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INTRODUCTION 
The e a r l i e s t as t ronomical ins t ruments in Ind ia are the sarku 

(gnomon) and the gha%ika ( c l e p s y d r a ) . The former i s mentioned in the 
Su lbasu t ras , and the l a t t e r in the Vedafqajyotisa. Aryabhata descr ibed a 
r o t a t i n g model of the c e l e s t i a l sphere . After Aryabhata, severa l i n s t r u 
ments were descr ibed by Varahamihira, Brahmagupta,Lalla, S r l p a t i , and 
Bhaskara I I . After Bhaskara I I , some Sanskr i t t e x t s spec ia l ized on 
astronomical ins t ruments were composed. The e a r l i e s t t e x t of t h i s kind 
i s the Yantra-raja (AD 1370) w r i t t e n by Mahendra S u r i . I t i s a l so the 
f i r s t t ex t on the a s t r o l a b e in S a n s k r i t . After Mahendra Su r i , 
Padmanabha, Cakradhara, Ganesa-Daivajna e t c . composed Sanskr i t t e x t s on 
ins t ruments , but most of them remain unpublished. 

YANTRA-KIRANAVALI OF PADMANABHA 
Padmanabha composed the Yantra-kirariavaU or Yantra-

ratnavali (ca.AD 1400), of which Chapter I I e n t i t l e d Dhruvabhramaria-
adhikara i s well known1. 

The dhruvabhramana-yantra i s a r ec t angu la r board with a s l i t to observe 
the "polar f i sh" (a group of s t a r s around the North Pole) for f inding 
t ime. 

The Tagore Library of Lucknow_University has a unique manuscript of i t s 
Chapter I , namely the Yantraraja-adhikara. 2 I t c o n s i s t s of 11 6 ve r se s 
and has a commentary, probably w r i t t e n by i t s au thor Padmanabha him
se l f . I t d e s c r i b e s the cons t ruc t ion and use of an a s t r o l a b e . Padmanabha 
takes the circumference of the instrument a s the d iu rna l c i r c l e of the 
f i r s t point of Cancer, and draws the d iu rna l c i r c l e s of the f i r s t p o i n t s 
of Aries and Capricorn i n s i d e . I t i s opposi te to the usual way. He 
w r i t e s : 

"A c i r c u l a r ins t rument , which i s made of meta l , const ructed with any 
a r b i t r a r y r ad ius by means of a p a i r of compasses (karkata, i t a l s o means 
Cancer), whose circumference i s supported l o o s e l y , should be made. Then 
a ho r i zon ta l and a v e r t i c a l s t r a i g h t l i n e s , pass ing through the c e n t r e , 
should be drawn. The upper ha l f of the circumference should be graduated 
with degrees of t h ree s igns (90 ) on both s i d e s . Two (ho r i zon t a l ) l i n e s 
should be drawn on o n e - t h i r d - l e s s for ty one degrees(40 40 ' ) and twenty 
five and a twelf th degrees (25°5 ' ) (above the ho r i zon t a l l i n e passing 
through the centre)'.'1* 
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"A pair of diurnal c i r c l e s which are touching them (two horizontal 
l ines) should be drawn. The intermediate space, between the diurnal 
c i rc le of Capricorn and Aries, and also (between the c i rc les of Aries 
and) the circumference, should be divided by degrees of obliquity of the 
ec l ip t i c along the ver t ical l i ne . Then the intermediate space between 
the centre and the c i rc le of Capricorn which i s the lowest c i rc le should 
be divided into sixty six degrees. The sun indeed rotates along a 
certain c i rc le which i s called Cancer etc'.' 

The above mentioned values 40 40' and 25 5 ' show that the obliquity of 
the ec l ip t i c 6 was taken as about 23°50 ' , although the value of the 
co-obliquity of the ec l ip t i c i s given as 66 in the next verse, and 
calculation i s made by taking the obliquity of the ec l ip t i c as 24° which 
i s the common value in Hindu astronomy. The value £= 23 50' does not 
appear in the ea r l i e r Hindu works, but i t i s close to the Ptolemy's 
value7, e=23°51'20". On the contrary, Mahendra Suri8 used E=23°35' which 
i s the same as a l -Ba t t an i ' s value9. I t seems that the measure of the 
instrument has been borrowed from certain Islamic source, which i s 
different from the source of Mahendra Suri, but the theory of the 
instrument i s explained in Hindu t radi t ional manner. 

The author Padmanabha further continues to explain the method to draw 
the six o'clock l i ne , prime ve r t i ca l , a l t i tude c i rc les e tc . quoting 
Sridhara, Brahmagupta and Bhaskara I I in h is commentary. 

He wrote that six instruments were described1 0, but only two adhikaras, 
which describe one instrument each, are now available. 

DIKSADHANA-YANTRA OF PADMANABHA 
The Oriental I n s t i t u t e of Baroda has a unique manuscript of 

the Diksadhana-yantra written by Padmanabha11. I t consists of 1_8 verses. 
D.Pingree conjectured, that i t i s Chapter I of the Yantra-kiranavali or 
Yantra-ratnavali \2, butt i t i s wrong because the colophon of the 
Yantraraja-adhikara of the Tagore Library (Lucknow University) clearly 
s ta tes that i t i s Chapter I of the Yantra-kiranavali, hence the 
Diksadhana-yantra cannot be Chapter I of the Yantra-kiranavali. The 
manuscript of the Diksadhana-yantra does not mention the t i t l e Yantra-
kiranavali nor the Yantra-ratnavali. 

The diksadhana-yantra i s a wooden horizontal square board with a 
ver t ica l 12 ahgula gnomon at i t s centre. A c i rc le of radius 20 ahgulas 
i s drawn at i t s centre, and concenteric c i rc les are drawn inside at 
every ahgula. Then east-west and north-south l ines , passing through the 
centre, are drawn. He gives the agra (radius of the c i rc le into sine of 
amplitude) corresponding to the radius which i s equal to the desired 
hypotenuse (the hypotenuse of a t r iangle whose base i s the desired 
shadow and upright i s the 12 ahgula gnomon) as follows! 
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. - Rsin <$ x palakarna x istakarna 
Agm ~ R x 12 

where R i s the r ad ius of the c e l e s t i a l sphere , 6 i s the d e c l i n a t i o n of 
the sun, palakarna i s the equ inoc t i a l midday hypotenuse ( i . e . (12/cos<t>, 
where <j> i s the t e r r e s t r i a l l a t i t u d e ) , and istakarna i s the des i red 
hypotenuse. This agra means the d i f f e rence between the length of the 
equ inoc t i a l midday shadow and the nor th-south p ro j ec t ion (bhuja o r base) 
of the des i red shadow. He i n s t r u c t s to obta in eas t -wes t p ro jec t ion (koti 
or upr igh t ) of the shadow from the bhuja applying the Pythagorean 
theorem. He r e q u i r e s to find time using bhuja, but the method i s not 
e x p l i c i t l y g iven. He a l s o asks to draw the locus of the t i p of the 
shadow. The locus i s considered to be a c i r c l e which passes through the 
t i p of the midday shadow and the t i p s of the shadows whose corresponding 
hypotenuse i s 60 argulas in the morning and evening. He w r i t e s : 

"The nor th-south p ro jec t ion (bahu or bhuja) of the shadow and the e a s t -
west p ro jec t ion (koti ) of the shadow which are s ta ted before should be 
determined from the 60 ahgula hypotenuse of shadow. The nor th-south 
p ro jec t ion should be diminished by the midday shadow. I t i s the arrow 
(versed s i n e ) . The koti i s the des i red s i n e . Determine the measure of 
the c i r c l e with the help of them and midday shadow. I f the c i r c l e i s 
drawn with t h a t d iameter , then the t i p of the shadow of the des i red 
gnomon wi l l not leave i t s circumference on t h a t day"1^ 

PRATODYA-YANTRA OF GANESA-DAIVAJNA 
Ganesa Daivajna (b . AD 1507) wrote the Pratoda-yantra15, 

which c o n s i s t s of 13 v e r s e s . I t i s a kind of sun-d ia l with a h o r i z o n t a l 
gnomon. 

Munisvara (b. AD 1603) descr ibed t h i s instrument in h i s Siddhanta-
sarvabhauma16 in 8 v e r s e s 1 ! I t has a commentary by Munisvara himself . 
The e x t r a c t of t h i s Munisvara 's vers ion was f requent ly copied. Munisvara 
c a l l s i t pratoda-yantra in the t e x t 1 8 , but c a l l s i t cabuka-yantra in the 
commentrary. Hence the e x t r a c t i s sometimes e n t i t l e d Cabuka-yantra19 and 
sometimes Pratoda-yantra20. In the case of the l a t t e r , the name of the 
instrument in the comentary was changed i n t o pratoda-yantra. The 
Munisvara 's vers ion has been pub l i shed 2 1 . Sometimes t h i s Munisvara 's 
version i s wrongly s ta ted as Ganesa's work. D.Pingree mentions a tika by 
Ganesa himself on the Pratoda-yantra22 but i t s ex i s t ence i s doubtful . 

CONCLUSION 
The h i s t o r y of astronomical ins t ruments in Ind ia between 

Bhaskara I I and Ja i Singh Sawai i s s t i l l unc lea r although t he r e are 
several sources . The present paper i s only a pre l iminary repor t of t h i s 
subject on which I am now doing resea rch . 
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DISCUSSION 
S.M^R. Ansari : In what o the r ins t ruments do you find Arabic I s lamic 

ins t ruments ? 
Have you found any o t h e r Sanskr i t source in which Arabic-
Is lamic inf luence appears ? 
For which l a t i t u d e the p l a t e s of Astrolabe const ructed ? 

Y. Ohashi : I have not found o t h e r ins t ruments of Padmanabha. I cannot 
say d e f i n i t e l y a t t h i s moment, but I suppose t h a t t he re are 
some o the r Sanskr i t sources which desc r ibe I s lamic i n s t r u 
ments. Since t h i s t e x t i s s t i l l under study, I would l i k e to 
present those d e t a i l s on another occas ion. 

cos e , and 
1 + s in e 
1 - s in £ 
1 + sin £ 

https://doi.org/10.1017/S0252921100106037 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100106037


Ram Yantra. A cylinder structure, 5 m high and 7 m in dia
meter for measuring the azimuth and zenith angles. 
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