates the declination to be obtained can be determined, without the cursor,
by the intersection of the declination circle itself and the string positioned at the
longitudinal point of the arc. Using the cursor, therefore, seems to have been meant
for such cases where the declination circle is not entirely available for some reason.
Cf. verses 6.7-9 below.

kramajiva

Rsin A

R

r krantivrtta

2\ (arka)

mrgasya

rotated

sutra

Fig. 21

Rationale. From the similar right trilaterals on the quadrant, we have the re-
lationship, R : RsinA = r : £, where »r = Rsine. On the other hand, from the
similar right trilaterals inside the celestial sphere (gola), we have the relationship,
R : Rsine = Rsin A : Rsind, which can be rewritten as R : RsinA = Rsine :
Rsind. Hence follows ¢ = Rsin§.

apamandala
Rsin A
ghatika-mandala R Rsin g
BN

Fig. 22

Verses 5.5¢d-8: Conversion of the sun’s declination (6 — 4')

Procedure. Given the declination (d) of the sun, measure it out on the arc from
its beginning and put a mark (cihna) there. Stretch the string up to the mark. Find
the horizontal line (anukramajya) passing through the intersection of the string and
the vertical line at 55 on the east-west line. Count the number of degrees on the arc
from its beginning up to the point indicated by the horizontal line. Obtained (¢') is
the declination converted to the solstice day.
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t
W
= ¥
anukramajya 5 Sihna
el
krantivrtta =
r €
R
Fig. 23

Rationale. Let ¢ = Rcose. Then, t ~ 55. From the similar right trilaterals on
the quadrant, we have the relationship, Rcosd : Rsind =t : £. Hence follows

Rcose
Rcosé’

¢ = Rsind’ = Rsind x

Rcosd and R cose are the radii of the sun’s diurnal circles on a given day and on
the solstice day respectively. We, however, do not understand the purpose of this
‘conversion’.

The last statement of this paragraph (verse 5.8cd: ‘The wise should ...") is
probably meant for stressing the superiority of 55 as the value of Rcose, which
seems to have been obtained from the ‘modern’ value of ¢, 23; 30, 17, in comparison
with the value obtained from the ‘ancient’ value, 24. See the next verse.

€ Rsine(=r) Recose(=1t)
24 24.4(=242) 54.8(=543)
23:30,17 23.9(=233) 55.0(= 55)

Verse 5.9: Two values of the maximum declination

€ = 24: by the ancients
e = 23;30,17: by the moderns

Bhudhara uses the terms, ghat? and pala, respectively for ‘minute’ and ‘second’
of arc. This is a most unusual usage which is not attested in any other text. These
terms are actually used as sexagesimal time units: 602 palas = 60 ghatis (or ghatikas)
= 1 dina (day, i.e., day and night).!

This ‘modern’ (adhunika) value, 23;30,17, has been attributed to al-Qushji in
the Hayatagrantha.?

!See, for example, Bhaskaracarya, op. cit., p. 18 (Grahaganitadhyaya, madhyamadhikara, kala-
mana, verses 17d-18a).

2Hayata, ed. by V. Bhattacarya, Varanasi 1967, p. 24.



44 SaKHYa SCIAMVS 15

I ATEAATHIagaAr: AL Fh ART a7 TAGAT T TEHRAA: THIUAT
ATATIET FEET | | ST AT IS [EIAT (A AHAGHIAAY TIH-
ST~ CRTAT 23 | 30 | 9\ g7 (|

Now, the maximum difference between the celestial equator (nadi-valaya) and the eclip-

tic (kranti-vrtta) occurs in Cancer (karka) and Capricorn (makara). The maximum
declination called mailakullt (mail kullt) [in Arabic] has been variously determined in
books of observation.! The son of the teacher of Ulugh Beg (ulukavega), by name
¢Allama Qushjt (allamakaudagr), says: ‘The maximum declination [in the units] begin-

ning with degree was determined as 23/30/17 in our books of observation.’

The Hayatagrantha is a Sanskrit rendering of al-Qushji’s Risalah dar hay’ah. The
above passage has been attributed to an anonymous collaborator of the anonymous
translator.?

According to Khafri, this value was found in the observations that were under-
taken under the auspices of Ulugh Beg at Samarqand.?

The maximum declination, ‘23;20,17’, that occurs on p. 94 of the Hayata-
grantha should probably be corrected to 23;30,17, which value is found in one of
the manuscripts (fn. 6). In all other cases, however, the ‘ancient’ or traditional
value, 24, is used in this work also. Moreover, the Hayatagrantha uses not ghati but
the traditional name kala for the sixtieth part of a degree (amsa). Therefore, the
Hayatagrantha may not have been Bhiidhara’s source.

II1.6 Chapter Six: Solar longitude

Verse 6.1-4: sun’s meridian altitude (o) — longitude (\)
Procedure. Given the meridian altitude («), calculate the declination at that
moment by
0 =p+a—90.

Count off the obtained degrees of the declination on the arc from its beginning.
Stretch the string up to the point of the maximum declination (¢) and place the
cursor (mrgasya) at the intersection of the string and the horizontal line (krama-
maurvy) that meets the point of the declination (§). Rotate the string up to the
south-north line. Count the degrees of the arc from its beginning up to the point
indicated by the horizontal line that arises from the point of the cursor on the

Yrasadagrantha < Ar. rasd + Skt. grantha

2David Pingree, ‘Indian Reception of Muslim Versions of Ptolemaic Astronomy,” Tradition,
Transmission, Transformation: Proceedings of Two Conferences on Premodern Science Held at the
University of Oklahoma, ed. by F. J. Ragep and S. P. Ragep, Leiden 1996, pp. 471-85, esp. 476.

3F. J. Rajep (ed.), Nasir al-Din al-Tisit’s Memoir on Astronomy: al-tadhkira ft “ilm al-hay’a,
New York 1993, p. 394.
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south-north line. Obtained is the sun’s longitude ().
When the declination (§) is decreasing (i.e., 90 < A < 180 or 270 < A < 360),
count the degrees for A from the end of the arc (cf. verses 5.1-2).

u / kramamaurvi N
R
u rekha x(arka)
£
¢ _
sutra
5 o
o
NP
Eq
o R \/_\’
Fig. 24 Fig. 25

Rationale. From the similar right trilaterals on the quadrant, we have the relation,
R: Rsine = u: Rsind. On the other hand, from the similar right trilaterals inside
the celestial sphere (cf. Fig. 22), we have the relation, R : Rsine = Rsin A : Rsind.
Hence follows v = Rsin .

Verse 6.5-6: sun’s declination (§) — longitude (\)

Procedure. Given the declination (¢), measure it out on the arc from its be-
ginning. Stretch the string over the intersection of the declination circle and the
horizontal line (kramajiva) that meets the point of the declination (§). Count the
number of degrees on the arc from its beginning up to the point indicated by the
string. Obtained is the sun’s longitude (\).

Rsin
kramajiva
3
. !
krantivrtta R
2 (arka)
”
sutra
R
Fig. 26

Rationale. From the similar right trilaterals on the quadrant, we have the relation,
R:¢=r:Rsind,or R:r =/{: Rsind, where r = Rsine. On the other hand,
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from the similar right trilaterals inside the celestial sphere (cf. Fig. 22), we have
the relation, R : Rsine = Rsin A\ : Rsind. Hence follows ¢ = Rsin \.

Verses 6.7-9: When the horizontal line that arises from the declination does not
touch the declination circle

If the quadrant has the declination circle, it inevitably intersects the horizontal
line that arises from the point of declination on the arc. Therefore, the situation
intended here must be either (1) the case where the quadrant does not have the
declination circle or (2) the case where the declination circle on the quadrant is not
entirely available. Cf. verses 5.3-5ab above.

Procedure (cf. Fig. 26). Put a mark for memory on the horizontal line that arises
from the point of the given declination. Place the cursor of the string at the point
of Sine (= 24 units) on the south-north line. Rotate the string and fix it on a point
of the arc so that the cursor may touch the marked horizontal line. The rest of the
procedure is the same as above (verses 6.5-6).

II1.7 Chapter Seven: Terrestrial latitude

Verses 7.1-2ab: sun’s meridian altitude («) and northern declination (§) — latitude

(¢)

Calculation.

w=90—p, where g=a—9¢

¢
8
o
NP ®
Eq
®
Fig. 27

Verses 7.2cd-3: sun’s meridian altitude (o) and southern declination (§) — latitude

(¢)

Calculation.
0w=90—p, where @g=a+9§
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Sl

Eq
NP a

Fig. 28

Verses 7.4-5ab: sun’s meridian altitude («) and northern declination (9) greater than
the latitude — latitude ()

Calculation.
p=a+0d6—-90
o
o
o
Eq
NP
¢
Fig. 29

Verse 7.5cd: When the declination is absent (§ = 0)
When the declination is absent (6 = 0), the sun’s meridian altitude is equal to
the colatitude of the locality ().

Eq

NP

Fig. 30

Verse 7.6: When the sun is at the zenith (o = 90)
When the sun is at the zenith (o = 90), the declination (§) of that moment is
equal to the latitude of that place.
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Eq

NP

Fig. 31

Verse 7.7: Direction of shadow when the latitude (¢) is smaller than the sun’s
maximum declination (¢)

The shadow of a gnomon falls sometimes toward north, sometimes toward south,
and sometimes disappears.

Eq

NP

Fig. 32

Verse 7.8: Direction of shadow when the latitude (¢) is greater than the sun’s
maximum declination (g)
The shadow of a gnomon always falls to the north.

¢

€

NP
Eq

Fig. 33

The latter half of verse 8 says that ‘All this will be the reverse in the south of
the equator,” but in fact the only differences are the following three cases.

1. For a northern declination, ¢ = 90 — @, where ¢ = a + 4.

2. For a southern declination, ¢ = 90 — ¢, where ¢ = a — J.

3. When the latitude () is greater than the sun’s maximum declination (¢), the
shadow of a gnomon always falls to the south.

Cf. verses 4.11 and 12.
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Verses 7.9-10: Determination of the latitude from meridian altitudes of a circumpolar
star
Calculation. Let the two meridian altitudes of a circumpolar star be o; and as.

Then,
a1t

2

NP

(05}

Fig. 34
II1.8 Chapter Eight: Shadow of the gnomon

Verse 8.1: Two types of shadow

There are two types of shadow, horizontal and vertical, which Bhudhara calls
‘straight’ (rju) and ‘reverse’ (viparita ), respectively. In both types, the line between
the top of the gnomon and the end of the shadow is called hypotenuse (karna).

&
[0
k c
g k
o
C
rjucchaya viparitacchaya
Fig. 35
We have the relationships,
_ __ 9 _
c=gtan(90 — a) = and c=gtana,
tan o

respectively for the horizontal and vertical types, where g is the height of the gnomon,
« the sun’s altitude, and c the length of the shadow.

Though not mentioned explicitly by Bhiidhara, these relationships are the basis
of the rules that follow.

Verse 8.2: Three types of gnomon
Bhudhara classifies gnomons according to their lengths: 7 angulas, 12 angulas,
and 60 angulas. In India, the length of the gnomon is divided traditionally into 12
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angulas. The gnomon of 60 angulas is just a variant of the former, where each of
the 12 angulas is further subdivided into 5 units. Gnomons of 7 feet are prevalent
in the Islamic world. On the back of the Islamic astrolabes are to be found shadow
squares for the gnomon of 7 feet and for that of 12 digits. Following this practice,
Sanskrit astrolabes also carry shadow squares for both the types of gnomons.! In
literature, the gnomon of 7 arigulas is used for obtaining the shadow to be employed
in a formula for the portion of time elapsed before noon or remaining after noon,
which is prescribed in an anonymous arithmetical work Pancavimsatika (before AD
1429),2 and presumably also in the Ganitasarakaumuds of Thakkura Phert (ca.
1315).3

Verse 8.3: Gnomon of seven arngulas

The gnomon classified as 7 angulas is said to have an actual length of 6;30 or 6;40
angulas. It is not clear why it should have a length which is less than 7 angulas.
One would expect it to be slightly longer than 7 angulas so that it could be buried
firmly in the ground.

Verses 8.4-6: sun’s altitude (o) — horizontal shadow (c)

Procedure. Given the altitude («), measure it out on the arc from its beginning
and stretch the string up to that point. Count the number of units in g on the
south-north line from its beginning and find the horizontal line (kramajya) at that
point. Find the vertical line (utkramagjya) passing through the intersection of the
string and the horizontal line. Count the number of units on the east-west line from
its beginning up to the point from which the vertical line arises. Obtained is the
length of the shadow (c).

kramajya /

sutra

utkramajya

Fig. 36

1See, for example, Pingree, Eastern Astrolabes, pp. 198-99.

“Takao Hayashi (ed. & tr.), ‘The Pasicavimsatika in its Two Recensions: A Study in the Refor-
mation of a Medieval Sanskrit Mathematical Treatise,” Indian Journal of History of Science 26 (4),
1991, 395-448, esp. 441-43.

3SaKHYa (ed. & tr.), Ganitasarakaumudi: The Moonlight of the Essence of Mathematics by
Thakkura Pheru, New Delhi: Manohar, 2009, pp. 160-62.
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Verses 8.7-9: sun’s altitude (o) — hypotenuse (k)

Procedure. Given the altitude («), measure it out on the arc from its beginning
and stretch the string up to the point. Count the number of units in g on the south-
north line from its beginning and find the horizontal line (kramajya) at that point.
Place the cursor (mrgasya) at the intersection of the string and the horizontal line
and rotate the string onto the south-north line. Count the number of units on the

south-north line from its beginning up to the point of the cursor. Obtained is the
length of the hypotenuse (k).

g mrgasya /

kramajya

Fig. 37

Verse 8.10: sun’s altitude (o) — vertical shadow (c)
The procedure is almost the same as in the case of the horizontal shadow (verses
4-6 above), the only difference being that the altitude («) is counted on the arc from

its end.
kramajya /
g Y

sutra

utkramajya

Fig. 38

Verses 8.11-14: sun’s altitude (o) — horizontal shadow (¢) when Rsina < g
If Rsina < g, the string and the horizontal line that arises from g do not intersect.
In that case, the n-th horizontal line (n < g) is utilized in place of the g-th line.
Procedure. Given the altitude («), measure it out on the arc from its beginning
and stretch the string up to that point. Find the vertical line (utkramajya) passing
through the intersection of the string and the n-th horizontal line (kramajya ). Count
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the number of units (¢,) on the east-west line from its beginning up to the point
from which the vertical line arises. Then

n-th kramajya

sutra

kramajya

\\ utkramajya

Fig. 39

Rationale. Since tana = n/c, on the quadrant,

tana  n/fc,  n

Verses 8.15-17: sun’s altitude (a) — vertical shadow (¢) when g = R = 60

Procedure. Given the altitude («), measure it out on the arc from its end and
find the vertical line (utkramagya ) that meets that point. Also measure out the same
altitude («) from the beginning of the arc and stretch the string up to that point.
Place the cursor at the intersection of the string and the vertical line and rotate the
string up to the south-north line. Count the units on the south-north line from its
beginning up to the cursor. Obtained (u) is the length of the shadow.

Rsin o Rcos a

u

3
(9
us o

utkramajya

Fig. 40

Rationale. From the similar right trilaterals on the quadrant, we have the relation,
Rcosa : R = Rsina : u. Hence follows

_ Rx Rsina

U
Rcosa

= Rtana = gtana = c.
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II1.9 Chapter Nine: Altitude of the sun

Verses 9.1-4: shadow (¢) — sun’s altitude («)

Procedure. Measure out the units in ¢ on the east-west line from its beginning
and find the vertical line (utkramajiva) that arises fron that point. Stretch the
string through the intersection of the vertical line and the horizontal line (krama-
jya) that arises from g on the south-north line. Count the degrees on the arc from
its beginning up to the point indicated by the string. Obtained is the sun’s altitude

(@).

kramajiva

g

utkramajiva

sutra

R/

Fig. 41

This is for a ‘straight shadow’. For a ‘reverse shadow’, we have to count the
degrees on the arc from its end.

Verse 9.5: Condition
The above rule is for the gnomons of g = 7 and 12 angulas. When g = R = 60
angulas, no horizontal line that arises from the point of g exists on the quadrant.

I11.10 Chapter Ten: Length of the day and the night

Verses 10.1-5: shadow (c) and declination (§) — half of the ascensional difference
(w) when a =90 — ¢

Procedure. Measure out the units in ¢ on the east-west line from its beginning
and find the vertical line (utkramajiva) that arises fron that point. Measure out
the degrees in § on the arc from its beginning and stretch the string up to that
point. Find the horizontal line (kramagiva) passing through the intersection of the
string and the vertical line. Count the number of the degrees on the arc from its
beginning up to the point indicated by the horizontal line. Obtained (w) is half of
the ascensional difference (cara).
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o

Rcos 3

~

kramajiva

utkramajiva
Rsin 8
f=4}

sutra

g=R L

Fig. 42

Rationale. Let ¢ = R and ‘apply the state of being altitude degrees to the [co-]
latitude degrees’, that is to say, &« = 90 — . Then, ¢ = g/tan o = Rtan . From the
similar right trilaterals on the quadrant, we have the relation, Rcosd : Rsind = ¢ : £.
Hence follows £ = ctan§ = Rtan @ tand.

On the other hand, from the next two figures we have the relations, Rcosy :
Rsingp = Rsind : e and Rcosd : e = R : E. Hence follows £ = Rtan ptand.

Hence follows ¢ = E = Rsinw, where w is called carardha (‘half of the ascensional
difference’).

vasaradhanus
Eq
E
NP, d
€ NP
o \|E\€ RCOQ’%
R
ratridhanus
Fig. 43 Fig. 44

Day-arc (vasaradhanus) = (90 + w) x 2.
Night-arc (ratridhanus) = 360—Day-arc.

Verse 10.6: Other three cases

The sign of w in the calculation of the day-arc (verses 10.1-5) is plus or minus
according to the directions of the declination (&) of the sun and of the latitude (¢)
of the locality.
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Day-arc

0 in north 0 in south
pinnorth (90+w)x2 (90 —w) x 2
¢ in south (90 —w) x2 (90 + w) x 2
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