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ASTRONOMY IN SANSKRIT TEXTS

IMPORTANCE OF JYOTISAM
1.

2.

rÉjÉÉ ÍvÉZÉÉ qÉrÉÔUÉhÉÉÇ lÉÉaÉÉlÉÉÇ qÉhÉrÉÉå rÉjÉÉ |

iÉ²²åSÉXçaÉvÉÉxÉÉhÉÉÇ erÉÉåÌiÉwÉÇ qÉÔkÉïÌlÉ ÎxjÉiÉqÉç ||

- Like the crests on the headsof the peacocks,like

the gemson the hoodsof cobras, Astronomy is at

the top of theVedǕngaśǕstras.

[VedǕngaJyotisamśloka: 4]

uÉåSÉ ÌWû rÉ¥ÉÉjÉïqÉÍpÉmÉëuÉçGiÉÉÈ MüÉsÉÉlÉmÉÔurÉÉï   ÌuÉÌWûiÉÉvÉçcÉrÉ¥ÉÉÈ|

iÉxqÉÉÌSSÇ MüÉsÉÌuÉkÉÉlÉvÉxiÉçUÇ rÉÉå erÉÉåÌiÉwÉÇ uÉåS xÉ uÉåS rÉ¥ÉÉlÉç 

- The Vedas have indeed been revealed for the

sake of performing sacrifices. But these

sacrifices are dependent on time. Hence, only

he who knows the science of time i. e.

JyotiŜaunderstands sacrifices(fully) .



NǬLAKANTHA SOMAYǔJI 

ON PARAMEśVARA

1. mÉgcÉmÉgcÉvÉiuÉwÉïMüÉsÉÇ ÌlÉUÏ¤jÉ aÉëWûhÉaÉëWûrÉÉåaÉÉÌSwÉÑ

mÉUÏ¤rÉ xÉqÉSèGaÉÍhÉiÉÇ MüUhÉÇ cÉMüÉU |(On ParameŜvara)

2. SvÉïlÉÇ xÉÇuÉÉSvÉçcÉ iÉSÉlÉÏliÉlÉæÈ mÉUÏ¤ÉMæüÈ aÉëWûhÉÉSÉæ ÌuÉ¥ÉÉiÉurÉÈ 

3. ñIn courseof time, let (other correctionsbe thought of by

the foremost of astronomersbecauseafter a few years

thecorrectness(of myparameters)is not certainò

MüÉsÉÉliÉUå iÉÑ xÉÇxMüÉUÈ ÍcÉlirÉiÉÉÇ aÉhÉMüÉåÌÉqÉæÈ |

rÉiÉÈ MæüvÉçÍcÉcNûÉMüÉoÉSÉSåÈ xÉÉkÉÑiuÉÇ cÉ AÌmÉ AÌlÉvÉçÍcÉiÉqÉç|| 



SEASONS, YEAR, NAKSATRAS,

DAY, EQUINOXES AND PLANETS IN THE VEDAS

1. vÉiÉÇ eÉÏuÉvÉUSÉå uÉkÉïqÉÉlÉÈ vÉiÉÇ WåûqÉliÉÉlÉç vÉiÉÇ uÉxÉliÉÉlÉç |

-RV. 10,161,4

ñDo live and grow for a hundred autumns, for a hundred winters and 

for a hundred springs.ò

EQUINOXES 
2. rÉjÉÉ uÉæ mÉÑÂwÉ LuÉÇ ÌuÉwÉÑuÉÉÇxiÉxrÉ rÉjÉÉ SÍ¤ÉhÉÉåkÉï LuÉÇ mÉÔuÉÉïkÉÉåï

ñThe VisuvǕn is like purusa; its former half corresponds to the right half

of purusa and the latter halféò

ïAitareya Br.18, 22

3. LMüÌuÉÇvÉqÉåiÉSWûÃmÉrÉÎliÉ ÌuÉwÉÑuÉliÉÇéé.

ñTheEkavimsa(rite of 21days)is performed on the equinoxdayé

for 17daysprior to and 3 daysafter the equinoxdayéò

ïAitareyaBr. 18, 18



NAKSATRAS
4. xÉÔrÉÉïrÉÉ uÉWûiÉÑÈ mÉëÉaÉÉiÉç xÉÌuÉiÉÉrÉqÉuÉÉxÉçGeÉiÉç ||

AbÉÉxÉÑ WûlrÉliÉå aÉÉuÉÉå AeÉÑïlrÉÉåÈ mÉrÉÑïWèûrÉiÉå ||

- RV 10, 85,13

ñThe(dowry) of cowsgivenby Savita(Sun)had already gone

aheadofSȊryǕ(daughter of Sun-god). They drive the

cows on theAghǕnaks(atra. The daughter (bride) was

carried away (to husbandôshouse)on theArjunǭstarò.

5. xÉÔrÉÉïrÉÉ ...||  qÉbÉÉxÉÑ ....TüsaÉÑlÉÏwÉÑ urÉÑWèûrÉiÉå ||-A V. 14.113

DDAY
6. AÉÌSimÉë¦ÉxrÉ UåiÉxÉÉå erÉÉåÌiÉwmÉvrÉÎliÉ uÉÉxÉUqÉç |- R.V. 9, 6, 30

ñWhen Indra shines in the form of the sun é throughout the 

dayéò

27 NAKS(ATRAS

7.  The complete list of 27 naks(atra given in the Taittirǭya SamhitǕ.



Example :
8.      AÎalÉwÉÉåqÉÉ mÉÑlÉuÉïxÉÔ AxqÉå kÉÉUrÉiÉÇ UÌrÉqÉç ||ïR,.V.10, 19, 1

SǕyanǕcǕrya explains the term ñPunarvasuò as

mÉÑlÉÈ mÉÑlÉuÉïxiÉÉUÉæ xiÉÉåiÉçGhÉÉqÉÉcNûSÌrÉiÉÉUÉæ (SåuÉÉæ)

ïñthe two gods who give repeatedly shelter to those who offer prayersò. 

REFERENCE TO JUPITER

9. oÉçGWûxmÉÌiÉÈ mÉëjÉqÉÇ eÉÉrÉaÉÉuÉÉå qÉWûÉå erÉÉåÌiÉwÉÈ mÉUqÉåÇ urÉÉåqÉlÉç ||

ïR. V.4.50.4, A.V.20.99.4

oÉçGWûxmÉÌiÉÈ .... ÌiÉwrÉÇ lÉ¤ÉiÉçUqÉÍpÉxÉqoÉpÉÔuÉ |

ïTai. Br.3.1.1

ñBrhaspati (Jupiter) when rose (born) was first visible near the star Tisya

(Pusya)



REFERENCE OF VENUS

10. ArÉÇ uÉålÉvÉçcÉÉåSrÉimÉçGÎvlÉaÉpÉÉï erÉÉåÌiÉeÉïUÉrÉÔ ÌuÉqÉÉlÉå |

ïR.V.10.123

ñthis Vena (Venus) has risen éò

óAUSPICIOUSô DAYS FOR RITES AND MARRIAGE

11. xiÉÉåiÉÉUÇ ÌuÉmÉëÈ xÉÑÌSlÉiuÉå AÉWèûlÉÉÇ rÉÉ ...

ïR.V.7.99.4

ñVipra (i.e. Varuna) establishedthe reactor on an auspiciousdayéò

12. rÉÉÇ MüÉqÉrÉåiÉ SÒÌWûiÉUÇ ÌmÉërÉÉxrÉÉÌSÌiÉ |  iÉÏ ÌlÉ·èrÉÉjÉÉÇ SSèrÉÉiÉç | ÌmÉërÉæuÉ pÉuÉÌiÉ ||

ïTai. Br.3.1.5.2

ñIf you wish your daughter to be dear to her husband give her in 

marriage on the NistyǕ (SvǕtǭ) naksatraò



FAMOUS INDIAN ASTRONOMERS

AND THEIR WORKS

Some of the famous Indian astronomersand their major

works are listed below. The datesin bracketsrefer to the

approximatedatesof compositionof theworks:

Author Works

1. Aryabhata I  (499 A.D.) Aryabhatiyam, Aryasiddhanta.

2.  arahamihira (b. 505 A.D.) Panchasiddhantika,Brihatsamhita.

3.  Bhaskara I (c. 600 A.D.) Bhashya on Aryabhatiyam,

MahabhaskariyamLaghubhoskariyam.

4.  Brahmagupta (b. 598 A.D.)Brahmasphutasuddhanta, 

Khandakhadyaka.

5.  Vateswara (880 A.D.) Vateswarassiddhanta.

6.  Manjula (932 A.D.) Laghumanasam

7.Aryabhata II (950 A.D.) Mahasiddhanta



8. Bhaskara II (b.1114 A.D.) Siddhantasiromanl.Karanakutuhalam

9.  Paramesvara (c.1400 A.D.)Drgganitam, Suryasiddhanta 

vivaranam,  Bhatadeepika, etc

10. Nilakantha Somayaji Tatrasangrraha,

(1465 A.D.) Aryabhatiynbhashya 

11.  Ganesa Daivajna Grahalaghavam

(1520 A.D.)

12  Jyeshthadeva (1540 A.D.)Yuktibhasha

13.  Chandrasekhara siddhanta darpana

(b. 1033 A.D.)

14  Sankara Varman Sadratnamala

(19th Cent)

15 Venkatesh Ketkar Jyotirganitam, Grahaganitam

(1898 A.D.)

Author Works



Civil days in a MahǕyuga

Table 1: Civil days in a MahǕyuga(43,20,000 years)

Texts No. of civil days

1 ǔryabhata I (ǔryabhatiyam) 1,57,79,17,500

2 Brahamaguptaôs KhandakhǕdyaka1,57,79,17,800

3 SȊrya siddhǕnta (SS) 1,57,79,17,828

4 ǔryabhata II (MahǕsiddhǕnta) 1,57,79,17,542

5 BhǕskara II (SiddhǕnta Ŝiroman!i) 1,57,79,16,450

6 Our proposed modern value 1,57,79,07,487

Proposedbǭjaof SSvalue is ï10,341. It may be notedthatBhǕskaraII

(1114A.D.) suggestedabǭjaof ï1,378to theSSvalue.



Revolutions of bodies in MahǕyuga

The meanmotion of a heavenly body is determined from its 

number of revolutions in a yugaof 432 Ĭ104 years.

Table 2:  Revolutions of bodies in a MahǕyuga

Bodies ǔryabhat,a I
Brahama

gupta

SȊrya 

siddhǕnta
BhǕskara II

Proposed 

Modern

1 Ravi 43,20,000 43,20,000 43,20,000 43,20,000 43,20,000

2 Candra 5,77,53,336 5,77,53,336 5,77,53,336 5,77,53,300 5,77,52,986

3
Candraôs 

Mandocca
4,88,219 4,88,219 4,88,203 4,88,206 4,88,125

4 RǕhu 2,32,226 2,32,226 2,32,238 2,32,311 2,32,269

5 Kuja 22,96,824 22,96,824 22,96,832 22,96,828 22,96,876

6
Budhaôs 

Ŝǭghrocca
1,79,37,020 1,79,37,000 1,79,37,060 1,79,36,999 1,79,37,034

7 Guru 3,64,224 3,64,220 3,64,220 3,64,226 3,64,195

8
śukraôs 

Ŝǭghrocca
70,22,388 70,22,388 70,22,376 70,22,389 70,22,260

9 śani 1,46,564 1,46,564 1,46,568 1,46,567 1,46,656



MEAN DAILY MOTIONôS OF PLANETS

Table 3:  Daily mean motion of the sun, the moon etc

Planets and 

Points 
SȊrya siddhǕnta

SiddhǕntaŜiroman

i

Khan,d,a 

KhǕdyaka

Modern 

Astronomy 

Ravi 00 59 08 10 09.7 00 59 08 10 21 00 59 08 00 59 08.2

Chandra 13 010 34 52 02 130 10 34 53 00 130 10 31 130 10 34.8

Kuja 00 31 26 28 10 00 31 26 28 07 00 31 26 0031 26.5

Budhaôs 

Sighrocca
40 05 32 30 42 40 05 32 18 28 40 05 32 4005 32.4

śukraôs 

Sighrocca
10 36 07 43 37 10 36 07 44 35 10 36 07 1036 07.7

Sani 00 02 00 22 53 00 02 00 22 51 00 02 00 0002 00.5

Candraôs 

Mandocca
00 06 40 58 42 00 06 40 53 56 00 06 40 0006 40.92

Candraôs 

PǕta (RǕhu)
-00 03 10 44 43 -00 03 10 48 20 -00 03 10 -0003 10.77

Guru 00 4 59 8 48 00 4 59 9 9 00 4 59 00 4 59.1



Epicyclic theory and Elliptical orbit
Supposepe is theperipheryat theendof theevenquadrantandpo is thatof theoddquadrant.

From the tableswe observethat pe > po for all the planets. The peripheryat any given point

p = peï(peïpo) |sinm| wherem is themeananomaly.

Dividing theaboveexpressionby 2ˊ,we havetheradius

Let and

Therefore,theradiusat anyinstant

ˊ2
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Let ABBôbethemeanorbit of theplanetwhereóAôis the

apogeeand B the mean position of the planet at any

instant. óbôbe the true position of the planet on the

epicycle. EAYis they-axisandE1X is thex-axis. Cut off

EE1 on they-axiswith thelengthslightly greaterthanthe

radiusof the epicycle. From B draw a perpendicularto

meetthey-axisat L. mBEA =Ĕ

X



Whentheplanetis atóbôthex-co-ordinateof the

planet= bk.

x = bk= BL

, meananomaly,BE=R

BL = Rsinm, EL = Rcosm

x = Rsinm

y = E1K = EL + LK - EE1 é.(1)

i.e., y = Rcosm + [rïɚ|sinm|ïr] [ LK = Bb]

= Rcosmïɚ|sinm|

= Rcosm -

or .... (2)

Squaringandadding(1) and(2), we get

mAEB =Ĕ
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i.e., where

or x2 + y2 + 2ɛ|x|y +ɛ2x2 = R2

or (ɛ2 + 1)x2 + 2ɛ| x | y + y2 = R2 é. (3)

Comparing(3) with thestandardseconddegree

equationin x andy viz.,

ax2 + 2hxy+ by2 + 2gx+ 2fy + c = 0

wehavea =ɛ2 + 1, h =Ñɛ,b = 1, g = 0, f = 0,

c = -R2

Theconditionfor anequationto representapair

of linesis

Here

i.e., -R2[ɛ2 + 1ïɛ2 ] = R2Í0

[ ] 222 ||ɛ Rxyx =++
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Theequationdoesnorepresentapairof straightlines.

Hence,it is a conicsection. Conditionfor theellipseis h2 < ab

Hereh2 =ɛ2, ab = (ɛ2 + 1) 1

Sinceɛ2 <ɛ2 + 1 in (3) h2 < abandtheequationrepresentsellipse



MANDA EQUATION
(Equation of Centre)

é(1)

wherea is theperiphery(in degrees)of themandaepicycle,R= 3600 andm is themandaanomalyof thebody.

Thecorrespondingmodernformulafor theequationof center,consideringthefirst two termsis

é(2)

wheree is theeccentricityof thebodyôselliptical orbit. Generally,sincee is small,ignoringthehigherpowersof

e, theequationof centeris approximatedas

é(3)

However,in proposingbǭjato the peripheriesof the mandaepicyclesof the heavenlybodies,we now consider

eventhehigherpowersof eviz. e2, e3 ande4.

Let and

Then(2) canbewrittenas

E = e1 sinm+ e2 sin2m

= e1 sinm + 2e2 sinm cosm

or E = (e1 + 2e2 cosm) sinm é (4)

m
R

a
E sin=

( ) meemeeE 2sin
24

11

4

5
sin

4
12 423

ù
ú

ø
é
ê

è
-+-=

meE sin)2(=

3
1

4

1
2 eee -=

42
2

24

11

4

5
eee -=



Here, it is interesting to note that the co-efficient of sin m is a variable and that 

most of the traditional texts indeed have taken the coefficient of sin mviz. a / R

as a variable.

Table 5 : Peripheries of Epicycles of Apsis

03130 ¡
04130 ¡03310 ¡

Bodies ǔryabhatǭya
Khanda 

KhǕdyaka
Saura siddhǕnta

SȊrya 

SiddhǕnta
Ravi 140 140 to 140

Candra 310 310 to 320

Kuja 63.00 to 81.00 700 70 720 to 750

Budha 22.50 to 31.50 280 280 280 to 300

Guru 31.50 to 36.50 320 320 320 to 330

śukra 9.00 to 18.00 140 140 110 to 120

śani 40.50 to 58.50 600 600 480 to 490

04130 ¡

From Table5 we noticethatwhile theKhan,d,aKhǕdyakaandtheSauraSiddhǕnta

(as given by Varahamihira)take the epicyclesas of constantperiphery(and hence

radius),ǔryabhatǭyamand the later SȊryaSiddhǕntatakethemasvarying between

two limits.



In the following Table the peripheriesof theŜǭghraepicyclesof the planets

according to the traditional texts are compared with the modern values

consideringthe meanheliocentricdistancesof the planets. In the caseof the

superior planets viz. Kuja, Guru, śaniand the trans-saturnineplanets. The

peripheryis givenby p = (3600 / a)

Peripherles of śǭghra epicycles of planets

Table 7: Mean Heliocentric distance and Ŝǭghraepicycles
(Note :  The peripheries are in degrees)

Planets
Mean heliocentric 

distances a
ǔryabhatǭyam

Khanda 

khǕdyaka
SȊryasiddhǕntaModern

Budha 0.3870986 130.5-139.5 132 132-133 139.3555

śukra 0.7233316 256.5-265.5 260 260-262 260.3994

Kuja 1.523692 229.239.5 234 232-235 236.2682

Guru 5.202561 67.5-72 72 70-72 69.1967

śani 9.554747 36.5-40 40 39-40 37.6776



RETROGRADE MOTION OF PLANETS

The śǭghra Kendra ɗ (anomaly of conjunction) of the stationary point of a planet is given by 
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where   n = mean daily motion of Sun = 

= mean daily motion of the planet            

(for Kuja, )

p = periphery of theŜǭghra epicycle (deg.)

r = 3600
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Modern formula :
ù
ù

ú

ø

é
é

ê

è

+-
-=

bbaa

ba

2
1

2
1

2
1

2
1

ɗcos

where   a = mean distance of the planet from the Sun

b = mean distance of the earth from the Sun

Taking b = 1 astronomical unit,
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a where a is in a.u.(mean distance 

between the earth and the sun).

Planets ɗ Modern 
BhǕskara & 

Lalla
SȊryasiddhǕntaBrahmagupta Modern

Budha 1440.427 1450 1440 1460 0.3871

śukra 1670.005 1650 1630 1650 0.7233

Kuja 163.215 1630 1640 1640 1.52369

Guru 1250.565 1250 1300 1250  (B.S.)1300 (KK) 5.20256

śani 1140.466 1130 1150 1160 9.5575

[ B.S. : Brahma Sphuta SiddhǕnta & KK :  Khanda khǕdyaka]  of Brahmagupta



CAUSE OF ECLIPSES 

GIVEN BY VARǔHAMIHIRA [Br. Sam.]

1. pÉÔcNûÉrÉÉÇ xuÉaÉëWûhÉå, pÉÉxMüUÇ AMïüaÉëWåû mÉëÌuÉvÉÌiÉ ClSÒÈ

- At a lunar eclipsethe Moon entersthe shadowof the earth and at a

solar eclipse,the Moon enters(covers)theSunôsdisc.

2. LuÉqÉÑmÉUÉaÉ MüÉUhÉqÉÑ£üÍqÉSÇ ÌSurÉSèGapÉUÉcÉÉrÉæïÈ |

UÉWÒûUMüÉUhÉqÉÎxqÉÌ³ÉirÉÑ£üÈ vÉÉxiÉçUxÉSèpÉÉuÉÈ ||

- In this manner, the ancientseersendowedwith divine insight have

explainedthe causesof the eclipses. Hencethe scientific fact is that

the demonRǕhuis not at all the causeof the eclipses.

3. lÉ MüjÉÎgcÉSÉÌmÉ ÌlÉÍqÉiÉæaÉëïWûhÉÇ ÌuÉ¥ÉÉrÉiÉå ÌlÉÍqÉiÉçiÉÉÌlÉ

AlrÉÎxqÉ³ÉÌmÉ MüÉsÉå pÉuÉlirÉjÉÉåimÉÉiÉÃmÉÉÍhÉ ||

- An eclipsecanby no meansbeascertainedthrough omensand other

indications. Because,the portents such asthe fall of meteorsand

earthquakesoccur at other timesalso.



EXPLAINED BY ǔRYABHATA

4. NûÉSrÉÌiÉ vÉvÉÏ xÉÔrÉïÇ, vÉÍvÉlÉÇ qÉWûiÉÏ cÉ pÉÔcNûÉrÉÉ |

- óThe Moon covers the sun and the great shadow of the earth 

eclipses the moonô

-ǔryabhatǭyam, 4; 37.
N|

N

E

Moonôs orbit

Ecliptic

i

Fig.1     Nodes of Moon (RǕhu andKetu)
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E
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C

A
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M1

M2
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N
Fig. 2  Earthôs shadow cone and the Lunar eclipse



Kali Days Year Month Date Type Week Day

1643524 1398 11 9 S Saturday

1647156 1408 10 19 S Friday

1648722 1413 2 1 S Wednesday

1651700 1421 3 29 L Saturday

1652000 1422 1 23 S Friday

1652694 1423 12 18 L Saturday

1653387 1425 11 10 S Saturday

1653403 1425 11 26 L Monday

1654614 1429 3 21 L Monday

1655130 1430 8 19 S Saturday

1655293 1431 1 29 L Monday

1655484 1431 8 8 L Wednesday

1655647 1432 1 18 L Friday

1655662 1432 2 2 S Saturday

Eclipse days given by PARAMEśVARA
(SiddhǕnta DǭpikǕ MahǕ BhǕskarǭyam)

Eclipse days given by NǬLAKAN THA SOMAYǔJI
(Com. on ǔryabhatǭyam)

1668478 1467 3 6   (Total Solar Eclipse)

1681272 1502 3 16   (Annular Solar Eclipse)



LUNAR ECLIPSE
Parameters required

(i) True longitudes of the Sun, the Moon and the Moonôs Node (RǕhu)

(ii) True rates of daily motions of the Sun and the Moon

(iii)  Lattitude of the Moon

(iv) Angular diameters of the earthôs shadow cone and of the Moon

Computations of Lunar Eclipse

1. Instantof opposition(i.e. Fullmoon)

= Time of calculation(i.e. midnightetc.)

NǕdikǕs(orǢhatikǕs)60
1800

³ù
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ø
é
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è

-

--
-

DSDM

SM

where M = Truelongitudeof theMoon

S = Truelongitudeof theSun

DM = Truedaily motionof theMoon

DS= Truedaily motionof theSun

2. Latitudeof themoon

where is theassumedinclinationof themoonôsorbit with theecliptic

(Modernvalue )

)(sin  027ɓ M - N¡=

0

2

1
4027 =¡

5.850 ¡¡º



DM³=
247

10
(ii)  Angular diameter of the sun

(iii) Angular diameter of the moon 

(iv) Angular diameter of the earthôs shadow cone

3. Angular diameters of the sun, the moon and the shadow cone : (BIMBAS)

(i) True angular diameter of the sun (or moon) 

of the sun (or the moon)

LUNAR ECLIPSE
Parameters required (Contd.)

motiondaily Mean 

motiondaily  True
 dia.angular Mean ³

Brahmaguptaôs expression (KhandakhǕdyaka)

DS³=
20

11
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è
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DMDS

40

11

1515
2

Moon  theof ang.dia. ofAmount 

sa)a(Grn obscuratio ofAmount 
=

4. Magnitude of the eclipse

PramǕnam 



HALF -DURATION OF LUNAR ECLIPSE

N

Node

X4 X3
X2 X1

E

B
O

A
Ecliptic

Moonôs 

orbitF

Shadow cone

Half duration is the time taken by the moon, relative to the sun, so that the point A in the figure     

moves through OA.  We have
2
1

2
1

2
1

2
1

2 )( AXEXOEAXOXOA -+=-=

2
1

2
21 ɓ)( -+= dd

Where      OE =  d1 = Semi-diameter of the shadow

EX1 = d2 = Semi-diameterof themoon

ɓ1 = AX1 = Latitudeof themoonwhenits centeris at X1.

motion)daily  sSun'-motiondaily  sMoon'(

ɓ)(
 duration -Half 

2
1

2
21 -+

=\
dd

Sincetheactualmomentof thebeginningof theeclipse,andhencethemoonôslatitude

then,is notknown,theaboveformulais usediteratively.



Total Solar Eclipse of October 24, 1995
Our Improved Procedure

According to the traditional text. SȊryasiddhǕntaand our improved

procedure with updatedparameters. Our resultscomparevery well with those

givenin the IndianAstronomicalEphemerisof 1995(usingmodernformulae)

SȊrya siddhǕntaOur model
Ind. Ast. 

Ephermeris
Beginning of the eclipse 8h 0m 35s a.m. 7h 31m a.m. 7h 32m08s a.m

Middle of the eclipse 8h 58m 36s a.m. 8h 54m a.m 8h 54m 59s a.m

End of the eclipse 9h 52m 25s a.m. 10h 19m a.m. 10h 17m 50s a.m.

We notice that our results differ from the ephemeris just by about 1 minute

Summary of the solar eclipse for the world (Oct. 24, 1995)

Beginning of eclipse:       7h 18m 48s a.m.

Beginning of totality :       8h 18m 48s a.m.

Middle of eclipse :      10h 01m 36s a.m.

End of totality :      11h 44m 24s a.m.

End of eclipse :      12h 44m 24s p.m

Remark :  According to Ind. Ast. Eph.the beginning and the end of the solar   

eclipse are respectively 7h 22m and 12h 43m



Solar eclipse for a particular place
(Diamond Harbour near Kolkata)

Example : For thesolareclipsean October 24, 1995at Diamond

Harbour ( West Bengal) , after going through the

proceduredescribedabove,wegetthefollowing details:

Beginning of the eclipse :  7h 31m a.m.

Beginning of the totality :  8h 53m a.m.

Middle of the eclipse :  8h 54m a.m.

End of the totality :  8h 55m a.m.

End of the eclipse :  10h 19m a.m.

Pramanam (Magnitude) = 1.0018

Note : The timings are rounded off correct to a minute

Remark : According to Ind. Ast. Eph. the beginning and the  

end  of  the   eclipse   at   Diamond   Harbour   are 

respectively   7h  32m 08s  a.  m.   (  I  S  T )  and                 

10h 17m 50s a.m. (IST).



Special features of GrahalǕghavam





Last Sunlight

Annular

VR Partial



Conjunctions, Transits and Occultations 

by SiddhǕntic Procedures



Conjunctions of Stars and Planets 

Among the planets (tǕrǕgraha), conjunction (yuti) takes place between any two

of them and also with the moon or the sun. This phenomenon takes place when

the longitudes of the two concerned bodies are equal and their latitudes are

within permissible limits of difference even as in the case of the eclipses of the

sun and the moon.

iÉÉUÉ aÉëWûÉhÉÉqÉlrÉÉåÅlrÉÇ xrÉÉiÉÉÇ rÉÑ®xÉqÉÉaÉqÉÉæ |

xÉqÉÉaÉqÉÈ vÉvÉÉXåûlÉ xÉÔrÉåïhÉÉxiÉqÉlÉÇ xÉWû || 
Y

SȊry Siddh. Ch. 7. Ŝl.1 

If the conjunction is 

1. between two planets it is called yuddha (encounter)

2. between a planet and the moon, then it is called samǕgama. In modern

parlance it is called occultation.

3. between a planet and the sun, it is called astamana or asta¡gata (heliacal

setting)

In particular if Mercury or Venus is in conjunction with the sun, such an alignment is

called ñtransitò. The recently witnessed transit of Venus on June 8th 2004 was truly

spectacular.



Bheda And Abheda Conjunctions 

Even as in the cases of solar and lunar eclipses, two bodies may have the same

longitude but those may not form technically a ñbhedayutiòin the sense of one body

eclipsing the other.

At the instant of conjunction if the mǕnaikyakhand a i.e. sum of the semi-

diameters of the planets, is less than the algebraic difference of their latitudes

there is no ñbheda yoga.òWhat is of interest for further computations and

observations is the bheda yoga ïone planet ñpiercingòthe other. This happens

when the sum of the semi-diameters of the bodies is greater than the algebraic

difference of their latitudes.

In case there is bheda yoga, the planet which is ñloweròis treated as Moon and

the ñhigheròone as the Sun. In that case the effects of parallax on the longitude

and latitude namely lambana and nati are determined as in the case of a solar

eclipse.



Occultation of a Fixed Star 

If one of the two bodies in conjunction is the Moon and the other is a

star then it is the case of ñoccultationof that starò. The procedure of

computations of such an occultation is similar to that of solar eclipse

but with the difference that the motion of the star is taken as zero over

the small interval of time.

As an example we consider the occultation of star CitrǕ(Spica) which

occurred in the night between April 13th and 14th, 2006.

The instant of conjunction (longitude) of the Moon with CitrǕ : 22h 47m

(IST) 



Nirayana True Moon = Nirayana CitrǕ = 180? 

 Moonôs latitude, 8.5411 ¡-=b A ;  Latitude of CitrǕ, 7.222 ¡-=b A  

 \ Difference in latitudes, 4561021 ¡¡¡=b-b=b A  

Moonôs parallax, 008.55 ¡=PAR ; Moonôs diameter, 98.92 ¡=MDIA  

Moonôs true daily motion, 44273 ¡¡¡=MDM  

Occultation for the world in general: 

 998.96 ¡=D ; 81757.61 ¡=l ;   27179.12=m#  per nǕd?ǭ  

since D<l|| , the occultation is possible. 

\ Half duration, mh

m

D
HDUR 132

)( 22

=
l-

=
#

 

At the instant of conjunction :

Summary of the occultation:

Beginning (Ingress), BEGG   = mh3420  (IST) 

Middle    mh4722=  (IST) 

End (Egress), END   = mh025   (IST)  



Condition for Occultation of CitrǔStar

In the nǭrayana system, longitude of CitrǕ : 180?; latitude, 81321 ¡¡¡-=b A . 

 Moonôs diameter is minimum for its anomaly, A180=m . Infact, Moonôs 

minimum diameter is about .6192 ¡¡¡  Then the Moonôs horizontal parallax is also 

minimum and its value is about .3435 ¡¡¡  In that case, the sum of the semi-diameter and the 

parallax,  

 5.1281358333.863435
2

6192
¡¡¡=¡=¡¡¡+

¡¡¡
= AD  

This is the minimum value of D. If l is the difference between the latitudes 1b and 2b of 

the Moon and CitrǕ, then the condition for the occurrence of the occultation is  

 D<l||   i.e., 5.1281|| ¡¡¡<l A  i.e. 5.1281|| 21 ¡¡¡<b-b A  

this leads to the condition that the Moonôs latitude should lie between 5.93113 ¡¡¡-A  and 

.5.65450 ¡¡¡- A  



Interestingly the above condition prescribes the range for the position of the Moonôs node 

(RǕhu) for the occultation of CitrǕ. The resulting condition, using the traditional 

expression for the Moonôs latitude, )sin(027 RM -¡=b , is :  

 <¡¡¡0464314A RǕhu 3351348 ¡¡¡< A  

where M and R are respectively the true positions of the Moon and its node and M = 180? 

(for conjunction with CitrǕ). 

 

 However, considering the modern expression for the Moonôs latitude, the range 

for the position of RǕhu is between 13321 ¡A  and 34349 ¡A  approximately. In the traditional 

language this means that  RǕhu should lie between the first pǕda of PȊrvabhǕdrǕ and the 

first pǕda of Revatǭ. 



Occultation of Rohiª ǭ(Aldebaran) Star

Date: January 19, 1997; True AyanǕmŜa: 9.858423 ¡¡¡A  

Nirayana longitude of Aldebaran : 655545 ¡¡¡A ; Latitude : 40825 ¡¡¡- A   

 The instant of conjunction of the Moon and Rohinǭ : 2.385410 smh  (IST) 

At the conjunction 

(1) True tropical (sǕyana) Moon = Tropical longitude of Rohinǭ = 554469 ¡¡¡A  

(2) Latitude of Rohinǭ, 44.48251 ¡¡¡-=b A  

(3) Moonôs Latitude, 603442 ¡¡¡-=b A  

(4) Moonôs semi-diameter, 67.4151
2

¡¡¡=
MDIA

 

(5) Moonôs horizontal parallax, 2455 ¡¡¡=PAR  

(6) 67.6507
2

¡¡¡=+= PAR
MDIA

D  

(7) 747.44
205

204
60|||| 21

¡=³³b-b=l  

 Since ,|| D<l  the occultation is possible.  



(8) Moonôs motion per hour, 5.6213 ¡¡¡=m#  

(9) Half-duration 41.3451
22

smh

m

D
=

l-
=

#
 

(10) Middle of the occultation 2.835410 ¡= h  

 

Summary of the occultation 

(1) Beginning, BEGG   =  smh 3599  

(2) Middle    =  2.385410 smh  

(3) End of occultation, END = smh 413912  

 

Note: According to Ind. Ast. Eph. for 1997 we have  

the beginning  :  mh129  (IST); 

the middle  :   mh5710  (IST); and  

the end  : mh4212  (IST) 



Occultation of Venus on July 12, 1996. 

Time of conjunction      =    mh414  IST 

Latitude of Moon at conjunction    =    1.113240 ¡¡¡-  

Venusô latitude at conjunction   =    52.856440 ¡¡¡-  

Moonôs daily motion MDM     =    1.628120 ¡¡¡  

Venusô daily motion VDM    =    7.711200 ¡¡¡  

Daily change in Venusô latitude    =    1.711000 ¡¡¡-  

Daily change in Moonôs latitude   =    3.828200 ¡¡¡-  

PHR1, Parallax of the Moon    =    63.1445 ¡¡¡  

PAR2, Parallax of Venus    =     5.12 ¡¡  

MDIA, Moonôs diameter    =     9.35412 ¡¡¡³  

VDIA, Venusô diameter    =     022 ¡¡³  



(1)  PAR = PAR1 + PAR2 = 88.255 ¡¡¡  

(2) 
( )

279667.07
2

¡=
+

+=
VDIAMDIA

PARD  

(3) 
( )

613.96
2

¡=
-

+=¡
VDIAMDIA

PARD  

(4)  
( )

1.74111964277.0
60

0 ¡¡¡==
-

=
VDMMDM

m#  

(5)  Correction to conjunction time for the middle =
22 Pm

pP

+

-

#
  

 where p = difference in latitudes at conjunction = 7432 ¡¡¡  

 P = (Daily change in Moonôs latitude ï Daily change in Venus latitude) 

 i.e. P = 2.1172 ¡¡¡-  



\Correction to the conjunction time = 55.511
22

sm

Pm

pP
+=

+

-

#
 

\ Middle of occultation = conjunction time + correction = 55.51514 smh  

 

Half duration 
m

D

#

22 l-
=   where 743200 ¡¡¡==pl  

\ Half duration = 5.611632 nadis    = 7.40142 smh  

  

Beginning = smh 105111 ;  Middle = 55.51514 smh ;  End of occultation = smh 322016  

(Indian Standard Time)  

According to Indian astronomical Ephemeris 

Beginning = mh5411  ;  Middle = mh614 ;  End = smh 321816 (IST) 

Summary of the Occultation





APPENDIX  VII

The title page of a booklet in 
Urdu brought out by 
Chintamani Ragoonathachary 
on the occasion of the 1874 
transit of Venus. (His name is 
spelt variously). He was an 
assistant at Madras 
Observatory, and is the 
discoverer of a variable star R 
Reticuli.



APPENDIX  VI



APPENDIX  V



THE R S B EVENT AND ITS STAKE -HOLDERS 

Among the classicalIndian astronomical texts which refer to RSB

it is the Grahal¹ghavam (GL) if GanesaDaivajña (epoch 1520

A.D. March 19) that is more explicit in giving details for the RSB

event by the Moon. As rightly quoted by Mahajani, Gaªesa

prescribesthe following :

ī if a planet is at 17
0

of VÅ¬abhahaving its sara (latitude)

southern and greater than 50 a¡gulas (i .e. 2
0

3¬south) it is said to

­breakthe Rohin»cart (Wain) . . . .®

(GL, ch. 11. ²l. 7)



(GL, ch. 11, ²l. 8)

THE R S B EVENT AND ITS STAKE -HOLDERS (contd.)

The texts mention the Moon, Mars and Saturn as the possible participants

of RSB. Of course,most of them mention that when Mars or Saturn breaks

the Rohiª»²akata, a great world disasterwould take place.

GanesaDaivajña further prescribesthe condition for the Moon to hit the

Rohiª» cart:

± As long as R¹hu is in the eight nak¬atrasfrom Punarvasuto Citr¹ the

Moon breaksthe Rohiª» cart . . . .

In fact for this configuration, according to GL R¹hu must lie between 80
0

and 186
0

40õi.e. from the beginning of Punarvasu to the end of Citr¹

nak¬atra.



RATIONALE

Thus we have                                   or015)sin(027 ¡>-¡ MR
9

5

270

150
)sin( =>-MR

i.e. >-MR ö
÷

õ
æ
ç

å-

9

5
sin 1

ö
÷

õ
æ
ç

å
- -

9

5
sin180 10

Now taking M = 47
0
, we have 80

0
.4 < R < 193

0
.6.

This means,for the Moon to enter the Rohiª» cart its ascendingnode

should lie between 80
0
.4 and 193

0
.6 i.e. almost from the beginning of

Punarvasuto the middle of Sv¹t».

However from the modern expression for Moon¬slatitude the

leading term is 18461®in F where F = M °R, the mean distance of the

Moon from its node. Taking M = 47
0

the range for R¹hu is from 77
0
.47

to 196
0
.53.



AN EXAMPLE FROM MBh

In the Bh»¬maparvanof MBh we read the following verses: 

- Mars is retrograde in Magh¹ (nak¬atra) Jupiter in ²ravaÂaand

the Bhaga nak¬atra, (PØrva ph¹lguª» ) is afflicted by Saturn

(when the great war started).

(Bh». p. 3-14) 



Let us examine the possibility of Mars being retrograde in the

Magh¹ asterism. We know from our classical Indian astronomy

that Kuja remains retrograde when its ¶»ghrakendrais between

164
0

and 196
0
. Generally according to commentators of MBh, the

great war is said to have been fought in the K¹rtika or M¹rga¶ira

month. The sidereal sun would be in Tula or VÅ¬cika.

Now, with ¶»ghrakendrabetween 164
0

and 196
0
, Kuja has to

be somewhere between Me¬aand Mithuna . But Makh¹ nak¬atra

belongsto the Simha constellation.

AN EXAMPLE FROM MBh (contd.)



AN EXAMPLE FROM VAR¸HAMIHIRA

In his popular work BÅhajj¹takam the renowned astronomer Var¹hamihira

gives the following planetary combination which he calls a r¹jayoga :

If Makara is the Lagna with ²aniin it and if Me¬a,Karka­akaand Simha

are occupied by their lords (i .e. Kuja, Candra and Ravi) and if Mithuna and

Tul¹ are occupied by Budha and ²ukra,the native becomesa famous king.

In this planetary configuration, the inferior planet Budha exceeds the

permissible maximum elongation of 28
0

from the Sun. Further, the angular

distance between Budha and ²ukraexceeds 90
0

(three r¹¶is intervening)

violating the permitted maximum limit of about 75
0

(= 28
0

+ 47
0
).



Procedures of contemporary astronomers of 16
th

century

We have provided in table the K¬epakas(reduced to s¹yana) of Gaªe¶a

Daivajĉa¬s(1520 A.D.) Grahal¹ghavam for his epoch namely 1520

March 19, man sunrise (at Ujjayin»). The sameare compared with the

s¹yana positions computed according to N»lakaª­ha Somay¹ji (1444-

1550 A.D.) and the modern procedures.

We observethat the values of Gaªe¶aDaivajña and Somay¹ji are close

to each other as also to the modern values. This establishes the

accurately of both GaÂeÎa¬sand SomÑyaji¬sprocedures and the

authenticity of their observations.

Copernicus(1473-1543) procedures are used to obtain the positions

and anomalies of planets for the GL, epoch. We observe that

Copernicus values differ from those by modern procedures

appreciably.



K¬epakas(Epochal positions) of GL

*1520 March 19, mean sunrise at Ujjayin»* GL Ayan¹m¶a = 16
0 

38¬

Body

Grahal¹ghavam Somay¹ji 

S¹yana

Copernicus 

Tropical

Modern 

TropicalNirayaªa S¹yana

Ravi 349
0
41¬ 6

0
19¬ 06¬ 24¬ 5

0
18¬ 45® 6

0
01¬ 23®

Chandra 349
0
06¬ 5

0
44¬ 5

0
53¬ 2

0
53¬ 43® 5

0
32¬ 24®

Rahu (Node) 27
0
38® 44

0
16¬ 44

0
38¬ ī 44

0
06¬ 25®

Kuja 307
0
08¬ 323

0
46¬ 322

0
58¬ 321

0
42¬ 50®322

0
44¬ 14®

BudhaŜ»ghra 

kendra
269

0
33¬ 269

0
33¬ 265

0
38¬ ī 261

0
13¬ 59®

Guru 212
0
16¬ 228

0
54¬ 227

0
32¬ 227

0
19¬ 232

0
13¬ 38®

²ukra Kendra230
0
09¬ 230

0
09¬ 228

0
22¬ 44® ī 228

0
48¬ 14®

²ani 285
0
21¬ 301

0
59¬ 300

0
56¬ 307

0
21¬ 50®.21304

0
51¬ 07®

Ravi¬s Apogee78
0

94
0
38¬ 94

0
22¬ 52® 98

0
17¬ 94

0
41¬ 44®

Chandra¬s 

Apogee
167

0
33¬ 184

0
11¬ 199

0
07¬ 182

0
9¬ 02®

Kuja¬s Anomaly187
0
08¬ ī 186

0
20¬ 194

0
33¬ 168

0
49¬ 27®

Budha¬s 

Anomaly
220

0
19¬ ī *

229
0
58¬ 232

0
52¬ 09®275

0
0¬ 55®

Guru¬s 

Anomaly
32

0
16¬ ī 30

0
54¬ 39

0
48¬ 45® 39

0
30¬ 33®

* Somayaji givesMercury¬sapogeeasabout 2190 (GL valued 2100). If we take the samevalue for both them.



Lunar Eclipse of Nov. 6, 1500 A.D. (Julian)
(Mentioned by Copernicus ïDerevolutionibus)

According to Grahal¹ghavam

At the mean sunrise at Ujjain:

[i.e. 6 A.M. ſ6h 27m AM (IST)] 

True Sun:  217
0
07¬ 46®

Nirayaªa 

(Sidereal)
True Moon: 37

0 
19¬ 11®

R¹hu (Node): 42
0
28¬ 16®

Instant of Opposition: 5
h

36
m

35
s
(LMT) 

ſ6
h

03
m

35
s
(IST) 

At the instant of opposition (6
h

03
m

35
s 
IST): 

True Sun:  217
0
06¬ 46®

Nirayaªa 

(Sidereal)
True Moon: 37

0 
06¬ 46®

R¹hu (Node): 42
0
28¬ 19®



Lunar Eclipse of Nov. 6, 1500 A.D. (Julian)
(Mentioned by Copernicus ïDerevolutionibus)

Moon¬s latitude: - 0
0
25¬ 13® 

Moon¬s angular diameter (Bimbam):  10.3213 a¡gulas.  Semi-dia = 15¬.48195 

Shadow¬s angular diameter (ChÑyÑ Bimbam): 25.7788 a¡gulas   Semi-dia = 38¬.6682

²ara of Moon = 8.4218 a¡gulas

Gr¹sa (Obscuration) = 9.628262 a¡gulas

Summary of the Eclipse

LMT IST Duration

Sparsa (Beginning): 4
h

03
m

02
s

4
h
30

m
02

s

3
h

15
m

41
s

Madhya (Middle): 5
h

36
m

35
s

6
h

03
m

35
s

Mok¬a(End): 7
h

18
m

43
s

45
m

43
s

Pram¹ªam (Magnitude) =

9.628262
= 0.93285

10.3213



According to Copernicus and Gaªe¶a Daivajña

(Ref: ­Mathematical Astronomy in Copernicus¬ De Revolutionibus®by 

Swerdlow and Neugebauer GaÂeÎa Daivajĉa¬s Grahal¹ghavam .) 

Particulars Gaªe¶a Copernicus

1. Inst. of Opposition 0h 34m (GMT) 0h 39m (GMT)

2. Moon¬s Latitude25õ 13ó S31õ S

3. Moon¬s semi-dia 15õ.48 15õ.83

4. Shadow semi-dia 38õ.67 41õ.66

5. Obscured part (Grasa) 28õ.88 26õ.5

6. Duration of the eclipse 3h 15m 41s 3h 22m

The mean half- interval (Madhya -sthiti -ardha) is 1
h

33
m

according to 

Gaªe¶a (Modern value: 1
h

35
m

) and 1
h

41
m

according to Copernicus . 

Lunar Eclipse of Nov. 6, 1500 A.D. (Julian)



V¸KYA KARA¥A TABLES

The V¹kya karaªa , with the commentary of

Sundara r¹ja is the source book of the V¹kya

system of pañc¹¡gas °the astronomical almanacs

generally in vogue in South India . The text is a

karaªa (hand -book) of sentences (v¹kyas) which

are mnemonics (chronograms) representing

numbers . Actually these numbers represent the

true positions of the Sun, the Moon and the

planets .

In our presentation, the true position of the Moon

is worked out using the V¹kya system for today,

April 6, 2006, Thursday .

From V¹kya karaªa , 



V¸KYA KARA¥A TABLES

From V¹kya karaªa , Candra V¹ kyas



Table 1: From DÅk-pak¬a S¹raª» - Moon¬s parameters 



Table 2: From DÅk-pak¬a-s¹raªy¹m °SØryagrahaªam



Table 3: From Samr¹­ -Siddh¹nta  °Star Table 


