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XUEEaEIEqEG

INDIAN ASTRONOMY



ASTRONOMY IN SANSKRIT TEXTS
IMPORTANCE OF JYOTISAM
rEjEE IVEZEE qErEOUEhEEC IEEaEEIEEC qEhErEEA rEJEE
iIE23SEXcaEVEEXEEhEEC erEEAIIEWEC qEOKEIIIE IXEIEQE
- Like the crests on the headsof the peacocks]Jike
the gemson the hoodsof cobras, Astronomy Is at
thetopoftheVe d Usigsat r as
5 [Ve d Udygtisam$ | a 4] a
UEASE IWQ rE¥EE]EIqEIpPEmEEUECGIEEE MUESEEIEMEOQur
IEXqQEEISSC MUESEIUEKEEIEVEXIECUC rEEA erEEAIIEWEC

- 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.
J y o tund8rstands sacrifices(fully) .



NOLAKANTHA SOMAYUJ
ON PARAMES$VARA

1. mEgcEmEQCEVEIUEWEIMUESEC IIEUIgE aEéWOhEaEEWArEE

mEUTarE xEqQESeGaEIhEIEQMUUhEC:CEMUEW|S v a r 3 )
2. SVEIEG XEGUEESVEGCE iESEIEIEIEeeE mEUIGEMaeUE aE&W

3. N In courseof time, let (other correctionsbe thought of by
the foremost of astronomersbecauseafter a few years
the correctnesgof my parameters)s not certaino

MUESEEIEU& iEN xECXMUEUEJBISHEEJEEC aEhEMUES |
rEiEE MaelvEGICECNOEMUEOESESAE XEEKENIUEC cE AImE




SEASONS, YEAR, NAKSATRAS,
DAY, EQUINOXES AND PLANETS IN THE VEDAS
1. VEIEG eEIUEVEUSEA UEKEIqEEIEE VEIEC WAOQEIEEIEG VEIEC UEXEIE
-RV. 10,161,4
nDo |1 ve and grow for a hundred a
or

f a hundred springs. o

- . EQUINOXES )
2. rEJEE uEee mENAWE LUEC [UEWENUEECXIEXIE rEjEE SIsEhEE&KET LUE

i T hvd s uiwlikerpurusa its former half corresponds to the right half

ofpurusaand t he | atter halTféo
I Aitareya Br.18, 22

”

3. LMUIUECVEQE&AIESWOAMIEEIIE TUEWENUEIEC

N T hE&avimsa(rite of 21 days)is performed on the equinoxday é

for 17 daysprior to and 3 daysafter the equinoxday é o
I AitareyaBr. 18, 18



NAKSATRAS

v 4

v 4

X
AbEEXEN WOQIrEliIE4 aEEUEE& AeENIIrEEAE mErENiWeOrEiEa ||
- RV 10, 85,13
n T h(dowry) of cowsgivenby Savita(Sun) had already gone
aheadof S 1 r (dallghter of Sun-god). They drive the
cows on the A g hnbks(atra The daughter (bride) was
carried away (toh u s b ahowsé®antheAr j shar o

5. XEOrEEIrEE ...|| qEbEEXEN ....TusaENIEWENIMENBNVEOrEIE] ||

DDAY
6. AEISIME&'ExrE U&IEXEE& erEE&lIEWmMEVIEBINE WEE=SBUQECG |
AWhen I ndra shines I n the form of

dayae

27 NAKS(ATRAS

7. The complete list of 27 naks(atragi ven i n the Taitt]

rEEITEE UEWQIENE mE&EaEEIEc xEIUEIEErEqQEUEEXEGGeEIR

¢l



Example :
8.  AlalEwWEEAqEE mENIEUEIXEOQ AxqE& KEEUrEIEC URrBqER, |19, 1
SUyanUcUr ya expunavasms atshe term i

mENIEE mENIEUEIXIEEUEs xiEE&AIEGGhEEqEECNUSITEIEEUE= (SAuEEz)
inthe two gods who give repeatedly |sh

REFERENCE TO JUPITER

9. oEGGWOXmEIEE mE&JEqEC eEErEaEEUEES& qEWOES erEEAIIEWEE mEUq|
I R.V.4.50.4, A.V.20.99.4

OECGWOXMEIEE .... iIEWrEC IEcEIEcUQEIpEXEqOEPEOUE |
I Tai.Br.3.1.1
ABr haspat. (Jupiter) when rosdisyd bonn

(Pusy3g




REFERENCE OF VENUS

10. ArEC uEAIEVEGCEEASTEIimEGGIVIEaEpEET erEE&IIEeEIUErEQ IuBqE
I R.V.10.123
At his Vena (Venus) has riser

60 AUSPI CI OUSG DAYS FOR RITES |A

11. XiEE&AIEEUC IUEmESE xENISIEiuEA AEWeQIEEC rEE ...
I RV.7.99.4
AVipra (i.e. Varuna) establishedthe reactor on an auspiciousdayé o

12. rEEC MUEQErE&IE SOIWGIEUC ImMEErEEXrEEISIIE | iEl IIE-erEEjEE
I Tal. Br.3.1.5.2

Al f you wish your daughter to|Db
marriage on theN i s Sy Unal@atrad




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 | (499 A.D.)  Aryabhatiyam, Aryasiddhanta.

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

3. Bhaskara | (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 Il (950 A.D.) Mahasiddhanta




Author Works

8. Bhaskara Il (b.1114 A.D.) Siddhantasiromanl.Karanakutuhalam
9. Paramesvara (c.1400 A.D Drgganitam, Suryasiddhanta
vivaranam, Bhatadeepika, etc

10. Nilakantha Somayaiji 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.)




CivildaysinaMa h Uy u g a

Table 1: Civil days in aMa h U y(4B@®&000 yeans

Texts No. of civil days
1 uryabhatwabh@ti yamil,57,79,17,500
2 | Br ahama Kkihmtnaddask h Ud yl&k 79,17,800
3 |STrya s{S&dhUnt a 1,57,79,17,828
4 'Uryabhatad Ulsli dd h Un t1857,79,17,542
5  BhUskaSiaddHU~Rt a Si 1,679 16450

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

Proposed ¢ ¢f &Svalueisi 10,341 It maybenotedthatBh Us K a r
(1114A.D.) suggesteab ¢ ¢f @1,378to theSSvalue



Revolutions of bodiesinMa h Uy u g a

Themeanmotion of a heavenly body is determined from its
number of revolutions in yugaof 4321 10* years.

Tabl e 2:
Bodies Gryabha tD'a"a"'F‘
gupl.a

Ravi 43,20,000 @ 43,20,000
Candra 5,77,53,336 | 5,77,53,336
Lanaraos T, 88919 4,88,219
RUhK u 2,32,226 2,32,226
Kuja 22.96,824 | 22,96,824
e ,1.79,37,020 | 1,79,37,000
2 v U | | U O
Guru 3,64,224 3,64,220
ISR , 70,22,388 | 70,22,388
9 v H 1 U |
Sani 1,46,564 1,46,564

Revol

~
e s
1

-

o A
S u u il

43,20,000
5,77,53,336
4,88,203
2,32,238
22,96,832
1,79,37,060
3,64,220
70,22,376

1,46,568

ut i

iy a
A LT
C

"

43,20,000
5,77,53,300
4,88,206
2,32,311
22,96,828
1,79,36,999
3,64,226
70,22,389

1,46,567

ons

BhUskar a

It a

I'I‘r) UDCU

A A

IVIUUCI 1 |

43,20,000
5,77,52,986
4,88,125
2,32,269
22,96,876
1,79,37,034
3,64,195
70,22,260

1,46,656

bod



MEAN DAI LY MOTI ONOS OF

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

Planets and - . i-ddhUnt allSi Khamdan Modern
Points Slhrya S|dd§1UnC{ia KhUdy alffa Astronomy
Ravi 0°59 08 10 09.7 0°59 08 10 21 0°59 08 0°59 08.2
Chandra 13910 34 52 02 13910 34 53 00 13910 31 13910 34.8
Kuja 0°31 26 28 10 0°31 26 28 07 0°31 26 0°31 26.5
Budhaos 4005 32 30 42 4905 32 18 28 4005 32 4905 32.4
Sighrocca
sukraos 1036 07 43 37 1036 07 44 35 1036 07 1936 07.7
Sighrocca
Sani 0°02 00 22 53 0°02 00 22 51 0°02 00 0°02 00.5
Candrads 5405842 0°06 40 53 56 0°06 40 0°06 40.92
Mandocca
Candr adlsp 0 ol 00
PO(RON () 03104443 0°03 10 48 20 0°03 10 0°03 10.77
Guru 004 59 8 48 0°45999 0°4 59 004 59.1




Epicyclic theory and Elliptical orbit

Suppose, is the peripheryatthe endof theevenquadrantndp, is thatof theoddquadrant
From the tableswe observethat p, > p, for all the planets The peripheryat any given point
P=p.T (P T P,) [sinm] wheremis themeananomaly

Dividing theaboveexpressiorby 2° we havetheradius

P_P (P~ po)lsinm]
2" 2 2
P Pe- P
r=—=2 =t e
Let % and >

Thereforetheradiusat anyinstant

Let ABBAbe the meanorbit of the planetwheredbis the

apogeeand B the mean position of the planet at any
instant &0 be the true position of the planet on the
epicycle EAYis they-axisandE X is thex-axis Cut off
EE, onthey-axiswith thelengthslightly greaterthanthe
radiusof the epicycle _From B draw a perpendiculato
meetthey-axisatL. AEB =m

—
\




Whentheplanetis at 6 @thex-co-ordinateof the
planet= bk
x= bk=BL

BEA=m meananomaly,BE =R

BL= Rsinm, EL=Rcosm
X = Rsinm

y =EK =EL+ LK -EE, é .(1)
l.e,y = Rcosm+[ri a$inm|ir] [ LK= Bb
= Rcosmi & | i n
= Rcosm—L\Rsinrﬂ = Rcosn- L\x‘
R R
or y+LR|x| =Rcoan . (2)

Squaringandadding(1) and(2), we get

2
2, € /. @ 2
z —IX~ =R
x+8y+R‘x‘EI

ie, X +[y+e x| =R whereszg
or X2+y2+2¢ Xy +ex=R2
or ( +1)x°+2¢e |x|y+y?=R? e .3

Comparing3) with thestandardseconddegree
equationn x andy viz.,

ax? + 2hxy+ by? + 2gx+ 2fy +¢c=0

wehavea=¢2+1,h=Ne p=1,g=0,f=0,
c=-R?

Theconditionfor anequationo represena pair
of linesis

a h g e’+1 °e O
h b flz=o Here /"8 10
g f c 0 0 -R?

e, -R2[ 2+17 e2]=R2[ O

Theequationdoesno represena pair of straightlines

Hence,it is aconicsection Conditionfor theellipseis h? < ab
Hereh?=¢2,ab = ( ¢+1)1
Sincee?<e?+ 1 in (3) h? < abandtheequatiorrepresentsllipse




MANDA EQUATION
(Equation of Centre)
E =%sinm e (D)
wherea is theperiphery(in degreespf themandaepicycle,R = 36 andm is themandaanomalyof thebody.

Thecorrespondingnodernformulafor theequationof center,consideringhefirst two termsis

— 3 )i e o 11 49 . .
E—(2e- %e )S|nm+gze - ﬂe lastm é (2

wheree is the eccentricityof theb o d glliptecal orbit. Generallysincee is small,ignoringthe higherpowersof
e, theequationof centeris approximateds

E =(2e)sinm é (3)

However,in proposingb Q fo the peripheriesof the mandaepicyclesof the heavenlybodies,we now consider
eventhe higherpowersof eviz. €, €2 ande.

1 5, 11 ,
=2e- — =—e - —¢
Let € =2e 4e and €& 4 54
Then(2) canbewrittenas

E = g sinm+e,sin2m
= g sinm+ 2e, sinmcosm
or E= (e, + 2e,cosm)sinm e (4




Here, it is interesting to note that the-efficient of sinmis a variable and that
most of the traditional texts indeed have taken the coefficient ofigin. a/R

as a variable.
Table 5 : Peripheries of Epicycles of Apsis

: - Khanda | T Y, a
Bodies uryabhat!gl){ﬁdvr.ksgaura s.lddg'“\t':J“{'Il-”l:lntd1
Ravi 1330 140 140 13°40to 14
Candra 31°30i 310 310 13%40j to 320
Kuja 63.0to 81.00 700 70 720t0 78
Budha 22.9t0 31.9 28° 28° 28°to 3¢
Guru 31.9t0 36.% 320 320 320to 32
Sukr a 9.0°to 18.0 140 140 119t0 120
Sani 40.9to 58.9 60° 60° 48°to 49

From Table5 we noticethatwhile the Khan,d,aK h U d yaadkhaSauraSi d d h Un't |a
(asgiven by Varahamihira)take the epicyclesas of constantperiphery(and hence
radius),i r y a b h andthelaenS | r Yiad d hdlethtemasvarying between
two limits.




Planets

Budha
Sukr a
Kuja
Guru

sani

Peripherlesofs 0 ghr a efplanety c | e
In the following Tablethe peripheriesof the S § g @picyalesof the planets
according to the traditional texts are comparedwith the modern values
consideringthe meanheliocentricdistancesof the planets In the caseof the
superior planetsviz. Kuja, Guru, $ a ramd the transsaturnineplanets The
peripheryis givenby p = (360°/ a)
Table 7: Mean Heliocentric distance ands ¢ g épicyales
(Note : The peripheries are in degrees)
Mean heliocentric y _Khanda
distancesa ryabhat%% rgydkSIryaS|ddrMUdema
0.3870986 130.5139.5 132 132-133 139.3555
0.7233316 256.5265.5 260 260262 260.3994
1.523692 229.239.5 234 232235 236.2682
5.202561 67.572 72 70-72 69.1967
9.554747 36.540 40 3940 37.6776

C

A



RETROGRADE MOTION OF PLANETS

Thes 0ghr adKdmadmoanal v of statomgryyaoirit aiplanet)is gwen byt h e

where n= mean daily motion of Sun=9i8i
éenp” +nir’ g Ni= mean daily motion of the planet

SoEYS gpr(n+ ni) 4 (for.Kuja, ) Ni :§]4'_261i |
p = periphery of th& ¢ g épicyale (deg.)
r =360
é %b% %
Modern formula : cosd=-é 0

ga- a7 +bj
where a = mean distance of the planet from the Sun
b = mean distance of the earth from the Sun

_ _ _ e a% 2  whereais in a.u.(mean distance
Takingb = 1 astronomical unit, cosd= e—yu
2

ga+1l- a between the earth and the sun).

Planets d Modern B nl ;JHQS S aS I I yasi d dBrdimagupta Modern
Budha 144,427 143 144 146 0.3871
Sukr a 167°.005 163 163 165 0.7233
Kuja 163.215 163 164 164 1.52369
Guru 125.565 125 130 129 (B.S.)130 (KK) 5.20256
Sani 114.466 112 119 118 9.5575

[ B.S. : Brahma Sphuta SiddhUnta & KK : Kha



CAUSE OF ECLIPSES
Gl VEN BY VARUHEBMimHI RA

1. pEOCNOErEEC xuEaEEWQOhES, pEEXMUUC AMitiaE&Waa mEEIUEVEIE CIS

- At alunar eclipsethe Moon entersthe shadowof the earth and at a
solar eclipse,the Moon enters(covershe S u ndiss

2. LUEgENmMEUEaE MUEUhEqENEUGIQESC ISurESéGapEUECEErEiE |
UEWOQOUMUEUhEQEIXqEREIrENEUE VEEXIEGUXES@pEEUEE ||

- In this manner, the ancientseersendowedwith divine insight have
explainedthe causesof the eclipses Hencethe scientific fact is that
the demonR U hisinot at all the causeof the eclipses

3. IE MUjEIgcESEImE IIEiqEiEseaE€IWAhEC IUE¥EETEIES IIEIQEIEGEEIIE
AIrEIxgE3EImE MUESE& pEUElrEjEE&AImMEEIEAMEEIRE ||

- An eclipsecan by no meansbe ascertainedthrough omensand other
Indications. Because,the portents such asthe fall of meteorsand
earthquakesoccur at other times also.



EXPLAI NED BY URYABHA

4. NOQESTEIE VEVEI XEOrEIC, VEIVEIEC qEWGIEI cE pEOCNOETEE |

(@}

The Moon covers the sun and the gre
eclipses the moono
NI -Ur yabhat3g.y am

. Ecliptic
Mo on 6 s—>0v D

—————

Fig.1 Nodes of MoorR U handKetu)

~o
~
~
~o
~

Fig. 2 Earthdéds shadow coneg, and t he Luns:



Ecl i pse days gilven Dby
k U

(SiddhUnta Dopi MahU BhUs

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 | Monday
1654614 1429 3 21 | Monday
1655130 1430 8 19 S Saturday
1655293 1431 1 29 | Monday
1655484 1431 8 8 | Wednesday
1655647 1432 1 18 | Friday
1655662 1432 2 2 S Saturday

Eclipse days given by NOLA

(Com. on uUryabhat oyam)

1668478 1467 3 6 (Total Solar Eclipse)
1681272 1502 3 16 (Annular Solar Eclipse)



LUNAR ECLIPSE
Parameters required

) True |l ongitudes of the Sun, the Moon an
(i) True rates of daily motions of the Sun and the Moon
(i) Lattitude of the Moon

(v Angul ar di ameters of the earthoés shadow

Computations of Lunar Eclipse

1. Instantof opposition(i.e. Fullmoon) _
= Time of calculation(i.e. midnightetc) where M = Truelongitudeof theMoon
. S =Truelongitudeof theSun
_EM - S- 180)‘33 60 NOdi(@rlsat i kU Qg = Truedaily motionof the Moon
D

g DM - DS | = Truedaily motionof the Sun

2. Latitudeof themoon
b=270isin(M - N)

0
where 270i=4% is theassumedhnclinationof themo o mrdiswith theecliptic

(Modernvalue ° 5°i.5)



LUNAR ECLIPSE
Parameters required (Contd.)

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

(i) True angular diameter of the sun (or moon)
Truedaily motion
Meandaily motion

Brahmaguptaods expres)si on ( Kh

Meanangulardia.? of the sun (or the moon)

(i) Angular diameter of the sun :1_13 DS :1_03 DM
20 247
DS DM 11
(ili) Angular diameter of the moon =25+ . =-ps?

~“B15 15 40 H

(iv) Angul ar di ameter of the earthos sh

4. Magnitude of the eclipse

PramOna ﬁnrlnountof obscuratio (Grasa)

Amountof ang.diaof theMoon




HALF -DURATION OF LUNAR ECLIPSE

m~ehadow cone

/ N

1 N
A \\\
A N

A N

\,«A//Ecllptlc

Y. — \

ull \\ X ‘ |

ﬁ il ~——] \ —

N X4 == 2~/ Moonos
Node |DT'7 F orbit

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

OA° =0OX7 - AX? =(OE+EX)?- AX?
=(d, +d,)*- by

Where OE = d, = Semidiameter of the shadow
EX = d,=Semidiameterof themoon
= AX, = Latitudeof themoonwhenits centeris at X, .

d, +d,)*-
\ Half - duration= _\/( L 2) : .
(Moon'sdaily motion- Sunsdaily motion)

Sincethe actualmomentof the beginningof the eclipse,andhencethemo o nattsde
then,is notknown,theaboveformulais usediteratively.



Total Solar Eclipse of October 24, 1995

Our Improved Procedure

According to the traditional text ST r g & d d hadchduraimproved
procedure with updatedparameters Our resultscomparevery well with those
givenin the Indian AstronomicalEphemeriof 1995(usingmodernformulae)

Ind. Ast.
Ephermeris

Sirya si d@uhnbdet a

Beginning of the eclipse 8"0™ 35 a.m. 7" 31Ma.m. 70 3208 a.m
Middle of the eclipse 8" 58" 36°a.m. 8" 54ma.m 8" 54m5% a.m
End of the eclipse ogh52m255a.m.  1019"a.m. | 1017 50sa.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: 711848 a.m.
Beginning of totality : g 1848 a.m.

Middle of eclipse : 1®01™365a.m.
End of totality . 1P 44m 245a.m.
End of eclipse . 1244m245p.m

Remark : According tolnd. Ast. Ephthe beginning and the end of the solar
eclipse are respectively' 22" and 12 43"



Solar eclipse for a particular place

(Diamond Harbour near Kolkata)

Example: Forthesolareclipsean October 24, 1995at Diamond
Harbour ( West Bengal) , after going through the

proceduradescribedabove we getthefollowing details:

Beginning of the eclipse : 7 31Ma.m.
Beginning of thdotality . 853"a.m.
Middle of the eclipse . 8 54M™a.m.
End of thetotality : 855" a.m.
End of the eclipse : 10'19"a.m.

PramanamMagnitude) = 1. 0018

Note : The timings are rounded off correct to a minute

Remark : According tolnd. Ast. Ephthe beginning and the
end of the eclipse at Diamond Harbour are
respectively 732" 08 a. m. (I S T) and
10" 17" 50 a.m. (IST).



< Special features of>8r

Ganesa Daivajfia has simplified the methods of computations of
planetary positions and eclipses which are otherwise laborious by the
traditional methods as explained in the Siryasiddhanta, Brahmagupta's
Brahmasputasiddhanta and Khandakhadyaka, Bhaskara's Siddhantasiromani
etc. The following are some of the special features of Ganesa's
simplification:

(1) To avoid handling a large number for the ahargana (the number of
civil days elapsed since a chosen epoch), Ganesa has introduced a
cycle (cakra) of 4016 days, approximately 11 solar years. This
modified ahargana never exceeds 4016 and hence it is very handy
and the numerical errors in multiplication etc. can be avoided.



(1)

For the purpose of simplifying pascariga making and for the benefit
of beginners in astronomy, who may be ignorant of trigonometry,
Ganesa has completely avoided the sine and cosine functions. In fact,
the dropping of trigononietric ratios has not seriously affected the
accuracy of the results. Ganesa has adopted reasonably very good and
justified approximations for the trigonometric functions.

Ganesa Daivajna, highlighting the importance of the special
features of his text, declares,
"The earlier preceptors very proudly rose to the peak of their fame
even though only in a few places they did calculations without using
sines etc. But, [ have made the calculations of the entire siddhanta
(astronomy) simple (/aghava) by omitting sine etc. through out. I
have my intelligence (and knowledge) enriched only from their works
and hence I do not exhibit pride (of my achievement)"



VR Partial

Annular

| ast Sunlight




Conjunctions, Transits and Occultations

by/Siddhantid Procedures P r o




Conjunctions of Stars and Planets

Among the planets (t Ur U 9, rcanjurection (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.

IEEUE aEEWUEhEEQEI'FEEAAIrEC xrEEIEEC rEN®XEQEH
XxEqEEaEqEE VEVEEXAUIE XxEOrE&isHEXE g @ BHEWC
If the conjunction is

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

2. between a planet and the moon, then it is called s a mU g almmodern
parlance it is called occultation.

3. between a planet and the sun, it is called astamana or astajgata (heliacal
setting)

In particular if Mercury or Venus is in conjunction with the sun, such an alignment is
called i t r a mhe retently 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 fbhedayutioin the sense of one body

eclipsing the other.

At the instant of conjunction if the mUn a i k y a kahi@.nsum of the semi-
diameters of the planets, is less than the algebraic difference of their latitudes
there is no fbheda yoga.0 What is of interest for further computations and
observations is the bheda yoga 1 one planet i p i e rtloeiothey.dlhis 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 i | o wsetreaied as Moon and
the i h i g dne asdhe 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 i 0 ¢ ¢ u | of that $ to aaTth® 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 C i t($pida) which

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

The instant of conjunction (longitude) of the Moon with C i t: 22047m
(IST)



At the instant of conjunction :
Nirayana True Moon = Nirayar@i t=r1&D?
Moonos b at1M5.8 daitude ofCi t b, §-22i.7
\ Difference in latitudesp =b, - b, = 016i54j
Moonos [PAR=85.008 x Moo nds MDIA=a291.6& e r
Moonds tr ueMBM=7B3244i mot i on,
Occultation for the world in general:
D =69i.998; | =16i.81757; r/=1227179pern Ud ?0

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

(D*-1%)

\ Half durdion, HDUR = =2M3M

Summary of the occultation:
Beginning (IngressBEGG = 20"'34™ (IST)

Middle =22"47" (IST)
End (Egress), END = 25"0™ (IST)



Condition for Occultation of Citru Star

Inthen ¢ r a gystemalongitude of i t: 807 latitudep, = - 2°3i18j.

Moonés diameter is mim318um Ifndrac
minimum diameter is abou®9i16i. Then t he Mo on O s is halac
minimum and its value is abo6Bi43j. In that case, the sum of the sedfrmameter and tf
parallax,

29i16i

D= + 53i43ji = 68i.358333= 1'8i21j.5

This is the minimum value d@. If | is the difference between the latitudgsandb, of

the Moon andC i t theb the condition for the occurrence of the occultation is

|l KD ie.,|l <18i21i.5 i.e.|b, - b, <18i21j.5
this leads to the condition t h3139i6 e
- 0'54i56i.5.



| nterestingly the above condition pr.
(RU h €or the occultation ofCi t Thé .resulting condition, using the traditio
expression for bt=A78sinWo-Rp, s | ati tude,

31446i40i <R U hx 84815i33j
whereM andR are respectively the true positions of the Moon and its nod®&land 80

(for conjunction withCi 9.r U

However, considering the modern e

for the position oR U histhetween32¥31j and 34943; approximately. In the traditior
| anguage t hi s shouldléebstweerhttze firgt U BEPH ur v a bamdtiol
firstp UdbfeRe v.at §



Occultation of Rohi# Q(Aldebaran) Star

Date: January 19, 1997; Trdey a n U 23%858i.9
Nirayana longitude of Aldebarard555i56i; Latitude : - 5°28i04i
The instant of conjunction of the Moon aRd h i 168"94™38%2 (IST)

At the conjunction
(1) True tropical ¢ Uy aMoan = Tropical longitude dR 0 h £ 69@4i55j
(2)  Latitude ofR o h,ibyF6 5°28i4ii.44
3) Moonods |lbat-44306§ e ,

(4) Moono sdiamaerrr,rhlmzizlﬁlmiﬁ?

(5) Moonds hori zRAR5Rj par al | ax,

6 D=MPA bAR=7056i67
204
7 | |=|b, - b, |360% £ = 44i.747

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



B Moonbds mot inb=8Li2GiBr hour ,

2 | 2

(9) Half-duration= DT =1"45M3° 41

(10) Middle of the occultatiorn=10"54 38;.2

Summary of the occultation

(1) Beginning,BEGG = 9"9M35°
(2) Middle = 10'54™38°.2
(3) End of ocaltation, END = 12"39M41°

Note: According tolnd. Ast. Ephfor 1997 we have
the beginning: 9"M2™ (IST):

the middle : 10"57™ (IST); and

the end ; 12"42™ (IST)



Occultation of Venus on July 12, 1996.

Time of conjunction = 14"4™ IST
Latitude of Moon at conjunction = - 4°23i115.1
Venusod | atitude at =c o4/46iE8n521t |
Moonds daMDMy mot i on 12°8i26j.l1
Venuso6 toavDMy mo = 0°21j17j.7
Daily change in Venus®@®@0ll7plt i

Daily change in Mooné®28P8a3t i
PHRy, Parallax of the Moon = 54i41j.63

PAR,, Parallax of Venus = 21i.5

MDIA, Moonos di amet ex 2314i53i.9
VDIA, Venuso6 di amet ex 2320ij



(1) PAR= PAR + PAR = 55{2j.88

2) D = pAR+ \MDIA+VDIA) _ 2020

(3) Di= PAR+ (MDIA- VDIA =69i.613

(4) = (MDM - VDM) =0°.1964277=11i47j.1

(5) Correction to conjunction time for the mldd|T#_ flzz

wherep = difference in latitudes at conjuin = 23i47ii
P=(Daily change TiiDailydangennovVenus latitude
lL.e.P=- 27i1lj.2



\ Correction to the conjunction time r;* pI;Z =+1"51°.55
+

\ Middle of occultation = conjunction time + correctiorl4"5™51°.55

2 2

Half duration= - =) " where/ = p =0°23i47j

\ Half duration = 5.611638adis = 2"4™40°7

Summary of the Occultation

Beginning =11"51™0°; Middle =14"5"51°.55; End of occultation 46"20"32°

(Indian Standard Time)
According to Indian astronomic&lphemeris
Beginning =11"54™ ; Middle =14"6™; End =16"18"32°(IST)
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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.
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THE R S B EVENT AND ITS STAKEHOLDERS

Among the classicallndian astronomical texts which refer to RSB
it Is the Grahallghavam (GL) if GanesaDaivajna (epoch 1520
A.D. March 19) that is more explicit in giving detalls for the RSB

event by the Moon. As rightly quoted by Mahajani, Ga2esa
prescribesthe following :

fa THd WIS =g JARAY: @YREIeeh:|
FHuyhendl faags viiegar afe dssieren 1|
(GL,ch. 11. 2 J7)

i if a planet is at 17° of VA-abhahaving its sara (latitude)

southern and greater than 50 a;gul/as (i.e. 2° 3-south) it is said to
- b r ¢ha Rohin»cart (Wain) ... .®




THE R S B EVENT AND ITS STAKEHOLDERS(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 Rohi®» 2 a k aagraat world disasterwould take place.

GanesaDalvajna further prescribesthe condition for the Moon to hit the
Rohi®» cart:

QUHERAYNY Hed e iy wyvee |er M9t
WHHTRI : ITehefHer Il &g Herl 7 & wadiernft w@am
(GL,ch. 11, 2 /8)
+ Aslong as Rthu is in the eight nak-atrastrom Punarvasuto Citr’ the
Moon breaksthe Rohr/é»cart . . . .

In fact for this configuration, according to GL R*hu must lie between 80°

and 186° 408i.e. from the beginning of Punarvasuto the end of Citr?
nak-atra



RATIONALE

Thus we have 270isin(R- M) >150; OF sin(R- M) > 120=>

270 9
.e. R- M >| sin a§8
g —

>
1a5 0

180 - sin’ %0
) c9-+
Now taking M= 47°, we have 80°.4 < R<193°6.
This means, for the Moon to enter the Roh/®»cart its ascendingnode
should lie between 80°.4 and 193°.6 i.e. almost from the beginning of

Punarvasuto the middle of Svii»

However from the modern expression for Mo o n latisude the
leading term is 18461®in Fwhere F= M ° R, the mean distance of the
Moon from its node. Taking M = 47° the range for Rhu is from 77°.47
to 1969.53.



AN EXAMPLE FROMMBh

In the Bh»-maparvamt MBhwe read the following verses:

N

HO 3T I5h: a0 I ga&]
W T3 AThEE TIAT msq%n

V4

(Bh»p. 3-14)

- Mars is retrograde in Magh?* (nak-atrg Jupiter in 2 r a vandl a
the Bhaga nak-atrg (POrva phigu®») is afflicted by Saturn
(when the great war started).



AN EXAMPLE FROMMBHh (contd.)

Let us examine the possibility of Mars being retrograde in the

Magh! asterism. We know from our classical Indian astronomy
that Kuja remains retrograde when its f»ghrakendrais between
164° and 196°. Generally according to commentators of MB#A, the
great war is said to have been fought in the K4tika or M*rgafira

month. The sidereal sun would be in 7u/a or VA-cika

Now, with f»ghrakendrébetween 164° and 196°, Kuja hasto
be somewhere between Me-aand Mithuna. But Makh? nak-atra

belongsto the Simhaconstellation.



AN EXAMPLE FROM VAR, HAMIHIRA

In his popular work BAhajjtakam the renowned astronomer Varthamihira
givesthe following planetary combination which he calls a ryayoga

I 37eh A& I
[ O \

PhaH oI BrsiaugaTd: |
fAreatforafaar qevmht
i dar JYI9m: giaator: ||

If Makara is the Lagnawith 2 a mniit and if Me-a,Karka-akaand Simha
are occupied by their lords (i.e. Kuja, Candraand Rav) and if Mithuna and
Tul* are occupiedby Budhaand? u k thanative becomesa famous king.

In this planetary configuration, the inferior planet Budha exceedsthe
permissible maximum elongation of 28°from the Sun. Further, the angular
distance between Budha and 2 u k exaeeds90° (three rifis intervening)
violating the permitted maximum limit of about 75° (= 28° + 479).



Procedures of contemporary astronomers of 16 ™ century

We have provided in table the K-epakagqreduced to slyana) of Ga%efa
Dai v a {1628 A.®.) Grahallghavam for his epoch namely 1520
March 19, man sunrise (at Ujjayin»). The sameare compared with the
slyana positions computed according to N»laka®-ha Somay?ji (1444-
1550 A.D.) and the modern procedures

We observethat the values of Ga2efaDaivajiia and Somay?ji are close
to each other as also to the modern values This establishes the
accurately of both Ga Ae Taad-S o mNy gijodeduses 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 Ayan'mfa = 16° 38~

ot Grahal'ghavam Somayyji Copernicus Modern

y Niraya2a Styana Styana Tropical Tropical
Ravi 349°4 1 -| 6919 = 06- 24- 518- 45® 6°01- 23®
Chandra 349°0 6 -| 594 4 ~ 505 3 - 2053~ 43® 5324 24®
Rahu (Node) 27938 ® | 44°1 6 - 4493 8 ~ i 44906 -~ 25
Kuja 307°0 8 =| 323°46 4 32205 8 - 321942 - 50 ®322044 -~ 14«
Budhasghra 26993 3 -| 269°33 4 26593 8 — i 26101 3 -« 59 ¢
kendra
Guru 21201 6 = | 228054 - 22793 2 - 22701 9 - 23201 3+ 38«
2 ukra Kén@3o% 9-| 230009 228022~ 44@ i 22804 8+ 14 ¢
2 ani 28502 1 = | 301°59 4 30005 6 - 307°21- 50®.3D4851 -~ 07«
Ravi -s Apog8&e 94°3 8 -] 94922~ 5/2® 981 7 - 94941 ~ 4 4G
Chandrags .03 | 1840711 - 19900 7 = 18209 = 02 ®
Apogee
Kuj a-s An agml8y- T 186°2 0 - 194°3 3 - 16804 9 = 2 7 «
Biuidinia s s 22001 9 — i "22905 8 - 232052 4 09®275°0 - 55®
Anomaly
oul W= 3201 6 = i 3005 4 - 30948~ 45® 39930~ 336
Anomaly

* SomayajigivesMe r ¢ uapogeeasabout 2190 ( GLvalued 2100). If we take the samevalue for both them.



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

(Mentioned by Copernicusi Derevolutionibus)

According to Grahal’ghavam
At the mean sunrise at Ujjain:
[i,e. 6 AM. [ 6h27m AM (IST)]

True Sun: 217°07 - 46 ®
1 a
True Moon: 37019 - 1 [fae
idereal)
Rthu (Node): 42028 - 1|6 ®

Instant of Opposition: 5" 36™ 355 (LMT)
[ 6" 03™ 355 (IST)
At the instant of opposition (6 " 03™ 355|ST):

True Sun: 217°06 = 4|6 ®
1 a
True Moon: 37°0 6 - 4 Taya a
(Sidereal)

Rthu (Node): 42028 - 19 ®



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

(Mentioned by Copernicusi Derevolutionibus)

Moon-s [|-@R2Btuda8®

Moon-s angul ar di ametaguas(IFRmmhbamyr: 151304873
Shadow-s angul ar di amet e @gwas Iséhydi 8 i mbAh s
2ara of Mooaggulas 8. 4218

Grisa (Obscuration) = 9.628262 ajgulas

Summary of the Eclipse

LMT IST Duration
Sparsa(Beginning): 4h03m 02  4h30M 02s
Madhya (Middle): 5h36m35s  Eho3m35s o 15T 418
Mok-a(End): 7h18Mm 435 45M 43S
_ 9.628262
Pram*éam (Magnitude) = =0.93285

10.3213



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

According to Copernicus and Ga%efa Daivajia
( Ref: - Mathematical Ada rPRPenvoariyu thyno nCiolx
Swerdl ow and Neugebauwahalgpavdmre) a Dai

Particulars Ga%efa Copernicus

Inst. of Opposition 0" 34™ (GMT) | 0" 39" (GMT)

Moon-s Lati|268el13063%06 S
. 83

(@]

Moon-sdiasemi|l150. 48 |15
Shadow semtidia 380.67 ([410. 66
Obscured part (Grasa) (28 0. 88 |26 0. 5
Duration of the eclipse | 3" 15M 41s 3h 22m

RN e N I

The mean half- interval (Madhya -sthiti-ardha) is 1" 33™ according to
Ga®efa (Modern value: 1" 35™) and 1" 41™ according to Copernicus.



V. KYA KARA¥A TABLES

The Vikya kara®a, with the commentary of
Sundara rija is the source book of the Vkya
system of pariciigas ° the astronomical almanacs
generally in vogue in South India. The text is a
kara®a (hand-book) of sentences (vikyas) 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 Vlkya system for today,
April 6, 2006, Thursday .
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V. KYA KARA¥A TABLES
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From Vikya karaa , Candra V1kyas




Table 1: From DAkpak-a Sra®» -Moon-s par anmn
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Table 2: From DAkpak-a-sirad/im ° SOryagraha?am
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Table 3: From Samri- -Siddhinta ° Star Table



