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Vategvara has given R sin 8 values of ninety-six angles at intervals of 56’ 15*
taking B to be equal to 3437 44”. The text of the Vatedvara Siddhanta,
published by the Indian Institute of Astronomical and Sanskrit Research,
is based on only one manuscript. Therefore the values given in the textual
portion of the Vatesvara Siddhdnta in the published book are not correct.
In this paper an attempt has been made to give the actual values along with
_the emended text of the portion concerned.

The Indian astronomers, with a few exceptions, have given the sine
values (actually jya values, i.e. R sin 8, where R is the radius of the circle) of
twenty-four angles at intervals of 3° 45. But Vatedvaral has given jya
values of ninety-six angles at intervals of 56" 15”. The value of B adopted
by Vatesvara is 3437" 44" though, a little earlier than he, Govindaswamin, in
his commentary of the Mahabhaskariya® had adopted the value 3437 44” 19'"
which is almost equal to 10,800/3-1416. The approximate value 3-1416 for =
given by Aryabhata3 is a little too high. Madhava who knew the value of =
correct to 11 decimal placest has adopted B = 3437" 44" 48" for calculating
the jya values. However, the editors of the Vatesvara Siddhanta do not
seem to have examined carefully the concerned jya values while editing the
text. If they had taken the trouble of calculating the jya values by the
methods given by Varihamihira in his Paficasiddhantika,® the concerned
textual portion would have been undoubtedly accurate. The object of the
present paper is, to improve the text after calculating the jya values with
R = 3437 44",

Method of calculating the jya values
The relevant stanzas in the Padicasiddhintikd are:

1. wvyasarddhakriidhruvasamjiika Kriamsastatah sa mesasya
dhruvakarani meson@ dvayostu rasyoh padam jyah syuh ||

2. Sesesvistesu dhanurdvigunapadayojyasesagunahing |
trijyd tadardhavargo dvigunajyarddhasya samyojyah ||

3. Tasya pado’bhimalajya dhruva tadundvasesapindasya |
dhruvakaranidalamadhyarddhasamjiako’nyo’ira vidhirukiah ||

4. icchamdadvigunonalribhajyayona trayasye capajya |
sagtigund sa karani taya dhruvondvadesasya ||
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The first of the above stanzas gives the values of the jya of 30° and 60°.
The second and the first half of the third give a method for calculating
Rsin 8 and R sin (g ——0), knowing R sin 26 and R sin (g ——20). The second
half of the third stanza gives the method for calculating R sin E The last
stanza gives another method of calculating R sin 8, knowing R sin (Z —-20).

2
The exact translations are:

1. Take the square of the radius and call it the ‘constant’ (dhruvae);
the fourth part of it is (the square) of Aries (i.e. of the one sign). The
‘constant’ square is to be lessened by the square of the Aries (i.e. one sign).
The square root of the two quantities (i.e. the square of the Aries and the
‘constant’ lessened by the square of the Aries) are the jya values (viz. of 30°
and 60° respectively).

2. To obtain the remaining desired (jy@ values), take the double of
the arc (whose jya you wish to find) and deduct it from the quarter (of the
circle), diminish the radius by the jy@ of the remainder, and add to the square
of half of that (viz. the radius so diminished) the square of half the jy@ of
double (the original arc).

3. The square root of the sum is the desired jy@. The ‘constant’
square lessened by that sum (is the square) of the remaining quantity (i.e. of
the jya@ of the complementary arc). Half of the ‘constant’ square is called
(the square of) one and a half (viz. signs, i.e. 45°). Another method is also
taught here.

4. Deduct from three signs (i.e. 90°) double the arc (of which the jya
is) desired, lessen the cdpajya of three signs (i.e. the radius) by the jya of the
remainder (obtained after deducting from 90° double the arc) and multiply
the remainder by sixty (i.e. half of radius); the result is the square (of the
desired jyd). By deducting that square from the square of the radius you
obtain the square of the remainder (the square of the jya of the complementary
arc).

These rules show that Vardhamihira knew the following rules:

oo (5—0)

or in modern terminology

sin®0t-cos?f = 1. .. .. . oo @)
. ™ 2
Jya? 264- [R—-jyd (-2- -——20)] = 4 jya,
or Jya® 20-+utkramajya® 20 = 4 jya®o,

or in modern terminology

sin? 204 (1—cos 20)2 = 4 sin20. .. .. ..o (i)

iB
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The last rule can be deduced from the second and states that
R . _fm . -
E[R—Jya(é —-20)] = jyd?d,

$(1—cos 26) = sin26. .. . .. ..o (i)

These results have also been stated very clearly by Bhaskara IT in the

Goladhyaya™ of his Siddhantasiromani and by Parmesvara in his commentary
on the Aryabhatiyam.® Indeed in deducing that®

5— 8J5)

or

Jya 36° = R(

Bhaskara IT must have used the result
Jya b = jya (=—9),
and the equation which follows from it, that for 8 = 36°, jya 26 = jya 36.

The method advocated by Aryabhata in the Aryabhatiyam Ganitapade is
equivalent to the equations (i) and (ii) above.l® The values of jyd@ and kofijya
of the different angles can be accurately calculated with the help of equations
(i) and (ii) from the knowledge of the jya values of 30° and 45°. The other
method given by Aryabhata in the Gapitapada' is only a rough method but
has been used by later astronomersalso. For instance, Nilakantha Somasutvan
in his Tantrasamgraha'? says: :

‘The jya of one-eighth of a sign is ten seconds less than the value in
minutes of the arc. Subtract from the first jya the quotient obtained by
dividing the first jy@ by two hundred thirty-three and a half and the remainder
is the second khandajyd. Add it to the first jy@ and sum is the second jya.
Now divide the second jy@ by the same divider and subtract the quotient
from the second khandajya and the remainder is the third khandajya. Add
it to the second jyd and the sum is the third jya. Similarly the fourth jya
ete. in that order.’

The commentator says that the first jya is not 224’ 50” but 224’ 50" 22"
and the correct divider is not two hundred thirty-three and a half but 233’
32", If

¥, = nth khandajyd—(n+1)th khandajya, we have
Zq = 2R sin np(1--cos B),
where R = 3437 44" 48"’ according to Madhava, and
B = 225’ of arc
or

2R sin nB[R —R sin (g —-B)]
R

_ Jy@ B x 2 la;t khandajya N B .. (iv)

Ty =
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This is the other method recommended by Nilakantha., The commentator
then tells us that the last but one jyd is equal to the square root of the dif-
ference between the square of the radius and the square of the first jya. This

is only an application of equation (i). Substituting Madhava’s values of R
and the last khandajy@, we have

g . JYBNB
" 3437 44" 48"
2(7/ 27// 37['!)
_ JyanB
233-5338°
When written in the sexagesimal notation the denominator becomes 233; 32.
This is the value given by the commentator.,

The values of jy@ 6 and wutkramajyad 6 calculated by the use of the
equations (i) and (ii) are shown in Table I.

TasiLE 1

A Jya A Utkramajya A

deg. min. sec. min, sec. min. sec,
0 56 15 56 15 0 28
1 52 30 112 29 1 50
2 48 45 168 41 4 8
3 45 0 224 50 7 22
4 41 15 280 56 11 30
5 37 30 336 57 16 33
6 33 45 392 53 22 31
7 30 0 448 43 29 25
8 26 15 504 25 37 12
9 22 30 559 59 45 55
10 18 45 615 25 55 32
11 15 0 670 40 66 3
12 11 15 726 45 77 29
13 7 30 780 38 89 48
14 3 45 835 18 103 1
15 0 0 889 45 117 8
15 56 15 943 58 132 8
16 52 30 997 55 148 2
17 48 45 1051 37 164 48
18 45 0 1105 1 182 26
19 41 15 1158 8 200 57
20 37 30 1210 56 220 20
21 33 45 1263 25 240 35
22 30 0 1315 34 261 41
23 26 15 1367 21 283 38
24 22 30 1418 47 306 26

25 18 45 1469 49 330 4




SINE VALUES OF THE VATES$VARA SIDDHANTA

TapLe 1—contd.

A Jyd A Utkramajya A
deg. min. sec. min, 8EC. min. gec.
26 15 0 1520 28 354 31
27 11 15 1570 43 379 49
28 7 30 1620 32 405 55
29 3 45 1669 55 432 51
30 0 0 1718 52 460 34
30 56 15 1767 21 489 5
31 52 30 1815 21 518 24
32 48 45 1862 53 548 30
33 45 0 1909 54 579 22
34 41 15 1956 25 611 0
35 37 30 2002 24 643 23
36 33 45 2047 51 676 31
37 30 0 2092 46 710 24
38 26 15 2137 6 745 0
39 22 30 2180 52 780 20
40 18 45 2224 4 816 22
41 15 0 2266 39 853 6
42 11 15 2308 38 890 32
43 7 30 2350 0 928 39
44 3 45 2390 45 967 26
45 0 0 2430 51 1006 53
45 56 15 2470 18 1046 59
46 52 30 2509 5 1087 44
47 48 45 2547 12 1129 6
48 45 0 2584 38 1171 5
49 41 15 2621 22 1213 40
50 37 30 2657 24 1256 52
51 a3 45 2692 44 1300 38
52 30 0 2727 20 1344 58
53 26 15 2761 13 1389 53
54 22 30 2794 21 1435 20
55 18 45 2826 44 1481 19
56 15 0 2858 22 1527 50
57 11 15 2889 14 1574 51
58 7 30 2919 20 1622 23
59 3 45 2948 39 1670 23
60 0 0 2977 10 1718 52
60 56 15 3004 53 1767 49
61 52 30 3031 49 1817 12
62 48 45 3057 55 1867 1
63 45 0 3083 13 1917 16
64 41 15 3107 40 1967 55
65 37 30 3131 18 2018 57
66 33 45 3154 6 2070 23
67 30 0 3176 3 2122 10
68 26 15 3197 9 2174 19
69 22 30 3217 24 2226 48

70 18 45 3236 47 2279 36
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TABLE I—coneld.

A Jya A Utkramajya A
deg. min, sec. min, sec. min, goc,
71 15 0 3255 18 2332 43
72 11 15 3272 56 2386 7
73 7 30 3289 42 2439 49
74 3 45 3305 36 2493 46
75 0 0 3320 36 2547 59
75 56 15 3334 43 2602 26
76 52 30 3347 56 2657 6
77 48 45 3360 15 2711 59
78 45 0 3371 41 2767 4
79 41 15 3382 12 2822 19
80 37 30 3391 49 2877 45
81 33 45 3400 32 2933 19
82 30 0 3408 19 2989 1
83 26 15 3415 13 3044 51
84 22 30 3421 11 3100 47
85 18 45 3426 14 3156 48
86 15 0 3430 22 3212 54
87 11 15 3433 36 3269 3
88 7 30 3435 54 3325 15
89 3 45 3437 16 3381 29
920 0 0 3437 44 3437 44

The utkramajyi values have been included so that we can check the jya
and utkramajya values of Vate§vara against each other since we know that

Jyd A-tutkramajya (90°—A) = R.

This fact was known to Aryabhata who stated in one @ryad only the
khandajyd values which when read in the reverse order will give the khanda-
utkramajyaé values and progressively on addition the utkramajyd values of the
different angles. This may be the reason why they were called utkramajya.

The text of the Vatedvara Siddhanta

We will now examine the text of the Vafedvara Siddhania and try to
improve the corrupt text with the help of Table I and the jyi and utkramajya
values of the Vatesvara Siddhante itself. Vate§vara has first enumerated all
jyd values in minutes and then all the corresponding seconds. He has adopted
the same method for stating the utkramajyi values also.

The text ig:—

56 112 168
ardhajya rasabandh karadasisadino gajangacandramasah
224 280 336
vedakrtayo vyomastamberamabahavo rasdgnigundh (13)
392 448 504
netranavahutabhujo gajajoladhikrtah krtanabhobanah (14)
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559 615 670
nandasilimukhabanah sarasasyriavah khaparvatingdni
725 780 835 889
taltvagah khastanagah sardgnindgd navdstapavanabhujah (15)
943 997 1051
ramabdhyanka aganavanandah kubinasinyaharindnkah (16)
1105 1158 1210

Sarakhadiviah stamberamatithibhuvah bhasasidvisasarikah (17)

....................................................

....................................................

1767 1815 1862
saptarttusaplasadinastithidhriayo dvyanganagaharinadhrioh (18)
1909 1956 2002
navakhankabhuvo rasasaranavacandrak karakhasanyakardh (19)
2047 2092 2137
nagakriakhakard dvinavavyomabhujah saptavisvanetran (20)
2180 2224 2266
khadhytiyama vedabhujadvibhuja rasasadbhujaksini (21)
2308 2350 2390
vasukhagniyamdh khasaratribhuja akisanandagunayamalah (22)
2430 2470 2509 2547
khagunajindh khagajind navabhratattvanyagabdhitattvant
2584 2621 2657
veddstesuyamah Sasidvyangabhuja nagesurasayamalil
2692 2727 2761
dvingvarasayamah saptadvinagabhujascandrasatnagaksini
2794 2826 2858
vedankabhans rasoyamavasuneirinyagidksavasuyamalah (23)
2889 2019 . 2948
navavasvastabhujd navadasinandayama gajabdhinavadasrah
2977 3004 3031
nagasaptankabhujah krtakhakharamah Sadigunabhrahavyabhujah
3057 3083 3107
saptaviéikkxibhmrdmdstrindgakkaguzw'; nagabhrasadiramah (24)
3131 3154 3176
bhigunabhigund abdhisaraikgund rasadhard@dharaikgundh (25)
3255 3272
vidikhavidikhabahvagnayo bahudharitridharaksihavyabhujah (26)
3289
kramaparipatya jimis'chidmstamberamadvigmldb (27)
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3305 3320 3334 3347
Sarakhasurd nakhadevd vedatrisurd nagabdhigunar@mah
3360 3371 3382
khangatriguna bhanaganakagrha netrandgagunaramdh
3391 3400
sasinandagnigunah khakhabdhigunh.............. (28)
3426
.............................. rasakarabdhihavyabhujoh
3430 3433 3435
khignisamudrahutadistritryabdhigunah Sardgniyugaramah (29)
3437 3437 ’
saptagunavedar@ma nagagunavedagnayo liptah
After this Vateévara gives the vikald parts of the jya values of these

angles.
15 29 41 50

asam vikalastithayo nandabhujah kvabdhayah payodasarih (30)
56 57 53 43 25
rasavisikhah saptasard agnisarastrikriah saraksini
59 25 40 45 38
navavisikhah padcayamah khakriah pafcabdhayo dviradaramah
18 45 58 55 37
dhrtirisuvedd mangalavisikh@ aksesavasturangagundah (31)
1 5 56 25 34 21
bhiaband (%) rasabanastativant jelignayahb kubhujah (32)
47 49 28 43 32
nagaveda noendakrid vasunetranyagnijaladhayo dantah (33)
55 52 21 22 53
wisikhasara netrasardh kubhuja dviyama hutasan@ksah (34)
54 25 24 52 46
vedesavo’ksaneirinyabdhiyama dvisavo rasasamudrah (35)
6 53 4 39 39
anganyoagniprsatka veda navavahnay nkagundh (36)
1 45 51 18 5 12
riapam sayakavedah kusara gajabhimayah darah siryah
38 22 25 44 21
gajeramd netrayamastaitvans krtabdhayah kunetrani
13 21 45 23 15
vidve kubhujah sayakanigama gunabihvastithayah (37)
20 39 10 53 49 56
khabhuja nandagund dada trisard nandabdhayo’ksasdardh
13 41 19 6 3 9 24
vidve kukrta atidhrtiranga@ns guna nanda abdhinetrani (38)
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- 47 18 57 43 36
saptabdhayo dhrtirnagavisikhd gunasigarah rasagunddce (39)
36 43 56 15 41
rtur@ma ramakyia rasesavo vasarah kukrtah (40)
12 49 32 20 13
sarya nandasamudra radd nakhd vahnicandramasah
11 14 23 36 54 16
86 manavo’gnibhuja rasignayo vedasayaka vikrtih (41)
44 0 1 4 7 11
vedakrtd viyadisavah (%) kham bhiarvedd naga rudrah (42)
16 22 29 37 45
astirnetrabhuja navanetranyagavahnayo visikhavedah
55 66 77 89 103
paiicasardh sadrtavo nagamunayo nandakuijarastridasa
117 132 148 164
nagarudrd radacandrd vasumanavo vedarasacandrih
182 200 220 240
dvyasiabhuvah Sanyanakhdh khaksibhujal khabdhinetrant
261 283 306 330
kutkrtayastryastabhuja rasakhagund vyomagirvanah
354 379 405 432
vedesugund navanagaramak sarakhabdhayo radasamudrah (43)
460 489 - 518 548
khangabdhayo'nkakuiijaravedd dhrtisayaka gajabdhisarah
579 610 643
navanagavisikha jaladharadasyriovo gunakytd’ngani
676 710 745
rasanagarasih khasasadharanagak prsatkabhidharanidharah (44)
780 816 853 890
Lhastanaga rasakugajastridaragaja jaladanandavasavasca (45)
928 967 1008
vasubhujananda nagarasankani rasakhabhraharinankah (46)
1046 1087 1129
rivabdhidido nagdstakhabhuvo ikanetradadicandramasah (47)
1171 1213 1256 1300
kunagadiva visva'rka rasatattvabhuvah khakhagnirapani
1344 1389 1435
vedakrtagnisadanka navastavidve saragnikrtacandrah
1481 1527 1574 1622
kvastamanavo bhatithayo’bdhyagasaracandra dvibahurasacandrah
1670 1718 1767
khanagarasabhuvo vasubhinagadadino nagarasigacandramasah (48)
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1817 1867 1917
agasasidhriayo’ garasadvipadasino’gaikanandarajanisah (49)
1967 2018 2070
soptangankabhuvo’stakukhabhujd vyomdagasanyanetrani
2122 2174 2226
dvinabhujiah krtanagasasinetranyangaksibGhunetrani
2279 2332 2386
ankagaksibhuja radaramabhuja rasagajagninayanani (50)
2439 2493 2547
navardmajing gunanavasiddhah saptabdhitattvani
2602 2657 2711
dvivyomotkrtayah parvatasaranganetrant rudrabhaniha (51)
2767 2822 2877
saplangabhant yamayamandgabhuja naganagasiokarah
2933 2989 3044
suranavabhuja navastachidraksinyabdhijaladhisinyagunah
3100 56 32
khakhakugund rasepasic. ... .........c..... bahvagnayah
3381
............................ candrond@gagunar@mah (52)
3437
nagagunovedahutasa vikalah santi sthit@h prthak caisam (53)
8 21 30 33 31 24
vasavah kubhujah khagunah sur@h kur@md jindh kharamdasca(?) (54)
55 32 3 29 48
paficadard netragund rdma navabihavo dvipasemudrah
1 8 8 1 © 47 26 57
bhirvasavo’stau candra nagavedih sadbhuja acalabanah
20 35 41 38 25
vimsatirisuhavyabhujah kukrta vasvagnayo’ksabhujah (55)
3 31 49 55 51
ramah kugund vargasoptanam paficapadicarkasarah (56)
34 5 24 29 21
vedagunasca prsatkah siddha navabahavah kubhujah
59 23 31 23
navavisikha ramabhuja ildgnayo vahninayanani
0 19 22 6 32 39 27
kham navacandra dvibhuja rasa dvigun@ nendavahnayo’gabhujah (57)
53 59 43 5 5
tridard nandaprsatkd gunabdhayah sdyaka visikhah
40 51 38 58 52
khakrtah kudara mangalahavyabhujo vasusara dvisarah
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20 19 50 51 22
vyomabhwjd navacandrah khasorah kusara drgaksini
23 52 49 12 1
trikara dvidaraschidrapranimnageda indscandrah (58)
16 55 57 23 10 19
astih paficasard nagabandgnibhuja dido’nkabhuvah
48 36 43 7 49 46
astakyta rasaramastrikytd acal@ ankabdhayo ngakrtah (59)
59 26 6 59 4 19
navavisikha rasanetranyanganyarnkesavo’bdhayo’nkabhuvah
45
Saraved@ .. ........ . i (
3 15 29 44
........ havyabhujastithayo’ kabhujah krtabadhayastrijya (61)
3437 44
agagunavedahutdsah kalika vikalah samudrajoladhayah sapta
11, 818, 007 35
Joladakhasiadadidhrtisasinah kalikah Saragnayo vikalah (62)
1398 24
trijyakrtirastanavatribhuvah kathitd ganakairjinamsajyah
TasLE II
Serial Madhava’s values of jyd Modern values of jya
No. min. sec. thirds  min. Bec. thirds fourths
1 224 50 22 224 50 21 48
2 448 42 58 448 42 57 32
3 670 40 16 670 40 15 58
4 889 45 15 889 45 15 31
5 1105 1 39 1105 1 38 49
6 1315 34 7 1315 34 7 18
7 1520 28 35 1520 28 35 54
8 1718 52 24 1718 52 24 0
9 1909 54 35 1909 54 34 59
10 2092 46 3 2002 46 3 16
11 2266 39 50 2266 39 49 58
12 2430 51 15 2430 51 14 20
13 2584 38 6 2584 38 5 15
14 2727 20 52 2727 20 52 5
15 2858 22 65 2858 22 54 48
16 2977 10 34 2977 10 33 24
17 3083 13 17 3083 13 16 36
18 3176 3 50 3176 3 49 37
19 3255 18 22 3265 18 21 14
20 3320 36 30 3320 36 29 48
21 3371 41 29 3371 41 28 47
22 3408 20 11 3408 20 10 38
23 3430 23 11 3430 23 10 16
24 3437 44 48 3437 44 48 0

11
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It will be observed that the jya values stated by Vate§vara are the same
as those given in Table I except that in a few cases there is a difference of
one vikala, Vatesvara’s value always being higher than those given in Table I.
Further there is a slight error in the value of the square of the radius. The
value given by Vateivara is 11, 818, 007" 35”. But the actual calculation
shows it to be 11, 818, 010’ 28”. Furthermore, the jya of 24° as given by
Vate§vara is 1398’ while the modern value would work out to be 1398’ 15”.

However, there is a large difference in the jya@ of 19° 41’ 15”. Bapa in
the phrase bhuabandarasabandstaitvini along with the corresponding kald part
would make Vateévara’s value as 1158’ 5”. But the actual value is 1158 8”.
It is very strange that in one case the error in Vatesvara’s value should be so
large. It may be that the correct reading is probably vyald and not bana.
This is supported by the fact that Vatedvara states the utkramajya of the
complementary angle 70° 18" 45” as 2279’ 36”. The wvikala part of this value
is the second word combination in astakria rasaramastrikrta.

Though Vateévara has given the jya@ values of ninety-six angles while
Madhava has given only twenty-four jya values like most of the other astrono-
mers, the values given by Madhava are much more accurate as can be seen

Tapre OI
Govindasvamin’s values Modern
Khandajya Pindajys © values
min, sec. thirds min, sec. thirds min. sec. thirds fourths
224 50 23 224 50 23 224 50 19 54
223 52 30 448 42 53 448 42 53 45
221 57 18 670 40 11 670 40 10 20
219 4 57 889 45 8 889 45 8 0
215 16 22 1105 1 30 1105 1 29 30
210 32 26 1315 33 56 1315 33 56 12
204 54 26 1520 28 22 1520 28 22 28
198 23 48 1718 52 10 1718 52 9 30
191 2 9 1909 54 19 1909 54 18 52
182 51 27 2092 45 46 2092 45 45 37
178 52 58 2266 38 44 2266 39 30 51
164 12 10 2430 50 54 2430 50 53 50
153 46 49 2584 37 43 2854 37 43 27
142 42 46 2727 20 29 2727 20 29 5
131 2 2 2858 22 31 2858 22 30 41
118 47 38 2977 10 9 2977 10 8 17
106 2 42 3083 12 51 3083 12 50 35
92 50 32 3176 3 23 3176 3 22 50
79 14 31 3255 17 54 3255 17 53 46
65 18 8 3320 36 2 3320 36 1 50
51 4 59 3371 41 1 3371 41 0 20
36 38 41 3408 19 42 3408 19 41 49
22 3 0 3430 22 42 3430 22 41 20

7 21 37 3437 44 19 3437 44 19 0
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in Table II which gives Madhava’s values along with the corresponding
modern values.5

It will be noticed from the Table that on taking the approximation to the
nearest fafpara, the value does not differ from the modern value by more
than 1’".

Though Govindasvamin has also calculated the jya values in kald, vikala
and tafpara, his values are not as accurate as those of Madhava.2 This can

be seen from an examination of Table III. The difference is especially large
in the jya values of 3° 45’ and of 41° 15,
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Siddhantasiromant, Goladhyaya, V, 3-5.

Aryabhatyyam with the commentary Bhatadipikd of Parmesvara, edited by H. Kern, pub-
lished by E. J. Brill, Leiden, 1874, p. 28.

9 Siddhantasiromant, Goladhydya, XIV, 1.

10 The Khandakhadyaka of Brahmagupta with the commentary of Bhattotpala, edited and
translated by Mrs. Bina Chatterjee, Vol. I, 1970, p. 190. See also Aryabhatiyam with the
commentary Bhatadipikd of Parameévara, edited by H. Kern, pp. 27-30 and Aryabhati-
yam with the Bhdsya of Gargyakerala Nilakanthe Somasutvan, I, pp. 43-45.

1 Tantrasamgraha by Garyakerala Nilakantha Somasutvan, p. 17.

12 Ibid, p. 18.

13 In this line vedakratayo is printed as vedotkrtyo and stamberamabdhavo as stambherama and
bahavo is not joint to it.

14 Here netra is printed separately from navahutabhujo and bdpdh is printed separate from
Kyrtanabho.

In this line navdste and pavanabhujah are printed separately.

16 In this line ramdabdhyankd is printed as r@mdgnyankd, aganavanandd as agagajanandd and
Kubanasinyaharindnkah as Kuveda §ianya harinankah. That the emended text gives the
correct values is supported by the fact that the utkramajya values of the complementary
angles given by Vate§vara are 2493 and 2439 for the first and second cases. But again
in the third case the text gives the value 2356 which is obviously wrong as the utkramajyd
of the previous angle is correctly stated as 2332.

17 In this line stamberamatithibhuvah is printed as stambheramatithibhuvah and khasedidvisa-
dankah as $adidhyii dadankah. After this three lines giving the minutes of ten jya values
are missing but the editors have given no indication of this fact. That the jy@ value is
1210’ and a few seconds is supported by the fact that the utkramagyd of (69° 22’ 30”) is
given by Vate§vara as angdakgibdhunetrant.

stithi is printed as sthiti, and words which should be printed together have been printed
separately.
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19
20
21

22

23
24
26

28
27
28

29

30
31
32
33
34

35
36

3
38
3
40

~

@

41

42
43
44

45
46
47
48

49
50

Most of the words which should be printed together have been printed separately.

The word combinations have again not been printed together.

Here also the words which should be combined together have been printed separately and
vedabhujadvibhujd has been printed as vedabhujddvibhuja.

In this line as well as in many other lines the word combinations indicating one number have
not been printed together.

Here instead of ‘astdksa’ ‘asta’ ‘ paksa’ has been printed.

In this line even wvisikhabhra has been printed separately as vistkhd and bhra.

Here abdhisaraikguna has been printed as astabdhyekguna and the two parts of the dhard-
dhara have been separated as dhard and dhara. Again one line pertaining to the minutes
of the jyad values of the next three angles is missing. But the editors have given no
indication of this fact.

In this line also dharitridhara has been separated into dharitri and dhara.

In this line stamberama has been again printed as stambherama.

khakhabdhigund is printed as bhakhabdhigund. That the correct values is Khakhabdhigund is
supported by the fact that Vate§vara himself gives the utkramajyd of the complementary
angle as 37", Unfortunately the line giving the part of the value in seconds is missing.
Again about one-third of this line and two-thirds of the next line giving the Kald parts
of the jya values of three angles are missing.

After this there is one more line giving the value 3436’ and 3437’. As the calculations show
there is no place for these. There is no angle having the minute part of its jyd as 3436’
and there are not three angles having the minute part of their jya values as 3437’. There-
fore this line has been deleted.

nandabhujah has been printed as nandabhujah.

akgesavasturangagundh is wrongly printed as paksesavasturangagundh.

kubhujah is printed as Krbhugjah.

dantah is printed as danddh which is meaningless,

hutdsandksdh has been printed as hutdsand and vede which should go in the next time has
been printed in this line,

aksa has been printed as ala. aksa denotes five, ala is meaningless.

ankagunah has been printed as ankdgundh. In this form they would denote two separate
numbers, viz. nine and three. The combination denotes thirty-nine.

ku in kubhujah has been left out.

kukrid is printed as kudhrtd and nandd has been entirely left out and gund is printed as guna.

saptabdhayo is printed as saptadhvaryo.

In place of rturama, dantd rama has been printed and in place of rasesvo, rdmeésavo has been
printed.

I have not been able to decide finally that it is vikytih because this word stands for twenty-
three. But it may stand for sixteen also. The actual word printed is »idhstih which
appears to be meaningless.

viyadisavah seems to be unnecessary. From here utkramajyd values begin,

darakhabdhayo is printed as sarabdhayo and radasamudrdh as rasasamudrdh.

khadasadharanagah has been printed as khasasadharandgah and dharanidhardh as dharani-
dharah.

khastanaga has been printed as Khabdhindga.

nagarasankdns is printed as nagarasavildni which is meaningless.

nagasta is printed as bhagdsta.

vasubhii is printed as bhabhi, nagarasiga as rasdgarnage and khanagarasbhuvo as khandgara-
sabhuvo.

agadasi is printed as bhagasade.

ankagaksi is printed as angagakst and rasagajagni as rasapasicagni.

5 dvibyomutkriayah is printed as dvyabdhyutkriayah.

b2

One line seems to have been left out here. rasapaica denotes the two figures of the number
31566. bahvagnayah may belong to 3212 or 3269. candrandgagunardmah has been
printed aa candraramagunardmah.
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53 The three words sthitdh prthak caisam must express the vikald parts of the utkramajyd of 56/
15” and 1° 52’ 30" as wasavah in the next line and the other word combinations following
it give the wikald parts of the utkramagjyd values of 2° 48’ 45” and other succeeding angles.

64 kharamah is wrong. It must be some word denoting twelve.

55 pasvagnayo is printed as vasavo’drayo.

56 pafcapanicatkasarah is printed as pafica paricadardh.

57 In place of rasd dvigund is printed rasarasd which is absurd. Only in the case of agabhujah
the sum of this utkramajyd and the corresponding jyd of the complementary angle is not
3437’ 44”. It may be that it is not agabhujah but rasabhujdh.

58 In place of indscandrdh is printed snadcandrah.

59 In place of ankabdhayo’nigakridh is printed khabdhayo'nkakrtah.

60 Again one line giving the wikald parts of six utkramajyd values is missing. But the editors
have not indicated this.

61 At this point the statement of the vikald parts ends. The author now states the value of
the radius, the square of the radius and jya of 24°.

62 Tn this line jaladakhdsta has been printed as jalakhdgta.



