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The first Sanskrit work which mentions the cylindrical sundial is the Yantru-
prakasa (AD 1428) of Ramacandra, but its description is very brief. After that,
Hema (later half of the 15th century) wrote the Kasa-yantra, which is a detailed
Sanskrit monograph on the cylindrical sundial. Then, Gane$a Daivajia (16th
century) wrote the Pratoda-yantra, which is a concise Sanskrit monograph on
the cylindrical sundial. Gane$a’s work was summarized by Muni§vara in his
Siddhanta-sarvabhauma (AD 1646). In this paper, the full text of Hema's Kasa-
yantra and that of Gane$a’s Pratoda-yantra are presented for the first time with
my English translation. It is not clear whether Indian cylindrical sundial is
connected with Islamic sundial or not.

Key words : Cabuka-yantra, Cylindrical sundial, Ganesa Daivajiia, Hema,
Kasa-yantra, Muni$vara, Pratoda-yantra, Ramacandra, Whipinstrument, Yantra-
prakasa.

INTRODUCTION

India has a long tradition of observatinal astronomy since the Vedic perod,! and
several astronomical instruments were described in the Classical Siddhantas.? During
the Delhi Sultanate and Mughal periods, several monographs specialized in astronomical
instruments were composed in Sanskrit. The first of this kind is the Yantra-raja (AD
1370) of Mahendra Suri, the first Sanskrit work on the astrolabe and perhaps the first
Sanskrit work which is apparently influenced by Islamic astronomy. Slightly later,
Padmanabha wrote the Yantra-raja-adhikara (chapter I of his Yantra-kiranavalt) (AD
1423), the Dhruva-bhramana-yantra-adhikara (chapter 11 of his Yantra-ratnavali),
the Diksadhana-yantra, etc. His Yantra-raja-adhikara is probably the second Sanskrit
work on the astrolabe. It may be noted here that Padmanabha’s son Damodara was also
an astronomer, who wrote two Karana works, namely the Bhata-tulya and the Surya-
tulya, both in AD 1417. In AD 1428, Ramacandra wrote the Yantra-prakasa, where
several astronomical instruments were described, among which the most detailed
description is that of the astrolabe. As regards the early history of the astrolabe in India,
I have discussed it in my previous paper.*

* 3-5-26, Hiroo, Shibuya-ku, Tokyo 150-0012, Japan
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Besides the astrolabe, several interesting astronomical instruments were made in
the Delhi Sultanate and Mughal periods, one of which is the cylindrical sundial. Let us
discuss the history of the cylindrical sundial, which was called kasa-yantra or pratoda-
yantra or cabuka-yantra in Sanskrit.

It is well known that Ganesa Daivajiia (born AD 1507) wrote the Pratoda- yantra,’
which is a work on the cylindrical sundial with a horizontal gnomon. The Sanskrit word
“pratoda” means whip. Later, Muni$vara (born AD 1603) summarized the description
of the Pratoda-vantra of Ganes$a, and included it in his Siddhanta-sarvabhauma (AD
1646). The extract of Muni§vara’s version was sometimes copied independently as the
Pratoda-yantra or Cabuka-yantra, and this Muni§vara’s version was published by S.D.
Sharma.’ The word “cabuka” is a loan word from Persian, and means whip. Ganesa’s
original version of the Pratoda-yantra has hitherto been unpublished, and its full text
with my English translation will be presented in this paper for the first time.

As far as I know, the existence of the “whip instrument” before Ganesa had
practically been unnoticed by historians of astronoiny, before I reported the probable
date of the Kasa-yantra of Hema as the later half of the 15th century.® The Sanskrit word
“kasa” (= kasa) also means whip. Actually, Ramacandra described the kasa-yantra
still earlier in his Yantra-prakasa (AD 1428), but his description is too brief, and it is
difficult to investigate its construction. Therefore, Hema’s Kasa-yantra can be said to
be the first detailed monograph of the cylindrical sundial in Sanskrit, Hema's Kasa-
yantra has also hitherto been unpublished, and its full text with my English translation
will be presented in this paper for the first time.

RAMACANDRA’S KASA-Y ANTRA

In AD 1428, Ramacandra, son of Suryadasa and Visalaksi, wrote the Yantra-
prakasa at Naimisaranya (near Sitapur in present Uttar Pradesh).” It has six chapters,
and the description of the kasa-yantra is included in its chapter VI. His description of
the kasa-yantra consists of three quarters of sardulavikridita metre, and a short prose
commentary. Let us see its metrical text. | have used the following two manuscripts.

AS Calcutta G-1363 (hereafter Ms. “A”),
BORI 975 of 1886/92 (hearafter Ms. “B”).

Fel Tl IR TR (7) |
TArgd e ufehigreeiiv: 3o |
g ¥ winwforergfa g e T |



THE CYLINDRICAL SUNDIAL IN INDIA S 149

Apparatus:

(1st quarter:) A: strchu (?), and B: stalu for “svrju”.

(2nd quarter:) A: ghatika for “ghatikda”.

(3rd quater:) B: Susire for “susire”.
“Thus metallic “kasa” {should be made ]. From [the root ot ] the gnomon, which
is rightly inserted in the holes on the straight splitted parts (columns), one
should mark ghatikas by segments severally. And also, one should always keep
the gnomon for insertion in the hollow at the base of the round one (main body
of the instrument ?)”.

This text is too brief to investigate its construction. Let us proceed to the
examination of more detailed text written by Hema.

Tue KASA-Y ANTRA OF HEMA

(i) Introduction

The Oriental Institute, M.S. University, Baroda, has a manuscript of the Kasa-
yantra of Hema.® Its description is as follows.
Accession no.: 3258,
Name of the manuscript: Kasa-yantram,
Author: Hemah,
Leaves: 7,
Copied in Vikrama Sam. 1784 (AD 1727).

In the last verse of the Kasa-yantra, Hema writes that his father is Vi§vanatha, and
that his grand fatheris Gangadhara of Vatsya-kula, a resident of Jambhiivara (Jambusara
7), who wrote three commentaries on arithmetic (pafi).

There is no doubt that this Gangadhara is identical with Gangadhara (fl. AD 1420),°
son of Govardhana and grandson of Divakara of Vatsa-kula, a resident of
Jambiisaronagara (present Jambusar in Gujarat, about 22° N). Gangadhara’s commentary
on the Lilavafi of Bhaskara ]I is extant.

From the date of Ganrgadhara, the date of Hema can be placed somewhere in the
later half of the 15th century AD.

Hema quoted from two works in his Kasa-yantra, namely the Yantra-raja [-
adhikara] (AD 1423) of Padmanabha and the Sirya-tulya (AD 1417) of Damodara, son
of Padmanmabha. This fact does not contradict the aforesaid date of Hema.

(ii) The Text of the KaSa-yantra of Hema

The following is the complete text of the Kasa-yantra of Hema based on a
manuscript (Baroda 3258).
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I\ SO T9: 1
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e ShHN SafeHiHeEn
SRS T I ¢ I
EvEvaEd fermEfaeET |
wfeswTergs A g faagy: 1] 1l
TEmyfes ¥ arF fad-

I A ¥ T FHAM_ |
TR W T 2y T gs-
FHIAFEETHT TETA 11 20 i
JEeY T TS

g 9 gl 9 aEe |
T HATHITH

g1 IUT FATHS 0 HG 1 2R 1

* This verse is metrically irregular.
Te AEEwHEH [5] T fayd vgl: SeeEs-
3 9 98 Afd g ofedrageadentig: |
AT (W) S UF @ed W TRreaen gfym
A9 9 9 foaee @ W 10RR )
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0 fae g (w0)FEH |
TTESEERR 9 g JgaH
e & S g9 () g FEFE 1 3 0
g :] W e I3
dfered [S] & 99 = |
T gaM [s5] 3 g afarg:
wgeagE ufedt (Hi) a3 11 ¢ i
sEgfTea TRy venfd
agf7 9% a1 e |
it SeRfad g aw
Tl faferd feramfage 1 gy il
HY Y Yo oI N
gHaTg et |
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YR fardt

FaoE] FTIfHRIGRA o |

T SR T

TN G AL (FA) MK T 1% 1)
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IafaE = () T (1] s |
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BT el T8 9 qre: |

g A [ 1] WA Qo SR
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* This verse has three padas only.

* Two syllables in 28 b cannot be read 1n the original manuscript.

arelr=ra feRfafegai
grgdqeaTenton [F] SR |
Wﬁ“ﬂi‘q&@'@ﬁ:
fﬂé:ﬂ'@ifﬁmﬁﬁﬁ: 11w 1
TEfEAr € 5 % 7@ R0

Tt 25 T g0 [F]) w0 [:) ¥ |
SYHTIAT T AT

v (o) TrersgeR a&9q 1 e i
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“Nadi” has been

supplied according to a manuscript (AS Calcutta IM-5356) of the Sarya-tulya ot

Damodara.

arorgfadi gy fadara
TeEEEUST T |
ARy o
AUEUSFIGR ! @ 1 3% 1]
BILINE R Ui e

WM 30 ASTIA B |
AAEGUEFITS T T
FHehIeaY (o) farEe 130 1l
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e vherd TEeEuEHA 1l 3 |l

e @oed 937 I
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faty [2u&]

= [ 1¢3 19ivE] 9 1fmE [ 1w ]faforgd] 93 1femafa [222] O [R3¢] @@ |
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[304]

At [ 36 19 3% JOTE] 3w 199 @ [ o 15[ 2 I R JTemn:[uR 10 3 o
* Although the previous verse number is 34, the present verse has also been

numbered 34 in the manuscript, and the following verses are numbered successtvely
from this verse. Tentatively, I number the present verse 34°.

T [&u] W9 (o] g [R&] fafos enfes 7 o

Twef fif 7 (1) wrhosfagm [s] 9 (3?) BHWRT (SHD) |

RE R ECE GNP ETE R D IR L2t

TH (:) AEAAGY THY Reedied Ta: 13y 1l

wEE (T ?) Fwof (o) TRE (4?) == T (F) FemeE (2)
T (®) faferaq wigaTawiwiy (Fig) T |
fasgaaerg (g) wafd (FfiFd ?) a3 arcwiferer-

T W Ay ;. fAnuardad 1l 36 I
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T G Hee
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ST J(F)T: 1 ¥y |l

= FE AT
EELRRIEEREY
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AT 5% TR 9aq |1 ¥E I
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* A manuscript (Baroda 3160) of the Dik-sadhana-yantra of Padmanabha has the
same verse. The Dik-sadhana-vantra reads kari in place of kani in the Kasa-yantra.
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S |
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T 7 IfheRd e
e foag Te4: Gohary: B e
T g Fefeafaeras] saa (w?) T f5=:
drrgTeREfys [ 5] fafafed smeaauEa: |
TG : Wierargareyafd: difasaarasn (9) -
T gee wrEHETgHTa: (f9e:2) g iy i
e disaifa (] famegae=rea Fd weewa=d
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After the above main text, there are some appendices in the manuscript of the Kasa
-yantra as follows.
[Folio 6 a:]
7Y TN BT Terem, ATEE) ey Tqger i |

0% 28% | ARR | 3% Ryo UE | 24T | AR | 2% | AR | RIR | RRL | ¥R |RER

Q9% [R¢¥ | 307 | 304 |34 {3y [ 3R | o | R2 | ¥ | uR | & | ey | <&

wifa |a |w| g (g |3 |a|lg|g|a]g]|3]3

R¥C|BY [2¢o | Bo |83 [TBY | BR | o |R%4 |Roy [3¥0 | uc [Roc 0w
AT ||
T fafasmi ¢u pAfHHTEIG |
Fearaes =g ok gEmaE 1
egdferama (fv?) 7@ = g/ aved 93 Tafgwn i
fawfo a3 syl 3 TTd wrafeE 1 g
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[Folio 6 b:]
Y AT e (B [ S ] 490 %/3 0 a7 Fafavren feamry (§) 3 (3) vt yfafas
IFHwM fererd 919 (§) FI-ATg e THHT: 43 3T&TH: ¢ /%% SEM: 30/
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W C R JRo R PR ]R3 IRINY ¥ | W1 R4 [RUIT| R& [ R&MH

g
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BRI ]ER[ ORI R¥ [ R | Roj o 1R} 33 | o) o oo
golee 3o [ v 3o ¥ jugf¥a e |« [t |¥of o f¥o [0 | oo of ofdfh

R I LY RO IRYYRRYRE R RFT (R o R0} o [ o o] o
LYUB R (AU (R0 U] R [UR |39 [R9 | R | o (3R | o JRof o oo 43

R IR P[RR [R9RRJRY | IR o ¥ | o | ¥RJU fo} o
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LT i bR p e R R lrel e fref 3N o fur [ o [ERO| 0 |R¥]| 3
R3]y * 138 Lo J¥olwu fru [l 38 [30f 3¢ o J30 o fry] o fre| T

Trp3 s ] e pe o jrefey eg]|Rof o ¥ | o (¥l o 1¢3] 0 || 33
Lrlagwelee fvx taufra frof{ur|uc | o {¥s | o {wy | o [3¢| o |o]| =&

* The lett side of this folio is defective, and some figures cannot be read.
** The figure 16 1/2 might have been cancelled in the manuscript.

(ii1) An English Translation of the Kasa-yantra of Hema

(a) The main text
[I. Invocation]

1. Having saluted respectfully to Sri Gananayaka (= Ganesa), to the sun, to Vani
(= Sarasvati), to my preceptor, to the deity called Sri Vigvanatha, and to my father also
called Sri Viévanatha on account of his noble mind, I, named Hema, eagerly describe
this precious instrument called kasa (“whip”) which gives knowledge of time of day and
delights astronomers.
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[1I. Construction of the kasa-yantra]

2. An intelligent man should construct a gnomon (Sartku), whose length is twelve
angulas or increased length from this measure. A rod (yasti) whose length is twenty two
times should be made. Or, it may be designed according to [the instruction of] the proper
preceptor, or tradition.

Note :  The length of 12 angulas is the common length of the gnomon in Hindu astronomy. If the
length of the rod is really twenty two times of the gnomon, it becomes 264 angulas, which
look too long for this instrament. As we shall see later, this instrument should be handy
so that the time can be read even when riding on a horse. If it means 22 angulas, it will then
be too short.

3. Therod is the main body of this instrument. If the rod is shorter than the aforesaid
length, [only] a rough value of time will be known at the beginning of the day or at the
time when the sun is at midheaven.

4. This fine instrument should be made of gold, silver, good brass, copper, or
SimSapa-timber. And it should be made septangular with fine edges. The vertical
[edges] should be [straight] like a plumb line. The columns should be measured by
halves (i.e. each column has a central vertical line). Nadikas should be marked
according to [the length of] reverse shadows corresponding to a particular day.

Note :  The method of the calculation of the length of the gnomon-shadow will be explained in
vs.24. The Sim$apa-tree is the Dalbergia sissoo. It is used for furniture etc. as it is strong,

elastic, and durable.!” The “reverse shadow” means the shadow of the horizontal gnomon
in contrast with the shadow of the vertical gnomon.

5. In the middle of [each] side (vertical column), at the upper portion which is as
wide as [the diameter of] the gnomon, a wise man should make a hole, whose size
(diameter) is the same as that of the gnomon, in order to erect the gnomon. The
[graduation of] length of the day, having its top at the height of the gnomon [on the
column], is divided.

6. Then at the bottom of the hole, the needle-like gnomon should be fixed firmly
and evenly. On the central column, at the place above the gnomon, the length of the day,
which is measured by 30 [nadikas], should be written.

Note :  The “central column” is used for the equinoctial solar month.

7. Then the marks should be given to three columns in the north (i.e. columns for
months when the sun is in the northern hemisphere). And also, the measurement of days,
which is decreased by the same rate, to three columns in the south.

Note :  Since the sun’s declination is symmetrical before and after the solstice. one columin can
be used in two corresponding solar months except for the solstitial month. So, three
columns are used for five solar months.
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8. When the length of daytime is 27 ghatikas, 13 1/2 ghatikas should be marked on
the column. Similarly, on the remaining days, half the length of daytime should be
regularly marked by an arithmetician from the root of the gnomon.

Note :  Since the altitude of the sun is symmetrical during forenoon and afternoon, a half of the
day-length is marked on the column.

9. According to the equinoctial midday shadow at [the observer’s] own latitude, a
wise man should consider marking the length of the day and marking the ghatikas also
by his own intelligence.

10. In order to divide each interval of a nadi into four parts, four horizontal lines
should be drawn. This interval is 15 palas in order to know minute divisions of time.
Note : A radiis 60 palas. Therefore, one fourth of a nddris 15 palas which are equal to 6 minutes.

11. Anintelligent man should tie a silk thread to the top of this instrument, and hold
it with his hand [suspending] like a plumb line in such a way that the gnomon-shadow
falls in the middle of the column.

12. By holding the cabuka instrument like this, the tip of the shadow of the gnomon
touches the mark on the column. Then, tell the ghatika which is equal to the number
shown on the column. When [the sun] is in the east, these (ghatikas) are elapsed. In the
west, these are to elapse. The shadow increases in the first half of the day, and decreases
in the second.

13. Thus the length of daytime, which is 30 nadis, is mark=J on the column. I shall
tell the rule of the instrument. On a day with a given length of the shadow, afterknowing
the length of daytime, the following should be done properly.

14. From the mark, where the tip of the gnomon-shadow touches, one should know
the line (graduation of ghatika) on the column corresponding to the given length of the
day. One should tell ghatika which is equal to the number thus observed.

15. In case there are additional palas for certain day-length, count them as one
{ghatika] if they exceed a half [of a ghatika]. The desired day’s length should be
considered like this.

16. On each column, a gnomon is to be placed respectively as was told. When the
length of the day is certain amount, nadis which are 30 in number are read from the
corresponding gnomon’s shadow.

17. At the time of observing the shadow, the gnomon [is fixed] horizontally here.
At other times, it (gnomon) should be protected by inserting it in a cavity of the same
size {made in the body of the instrument] just like revenue is deposited in the treasury.
Thus it [should be kept} in the rods (main body of the instruments) which are like the
best of gold.

Note : 1 have reconstructed a probable figure of this instrument in Fig.1
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Fig.1 The Ka$a-yantra

[lIl. Praise of the kaSa-yantra]

18. If you want to be at the royal palace, or if you want to be at high position, study
this excellent instrument named cabuka. There i1s no need of the process of calculation
by mathentaticians. The determination of time of the day can be done very easily here.

- 19. The king, who knows the malini metre, sitting on a horse running like a wind,
counts nadika etc. by };imself eagerly with the cleverly constructed instrument kasa,
which i1s made of metal or wood, in his hand.

Note : The vss. 18 and 19 have been written in malint metre.
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20. All the three worlds are based on law (dharma). For it (law), then, time is the
most important. Time, uniform yet immeasurable, highly depends on the motion of the
planets. Its knowledge indeed can be obtained through the instrument. Therefore, who
will not honour this [instrument] which is capable of revealing that (time)?

[IV. Calculation of the shadow]

21. Now I shall tell the computation of reverse shadow according to the length of
the desired day expressed in nadis. Quoting from the excellent Yantra-raja written by
Sri Padmanabha, marking of nadis is easily explained in four verses.

Note :  The Yantra-raja[-adhikaral (AD 1423)is chapter [ of the Yantra-kiranavali of Padmanabha.
Although Hema wrote to quote 4 verses, only the following 2 verses (vss. 22-23) are found
in the extant manuscripts of the Yantra-raja-adhikara of Padmanabha.

22. The declination of the sun corresponding to its tropical (sayana) longitude is to
be added to or subtracted from the terrestrial latitude (pala) according as they are in the
same or opposite directions. The resulting degrees should be subtracted from 90. Its R-
sine is the R-sine of the midday altitude.

Note :  Equinoctial midday zenith distance of the sun is the same as the terrestrial latitude (¢ ) of

the observer. When the declination (8) of the sun is south, midday zenith distance of the
sun is (@+3). If north, it is (¢-8). Hence the above rule.

This verse is a quotation from the Yantra-raja-adhikara of Padmanabha (vs. 98 of
Lucknow 45888, and vs. 90 of Lucknow 45892). For the readings of Lucknow manuscripts,
see my previous paper.'!

23. The given nadis are to be multiplied by 90, and divided by half a day time. The
R-sine (guna) of the result is to be multiplied by R-sine of the midday altitude, and
divided by the Radius. The corresponding arc is the desired altitude [corresponding to
the given nadis).

Note - This formula is correct on equinoctial days. On an equinoctial day, R-sine of the latitude
of the sun is proportional to the R-sine of time elapsed since sunrise in the forenoon and
time to elapse until sunset in the afternoon. Therefore,

R.sin a = R.sin. m x R.sin A

R
where a is the altitude of the sun, m is the midday altitude of the sun, and,
A=90x -t
T2

where ¢ is the nadis elapsed or to elapse, and T is the length of daytime in terms of nadis.

This verse is a quotation from the Yantra-rdja-adhikara of Padmanabha (vs. 100 of
Lucknow 45888, and vs. 92 of Lucknow 45892).

24, The R-sine of the given altitude is to be multiplied by 12, and divided by the R-

sine of the zenith distance. The result is the corresponding reverse shadow. This is
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useful in the kasa [-yantral. From it (shadow), the nadi should be determined by
mathematicians.

Note :  The length of the horizontal gnomon is 12 aagulas. Then the length of its vertical shadow
is obtained as follows.

12:s=R.sinz:R.sina,
where s is the length of the shadow, z the zenith distance of the sun, and « the altitude of
the sun. (See Fig. 2.) Therefore,

¢=12xR sina

R .sinz
\
\
\\
\\Z'.K)
\\‘ Gnomon
a \Z' v/ (12 a”gulas)

Fig. 2 The horizontal gnomon
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25. The given altitude should be subtracted from 90. It is the corresponding zenith
distance, and its R-sine is the R-sine of the corresponding zenith distance. Intelligent
man should calculate this for the sake of reverse shadow.

26. (... One pada might have been missing at the beginning .....) After dividing, the
result. Its corresponding arc, that is the latitude (pala, the zenith distance of the
equinoctial midday sun), is always in the south direction. When it is subtracted from 90,
it is the co-latitude (lamba) which is the altitude [of the equinoctial midday sun] in the
south direction.

Note - This verse consists of 3 padas only. Since the first word “after dividing” (bhaktat) is not
connected with the previous verse, one pada might have been missing at the beginning.

[V. Calculation of the R-sine]

27. Now some useful things like the R-sine etc. are explained through six verses,
which are easily understandable, from the karana work Surya-tulya written by
Damodara. What is the need of new verses !

Note :  The following six verses (vss. 28-33) are quotations from the Surya-tulya (AD 1417) of
Damodara, son of Padmanabha. I have seen a manuscript of the Sitrya-rulya (The Asiatic
Society, Calcutta, IM-5356), and the quotations have been identified with vss. 4-9 of its
second chapter (Suryendu-spastikarana).

The verses explain the calculation of sine and arcsine.'?

28. The numbers 26, 24, 20, 16, 10, and 4. These are the six differences of
successive half chords (i.e. R . sines) for the Radius one hundred.
Note :  The above verse can be tabulated as below. (R = 100)

Degree R . sine Differences
90 100
4
75 96
10
60 86
45 70 1o
20
30 0
> 24
15 26

29.The degrees are to be divided by 15. The quotient is the number of segments (i.e.
the serial number of the differences which have been given in vs. 28) already passed.
The next (i.e. the value of the next segment in the series of the differences) is to be
multiplied by the remainder (i.e. the degrees minus 15 times of the “quotient”), and
divided by 15. The result is to be added to the sum of the values of already passed
segments. This is the R . sine.
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This is the first order interpolation. Let the values of the argument be &, 0,,....., the values

of their function be f,, f,, ....., the common difference of the values of the argument be

(=0,-0,=0;-0,= ........ ), and the differences of the values of the function be : -
Al=1,-£), A(=1- 1), ...

We have to find out the value of the function f ( o), when o, < 00 < @ty say. The first order.

interpolation is expressed as follows.

f(a)=F2+iA2, ............ H

where r = o - o,. In this case, k is 15.

30. The degrees of the remainder (r) are to be multiplied by the difference between
the segment to be passed( A,, say)and the segment already passed (A)), and divided by
30. It is to be subtracted from(if A, > A, )or added to (if A, < A,) the half of the sum of
the already passed segment (A|) and the next segment ( A,). This is the segment to be
passed [ which has been corrected for the second order interpolation] for the purpose
of the R-sine and R-versed-sine.

Note :

This is the method of the second order interpolation, where A, of the first order interpolatin
is substituted by Az/ . The value of Az/ is expressed as follows.

_A1+A2—r A~ A

A= F L (A2 2)
- 2 15 2
Therefore,
A +A - A ~A
fon=f+ L {222 T (2%} 3)
S 15 2 15 2

The negative or positive sign is taken according as
A>or<A,.
This is the same as Brahmagupta’s method.' It is equivalent to Stirling’s formula.
The manuscript (IM-5356) of the Siurya-tulya reads dalam sphutam in place of yutam
dalam.

31. The R-sine obtained according to the instruction from the correct segments is
very correct. By the reverse series of the segments, the R-versed-sine should be
obtained correctly from the correct segments.

Note :

The R-versed-sine of 8 is equal to (R - R . cos 8 ). Therefore, the reverse series of the
segments given in vs.28 can be used for the R-versed-sine as follows.

Degree R-versed-sine Differences
90 100
s 7 26
60 50 20
45 30 16
30 14 10
15 4 4
0 0
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32. The values of the segments are to be subtracted [from the given R-sine, as far
as possible]. The remainder is to be multiplied by 15, divided by the uncompleted value
(i.e. the value of the next segment), and added to the product of 15 multiplied by number
of already completed (already have been subtracted) segments. The result is the arc.

Note :  Thisisthe method to obtain the arcsine. From the relation stated in vs. 29 (the equation (1)),
we can express the value of the arc (o) as follows.

a=a2+i{f(a)—f2} .............. “4)

This is what vs. 32 says. The value of ¢, is of course “the product of 15 multiplied by
number of already completed segments”.

The manuscript (IM - 5356) of the Siirya-tulya reads as follows in place of the above verse
of Hema.

welf7 e I Iq v L4 ¥ dey[$ed |
T TSIy 9% Q4 T gd G |
33. After subtracting [the values of segments as before], the difference between the
already passed segment (A,) and the next segment (A,) is to be multiplied by a half of
the remainder (f () - f,). It is to be divided by the next segment (4,), and the result is
to be subtracted from or added to a half of the sum of the already passed segment (A,)

and the next segment (4,). This is the correct segment to be passed for the calculation
of the arc corresponding to the R-sine or R-versed-sine.

Note : This is the method of the second order interpolation in order to obtain the arcsine.' The
above rule can be expressed as follows.

. A+A -f(oz)-t'2
A T=1 2 + A A
2 2 24, ( ! 2)

and this AZ: is to be substituted in.place of A, in the equation (4). The negative or positive
sign s taken according as

A>or<A,
34.This astonishing instrument, named kasa, has been prescribed by using reverse

shadow. Those who have knowledge of the instrument and are endowed with excellent
intellect may also construct the instrument using direct shadow.

Note : The “direct shadow™ means the shadow of an usual vertical gnomon in contrast with the
horizontal gnomon of the kasa-vantra on which the shadow is called “reverse shadow”.
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[VI. Longitude of the lagna corresponding to the transiting naksatra]

Now, the knowledge of the night.

34-35. [The following figures are the tropical longitudes of the lagna (the rising
point of the ecliptic) when the various naksarras are on the meridian.]

(A8vini:) 103, (Bharanti:) 114, (Krttika:) 129, (Rohint:) 139, (MrgaSiras:) 150,
(Ardra:) 156, (Punarvasu:) 183, (Pusya:) 194, (Aélesz’x:) 197, (Magha:) 212, (Pirva
Phalguni:) 232, (Uttara Phalguni:) 238, (Hasta:) 249, (Citra:) 262, (Svati:) 274,
(Visakha:) 284, (Anuradha:) 302, (Jyestha:) 305, (Mila:) 325, (Parva Asadha:) 345,
(Uttara Asadha:) 351, (Abhijit;) 0, (Sravana:) 11, (Dhanistha:) 24, (Satabhisaj:) 59,
(Purva Bhadrapada:) 65, (Uttara Bhadrapada:) 75, and (Revati:) 96 degrees.

These values of the true positions of the stars, beginning from Asvini (dasra), have
been told successively by the learned Nilakantha. For finding time when the star is on
the imeridian at night, the pertod to be passed (i.e. degrees to be passed by the sun) from
the six-sign-added sun’s position (longitude) fupto the end of the same sign] is to be
added to the sum of [oblique] ascensions of already passed signs from the tropical
(sayana) lagna (i.e. the total oblique ascension of the signs between the horizon and the
opposite point of the sun).

Note :  There is a table of the longitudes of the lagnas corresponding to the transit naksatras in

the manuscript (folio 6a). There are three differences of the value as follows.
(1) The table gives 122 for Krttika.

(2) The table gives 229 for Piirva Phalguni. However, 232 must be correct, because the text
forthe next naksarra (Uttara Phalguni) reads “sa-angam” (plus six), and its numberis 238,
which implies that the previous number was 232.

(3) The table gives 315 for Jyestha. The text for Jyestha reads rriyuk (plus three), and three

plus previous 302 for Anuradha is 305.

The last statement of the text means that the ascensional difference between the lugna and

the opposite point of the sun should be obtained. This angle gives time elapsed since sunset.
. The verse number 34 occurs twice in the manuscript, and I have tentatively called the latter

verse vs. 34°.

36. Therefore, seven columns are to be made in order to know [time] at night (7).
The degrees of the lagnas should be writter on seven columns along with 15 divisions
of time. The star which is passing the meridian should be observed by the instrument
always (?), and the time should be determined from the lagna of that moment as was
told by Sr1 Nilakantha.

Note :  This text seems to be defective, and its meaning is not quite clear. The astronomer
Nilakantha mentioned in vss. 35-36 has not been identified.

37. With this instrument of seven columns, the time can easily be known at night
from {the star] on the meridian and from the degrees of lagna that have been told in the
verses (vss, 34-35).
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38. A small slit should be made above the cavity, through which the object on the
meridian is observed. Then with the top of this instrument, the star on the meridian
should be observed following the instruction of the preceptor.

[VIL. Right ascensional differences of naksatras]

Now the [right ascensional] differences of naksatras in terms of palas.

39-40. (Asvini:) 90, (Bharani:) 135, (Krttika:) 165, (Rohini:) 120, (Mrga$iras:)
120, (Ardra:) 45, (Punarvasu:) 270, (Pusya:) 138, (Aglesa:) 49, (Magha:) 192, (Purva
Phalguni:) 189, (Uttara Phalguni:) 93, (Hasta:) 120, (Citra:) 105, (Svati:) 148, (Visakha:)
64, (Anuradha:) 180, (Jyestha) 60, (Miila:) 135, (Piirva Asadha:) 165, (Uttara Asadha:)
71,(Abhijit:) 0, (Sravana:) 195, (Dhanistha:) 190, (Salabhisaj:) 340, (PurvaBhadrapada:)
58, (Uttara Bhadrapada:) 108, and (Revati:) 207 vinadis.

These are begun from A§vini (dasra). Beginning from Revatl (pausna) situated on
the meridian, successive bright stars pass the meridian. The Saka year minus 445
divided by 60 is always the ayanamsa (the amount of precession since Saka 445).
Note : A vinadi (= pala) is one 60th of a nadi. There is a table of the right ascensional differences

of the naksatras in the manuscript (folio 6a). There are three differences of the value as
follows.

(1) The table gives 182 for Parva Phalguni.

(2) The table gives 61 for Uttara Asadha. If the text can be read as kvangam. it gives 61,
but it becomes metrically defective. The reading kvagam, which means 71, is metrically
correct.

(3) The table gives 105 for Dhanistha. The text for Dhanistha reacs “bana-rahitah” (minus
five). If it is connected to the previous number 195, the result is 190.

The total of the given numbers in the text is 3752, and that of the table is 3650. There must
be some mistakes, because the total should be 3600 vinadis.

The last statement of the text means that the rate of the precession is one minute per year,
and the ayanamsa was zero in Saka 445 (AD 523).

41. When the number of degrees is divided by 30, it is the vilagna in terms of signs
(rasis). When the vinadikas of the stars on the meridian are divided by 60, they are
nadts.

Note :  One zodiacal sign is 30° (= 5 nadis), and ane nadi is 60 vinadikas. Hence the above rule.
The vilagna is the same as lagna (the rising point of the ecliptic).

[VIII. The clepsydra]

Now the description of the clepsydra.
42. A copper vessel resembling a half pitcher (ghatardha), which has a fine hole
atits bottom (?), sinks into the water. By the number of its sinkings during a whole day
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and night, 3600is divided. The result is the measure [of the clepsydra] (i.e. time required
to sink into the water) in terms of palas.
Note :  This is an usual floating type clepsydra.'® Since a whole day and night is 3600 palas, it is

divided by the number of the clepsydra’s sinking in a whole day and night, and the result
is time required to sink once.

[IX. Calculation of the sun]

43. Now I shall tell the calculation of the desired [day’s] sun, and the determination
of the heavenly body (sun) for the determination of its declination by means of the
length of daytime of the day measured by the instrument named xa$a, in three verses
for the satisfaction of mathematicians.

Note :  The calculation of the declination (kranty-amsa) is not directly explained in the following
verses. What follows is the determination of the sun’s longitude.

44. The difference between the length of daytime and nighttime (in terms of nadis)
multiplied by 15 is the ascensional difference (cara) in terms of palas, [which is
obtained] without [the observation of] the sun. If the daytime is longer than the
nighttime, [the value of the ascensional difference is] negative. If the daytime is not
longer than the nighttime, it is positive.

Note :  The ascensional difference is equivalent to the arc of the celestial equator lying between
its intersection with eastern horizon and its intersection with the hour circle which passes
through the sun at sunrise. (The former intersection is the east cardinal point, and the latter
is a point on the celestial equator which indicates the sun’s right ascension). Therefore. the
ascensional difference is equal to the arc corresponding to a quarter of the difference
between the length of the daytime and nighttime. Since one nadi is 60 palas. a quarter of
60, that is 15, is multiplied by the difference between the length of the daytime and
nighttime in order to obtain the ascensional difference in terms of palas.

45. From the ascensional difference, segments (khandas, finite differences of the
series of the ascensional difference of zodiacal signs) are to be subtracted as far as
possible. The remainder is to be multiplied by 30. (And divided by the next segment).
By the remainder (asuddha), degrees etc. are obtained. This is added to the passage of
completed (Suddha) signs.

Note :  Inthe actual calculation, only the finite differences of the ascensional difference of the first

three signs are used. Let the ascensional difference of the first three signs be w,, w, and
o, respectively, and the finite differences be

A=w -0=0

8,=0,- 0,

Ay=wy-0,.
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Now, these differences (khanda) should be subtracted from the observed ascensional
difference (w) serially as far as possible. The number (n) of the subtracted differences,
which is either 0, 1, or 2, is the number of the zodiacal signs which has been passed (or to

n
be passed) by the sun. Then the remainder (® - Z A, letAybe 0) is multiplied by 30, and
0

divided by the next difference (A__, ). The result is the degrees which have been passed by
the sun in the next sign, because one 30th of the difference corresponds to the mean
difference of the ascensional difference of each degrees in the sign. These degrees should
be added to the total arc of the completed signs (= 30n°). The result is the sun’s bhuju. If
the sun is in the Ist or the 3rd quadrant, the bhuja is the angle which has been passed by
the sun from 0° or 180°. If the sunis in the 2nd or the 4th quadrant, it is the angle to be passed
upto 180° or 360°.

46. When [the absolute value of] the ascensional difference is decreasing, be it
positive or negative, one should subtract the value [which was obtained by the previous
verse] from 360° (cakra) of 180° (bhardha). When the ascensional difference is
increasing, for both (the 1st and the 3rd quadrants), the opposite operation should be
done. [The result] is the true tropical (sayana) {longitude] of the sun.

Note :  The ascensional differencee decreases when the sun’s longitude is in between 90° and 180°,
or between 270° and 360°. In the case of the former, the bhuyja should be subtracted from
180°, and in the case of the latter, from 360°. The ascensional difference increases when
the sun’s longitude is in between 0° and 90°, or between 180° and 270°. In these cases, the
bhuja should be added to 0° or to 180° respectively.

47. When the length of daytime is more than 30 [nadis], {th:: sun] is in the northern
hemisphere. When the length is less, {the sun] is in the southern heinisphere. According
to {the position of the sun on] the hemispheres, the ascensional difference is negative
or positive.

[X. Conclusion]

48. Even after knowing correctly the sciences of astronomy, medicine, tradition,
and craft, and also the pure comprehensive learning, if they do not produce a lucid,
small, and wonderful work for the benefit of people, what is considered to be done by
them?

Note : A manuscript (Baroda 3160) of the Diksadhana-yantra, composed by Padmanabha, has
the same verse. Since Hema is later than Padmanabha,Hema might have borrowed it from
the Diksadhana-yantra. It is quite possible, because Hema already had quoted from
another work of Padmanabha, the Yantra-raja-adhikdra, as vss. 22-23 of this Kasa-
yantra.

49. The title of astronomer/astrotoger (daivajfia) for those who lack the knowledge
of instruments is just for filling his belly. Therefore, intelligent men should understand
the knowledge of wonderful instrument like kasa etc. for determining time.
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50. If an instrument with 8 columns is constructed, the degrees of the meridian
lagna (intersection of the ecliptic and the meridian) can be represented by the gnomon
on the column. On the column under it (gnomon), an intelligent man should mark [the
longitude of the meridian lagna].

Note :  If the longitude of the meridian lagna is marked on the 8th column according to its transit
altitude, the longitude of the sun can be known by the observation of the sun at noon,
because the position of the sun at noon is the meridian lagn-

51.This secretknowledge should not be given to foolish, libidinous (?), mischievous,
too ungrateful, sinful, cruel, too sick, and to the defilers of the preceptor’s marital bed.
If one gives, his intellect, merit, and longevity will be lost.

52. There was a twice-born called Sri Gangadhara of Vatsya-kula who is famous
for his three commentaries on pati (arithmetic), resident of Jambuvara (Jambuasara 7)
which is shining by its location. His son is SrT Vi§vanitha who is good-minded by the
grace of the sun. And his son, Hema, constructed this instrument called kasa out of
[intellectual] curiosity.

This is the Cabuka-yantra composed by Hema, son of Vi§vanatha the astronomer.

Inthe year [Vikrama] Samvat 1784, or Saka 1649, in the month of the st Asiadha,
waning fortnight (krsna-paksa), on the st day, Friday, Amare$vara, son of Mahesvara
the astronomer, copied.
(b) Appendices

[Folio 6 a:]

Now the table of the longitudes of the lagna 1s written, that is the true longitudes
of the lagna when [the naksatra] A$vini etc. are on the meridian.

Note . In the manuscript, the table follows. It will not be necessary to translate the table into
English here, because we already have seen the values of the longitudes of the lagnain vss.
34-35.

Now the [right] ascensional differences in terms of palas when the naksatras are
on the meridian, beginning with Asvini, The {right ascensional] differences in terms of
palas for the naksatras on the meridian.

Note :  Inthe manuscript, the table follows. It will not be necessary to translate it, because we have
seen the values in vss. 39-40.
In the Valaya-yantra :

One half of a circle should be divided into 15, and each division should be
subdivided into 6. At the 4th point (i.e. the middle of unmarked half, as the marked half
includes three cardinal points (7)) of this marked instrument, a very small hole is to be
made with the tip of a needle. It should be so held that it faces the sun. From the
subdivision on which the sunlight falls, the gharis already passed since sunrise or to pass
1in the afternoon should be known.
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Note :  This description is too brief to investigate the construction of the valaya-yantra. It is not
clear whether this is from some work of Hema or from some work of a different author.
This point is discussed in the remarks below.

[Folio 6 b:]
Now at the place where the aksa-bha (equinoctial midday shadow of the 12-arngula

gnomon) is 4 Z—% , at the time when the length of daytime is 27 [nadikas], the reverse

shadow determined for desired gharts for the graduation of the cabuka-yantra (is as
follows].

The maximum altitude [of the sun] : 93°.
The equinoctial midday hypotenuse : 12 %g—.

The [observer’s] latitude : 20°33°4"”,
The R-sine of the midday altitude : 93.

The R-sine of desired altitude : 83 %.

The R-sine of desired zenith distance : 102 %

Note : It appears that this is an example for the latitude 20°33°4” at the winter solstice. The
equinoctial midday hypotenuse is the hypotenuse of the right angled triangle made by the

12-angula gnomon and its equiroctial midday shadow, thatis 'V 122 + (4.5) 2 inthis
case, Since the maximum altitude of the sun (at the summer solstice) has been gives as 93°,
it appears by adding 3° to the observer’s latitude that the obliquity of the ecliptic has been
taken as 23°33’4”, As theR-sine of the midday altitude (at the winter solstice) has been
given as 93, it appears that the Radius of the trigonometric function is 130, because 130
x sin {90° - (20°33'4™) - (23°33°47)} = 93.35. After calculating the R-sine of desired
altitude and the R-sine of desired zenith distance, the reverse shadow can be obtained by
the method shown in vs. 24 of the Kasa-yantra.

Probably, this example is not originated with Hema, because Hemaused R = 100 in vs. 28
of his Kasa-yantra. We should also note that the above latitude 20°33°4” is different from
the latitude of Jambusar (about 22°N) where the grandfather of Hema resided.

In the manuscript, the table of the reverse shadow follows. In the table, the values for 16
and1 6;— ghatis seemtohave been measured by a larger unit than angula, whose dimension
has not been mentioned in the text.

It will not be necessary to translate the table here.
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(iv) Remarks

As we have seen, the Ka§a-yantra of Hema (later half of the 15th century AD) is
a very detailed work on the cylindrical sundial with full theoretical exposition. It should
be noted that he did not compose his own verses for some theoretical topics, but quoted
from the works of Padmanabha and Damodara (son of Padmanabha), both of whom
belong to the first half of the 15th century. As [ have described in my previous paper, '’
Padmanabha composed some works on astronomical instruments, one of which is on
the newly introduced astrolabe. This work was quoted by Hema. Hema’s quotation
shows that some astronomical works in this period were widely circulated among
contemporary astronomers, and that astronomers obtained new knowledge quickly.

As regards the author of the Valaya-yantra in folio 6 a of the manuscript of the
Kasa-yantra, there is a possibility that he is also Hema. The Asiatic Society of Bombay
has a manuscript of two anonymous works, both of which are entitled Valaya-yantra.
(They are included in AS Bombay 245 (BD 298/21) which contains three other works
also). These two works are different from the Valaya-yantra in the manuscript of the
Kasa-yantra. The first Valaya-yantra in the Bombay manuscript consists of three
verses, and the second Valaya-yantra consists of eight verses. They were copied in
Samvat 1716 (AD 1660). The first verse of the first Valaya-yantra in the Bombay
manuscript is as follows.

T G GO FEgEd (WF 2)
TEEUE JUH GEEH Qo W WA |
FAETHG qramaayly = 9ereq

(V) gRivEe Gratafd agspeaaei( o) THe il g i

“The very beautiful “valaya” (ring) with the standard measure of vyangula,
excellently made by “hema” (literally means “gold”) etc., [should be made]. On its first
part (half), 90 degrees should be marked correctly. One should make a hole.fwhose
position is] measured with degrees. And also, one should make the middle point of the
second half. At the middle of the part (haif) which begins with the hole, [another] hole
fis made]. It is for hanging with a cord rightly”.

1 have reconstructed a probable figure of this instrument in Fig. 3. As the light
through the hole falls on the lower half of the ring, the lower half is graduated with 90
degrees in order to indicate the sun’s altitude.

At the beginning of the above quoted verse of the Valaya-yantra in the Bombay
manuscript, the word “hema’” appears. It literally means gold, and the word “hema”
in the above verse may simply mean gold. However, there is also a possibility that this
“hema” 1is the astronomer Hema. If so, the author of the Vulaya-yantra in the
manuscript of the Kasa-yantra may also be Hema. This point should be investigated
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further. There are some other Indian sources and specimens of the ring instrument,®
and its history is also an interesting topic.

Hole

QK
‘Ong of +the

Fig. 3 The valaya-yantra

THE PRATODA-Y ANTRA OF GANESA

(i) Introduction

Ganesa Daivajiia'® (born AD 1507), son of Kesava and pupil of Vaijanatha, is well
known by his karana work Graha-laghava (AD 1520). Ganeéa’s father Ke§ava was
also an astronomer, and composed a karana work Graha-kautuka (AD 1496). Ganesa
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resided at Nandigrama. S.B. Dikshit identified it with Nandgaon in Janjira state, about
40 miles to the south of Bombay.?’ On the contrary, D. Pingree identified it with Nandod
in Gujarat.?! I think that the identification of Dikshit is right, because Ganesa himself
used 18°N as the latitude of the observer in his Pratoda-yantra (vs. 6) as we shall see
below. This latitude agrees with Janjira in Maharashtra, but disagrees with Nanded
(about 22°N) in Gujarat.

Ganesa composed two works on astronomical instraments, namely the Pratoda-
yantra and the Sudhiraiijana-yantra. The pratoda-yantra is a cylindrical sundial, and
the word “pratoda” mean whip. So, its name as well as its construction is similar to
Hema’s kasa-yantra, but it is not certain whether Ganesa was directly influenced by
Hema or not.

The Pratoda-yantra of Ganesa has been mentioned by S.B. Dikshit as follows.
Pratoda Yantra

Ganesa Daivajia, the author of the Grahalaghava, compiled this work on
instruments. It contains 13 verses.>* The author claims that even while riding
a horse one can find time by observation with the help of this Pratoda yantra,
and also the shadow cast by the gnomon at that time. Its construction is not
describhed here for want of space. Sakharama and Gopinatha have written
commentaries on this work”. (Translated by R.V. Vaidya)23

Ihave seen amanuscript of Sakharama’s commentary at the library of Anandasrama,
Pune, but I have not come across any manuscript of Gopinatha’s commentary.

David Pingree listed three works of Ganesa on the “whip instrument” as nos. §-10
of Ganesa’s works listed in his Census (1971) as follows.**

“&. Cabukayantra. There is a commentary by Muni$vara (b. 1603)”.

"9. Pratodayantra. There is a tika by Ganesa himself”.

“10. The tika on the Pratodayantra®.

Pingree listed the data of the manuscripts of each work under respective titles. In
this Census, Pingree quoted the 13th verse of the Pratoda-yantra (work no. 9). (Itagrees
with Ganesa’s original Pratoda-yantra, which I shall present below). Pingree wrote in
his Jvotih§astra (1981) that he had consulted a manuscript of the Pratoda-yantra (ff.
15-16 of India Office 1989), but he had not seen any copy of the Cabuka-yantra.*®

In 1982, Shakti Dhara Sharma published a Sanskrit text as the “Pratoda Yantra
{Chabuka Instrument) by Sh. Ganesha Daivajna (A Gnomonic Whip-Shaped device to
know tirie)”. 2 This text consists of 8 verses with a commentary, and has been edited
from two manuscripts, one of which is entitled Cabuka-yantra and the other is entitled
Pratoda-yantra. (Their contents are basically identical). As regards the original source
of this text, Sharma wrote as follows.

“Pratoda Yantra has different holes for fixing gnomon for every month of the
year. It was developed by Ganesh Daivajna who wrote Grahalaghava in Shaka
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1444 (1522 A.D.)(sic).?” The same was included in Yantradhyaya of Siddhanta-
Sarvabhaumaby Acharya Munishwara (asevidenced from last colophon of the
manuscript no. 1)”%

“This form of the book is reproduced from two manuscribts but the details as
given in Siddhanta Sarva-bhauma could notbe made use of as the Yantradhyaya
of Siddhanta Sarva-bhuma is not yet available in properly edited form. The
original work by Ganesh Daivajna is not available these days and we have to
depend only on the informations available through the work of Acharya
Munishwara”. (S.D. Sharma)®

Now I shall show that Ganes$a’s own work on the cylindrical sundial is only the
Pratoda-yantra consisting of 13 verses without extant auto-commentary as far as I
know, and that the Pratoda-yantra or Cabuka-yantra consisting of 8 verses with a
commentary is actually an extract from the Siddhanta-sarvabhauma of Muni$vara with
Muni$vara’s own commentary.>

I have consulted 8 manuscripts’! of the Pratoda-yantra which consists of 13 verses.
This work is evidently Ganes$a’s own work, because he clearly wrote in its last verse that
Ganes$a himself had composed it. | have never come across its auto-commentary. I shall
present its full text with my English translation.

Muni$vara wrote the Siddhanta-sarvabhauma in AD 1646. Althugh its first half
has been published, its second half which includes the Yantradhyaya has not been
published. I have consulted 4 manuscripts®? of its Yantradhyaya, and I confirmed that
Muni$vara described the pratoda-yantra in vss. 63-70 of the Yantradhyaya of his
Siddhanta-sarvabhauma. It was Muni§vara’s own commentary As we shall see later
in the section of Muni$vara, his version is not a quotation from Ganes$a’s work, but
Muniévara’s own composition, because Muni§vara himself wrote “I describe this
instrument “pratoda”, which was told by Ganesa, ....”.

The vss. 63-70 of the Yantradhyaya of the Siddhanta-sarvabhauma were copied
independefitly, sometimes as the Pratoda-yantra and sometimes as the Cabuka-yantra.
Muni$vara called this instrument pratoda-yantra in the text, but cabuka-yantra in the
commentary. I have seen 9 manuscripts®® of the Munis§vara’s version entitled Pratoda-
yantra, and 2 manuscripts* of the Munisvara’s version entitled Cabuka-yantra. In the
case of the former, the name of the instrument in the commentary has been changed into
“pratoda-yantra”,butitisidentical with the latter otherwise. This Muni$vara’s version
is the text published by Shakti Dhara Sharma. David Pingree listed both the Pratoda-
yantra and the Cabuka-yantra as Ganesa’s works, but it is due to his confusion of
Ganesa’s original work with Muni$vara’s version, and it will be necessary to check each
manuscript listed in Pingree’s Census in order to identify whether it is Gane$a’s or
Muni$vara’s. Pingree also listed the “tika on the Pratoda-yantra’ as Ganesa’s woik,
and listed its 10 manuscripts. I have seen S manuscripts*® among them, but all of them
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were Muniévara’s version. Therefore, the existence of Gane$a’s own commentary on
his Pratoda-yantra is quite doubtful.

From the above discussions, it is now clear that Ganesa’s own work on the
cylindrical sundialis only the Pratoda-yantra consisting of 13 verses. Let us see its text.

I'have used the following eight manuscripts for this edition. If the same manuscript
has two numbers, I give the number mentioned in Pingree’s Census first, and give the
other number within bracket.

Ms. A: Bombay U 375 (Account no. 833), 15ff (with the Yantra-cintamani of
Cakradhara). The Pratoda-yantra is in 13b - 14b. Beginning: “Atha Pratoda-yantrar
likhyate”. End: “iti Pratoda-yantra-nirmitih. daivajiiavarya-Ramakanta-atmaja-
Vidyadhara-daivajfiena likhita samaptam. Srih”. This is in the Library of the University
of Bombay, Bombay.

Ms. B: Benares 35298, 1 f(with afragment of the Yantra-cintamani of Cakradhara).
Beginning: “Sri-Ganesaya namah”. This is in Sarasvati Bhavan, Sampurnanand
Sanskrit University, Varanasi.

Ms. C : Benares 35702, 4 ff (with Muni§vara’s version of the Pratoda-yantra). .
Ganesa’s Pratoda-yantra is in 1-2a. Beginning: “Sri-Ganesarn bhaje”. The end of the
whole manuscript: “iti Pratoda-yangrarn $ubham”. This is in Sarasvati Bhavan,
Sampurnanand Sanskrit University, Varanasi. -

Ms. D : AS Bombay 245 (BD 298/21), 10 ff (with Dhruvabhrama-, Valaya-, and
Sudhirafijana-yantras). The Pratoda-yantra is in 9a - 10a. Beginning: “Sii-Bhavani
satya”. End: “iti Srimad-Ganesa-daivajia-viracitarh tat Kasakhyarn yantrarh sarhpiirnam.
Adya-masa (-e) pare pakse trayodasyam $ani-vasare. Sukacarya-padambhoja-Kasa-
yantrarh $ubharh param. Subham bhavatu. Kalyanam astu. Cha. Cha. Sri. Cha”.
According to the colophon of the Valaya-yantra in this manuscript, it was copied in
Samvat 1716 (AD 1660), Magyha month, white fortnight, 14th tithi, Saturday. This is
in the Asiatic Society of Bombay, Bombay.

Ms. E : BORI 43 of 1898/99, 13 ff (with the Yantra-cintamani of Cakradhara). The
Pratoda-yantrais in 12a- 13a. Beginning: ““Atha Cabuka-yantram”. End: “iti Cabuka-
yantram. Subham bhavatu. Cha. Sri. Cha. Saravat 1812, Sake 1677 pravarttamane
dvittya-jyestha-mase $ukla-pakse 9 budhe ’yam grantho likhitah”. The year Samvat
1812 is AD 1755. This is in Bhandarkar Oriental Research Institute, Pune.

Ms. F: SO1 9416, 4 ff (with the Yantra-cintamani of Cakradhara). The Pratoda-
yantra is in 3b - 4b. Beginning: “Atha Cabuka-yantram”. End: “iti Cabuka-yantram
samaptam”. This is in Scindia Oriental Institute, Vikram University, Ujjain.

Ms. G : LDI 7041 (Accession no. 4038). 1 f. Beginning: “Sri-Gane$aya namah”.
End: “iti $§ri-Ganesa-daivajiia-krtarn Pratoda-yantram. Samvat 1753 varse phagana
(phalguna) - vadi 7 dine Nalinagare. Bha. Trikamajita (tal) likhitam”. The year Sarvat
1753 is AD 1697. This is in LD Institute, Ahmedabad.
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Ms. H : Anandasrama 6673, 18 pages, with Sakharima’s commentary. Beginning:
“ng—Ganeéﬁya namah”. End: “iti §rimat-sakala-ganaka-cakracudamani-$ri-Ganesa-
daivajfia-viracitam Pratoda-yantramh savivaranam samaptam. Anabhyasta-vilekhena
§ri-Ganadhisa-sevina. Sakharamena racitarn Tarjani-yantra-tippanam. Astegrima-
sthasya [space] Svasti $ri-nrpa-§alivahana-§ake 1756 Jaya-nama-samvatsare a$vina-
krsna 8 sanau Marici-ksetre Astagramasya jyotirvid-Gopala-bhatta-sinu-Narayana-
daivavida likhitat pustakan Mahadeva- [a] tmaja-Bhika-diksitena likhitam idam.
Lekhana-samaptis tu Dvadasi-ksetre Sake 1807 Sravana-Sukla 5 indau (25 Julai 1887)
abhavat”. This is in Anandasrama, Pune.

(ii) The text of the Pratoda-yantra of Ganesa

[ELEET I PIECNE R
T T EORia<A |
TAIEg= TUhTITS
8 THERREL TV 1 R 1l
Apparatus:
(la) G: natva for “visnva”.
G: tridisesa for “tridivesa”.
C: mirttih, D: parvam, G: miwrttih for “marteh”.
(1c:) C: ganakiya, H: ganakagrya for “ganakagra”.
mﬂn‘%‘-wﬁ: < fagaad s8N
q: gHald |
3T A I TIGEE: N
Tey are syiRfy gefaforesteam 1 i
Apparatus:
(2a:) C: 'dhyari, D, G: dyaru for “dyaria”.
D omits vi before “dhrtu”.

G: na ca kare for “’tra sa nare” .

C : naro for “nare”.
(2by) B: vedhah, C: yodhah for “bodhah”.
(2¢:) D: muktamukran for “yuktya yuktam”.
(2d:) D: tarjuna for “tarjana’.

D

:misan, E, F, G, H: migar for “vasat”.

T T 3fmes o fregenfest
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(3a:)

(3¢2)

3d)

THE CYLINDRICAL SUNDIAL IN INDIA

F omits anusvara after “vantra”.

C: datti for “danti”.

A, B: §imsa, D: sisu, E, F, W: $imsi for “§imsa”.
G: darudhatvadijam for “Simsavrksadijum” .

A, B: dikam for “dijam”.

A: nemyah, B: nemya for “nemvam”.
C: fodasa for “sodasa’.

B, F, G. omit visarga after “pattiki”.
A, D, E: kurit for “kuru”.

A yathestam for “vathesta”.

H: drdharm for “samam ™.

H: dairghyam for “dairghye”.

H: connara for ' thonnata”.

D omits t« after *thonna”.

G gives "Sanku” twice.

A omits va after “caranoccha’.

D omits s after “chaya”.

C, G: patti, D, F: padi for “patfi”.
D: stya () for “sva”.

D: kramato for “kramaso”.

D, G omit visarga after “nadi”.

FAHY Grom EARREsg g

T JaTAT TaiaR Ry |
7+ mfA e egTAEegefy Fafen
=t giY gt wgt: we @ s

Apparatus:
(4a:)

(4b:)

(4c:)

4d:)

’

G: vaster murdhni for “kuryan murdhni’.
G omits anusvara after “chrinkhala”.

G: nivesanayua for “nivesanaya’”.

F: pariteh for “paritus”.

B. F:uriny, C: uruny, D. E: ajany, G: rjinny for “animy”,

"

C: utkaret. F: uktiret for “utkiret”.
C: garbho for “garbhe”.

D: parasphara for “paraspara”.
D: samsrstyani, F: samsrstani for “samsprstani”.
F: kuyat for “kuryar”.

D: garbhémtam, G: garbhamta for “garbhantar”.

G: viniveSanaya ca tatha for “vidadhita mivrdhni susiram”.

C: mitddhni for “mirdhni®.
C omits visarga after “fanko”.
H: guptaye for “luptaye”.

179
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faredt T8 F=ramR! 7 w=-

TAET & UrHESTHEIIE: |

g : Tl AR

T LR WA FAREAR Hy I

Apparatus:

(5b:) G: yarmtradyam for “yantrangam”.
C, D: dirgha for “dairghya”.
A, D: abhistah for “abhistah”.

(5¢) F: bahyasya, G: bahye stha for “bahyastha”.

CEIRRHTME RS B G

@I o YA ;|

HAFE 3% <Ay [R] B

TN g GG Qo A AT HE 1l

Apparatus:

(6a:) A:samskriyo, C: samskr(?)to,D: samstriyo, G: samskri(sic)yofor “samskriyo”
B, H: na, E, F: na for “nah”.

(6b:) a: svamko for “khanka”.
B, D, F omit visarga after “bhagaka”.

(6¢:) E, F: arka for “anka”.

(6d:) C: khana, D: khanakha for “khanava’.
G: cyuta for “cyutam”.

TR R0 TfrEEt

SRR |

TergarayReaan: 9: 1o 1l

Apparatus:

(7a:) A: ghati for “ghati”.

(7b:) F: gunene for “gunena”

(Tc2) C: samguna, G: samgunajya for “samguna”.
F: maurvim (but has “rvya” on its margin), G: maurvi for “maurvyas”.
C, E omit s after “maurvya”.

(7d:) A trijjya for “trijya”.
.C, G omit visarga after “lava”.

AGIWTGT {0 FAUITHI: ¥
FHraaeEatare T 9 |
gt 3 garan FasmrEre

T g3 wfehrgenty e
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Apparatus:

(8a:) A: tadiunna for “tadana”.
F: khaka for “khanka”.

C, E omit visarga after “bhagaka”.

(8b:) D: kaya for “karyo”.
F: nnatamsau for “nnatamso”.
G: samjani for “Sinjint”.

(8c:) G: jivaya for “maurvya”

(8d:) D: sphur for “syur”.

TR AR -
TG g |
THIICEREINT ¥ g~
RERER G (SR RTER

Apparatus:

(9a;) C, D, F, G: kosto for “kesto”.
B omits ga after “nnatabha”.
(9c¢:) F omits di after “eka”.
F: vegaja for “vedagaja’.
G: gaje for “gaja”.
D omits r after “bhaveyu”.

TfefiaiferaaeTmn: ¢y
qau%ﬂﬂﬁwﬁn
THIAETY = wiEwy
TSR ot : MG 1 ko

Apparatus:

(10a:) B omits visarga after “sSakra”.
(10a-b:) D wholly omits vs. 10a-b.

S 181

(10c:) A: nadayasu, B: nadisu, D: nadyadi, E, F: nadyasu, H: nadyopi for “nadisu’”.

G: nadyadika for “nadisu ca”.
C: patfi for “patti”.

(10d:) E, F: ramdro nijo for “randhran nijo”.

B: chra for “ttha”.

C: kai, E, F: kau for “kaih”.
D: dhiya for “sata”.

H: mkydh for “mkyam”.

fmzﬁ Frerafeepreergfor wig ward e

FATIBRAE oy TEA 1 2R
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Apparatus:
(ttay  A:ksiprvavam. B, C. E.F: ksiptaya for “kyipnvatho”.

F: padvika for “pattiko”.

B: kosva, D: kotha for “kottha”.

F: ricare for “susire”.

C, D, E, F omit anusvara after “Sanku”.

G: dharyam for “dharyam”

H: tatha for “yarha".

(11b:) A, H: §rmkhala for “$rakhali”.

G: layva drdham (?) for “likadina”.

A: narabha for “narabha’.

Az svapatvam. C: tvapatyam, D: syaparyam, G: dvumane for “svapa

rvam’.

(tleny  Deonadis for “nadiv ™.

G: srimsa for “stamsa”.

(1id:yy  Coarra, D: yarra for “yantra”.

B: grafor “gran’.

E, F: vali for “vadhi”.

B omits anusvara after “prabha’”.
gmsigafzErEfa @ e
e qufe ufeskafesry |
WFETRUd TS A
WEHITEHSHTILH M1 2R )

Apparatus:
(12a:)  E: yamtrad, F: radhrad for “randhrad” .

D: bhista for “bhista”.

F makes gap for “tikava”.

F: na for “ya”.

(12b:)  E.F. G: bhavadihi for “bhadika”.
(12¢)  F:tagrata for “tadagrata”.

A, D: trhah, H: thiha for “rtha’.
(12d))y  C: §aku tor “Sanku”.

B: pamis, F: yus for “pums’.

C: na, D: vah for “va”.
AfumeareEg e dawgemi-
AR AR ATTE : AT |
TR STHEATRA TR 709 Fell
Tk G THHTaeR Ui THeA 1 23 i

Apparatus:

(13a:)  G: namdi for “nandi”.
C: nivasvi, E, F, G: nivdsa for “nivasya”.
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A,B,C,D,E, Fomitd after “abhii”.
G: bhur for “bhud”.
D omits r after “mani”.
(13b:)  G: kusalah for “caturah”.
D omits visarga after “catura”.
(13c:)  C: davuja for “dambuja’.
A, B, H: sevaya for “sevana”.
B omits visarga after “ganesa”.
C: krtar(?), D: krti for “krti”.
(13d:)  F makes gap for “cakre”.
G: sphatam for “sphutam”.

(iii) An English translation of the Pratoda-yantra of Ganesa

1. Remembering the lotus-like feet of my preceptor who is an incarnation of Visnu,
the best of heavenly gods or the lord of the heaven, I shall explain the pratoda-yantra,
which makes kings get surprised, for the satisfaction of the best of mathematicians.

2. Even if a man is riding on a horse, he gets the complete knowledge of time,
gnomon-shadow etc., when he is holding [this instrument]. Hence [this instrument]
should always be possessed skilfully and rightly by the associates of the king,
experienced mathematicians, and also by wise kings just like [a whip] to control [a
horse].

3. The stick-like [body of the] instrument [should be] made of ivory or Simsa-
timber. On its surface, make 16 [vertical] columns, or of any desired number according
to necessity, equally. Along its length, a wise man should mark the degree of the
altitude, the [vertical} gnomon’s shadow (§ankucchaya), and the man’s shadow in
ter:ns of feet (caranacchaya), on three columns , and then nadis, according to the length
of daytime, on other columns regularly.

Note:  The caranacchaya is a man’s shadow measured by his own feet. it was used in order to
know rough time in ancient India. According to the above verse, the nadis are marked on

13 columns. If they are marked for every half solar month from the winter solstice to the
summer solstice, 13 columns are required.

4. A fine hole should be made at the top, and a good chain for supporting should
be attached there. Below it, fine holes should be made all round (i.e. on all columns) in
order to put the gnomon in such a way that they do not meet each other inside. At the
top, a hole should be made in order to hide the gnomon inside always.

S. One should make a gnomon, which is to be attached to the hole, in such a way
that the length of its exterior part is about one sixth of the instrument or of desired length.
One twelfth of the length of the exterior part of the gnomon is the unit of angula.

6. The formation (sum or difference) of the declination of the sun and the
[observer’s] latitude, subtracted from 90°, is the midday altitude of the sun. Otherwise,
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the ditference between the length of daytime and 32 is multiplied by 9, and subtracted

trom 90. This is gross.

Note:  If the declination is south, the sum of the declination of the sun and the observer’s latitude
is the zenith distance of the midday sun. If the declination is north, the difference between

the declination of the sun and the observer’s latitude is the zenith distance of the midday
sun. The zenith distance subtracted from 90° is the altitude. Hence the above first rule.

The second rule is the method to obtain gross midday altitude of the sun. This method can
be expressed as follows. Let ¢ be the sun’s altitude, and d the length of daytime in terms
of nadis. Then,
a=90-{132-dIx9}.

It appears that Ganesa assumed that the midday altitude of the sun is 90° when the length
of daytime is 32 ndadis, and that the observer’s latitude is 18°, because the zenith distance
of the midday sun at the equinoctial day becomes (32 - 30) x 9 = 18° by this rule. This
latitude agrees with the latitude of Nandigrama where Ganesa resided, which is about 40
miles to the south of Bombay according to S.B. Dikshit.

7. The ista-ghatts (ghatis elapsed since sunrise in the forenoon, or to elapse until
sunset in the afternoon) is multiplied by 90 and divided by a half of the length of
daytime. The R-sine of the resultis multiplied by the R-sine of the degrees of the midday
faltitude of the sun], and divided by the Radius. Its corresponding arc is the ista-lavas
(degrees of the sun’s altitude corresponding to the ista-ghatis).

Note : The above method can be expressed as follows. Let a be the sun’s altitude, i the midday
alutude of the sun, r the ista-gharts, and d the length of daytime in terms of gharis. Then.
R. sin ( %J-) x R.sinm

R .sina= d2

R

This method is the same as the method given by Hema in his Kasa-yantra (vs. 23).

8. Ninety minus this (altitude) is the zenith distance. The R-sine of the altitude is
muitiplied by 12, and divided by the R-sine of the zenith distance. Then the result is the
{length of the shadow in terms of] angulas on the instrument, corresponding to the
ghatikas.

Notre:  This is the method to calculate the length of the vertical shadow cast by the horizontal
gnomon of 12 angulas. This method can be expressed as follows. Let *s’ be the length of
the shadow in terms of aigulas, and « the altitude of the sun. Then,

s=12xRsina
R.sin (90 - a) )
This method is the same as the method given by Hema in his Kasa-yantra (vs. 24).

9. Thus, by the ista-unnata-bhaga (the sun’s altitude corresponding to the ista-
ghatis), numbered one etc., the [length of the shadow in terms of] angulas will be
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obtained. Eighty four divided by one etc. are angulas on this instrument corresponding
to the man’s shadow in terms of feet (pada-dyuti).

Note:

The second half of this verse is the method to obtain the man’s shadow in terms of his own
feet (padas). The rationale of this method is as follows. Let s be the length of the shadow
of 12-angula horizontal gnomon, ki the height of the man in terms of feet, fthe length of
the man’s shadow in terms of feet, and « the sun’s altitude. Then,

¢=12xRssina
R. sin (90 - a)

_hx R.sin (90 - a)
R. sina

¢
Therefore,

s = 12h/f.

According to the above verse, it appears that GaneSa has taken the value of /7 as 7, because
“12x7) = 84. Thus,

s = 84/f.

Substituting 1, 2, 3, etc. into f, the corresponding value of s can be obtained.

10. One hundred forty four divided by one etc. are angulas on this instrument
corresponding to the [vertical] gnomon’s shadow (nara-bha). A wise man should
graduate by the obtained angulas for each nadi, numbered one etc., on each column
from the hole (i.e. the gnomon’s root) [downwards].

Note:

The first half of this verse is the method to calculate the length of the shadow of the
horizontal gnomon corresponding to the shadow of the vertical gnomon. The rationale of
this method s as follows. Let s be the length of the shadow of the horizontal gnomon whose
length is g, v the length of the shadow of the vertical gnomon whose height is ¢, and « the
sun’s altitude. Then,

g= X R.sina
R. sin (90 - a)
y=EX R.sin (90 - a)
R.sin a
Therefore,
s=g/v.
If g is 12 as usual,
s = [44/v.

Substituting 1, 2, 3, etc. into v, the length of the shadow of the horizontal gnomon
corresponding to the shadow of the vertical gnomon can be obtained.
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11. Then, inserting the gnomon into the hole of the proper column, the instrument
should be held by the chain etc. in such a way that the gnomon-shadow falls on the
column. One should count nadis or the istarisaka (degrees of the sun’s altitude
corresponding to the ista-ghatis) from the hole upto the tip of the shadow. One should
measure [the length of] the man’s shadow in terms of feet (pada-prabha) and the
fvertical] gnomon’s shadow (Sartku-bha) from the top of the instrument (the root of the
gnomon) upto the tip of the gnomon-shadow.

12. Placing also a stick, which [is of the length] from the hole upto [the mark of]
the ista-ghatis, on the column for the [vertical} gnomon’s shadow etc. also, {one should
measure ], from its tip as°before, the [vertical] gnomon’s shadow (Sanku-prabha)
corresponding to the ista-ghatis or the man’s shadow in terms of feet (pums-carana-
prabha) corresponding to the ista-lavas (the sun’s altitude).

Note:  The vertical gnomon’s shadow in terms of arigulas and the man’s shadow in terms of feet
are graduated on respective columns. So, their values can be read by placing a stick, whose
length is equal to the shadow of the horizontal gnomon, along the graduation from the hole.
Of course, the value can directly be read by observing the shadow itself, if the horizontal
gnomon is fixed to the hole of respective columns.

13. There was the best twice-born astronomer Sri Kesava, dweller of Nandigrama,
who was well versed in the techniques of various sciences and arts. His son, clever
Ganes$a, who acquired the knowledge of the science by the service of the lotus-like feet
of his father, constructed this accurate instrument which astonishes the king etc.

(iv) Remarks

It appears from the text that the pratoda-yantra of Ganesa is quite similar to the
kas$a-yantra of Hema. There are, however, some differences also. Hgma wrote to make
7 columns, but Ganesa wrote to make 16 columns. Hema recommended gold, silver,
brass, copper, or Sirisa-timber as its material, but Gane§a recommended ivory or $imsa-
timber. Hema wrote to hang it by silk thread, but Ganesa wrote to hang it by chain etc.
Hema wrote to mark the lagnas on the column besides the time, but Ganesa wrote to
mark the gnomon-shadow and the man’s shadow besides the time.

As there are many differences, it may be that Ganesa was not directly influenced
by Hema. However, there must have been at least indirect relationship between them,
because there are many similarities, such as the name of the instrument which means
“whip instrument”, the hole for hiding the gnomon at the top of the instrument when
it is not in use, etc.
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THE CYLINDRICAL SUNDIAL DESCRIBED BY NITYANANDA AND MUNISVARA

(i) Introduction

Some important Siddhantas were composed in the 17th century, namely, the
Siddhanta-sindhu (AD 1628) and the Siddhanta-raja (AD 1639) of Nityananda, the
Siddhanta-sarvabhauma (AD 1646) of Muni$vara, and the Siddhanta-tattvaviveka™
(AD 1658) of Kamalakara.

Nityananda resided in Indrapuri (= Delhi) under the reign of Shah Jahan. He
composed the Sanskrit version of the Shah Jahan Table (Zica-nityanandi Sahajahant)’
also. The Persian version of this table is known as the Zij-i shahjahani of Farid ud-Din,
which is based on the Zij-i Ulugh Beg.”® Munisvara also seems to have Obtained the
patronage of Shah Jahan.** Kamalakara*® wrote his work at Varanasi, and was a
contemporary rival of Muni$vara.

Among the above mentioned Siddhantas, the Siddhanta-raja and the Siddhanta-
sarvabhauma have the chapter of astronomical instruments. (I regret that I have not
seen any manuscript of the Siddhanta-sindhu). Both Nityananda and Muni$vara
described the cylindrical sundial in their works,

(ii) The cabuka-yantra in the Siddhanta-raja of Nityananda

Nityananda,*! son of Devadatta, wrote the Siddhanta-raja in AD 1639. It has not
been published, but its manuscripts are extant.*? It consists of two parts, L.e. the Ganiza-
adhyaya and the Gola-adhyaya. The Gola-adhyaya includes the chapter of astronomical
instruments, i.e. the Yantra-adhyaya. The Yantra-adhyaya is subdivided as follows.

(1) Ganita-adhyaya,

(2) Ghatana-adhyaya,

(3) Racana-adhyaya,

4) Sodhana—adhy&ya,

(5) Yantra-nirtksana-adhyaya.

It appears that Nityananda mainly followed the Yantra-raja of Mahendra Siri
regarding the naming  of the subdivision. Nityananda explained the principle,
construction, and application of the astrolabe (yantra-raja) in this Yantra-adhyaya. He
also mentioned other instruments, viz. the turiya-yantra, the yantra-cudamani, and the
cabuka-yantra, in the last section.

The turiya-yantra is the quadrant, and the time is determined from the observation
of the altitude. The yantra-cudamani is a circular instrument, ‘and also used for
determination of the time. The cabuka-vantra is a cylindrical sundial, which has been
described by Hema and Ganesa Daivajna also

Nityanandaexplained the cabuka-yantra inthe Yantra-adhyaya, Yantra-nirtksana-
adhyaya (vss. 74-75 of AS Bombay 264 (BD 311), and vss. 146-147 of BORI 206 of
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A. 1883/84) as follows.** I follow the readings of AS Bombay manuscript, because
BORI manuscript has some defects here.

FAATATE AT~
STl g7 = femmores i
Frafere ufeesm] ;] TRy (-3)

faem: gus eI 1wy i
TgFE fea qufage

gaAIRfafed qgUa |
T faur a5

LREEECHA LR e MRV

Apparatus:
(74b:)  BORI Ms. : jyatam for “jatam ™.
(74b-c:) BORI Ms. wholly omits “va™....... prakoste”.
(74d:)  BORI Ms. : cavaka for “cabuka™.
(75a:) BORI Ms.: cavaka for “cabuka”.

74.“Now, the wise man, calculating the gnomon-shadow which is produced by the
altitude [of the sun] corresponding to the desired nadis should separately graduate a
half-day’s nadis on the rod of the cabuka-yantra”.

75. “Since the method of the observation of the cabuka is known to the whole
people in many ways, its detail is omitted here. The aforesaid matter should be
supplemented by one’s own intelligence”.

From the above statement, it appears that the cabuka-yantra (whip instrument) was
quite well known at his time.

(iti) The pratoda-yantra in the Siddhanta-sarvabhauma of Munisvara

Munisvara® (b. AD 1603), son of Ranganatha, wrote the Siddhanta-sarva-bhawina
in AD 1646. It consists of two parts, 1.e. the Pirvardha and the Uttarardha. The
Purvardha has been published.** The Uttarardha, which includes the Yantradhyaya,
has not been published, but its manuscripts are extant.*® The following instruments have
been described in the Yantradhyaya. The cakra, phalaka, yasti, pratoda, cakranibha.
dhanus and buddhi.

The description of the pratoda-yantraby Munis$vara is a summary of the description
of the same instrument by Ganesa Daivajna as we already have discussed under the
section of Ganesa. Muni$vara has mentioned the name of Ganes$a in the text (vs. 63).
The extract of the description of the pratoda-yantra by Muni§vara was sometimes
separately copied, and was published by Shakti Dhara Sharma.*” (For the front cover
of Sharma’s book, see Fig. 4.)*® I shall quote its text here, and append my English
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rendering and comments about its relationship with earlier works. (For the full text of
its Sanskrit commentary and detailed English exposition, see Sharma’s book).

(Sanskrit text):

oY T g-ZdA-FT
\
qAIZ-q=TH,
PRATODA YANTRA
(Chabukagnstrument)

Y
Sh. Ganesha Daivajna.
(A Gnomonic Whip-Shaped device to know time.)

B | o] D

. wheaut-msn,  asfaawia-aar Afed 9

Edited and Commented by ;
Dr, Sbakti Dhara Sharma

Fig. 4 The front cover of S.D. Sharma’s edition of the Pratoda-yantra
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I Gl aAfHeTEF: : |
gere! faia s v

a1 saen grony e 1R

JERE S°: IRE: T
Seaffaam v |
Tesafor swraffor 9 921 53
wgmifa sk 5 wafa @t 03 0
v gl mfued fagm-
A AT |
Taff@wqmaamgqm
FATGIAEHS T TG 1% |l
EIEONE LIS P L
vﬁﬂawﬁni
msﬁégfwm@ Y u
H TR e T i |

TR TG afa: T ST I & I
WW@WW
T JEfeniga Tafd aw TeaHeHS |
BEATTEY TUqE TS ST |
T IafHar: 9 AfE o qed ST 96 il e
TUL TR A @,

a1 SHE W1 STAEY @HEY |
TG T ITEINg I &4-
I o1 91 SEAERI It ¢
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Apparatus: The verse 8 c-d in S.D. Sharma’s edition is as follows.
T o1~ TR T~ TTaTd) SRR 1|
This reading is unmetrical and must be wrong. My reading is attested by the
photograph of manuscripts appended to S.D. Sharma’s edition.

(English translation):

1. 1 describe this pratoda-yantra, which was told by Ganes$a, with which time is
known easily. [One should make] an excellent rod made of §imsi-timber etc., which is
not too thick [and not too thin], whose length is to one’s wish according to one’s desire.

Note:  For the material of the rod, see Hema's Kasa-yantra (vs. 4) and Ganes$a's Pratodu-yuntra
(vs. 3). For the size of the rod, see Hema (vss. 2-3) and also Ganesa (vs. 5)

2. [One should make] uniform columns [which are divided] by edges whose
number is the same as the difference between the longest daytime and shortest daytime
[in terms of nadis]. At its top, a chain should always be attached in order to hang it.
Note:  Hema (vs . 4) writes to make the rod septangular, and Gane$a (vs. 3) wrote to make 16

columns or of any desired number. Ganesa writes to use 3 columns as additional columns
and use other columns for the graduation of nadis. Hema (vs. 50) also suggests to add one
additiona] column and make 8 columns as a whole. Hema (vs. 11) writes to hang it by silk
thread, and Ganesa (vs. 4) by chain.

3. Underthe supporter [to which the chain is attached], towards all the directions(i.e.
on all the columns), holes should be made at the upper portions of the columns at the
same height, in such a way that they do not touch each other in the middle.

Note: For the holes, see Hema (vs. 5) and Ganesa (vs. 4).

4. A hole should be made towards the middle at the top [of the rod], near the
supporter, in order to store the gnomon. The gnomon should be made in such a way that
the length of its portion appearing outside the previous hole (i.e. the hole mentioned in
vs. 3) is about one sixth of the instrument (i.e. rod).

Note: For the hole to store the gnomon, see Hema (vs. 17) and Ganesa (vs. 4). For the size of
the gnomon in contrast with the rod, see Hema (vs. 2) and Ganesa (vs. 5). Gane$a writes
that the appearing portion of the gnomon should be about one sixth of the rod orof desired
length.

5. One twelfth of the outer portion of the gnomon is the length of angula in this
pratoda-yantra. A wise man should determine the R-sine of the [sun’s] zenith distance
and altitude corresponding to desired ghatis by the method explained previously (i.c.
in the Triprasnadhyaya of the Siddhanta-sarvabhauma).

Note:  For the measurement of angula, see Hema (vs. 2) and Ganesa (vs. 5). For the method to
obtain the sun’s altitude (or its R-sine), see Hema (vss. 22-23) and Gane$a (vss. 6-7).



S 192 INDIAN JOURNAL OF HISTORY OF SCIENCE

6. The R-sine of the [sun’s] altitude multiplied by twelve and divided by the R-sine
of the [sun’s] zenith distance is the angulas [of the vertical shadow of the horizontal
gnomon] according todesired ghatis. On the column, the position of the angulas, which
corresponds to the altitude of desired nadikas beginning with one, should be marked
below the hole [for inserting gnomon].

Note: The above method is the same as Hema (vs. 24) and Ganesa (vs. 8).

7. The gnomon should be inserted to the hole on the column corresponding to the
length of daytime [of the day], and the instrument should be hung by the chain in such
a way that its (gnonon’s) shadow falls on the column. From the hole to the tip of the
shadow, one should count nadis elapsed in the forenoon or remaining in the afternoon.
If the [tip of] shadow is at the middle [of two marks], [apply] the proportion (rule of
three)

Note:  For the method of observation, see Hema (vss. 11-16) and Ganes$a (vss. 11-12).

8. Here, the rod is the base. At sunrise, there is no shadow, and when [the sun is]
at the zenith, the shadow is infinite. Therefore, [in contrast with the vertical gnomon],
consider the R . sine of the altitude as the R . sine of the zenith distance, and vice versa,
[and calculate] the anigulas of the shadow by the method which was already explained.

Note:  For the relationship between the vertical gnomon’s shadow and the horizontal gnomon’s
shadow, see Ganesa (vs. 10).

THE ORIGIN OF THE INDIAN CYLINDRICAL SUNDIAL,

We have seen some Sanskrit texts on the cylindrical sundial. Let us discuss about
its origin. The theory of gnomon was quite advanced in the Classical Siddhanta period
inIndia. So, itis possible that it was invented in India. On the other hand, the cylindrical
sundial is also found in Arabic texts etc. Therefore, it is also possible that the cylindrical
sundial was introduced from the Islamic world.

Let me briefly review the portable sundials described in some Western works first.
Famous Roman architect Vitruvius (dead after AD 27) wrote in his De Architectura
(IX. 8.1) as follows.

"

...... Many have also left us written directions for marking dials of these kinds for
travellers, which can be hung up. .....” (Translated by Morris Hicky Morgan).*

The construction of this traveller’s dial is not clear from this text. In connection with
this text, Hermann Diels refers to a specimen of traveller’s dial which was found in
Forbach (in Lorraine, near the border of France and Germany, France). (For its figure
shown in Diels’s book, see Fig. 5).>° And also Diels shows a figure of a Roman hanging
dial, whose shape is just like a piece of ham, which was found in Portici (near Napoli,
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Italy) in 1755. (For its figure shown in Diels’s book, see Fig. 6).>' It is made of bronze,
and the length of the shadow of horizontal gnomon on the vertical plane has been
marked for different seasons. The plane is directed towards the sun, and the time is read
from the graduation. This is quite interesting in our context, because its principle is the
same as that of the cylindrical sundial. According to Hugh Godfrey and Robert
Theodore Gunther,> this Roman Ham dial was excavated at Herculaneum under the
Vesuvian muds of the eruption of AD 79, and is marked with the months of July and
August and must therefore be more recent than 27 BC.

There is a specimen of a Saxon sun-dial, which is a vertical dial with a horizontal
gnomon, which was made in the 9th or 10th century. It was found at Canterbury
Cathedral in 1939. It has six columns for 12 months, each of which has marks of “tides”
atnoon, 9 am, and 3 pm. (For its figure of one side given in Derek J. Price’s article, see

Abb. 65 Schinkea von Portici.

Abb. 6. Reiseahr aus Forbach.

Fig. 6 The Roman hanging dial found
Fig. 5 Thetraveller’sdial foundin Forbach in Portici (from Diels : Ar+'e

(from Diels : Antike Technik) Techmik)
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Fig. 7(a). And for rough sketch based on the photograph of the other side in S.A.
Goudsmit and R.Claiborne’s book, see Fig. 7(b)).*?
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Fig.7 The Saxon sundial found at Canterbury Cathedral
(a) from A History of Technology;
(b) rough sketch based on the photograph in Goudsmit and
Claiborne’s book

There is another similar Syrian sundial made in 554 AH (= 1159/1160 AD) for

Sultan Nir al-Din. It has 12 columns. (For its figure given in Paul Casanova’s article,
see Fig. 8).%
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The above mentioned two sundials may be a kind of forerunaer of the cylindrical
sundial. According to H. Godfrey and R.T. Gunther,>* the earliest description of the
cylindrical sundial is by Hermannus Contractus (1013-1054 AD).

Fig. 8 The Syrian sundial made for Nur al-Din (from Casanova’s paper)

The science of the sundial was quite developed by Arab astronomers. In the 13th
century AD, an Arab astronomer Abul-Hasan wrote the Jami ‘al-mabadi’ wa-l-ghayat
Ji ‘ilm al-migar’ which is well known by its French translation by J.J. Sédillot and L.A.
Sédillot under the title of Traité des instruments astronomique des Arabes.™ In this
book, Abul-Hasan described some types of sundials where the time is obtained by the
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length of the shadow, such as a horizontal board with a vertical gnomon, a cylinder with
a horizontal gnomon, a vertical board with a horizontal gnomon, a cone with a
honzontal gnomonetc. These types of the sundial are movable, and are directed towards
the sun so that the shadow of the gnomon falls on the proper graduation. Among them,
the cylindrical type is interesting in our context, because it is similar to the kasa-yantra
of India. According to Abul-Hasan, the cylinder is divided into vertical columns for
each zodiacal sign where the sun stays, and the gnomon is put at the top of the column
horizontally. Under the root of the gnomon, the length of its shadow is marked for each
hour. (For its development given in Sédillot’s book, see Fig. 9. The development is
already given in Arabic manuscript of the original work).”’ After describing these types
of the sundial, Abul-Hasan also described several types of the sundial which are
mounted horizontally, vertically, or on the plane of the equator, where the dial is a plane,
a convex cylinder or cone, or a concave hemisphere.

The cylindrical sundial was popular in Europe also. It was called “chilindre
“shepherd’s dial” etc. For example, famous Geoffrey Chaucer (ca. 1343/44 .... 1400)
wrote in The Canterbury Tales, The Shipman’s Tale as follows.
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Fig.9 Abul-Hasan’s development of.cylindrical sundial (from Sédillot’s translation)
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“‘Gooth now youre wey’, ‘quod he, ‘al stille and softe,
And lat us dyne as soone as that ye may;

For by my chilyndre it is pryme of day.’

Gooth now, and beeth as trewe as I shal be’”.?®

According to Derek J. Price,” the earliest extant example of the cylindrical sundial
is dated 1455, which is in the National Museum at Munich.

For the figure of “cylinder” or “shepherd’s dial” (AD 1531) given in H. Godfrey
and R.T. Gunther’s article in The Encyclopaedia Britannica (14th edition), see Fig.
10(a).%° And for the figure of the “chilindre” in the Whipple Museum of the History of
Science, Cambridge, given in D.J. Price’s article in A History of Technology (Volume
III), see Fig. IO(b).(’I According to Paul Casanova, the cylindrical sundial was still used
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Fig. 10 European cylindrical sundials
(a) from the Encyclopaedia Britannica, 14th ed. (b) from A History of
Technology.
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in the Pyrénées until recent times. For its figure given in Casanova’s article, see Fig.
11.2

Fig. 11 The cylindrical sundial used in the Pyrénées (from Casanova’s paper)

There are also European specimens of the ring dial. For the figure of English ring
dial, given in H. Godfrey and R.T. Gunther’s article in The Encyclopaedia Britannica
(14th edition), see Fig. 12¢a).* And for the figure of the ring dtal in the Deutsches
Museum, Munich, given in D.J. Price’s article in A History of Technology, see Fig,
12(b).* D.J. Price wrote that the ring dial is “probably not so old as the “chilindre’”.°
Itis not clear to me whether the ring dial mentioned by H.Diels (see Fig. 5) can be traced
back to earlier period or not.

According to the above descriptions, the Arabic cylindrical sundial is similar to the
Indian kasa-yantra, and Arabic record can be traced back earlier. When Ramacandra
and Hema described the kasa-yantra, the astrolabe had already been known. And also,
we have seen that a loan word from Persian, “cabuka”, occurs in the Kasa-vantra of
Hema. Therefore, these authors must have had certain knowledge of Islamic astronomy.
So, it is possible to suppose the Islamic influence on the Indian kasa-yantra. However,
we should also keep in mind that there is no definite evidence of the Islamic influence
on the kafd-yantra.

Although the kasa-yantra itself first appeared in Sanskrit literatures in the 15th
century, we have a material which suggests the earlier Indian tradition of the vertical
sundial with a horizontal gnomon. We shiould remember that the vertical sundial with
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(a)

b)

Fig. 12 European ring dials
(a) from The .incyclopaedia Britannica, 14th ed. (b) from A History of Technology.

a horizontal gnomon has been described in the Vrddha-vasistha-siddhanta (111. 61-

62)% as follows.
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“Now, a vertical rod (yasti) which has marks of [ghatikas of] a half-day is made. At
its top is a gnomon ($ariku), whose length is one twelfth of the rod. Its below is marked
for the reverse shadow. The mark where the gnomon-shadow falls indicates the

ghatikas elapsed or to elapse.

The R-sine of the [sun’s] altitude is multiplied by 12, and divided by the R-sine of
the zenith distance. The result is [the length of] the shadow in reverse in terms of

angulas.

The Radius is multiplied by 12, and divided by the R-sine of the zenith distance.

The result is the hypotenuse”.
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The “reverse shadow” means the vertical shadow of the horizontal gnomon, in
contrast with the ordinary horizontal shadow of a vertical gnomon.

This text can be explained as follows. (See Fig. 2). Let Z be the R-sine of the zenith
distance of the sun, and A the R-sine of the altitude of the sun. Then we have the
following proportions.

12: shadow =7 : A, and

hypotenuse : 12=R:Z.
Therefore, we have

shadow = 12 x A/Z, and
hypotenuse = 12 x R/Z.

These are the formulae given in the text. Unfortunately, the date of the composition
of the Vrddha-vasistha-siddhanta has not been known. At least, we will be able to
suppose that the vertical sundial with a horizontal gnomon, whose astronomical
principle is the same as that of the kasa-yantra, was used sometime during the Classical
Siddhanta pertod. So, it was theoretically possible to invent the cylindrical sundial in
India.

We do not have enough source material to investigate the origin of the kasa-yantra
definitely, but it will be justified in saying that it could only be produced during the
Delhi Sultanate period when Indian astronomers were quite active in improving their
science by studying newly introduced Islamic astronomy as well as their own traditional
Hindu astronomy.

According to S. D. Sharma,%” H.J.J. Winter,®® and S. R. Sarma,®’ some specimens
of South Asian cylindrical sundial are still extent. So, it must nave been popular for
some time. '
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