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In th is p a rt o f th e se rie s, w e sh a ll g iv e a b rie f
h isto ric a l a c c o u n t o f so m e o f ¹A ry a b h a t.a 's v ie w s
o n a x ia l ro ta tio n o f E a rth , so th a t w e c a n se e h is
d isc o v e rie s in p e rsp e c tiv e
In th e p rev io u s p a rts o f th e a rticle, w e m en tion ed th e
follow in g statem en ts on a x ial rotation o f E arth w h ich
o ccu r in ¹A rya b h at.¹³ya ([1 ]).

1. In a yuga of 4320000 sidereal years, the E arth
rotates eastw ard 1582237500 tim es and the M oon
57753336 tim es. [G ¹³tik ¹a 3]

2. T he E arth rotates by an an gle of on e m in ute of an
arc in a pr¹an.a (4 sidereal seconds). [G ¹³tik ¹a 6]

3. T he rotation of E arth causes the n aks.atra dina
(sidereal days). [K ¹a la k riy ¹a 5 ]

4. Just as a person in a boat m ovin g forw ard sees the
stationary objects as m oving backw ard, just so does
an observer at L a _nk¹a see the ¯ xed stars as m ovin g
w estw ard. [G ola 9]

T h e ch o ice o f L a _n k ¹a en su red th at th e ob server sees th e
orb it of a star as a vertical circle from th e eastern to th e
w estern h o rizon . W e also saw th at sta tem en t 1 im p lies
th at th e p erio d of rota tio n o f E arth aro u n d its ax is is 2 3
h ou rs 56 m in u tes 4.1 secon d s w h ich is rem arka b ly close
to th e m o d ern estim a te (23h 56 m 4.09s). F u rth er it gives
an ex trem ely accu rate va lu e for th e n u m b er o f rota tio n s
of E a rth p er lu n ar orb it (27 .39 64 693 57 2) w h ich m a tch es
th e correct valu e in 50 0 C E u p to seven d ecim al d igits
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an d th e correct valu e in 16 04 B C E u p to ten d ecim a l
d igits.
W e ¯ rst b rie° y d iscu ss th e tim e-scale of 43 20 000 y ea rs
in S tatem en t 1 . (F or m ore d etails, see [2] an d [3 ].)
Y u g a in ¹A ry a b h a t.¹³y a
T h e 4 3 2 0 0 0 0 -Y ea r C y cle
T h e cy cle o f 43 20 th ou sa n d years is m en tio n ed in th e
M ah ¹a b h ¹arata a n d th e M a n u sm r.ti. T h e ep ic d e¯ n es a
D a iva vars.a (\Y ea r of th e G o d s") as 36 0 h u m an (i.e.,
u su a l) years; a n d th en in tro d u ces fou r yugas { K r.ta (or
S atya ), T ret¹a , D v ¹ap ara, K ali { tota llin g 1 2,000 D aiva
vars.a, i.e., (360 £ 1 200 0 = ) 4,3 20 ,0 00 yea rs d iv id ed in th e
ratio 4 : 3 : 2 : 1. T h u s, th e cu rren t K a liy u ga is o f d u -
ration 432 ,0 00 years. T h e term s K r.ta , T ret¹a, D v ¹a p ara ,
K ali a re very a n cien t { th ey ap p ea r ev en in V ed ic litera -
tu re (like A ita rey a a n d T a ittir¹³y a B r¹ah m an.a ); m en tion is
also m ad e in th e B h ¹agava ta P u r¹a n.a. T h e 432 00 00-year
cy cle w a s ca lled m ah¹ayuga o r caturyuga a n d so m etim es
ab b rev ia ted a s yuga. T h ere w ere ev en larger cy cles. F or
in stan ce, 1 000 m ah ¹ay u ga s (i.e., 4 320 m illio n y ea rs) co n -
stitu ted a kalpa (also ca lled \A D ay o f B ra h m ¹a ").
V a rio u s fa cto rs o f th e en igm atic in teger (43 200 00 ) to o
h ave sig n ī can ces in In d ia n trad ition s. F o r in stan ce, in
th e V ed ic era, th e eclip tic w a s d iv id ed in to 2 7 n ak s.a tra s
an d th e ¶S ata p ath a B r¹ah m a n.a m en tio n s th e u se o f 10,80 0
b rick s fo r th e con stru ction of th e sa crī cia l ¯ re-altars.
N ote th at 27 £ 4 = 1 08 an d 1 08 £ 4 = 4 32 .
T h e attem p t to u n d ersta n d th e gen esis a n d sig n ī ca n ce
of th e ¯ g u re 4 ,3 20,00 0 h a s gen erated several sp ecu la tio n s
am on g h istorian s; b u t th e origin o f th e con cep t of y u g a
rem a in s a m y sterio u s rid d le. W e m en tion h ere th at in
th e P u r¹an.a s, term s p erta in in g to th e p h y sical u n iv erse
are u sed as sy m b ols fo r n arra tin g in n er p sy ch o-sp iritu a l
p rin cip les. T h e p sy ch olog ical an d sp iritu al sig n ī can ces

The 4320000-year

cycle was called

d m ah¹ayuga  or.r caturyuga  and

sometimes abbrevia-

ted as yuga. 1000

0 m a h ¹a y u g a s  (i.e.,

4320 million years)

constituted a  kalpa

(also called “A Day ofm illio n y ea
f B ra h m ¹a "” ).
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B o x 1 . K a lp a
In ¹Aryabhat. a's system (G¹³tik¹a 5) , 1 Kalpa = 14 Manu and 1 Manu = 72 Mah¹ayuga.
Thus, ¹Aryabhat. a de¯ned a kalpa to be (14 £ 72 =)1008 mah¹ayugas.
But the subdivision, followed by most astronomers, is more complicated. Here, 1 Manu
= 71 Mah¹ayuga; and, between two successive manus, there is a sa n d h y ¹a (twilight) period
whose duration is same as that of a Kr. tayuga (i.e. , 4

1 0 th of a mah¹ayuga) . 1 kalpa is
formed by 14 manus together with the 15 sandhy¹as (including one before the ¯rst manu
and one after the last) . Thus 1 kalpa = (14 £ 71 + 15 £ 4

1 0 =)1000 mah¹ayuga. At present,
we are in the Kaliyuga of the 28th Mah¹ayuga of the 7th Manu (called Vaivasvata Manu)
of the ¶Svetavar¹aha Kalpa.

of P u r¹an.ic geo grap h y a n d cosm o gon y a re b eyo n d th e
scop e of th is a rticle.
A n in terestin g fea tu re o f a certa in p h ase of In d ian a s-
tron o m y, th at p o ssib ly b eg an w ith ¹A ry ab h a t.a, w as th e
ad o p tio n of th e P u r¹a n.ic cy cle of 4,32 0,000 years. S o m e
of th e la ter astron o m ers like B ra h m agu p ta (628 C E )
an d B h ¹askara II (115 0 C E ) u sed th e larger cy cle kalpa
of 4,320 ,0 00,00 0 y ears! S u ch larg e p erio d s { w ith th eir
m y th olog ical n u an ces { h av e created m islead in g im p res-
sion s ab o u t an cien t In d ian a stron o m y. A s R og er B illard
ad m itted in an a rticle ([4], p .2 07):
T o tell the truth, w ith such com m on m ultiples of revolu-
tions, ¢¢¢ and so huge periods an d n um bers, the Indian
astronom y did look like a pure speculation , a w ordy lit-
erature displayin g astron om ical elem ents of pure fancy.
T h u s, a t ¯ rst g la n ce, ¹A ryab h at.a's estim a te \T he E arth
rotates 1582237500 tim es in a yuga" m ay ap p ear as a
¯ gm en t o f m etap h y sical im ag in a tio n . B u t, a s w e h ave
seen (in P art 2), it is eq u ivalen t to th e su rp risin g ly ac-
cu rate statem en t: \T he period of rotation of E arth is 23
hours 56 m inutes 4.1 secon ds".
S ig n i¯ ca n ce o f Y u g a in In d ia n A stro n o m y
It ap p ea rs th at th e m ah ¹ay u g a w as co n ceived b y In d ian
astron om ers as a p erio d at th e b egin n in g (an d en d ) of

Aryabhata’s estimate

“The Earth rotates

1582237500 times in

a yuga”.
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B o x 2 . T im e o n a M ic r o c o sm ic S c a le
The kalpa of 432£ 107 years shows the ancient Indian penchant for large time periods. The
Pur¹anic and astronomy traditions also considered microcosmic time units. In Bh¹askara II
(1150 CE) , a sidereal day is further subdivided (with suggestive terminology) as follows:
1 naks. atra dina = 30 ks. an. a (or muh¹urta) ; 1 ks. an. a = 60 k¹ala; 1 k¹ala = 30 k¹as. t. h¹a;
1 k¹as. t. h¹a = 18 nimes. a; 1 nimes. a = 30 tatpara; 1 tatpara = 100 trut. i.
Thus, 1 trut. i = 1

2 9 1 6 £ 1 0 6 of a (sidereal) day, i.e. , 1
3 3 7 5 0 of a (sidereal) second.

w h ich all th e ¯ ve v isib le p lan ets (M ercu ry, V en u s, M ars,
J u p iter, S atu rn ) alon g w ith th e S u n an d th e M o o n , h ave
zero celestial lon gitu d e; th at is, a ll of th em are sim u lta -
n eou sly on th e great circle th rou g h th e vern al eq u in ox
an d th e p ole of th e eclip tic. In G ¹³tik ¹a 4, on e co m es
across th e h y p oth esis th at, a t th e b egin n in g of th e y u ga ,
all th ese p lan ets, togeth er w ith th e S u n a n d th e M o on 's
ap og ee, w ere in con ju n ction at th e vern al eq u in ox d u r-
in g su n rise at L a _n k ¹a. T h u s th e co m m en cem en t o f th e
y u ga (o r kalp a) w as b a sed on astro n om ica l p h en om en a
p ertain in g to th e p o sition s of th e p lan eta ry b o d ies in
th e sk y.
It is lik ely th at th e m a h ¹ay u ga , or th e ka lp a , w a s a d op ted
b y In d ian astro n om ers as a tim e-p erio d { n ecessarily
lon g { in w h ich a ll k n ow n p lan ets (tog eth er w ith th e
S u n a n d th e M o on ) w ere estim ated to ex ecu te integral
n u m b ers of revo lu tion s.
In th is con tex t, w e recall tw o featu res of an cien t In d ian
arith m etic. F irst, In d ian s h ave b een com forta b le w ith
large n u m b ers rig h t from ea rly V ed ic ag e.1 A s a resu lt,
In d ia n astron om ers cou ld e® o rtlessly h an d le an d rep re-
sen t larg e in tegers u sin g th e id eas of d ecim al p lace va lu e
an d zero .
S eco n d , alth ou g h an cien t In d ian s w ere p ro¯ cien t in th e
u se of fra ction s a n d d ecim al rep resen ta tio n o f in teg ers,
th ey d o n o t seem to h ave con ceived o f decim al fractions

1 See, for instance, R C Gupta,World�s Longest Lists of DecupleTerms, Ganita Bharati , Vol.23,pp.83-90, 2001.
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{ n o tation s lik e 3 65.25 86 8. T o clarify : th ey u sed com -
p o site fra ction s lik e 3

4 fro m th e R. g-V ed ic era, th ey k n ew
d ecim al rep resen ta tio n of an in teg er lik e 7 5; b u t th ey
d id n ot th in k o f rep resen tin g th e fra ction 3

4 a s 0 :7 5.
T h e ad o p tio n of a cy cle of 43 200 00 (o r its m u ltip les)
en ab led In d ian astro n om ers to avoid in con ven ien t frac-
tio n s a s w ell a s lo n g ex p ressio n s in v olv in g y ea rs, m on th s,
d ay s an d fu rth er su b d iv ision s; th ey cou ld ex p ress th eir
¯ n d in gs in p lain in tegers (even if la rge). F or in stan ce,
in stea d of say in g th a t a (sid ereal solar) y ea r co n sists of
36 6 1 1 1 7 5

4 3 2 0 0 sid ereal d ay s, or 365 1 1 1 7 5
4 3 2 0 0 (m ean solar) d ay s,

or 3 65 d ay s 6 h o u rs 12 m in u tes 30 secon d s, th ey w ou ld
rath er say th a t a y u g a con sists of 15 822 37 500 sid erea l
d ay s. T h u s, th e sin g le in teger 15 822 37 500 w o u ld rep re-
sen t th e cu m b rou s fra ction 3 65 1 1 1 7 5

4 3 2 0 0 or th e lo n g ex p res-
sion \ 365 d ay s 6 h ou rs 1 2 m in u tes 30 seco n d s" . R e-
call (P art 2) th a t in ¹A rya b h at.a 's sy stem o f n ota tion ,
th e in teger 1 582 23 750 0 b eco m es (in D eva n ¹aga ri scrip t)
a ¯ v e-lettered w ord \ _n i¶sib u n.l.s.k h r."; th e in teg er 4 32 000 0
a tw o-lettered w o rd \ k h y u gh r." !
A lso recallth a t tim e w as d iv id ed sex ag esim ally : 1 n ak s.a-
tra d in a (sid erea l d ay ) w as d iv id ed in to 60 n ¹a d.ik ¹a (or
gh a t.ik ¹a); 1 n ¹a d.ik ¹a in to 6 0 v in ¹ad.ik ¹a; 1 v in ¹a d.ik ¹a in to 6 0
gu rva k s.ara . T h e n u m b er 4 320 00 0, b ein g a m u ltip le of
60 3 , w as su itab le for ex p ressin g variou s estim a tes in in -
tegers. In fa ct, th e n u m b er 4 320 00 0 = 2 8 £ 3 3 £ 5 4 ,
b ein g d iv isib le b y severa l of th e sm all n u m b ers (like 2 ,
3, 4, 5, 6, 8, 9, 10, 12 , 1 5, 16, 18 , 2 0, 24 , 25 , 2 7, 30 ,
60 ) o ccu rrin g freq u en tly in astron om y, w as p a rticu la rly
con ven ien t.
T h u s, w h ile rep resen tation o f large n u m b ers d id n ot p ose
an y p rob lem , th e u se of larg e cy cles im p a rted a ° ex ib ility
to In d ia n astro n om ers. T h ey u sed su ch cy cles to ex p ress
(in w h o le n u m b ers) th e rate of m otion of th e p lan ets a n d
oth er sign ī can t a stron o m ica l p aram eters. (S ee [5] for
d etails.) J u st as on e n ow red u ces ro u n d in g -o ® errors b y

The adoption of a

cycle of 4320000 (or

its multiples)  enabled

Indian astronomers to

avoid inconvenient

fractions; they could

express their findings

in plain integers (even

if large). For instance,

instead of saying that a

(sidereal solar) year

consists of  

in stea d o
36 6 1 1 1 7 5

4 3 2 0 0
sidereal days,  they

would rather say that a

yuga consists of

1582237500 sidereal

days.
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in creasin g th e n u m b er of fraction al d ecim al p laces (i.e.,
th e p laces to th e righ t of th e u n it's p lace { after th e d ot
m ark ), ju st so d id th e a n cien t In d ia n s in crease a ccu ra cy
of a sta tem en t b y in crea sin g th e referen ce tim e in ter-
val. F o r, larg er th e tim e-in terval, low er th e ro u n d in g-o ®
error. F or in stan ce, from th e m o d ern estim a te o f th e
d u ra tion of a sid erea l solar year ([5], p .1 72), \ th e n u m -
b er o f civ il d ay s in a kalp a (1 000 m ah ¹ay u g a)", ex p ressed
as an integer, tu rn s ou t to b e 157 790 74 870 27 w h ich is a
m ore accu rate statem en t th a n \th e n u m b er o f civ il d ay s
in a m a h ¹ay u ga is 15 779 07 487 " (th e latter ob tain ed b y
\ro u n d in g o ® " th ree p laces from th e form er).
S om e o f th e later a stron o m ers ca tegorically m en tion ed
th at th e y u g a cy cles w ere in tro d u ced in a stron o m y for
con ven ien ce. T h e K erala astron om er P u tu m an a S o m a -
y ¹aji (b etw een 1 5th a n d 1 7th cen tu ry ) clarī ed in K ara n.a
P ad d h a ti (5.15 ): \T h e m ea su res of kalpa etc. h av e b een
con ceived b y th e (an cien t) au th o rities d i® eren tly, fo r,
it is on ly th e resu lt th at cou n ts, n ot th e m ean s." ([2],
p .79). T h e a stron om ers also em p h asised th a t, irresp ec-
tiv e o f th e con cep ts ad o p ted , th e co m p u ted resu lts sh ou ld
ag ree w ith ob servation s. In a fu tu re a rticle, w e p lan to
h igh lig h t th e In d ia n astron om ers' con cern for a ccu ra cy
an d stress on p erio d ic o b servation s an d u p d atin g o f th e
p ara m eters.
B illa rd b eliev ed th at it w as ¹A rya b h at.a w h o in tro d u ced
th e 4 320 00 0-y ea r cy cle in In d ian astro n om y ([4 ], p .2 22 ):
N ot on ly did ¹A ryabhat.a con struct yuga upon such beau-
tiful reductions of observations, but I m ust add that al-
m ost certain ly the great astronom er is also responsible
for the very introduction of the yuga speculation into
m athem atical astronom y.
In an earlier a rticle (R eson ance, V ol.7 , N o .1 0, p p .10 {
22 , 200 2), w e h a d d iscu ssed ¹A ryab h at.a's in gen io u s tech -
n iq u e (G an.ita 32 , 3 3) fo r ¯ n d in g in teger so lu tion s of

In Aryabhata’s

system of notation,

the integer

1582237500

becomes (in

Devanagari script) a

five-lettered word

d \ _n i¶sib u n.l.s.k h r.";;
the integer 4320000

a two-lettered word...d \ k h y u gh r." !
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sim u ltan eou s lin ea r in d eterm in a te eq u ation s of ¯ rst d e-
gree. T h is a lg orith m (called k u t.t.a ka) w as ap p lied b y In -
d ian astro n om ers to va rio u s p la n etary p ro b lem s (grah a -
k u t.t.¹ak ¹ara ). It is p o ssib le th a t th is th eo ry o f lin ear in -
d eterm in ate eq u ation s (a lo n g w ith d ata fro m p lan etary
ob serva tio n s) w as u sed b y ¹A ry ab h at.a (or h is p red eces-
so rs) to d eterm in e th e ep o ch w h en all p la n ets w ere in
con ju n ctio n .
A x ia l R o ta tio n in H isto ry
V ed ic a n d P u r¹a n. ic L itera tu re
Indeed I believe that w hen in tim e to com e the contri-
butions of In dian an d B uddhist thought are really taken
in han d from the poin t of view of n atural science, it w ill
be found over an d over again that the philosophers of
these culture areas have shot their arrow s correctly to
the spots that the m oun taineers of scien ce w ould reach
de¯ nitely m uch later on. [J N eedham in Ẁ ithin F our
Seas' (p.179).]
T h e R.g -V ed a con tain s v erses su g gestin g th at th e E arth
w as co n sid ered sp h erica l; th e ¶S atap ath a B r¹ah m an.a d e-
scrib es th e E a rth as parim an.d.ala, i.e., a glob e or a sp h ere.

B o x 3 . P r e c e ssio n in A n c ie n t L ite ra tu re
There are indications of the knowledge of precession of equinox in the Vedic Sa _mhit¹a and
Br¹ahman. a literatures ([7] , p.21; [6] , p.12) . According to K D Abhyankar ([3] , pp.125{
127) , the phenomenon was described by the revered ancient astronomer Vr. dhha Garga
around 500 BCE but his terminology was not understood by later astronomers. Some
historians feel that the great Chaldean astronomer Kidinnu (c. 400{330 BCE) was aware
of precession.
Precession was discovered in ancient Greece by the great astronomer Hipparchus (190{120
BCE) . The phenomenon is mentioned by Indian astronomers Vis. n. ucandra and ¶Sr¹³s. en. aaround 6th century CE and Pr. th¹udaka Sv¹ami around 860 CE. Ma~njul¹ac¹arya (also called
Mu~nj¹ala) of Uj jayin¹³ was famous in Indian astronomy for his detailed exposition of the
topic, with accurate estimate of the rate of precession, in his treatise L a gh u m ¹a n a sa (932
CE) .

Aryabhata’s ingenious

technique (Ganita 32,

33) for finding integer

solutions of

simultaneous linear

indeterminate

equations of first

degree (called

kuttaka) was applied

by Indian astronomers

to various planetary

problems (graha-

kuttakara).
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2 See [6], pp.13�14; [7], pp.5�6,19�20; [8], p.28; [9], p.178.

Axial rotation of Earth

had been  suggested

by Herakleides

(around 350 BCE) of

Pontus, a

contemporary  of

Aristotle, and by

Ecphantus of the

Pythagorean school.

S everal sch o la rs h ave p oin ted ou t in d ica tio n s in th e R.g -
V ed a of ax ia l ro tatio n an d h elio cen tric revo lu tion of E a r-
th . T h ere are p assag es in th e A ita rey a B r¹ah m an.a , C h ¹a n -
d og ya U p a n is.a d an d th e V ish n u P u r¹an.a m en tio n in g th at,
in rea lity, th e S u n n ev er rises n or sets.2 R eferrin g to th e
p assag e in A itary ea B r¹a h m an.a, M M o n ier W illiam s re-
m arked :
W e m ay close the subject of B r¹ahm an.as by paying a trib-
ute of respect to the acuteness of the H indu m in d, w hich
seem s to have m ade som e shrew d astronom ical guesses
m ore than 2000 years before the birth of C opern icus [̀ In -
dian W isdom ', p.35].
In th e S ka n d a P u r¹a n.a (I.1 .31 -7 1), th e E arth is d escrib ed
revolv in g like a bhram arik¹a o r sp in n in g top ([1], p .8 ).
T h e sim ile is p articu larly in terestin g in v iew of th e p h e-
n om en on o f p recession m en tion ed in P art 2 (see [3],
p p .21-22 ).
A n c ie n t G reece
In an cien t G reece, th e h elio cen tric m o d el h ad b een su g -
gested b y A rista rch u s (31 0-2 30 B C E ) of S am os. A less-
k n ow n fact is th a t ax ial ro ta tio n o f E a rth h a d b een
su g gested b y H era k leid es (a ro u n d 35 0 B C E ) of P on tu s,
a co n tem p ora ry of A risto tle, an d b y E cp h a n tu s of th e
P y th ag orean sch o ol. B u t th e th eory of ax ial ro tation
w as ig n ored in G reece an d so on forg otten . It w a s th e
sta tion ary geo cen tric m o d el of A risto tle w h ich p revailed
in E u ro p e. It w as ad op ted in P to lem y 's A lm ag est (15 0
C E ) w h ich so on cam e to b e reg ard ed a s in fallib le astro n -
om y for severa l cen tu ries.
P o st-V ed ic In d ia n A stro n o m y
N otw ith stan d in g certain in cid en tal, an d often cry p tic,
rem a rk s in th e vast m a ss of th e alleg orical V ed ic a n d
P u r¹a n.ic litera tu res allu d in g to E arth 's m o tio n , th e E arth
w as trad itio n ally rega rd ed as station a ry b oth in astro n -
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3 See [8], p.26, for the originalverse and other quotations fromancient  Indian ast ronomersendorsing this theory.

om y a s w ell as ritu alistic treatises. ¹A rya b h at.¹³ya is th e
¯ rst k n ow n astronom y tex t in In d ia w h ich clearly m en -
tio n s th e ax ial ro tation of E a rth . It w as a revolu tio n ary
p rin cip le (p u n in ten d ed !) w h ich w a s in sh o ck in g co n -
trast to th e im p ressio n on e w o u ld acq u ire b o th from
con ven tion al k n ow led g e as w ell as d aily o b servation s.
O n e is rem in d ed of th e trib u te on C o p ern icu s b y B ru n o :
\C opernicus not on ly m oved the E arth but also set in
m otion the m in ds ofm en." F ortu n ately, ¹A rya b h at.a liv ed
in a so ciety w h ere su ch revo lu tion a ry v iew s d id n ot risk
th e k in d of p ersecu tion w h ich b efell S o cra tes, B ru n o or
G a lileo.
¹A ryab h a t.a's th eory w a s lu cid ly ex p ou n d ed b y C atu rved a
P r.th ¹u d a ka S v ¹a m ¹³ (86 0 C E ):
b h a p a ~n jara h. sth ira h. b h ¹u rev ¹av r.ty ¹a v r.tya p ra tid a iva sikau
u d ay ¹astam ayau sam p ¹ad ayati n a k s.atrag rah ¹a n.¹am
T he sphere of the stars is stationary. It is on ly the E arth
that is regularly rotatin g once in a day, an d thereby
causing the daily rising and settin g of the stars an d the
plan ets.3
H ow ev er, th e th eo ry o f a x ia l rota tio n of E arth w as n ot

B o x 4 . \ C a l¹a P r.th v ¹³ S th ir ¹a B h ¹a ti"
To say that Indian philosophy has led away from the study of nature is to state a gross
unfact and to ignore the magni¯cent history of Indian civilisation. . . . Not only was India in
the ¯rst rank in mathematics, astronomy, chemistry, medicine, surgery, all the branches
of physical knowledge which were practised in ancient times, but she was, along with the
Greeks, the teacher of the Arabs from whom Europe recovered the lost habit of scienti¯c
enquiry and got the basis from which modern science started. In many directions India
had the priority of discovery, { to take only two striking examples among a multitude,
the decimal notation in mathematics or the perception that the earth is a moving body
in astronomy, { ca l¹a p r.th v¹³ sth ir¹a bh ¹a ti, the earth moves and only appears to be still,
said the Indian astronomer many centuries before Galileo. This great development would
hardly have been possible in a nation whose thinkers and men of learning were led by its
metaphysical tendencies to turn away from the study of nature. [Sri Aurobindo in T h e
F o u n d a tio n s o f In d ia n C u ltu re . (p.67) ]
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4  S i s y a - d h i - v r d d h i d a - t a n t r a(20.42) of Lalla; quoted in [8],p.44; [9], p.174. The text,  editedw i t h  t r a n s l a t i o n  b y  B i n aChatterji,  has been publishedby INSA, 1981.

accep ta b le to m ost In d ia n astron om ers righ t fro m V ar¹a -
h am ih ira (5 05 {58 7 C E ). B h ¹a skara I (6th cen tu ry ), an
ad m irer o f ¹A ry ab h at.a , evad ed th e top ic: in h is co m m en -
tary on ¹A rya b h at.¹³ya , h e o m itted ¹A rya b h at.a 's p h rases
(in G ¹³tik ¹a 3 a n d 6) p ertain in g to E arth 's rota tio n s (th o u -
gh h e d id n o t o m it th e d a ta of ¹A ry ab h a t.a for th e m o on
an d th e p lan ets)! B h ¹aska ra II (115 0 C E ) w as in d i® eren t
to th e con cep t of E arth 's rotation an d p erh a p s scep tical.
V a rio u s d i± cu lties w ere ra ised b y th e astro n om ers (see
[9] fo r m ore d eta ils): if th e E a rth w ere rotatin g at su ch a
trem en d ou s sp eed , th en a ll b u ild in gs w ou ld h ave cru m -
b led d ow n , p eo p le co u ld n ot h ave sto o d still, th ere w ou ld
h ave b een con sta n t ea rth q u a kes, etc. L alla (arou n d 8th
cen tu ry ), an oth er a d m irer of ¹A rya b h at.a , ask ed :
\If the E arth is rotatin g eastw ard at a very rapid speed,
how do birds ° ying in the sky return to their nests (w hich
w ould be contin uously shifting from their original posi-
tions)? M oreover, w hy do not arrow s, shot tow ards the
sky, fall w estw ard? W hy do n ot the clouds appear to
m ove on ly tow ards the w est? If the E arth rotates slow ly,
then how can it com plete one rotation in a day?" 4
B ra h m agu p ta (62 8 C E ), in p articu lar, w as ¯ erce in h is
criciticism o f th e th eory. O n e o f th e arg u m en ts o f B ra h -
m agu p ta can b e p h ra sed (u sin g fam ilia r u n its) a s follow s
(v id e [9], p p .1 76-177 ):
\A heavy body, w hen falling from even the highest peak
of a m oun tain, invariably falls at the foot of a m oun tain.
T he circum feren ce of the E arth is 25000 m iles and the
E arth takes 24 hours to com plete a revolution on its sup-
posed axis; hence the E arth m oves at over 1000 m iles per
hour or 16 2

3 m iles per m inute. N ow if a heavy body takes
30 secon ds to touch the ground, by that tim e, the E arth
has m oved 8 m iles. T herefore, how can the body fall at
the foot of the m ountain ?"
S u ch arg u m en ts m igh t a m u se th e m o d ern read er. B u t



68 RESONANCE  May   2006

GENERAL   ARTICLE

w ith ou t th e cla rity b rou g h t a b o u t b y th e p rin cip les of
m ech an ics d ev elop ed b y G alileo an d N ew ton , it w ou ld
n ot h ave b een ea sy to u n d erstan d th e d y n a m ic eq u ilib -
riu m of terrestria l b o d ies an d a d d ress su ch q u estion s.
E v en d u rin g th e 16 th cen tu ry, C op ern icu s d id n ot h ave
sa tisfa cto ry an sw ers to a ll th e rid d les. T h e arg u m en ts
en rich ou r u n d erstan d in g of th e ev olu tio n of astro n om y
an d m ech an ics.
It is in terestin g to n ote th a t on e astron o m er (P r.th ¹u d a ka)
w h o stron g ly su p p orted ¹A rya b h at.a 's p rin cip le w a s a com -
m en tato r of B rah m ag u p ta (w h o w as in itially a v iru -
len t critic of ¹A ry ab h a t.a); w h ile m an y fo llow ers o f th e¹A ryab h a t.a sch o o l of a stron om y like L alla { w h o a lw ay s
p u t ¹A ry ab h a t.a on a very h ig h p ed esta l{ criticised h is
th eory o f ax ial rota tio n ! T h e astro n om ers im b ib ed th e
gen eral in tellectu al rob u stn ess o f th e era. In sp ite of
th e rev eren ce fo r ¹A rya b h at.a , h is th eory w as rejected
(th ou g h w ron gly in retro sp ect) { on e can n o t fail to n o -
tice in th is con troversy th e p revalen ce o f a critica l sci-
en tī c attitu d e an d sp irit o f op en -m in d ed free en q u iry.
In th e con tex t of B ra h m a gu p ta 's q u estio n , w e rem in d
th e y ou n g read ers th a t th ere is, in fact, a sm a ll ea st-
w ard d ev iation of a fallin g b o d y ; b u t it w ou ld n ot h ave
b een p ossib le to d etect su ch m in u te d ev ia tio n s w ith th e
tech n o log y of th e an cien t tim es. T h is d ev iation is cau sed
b y th e fact th a t p o in ts w h ich a re at a greater d ista n ce
from th e E arth 's ax is of rotation m ove w ith a greater
velo city th an th ose n ear th e ax is. A s a resu lt, w h en
a ston e is d rop p ed from th e top of a v ery h ig h tow er,
its in itia l eastw ard v elo city is greater th an th e eastw ard
velo city o f th e b ase { so th e sto n e a ctu a lly falls to th e
east of th e vertica l lin e th ro u gh th e p oin t of d rop p in g .
T h is eastw a rd d ev iation is actu ally a p ro of o f E arth 's
rota tio n .
It w ou ld p erh ap s n ev er b e k n ow n w h at p rom p ted ¹A rya -
b h a t.a to assig n a n a x ial ro tatio n to E a rth , h ow ex actly

When a stone is

dropped from the

top of a very high

tower, its initial

eastward velocity

is greater than the

eastward velocity

of the base – so

the stone actually

falls to the east of

the vertical line

through the point

of dropping. This

eastward deviation

is actually a proof

of Earth’s rotation.
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5 Strictly speaking, both the Sunand the Earth revolve aroundtheir common centre of mass.

6 The Wonder That Was India,p.493.

h e g ot co n v in ced o f su ch a th eo ry { w h ich h e asserted so
stro n gly an d con ¯ d en tly { a n d w h eth er h e h a d in gen io u s
an sw ers to th e va rio u s cou n ter-q u estion s. A fter a ll, th e
th eory of rotation o f E a rth h as n o t b een ex p licitly u sed
in th e tex t to sim p lify th e m eth o d s o f ca lcu la tio n or
to ex p lain an y a stron o m ica l p h en om en on (oth er th an
m ovem en t of stars an d sid ereal d ay ). If w e tak e ou t
h is sp ecī c statem en ts o n rota tio n of E a rth , th e rest of¹A ryab h a t.¹³y a rem a in s th e sam e w h eth er w e tak e ro tatin g
or station a ry E arth .
T h ere is an im p ression a m o n g several h isto ria n s th at¹A ryab h a t.a h a d also con ceiv ed of th e E arth 's a n n u a l rev -
olu tion a rou n d th e S u n .5 F o r in stan ce, A L B a sh am
w rites: \F or p u rp o ses of ca lcu latio n th e p lan etary sy s-
tem w as ta ken a s geo cen tric; th o u gh ¹A ryab h at.a in th e
5th cen tu ry su g gested th a t th e E arth revolved ro u n d th e
S u n an d rotated o n its ax is, th is th eory w as also k n ow n
to la ter a stron o m ers, b u t it n ev er a® ected astro n om ica l
p ractice." 6
B u t th ere is n o p h rase in ¹A ry ab h a t.¹³y a (an a lo gou s to \k u
¹ava rtah." { E a rth 's ro tatio n { in K ¹alak riy ¹a 5) ex p licitly
m en tion in g E arth 's h elio cen tric rev olu tio n . O n th e co n -
trary, th e so lar yea r h a d b een attrib u ted (K ¹a la k riy ¹a 5)
to ravi bhagan.¹a (S u n 's revo lu tion ). F rom ¹A ryab h at.a's
cry p tic v erses, it is n ot clea r if th e au th o r h a d in m in d
an y m o tio n of th e E a rth in sp ace in ad d ition to a x ia l
rota tio n . T h e n u m erical d a ta in ¹A ry ab h a t.¹³y a, ex p licitly
in v olv in g E a rth 's m otio n , p erta in eith er to th e n u m b er
of rota tio n s in a y u g a (G ¹³tik ¹a 3 ) o r th e ra te of rota -
tio n (G ¹³tik ¹a 6). O n th e o th er h an d , as p o in ted o u t in
([9 ], p .174 ), ¹A rya b h at.a 's verses G o la 9 (w h ere h e gave
th e p ictu resq u e an alo gy w ith th e m otion of a b o at) a n d
G ¹³tik ¹a 3 (w h ere h e listed th e n u m b er o f revolu tion s of
th e S u n , th e M o on , th e E arth , an d oth er p la n ets, in th e
sa m e b reath !), tak en togeth er, cou ld evok e th e im ag e of
so m e m o tion in sp ace (ap a rt fro m ax ia l rota tion ) in th e
m in d of a rea d er. T h is can b e seen , for in stan ce, from
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7 Brahma Sphuta S iddhantaXI.17. The Sanskrit verse alsooccurs in [1], p.15.

8 Early Astronomy ,  Springer-Verlag 1996, p.188.

th e sty le of B rah m agu p ta's refu ta tio n (of th e relevan t
p o rtio n of G ¹³tik ¹a 6): \If th e E arth m oves th ro u gh on e
m in u te o f arc in on e p r¹an.a , fro m w h ere d o es it start
its m o tion a n d w h ere d o es it g o? A n d , if it ro tates (at
th e sam e p lace), th en w h y d o n o t tall lofty o b jects fall
d ow n ?" 7
A m ore tech n ica l b asis fo r th e sp ecu lation th at ¹A rya -
b h a t.a m igh t h ave ta citly en v isaged a h elio cen tric m o d el
com es from \¶s¹³gh ro cca " (G ¹³tik ¹a 3 -4) { th e p erio d of M er-
cu ry an d V en u s. A s H T h u rsto n rem a rk s8 :
N ot on ly did ¹A ryabhat.a believe that the earth rotates, but
there are glim m erings in his system (and other sim ilar
Indian system s) of a possible underlyin g theory in w hich
the earth (and the plan ets) orbits the sun , rather than
the sun orbitin g the earth. T he evidence is that the basic
plan etary periods are relative to the sun . F or the outer
plan ets [e.g., M ars, Jupiter, Saturn] this is not sign ī -
cant: both earth an d sun are inside their orbits an d so
the tim e taken to go roun d the earth an d the tim e taken
to go roun d the sun are the sam e. T he sign ī can t evi-
den ce com es from the inner planets [i.e., M ercury and
V enus]: the period of the ¶s¹³ghrocca is the tim e taken by
the plan et to orbit the sun.
W e m en tio n h ere th at, in sp ired b y th e id ea s of P ara -
m e¶svara (136 0-1 45 5), N ¹³la kan.t.h a (15 00 C E ) d ev elop ed a
h elio cen tric m o d el for th e p lan ets { a sign ī can t ach ieve-
m en t d ecad es b efo re C op ern icu s. D eta ils o n evolu tion
of N ¹³la kan.t.h a 's m o d el are d escrib ed in ([10 ]).
¹A ryab h a t.a h ad ex p licitly sta ted (G o la 5 an d 6) th at
th e E a rth is sp h erica l. H is com m en tato rs L alla a n d
N ¹³lakan.t.h a ex p lain ed w h y th e sp h erica l E a rth a p p eared
as a p lan e. S a id N ¹³la kan.t.h a : \ D u e to th e large a rea , on e
d o es n ot feel th a t it is sp h erica l b ecau se w e see o n ly a
sm all p art o f th e E arth a n d a lso b ecau se o f th e u p s a n d
d ow n s on th e su rface of th e E arth ."

“Not only did

Aryabhata believe that

the earth rotates,  but

there are glimmerings

in his system (and

other similar Indian

systems) of a possible

underlying theory in

which the earth (and

the planets) orbits the

sun, rather than the

sun orbiting the earth.”

H Thurston
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Nilakantha (1500

CE) developed a

heliocentric model

for the planets –  a

significant

achievement

decades before

Copernicus.

T ill th e tim e of R en aissa n ce, th e b elief th a t th e E arth
w as a p la n e w a s d eep -ro oted in E u rop e. A s late a s
th e 15 th cen tu ry, th e trav ellers accom p an y in g C o lu m -
b u s feared th at th ey m igh t fall to th e d ep th w h en th ey
reach th e ed g e of th e (p lan e) E arth !
M o d e rn E u ro p e
In h is D e R evolutionibus (154 3 C E ), N C op ern icu s en u n -
cia ted th e p rin cip les o f ax ia l ro tation a n d h elio cen tric
revolu tion . (H e ack n ow led ged A ristarch u s, H era k leid es
an d E cp h a n tu s.) G B ru n o (1 54 8{1 60 0) w as a v o cifero u s
ex p on en t of th e C op ern ican th eo ries. S u b seq u en tly tele-
scop e w as in ven ted an d G a lileo u sed it to d iscover (161 0)
fou r satellites (m o on s) of J u p iter w h ich g ave an in d irect
b u t stro n g ev id en ce in fav ou r of C o p ern ica n d o ctrin es.
O n th e b a sis o f th e lon g series of m eticu lou s ob serva tio n s
of T y ch o B ra h e (d u rin g 157 6-1 59 7), K ep ler p ostu lated
h is law s o f p la n eta ry m o tion (160 9). T h ese d evelo p -
m en ts p rep ared th e gro u n d for N ew ton 's law s of grav -
ita tio n (168 7) { th e corn erston e of N ew to n ia n celestia l
m ech an ics w h ere C op ern ican th eory co u ld ¯ n ally ¯ n d a
so lid th eoretical b a sis. D e R evolutionibus w as b an n ed in
16 16 , G a lileo p rosecu ted in 16 33. It w as in 18 22 th at th e
R om an C ath olic C h u rch ¯ rst o ± cia lly an n o u n ced th e
accep ta n ce of C o p ern ica n th eories. G o eth e rem arked :
O f allthe discoveries and the opinions proclaim ed, n oth-
ing surely has m ade such a deep im pression on the hu-
m an m ind as the scien ce of C opern icus. P erhaps never
before had m an kin d been con fronted w ith a bolder chal-
lenge, for, how m any thin gs w ere dispelled like sm oke or
fog as a result of his statem ent?
E p ilo g u e
W e co n clu d e th is a rticle w ith a q u o te fro m R og er B il-
lard 's w ork cited ea rlier ([4], p .2 24 )
I w ish ... everybody w ill be able to see w hat w as verily
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Truth does not pay homage to any

society, ancient or modern.Society has

to pay homage to truth or die  .

— Swami Vivekananda

The Complete Works II,  p.84.

the Indian astronom y, how adm irable an astron om er w as¹A ryabhat.a, w hy exactly he is the leading ¯ gure of such a
history. I hope furtherm ore he w illsoon be ackn ow ledged
as on e of the greatest astron om ers of the past and, in
consideration of his rigour and probity even w ithin error,
as a paragon of science.


