HISTORICAL NOTES

Alleged mistake of Aryabhata — Light onto his place of observation

K. Chandra Hari

An attempt is made here to set correct the record of the 1500-year-old tradition of Aryabhatiyam. Arya-
bhata’s immortal work had been alleged of mistake by Brahmagupta in AD 629 and the modern researchers
too did concur with him as they failed to see any rationale in the statement of Aryabhata vide verse 31 of
Gola. Effort has been made to establish that the statement of Aryabhata, viz. ‘sun in northern hemisphere
enters the prime vertical when the agra is less than Rsine latitude’ reflects the ingenuity of the astronomer
who worked at the low latitudes of Kerala. At the low latitudes declination (0) is very nearly equal to agra
when it equals the latitude (@) — limiting condition (6= @) for the prime vertical shadow of the gnomon. In
view of the special situation as above at his latitude of 10°51'N, Aryabhata chose to instruct the sun’s entry
to prime vertical in terms of the cut-off in agra equal to Rsine of the latitude of the place. Latitude of the
place was the most basic parameter in the use of the gnomon and therefore given the errors of observation and
measurement, it was more pragmatic to state the sun’s entry into prime vertical in terms of Rsined. Refer-
ence has been made to the evidence of spasta-bhiparidhi, viz. Aryabhata’s choice of 3299 as equatorial cir-
cumference to facilitate the spasta-bhiiparidhi of 3240 or 9 Yojanas per degree at the latitude of 1051'N

where the coastline of Kerala intersected the meridian of Ujjayint.

Beginning with Brahmagupta, many
scholars and astronomers have found fault
with Aryabhata for verse 31 of the
Golapada of Aryabhatiyam. Aryabhata’s
precept is concerned with the condition
for the existence of prime vertical alti-
tude and the relevant verses are:

RHTHHESaTRe st ad fawor |

T TS s garm ke I130]|
1 fagassarT a5 fyagarerasT S |
fryassen faweeT oer gafny aeg: 139l

Verse 30 describes the computation of the
‘agra’ of Siirya, i.e. the departure of the
rising or setting sun from the east-west line.

‘Rsine of the maximum declination (@)
multiplied by Rsine of the longitude (1)
and divided by the Rsine of the co-
latitude (90°— @) gives the deviation of
sun at the horizon’ (Note 1).

Rsin A*R sin w/R cos ¢ = agra= o, where
¢ is the latitude of the place and « shall
be used to denote agra in the following
discussion.

Verse 31 mentions: ‘When that (agra)
is less than the Rsine of the latitude and
the sun is in the northern hemisphere, mul-
tiply that by the Rsine of the co-latitude
and divide by the Rsine of the latitude to
obtain the Rsine of the sun’s altitude
when the sun is on the prime vertical’.

ie. Rsinh=a*Rcos ¢/Rsin ¢ = a/Rtan ¢,
in modern terms.

Criticism of Brahmagupta

All modern studies of Arybhatiyam and
researches on the works of Aryabhata’s
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followers like Bhaskara-1, Lalla, etc. have
brought out the fact that Aryabhata did
commit the mistake which Brahmagupta
had brought out in the following words':
‘The statement (of Aryabhata) that the
sun, in the northern hemisphere, enters
prime vertical when the (sun’s) agra is
less than the Rsine of the latitude is in-
correct, because this happens when the
Rsine of the sun’s declination satisfies
this condition (and not the sun’s agra).’
Shukla'? has mentioned that the com-
mentator Bhaskara-1 (AD 629), committed
the same error in his Maha-Bhaskariya,
but had corrected himself in his Laghu-
Bhaskariya. (Shukla' has discussed the is-
sue quoting important astronomers like
Stiryadeva (b. AD 1191), Some$vara, etc.)

Aryabhata, the great observer of the
heavens

Aryabhata, the great astronomer and
mathematician who was far ahead of the

astronomers of his times in observing that
the earth rotated and the starry heavens
were stationary, could not have made such
a mistake as is being alleged since the
7th century CE, when Brahmagupta began
his tirade against him. Expressed in modern
terms, the prime vertical altitude / is:

sin i = sin &/cos ¢,

where Jis the declination of the sun and
¢ the latitude. Declination & has to be
more than ¢ for the altitude / to be posi-
tive. This fact could have been obvious to
a mathematician who is rightly believed
to be the originator of the modern trigo-
nometric functions. What then inspired
him to make the wrong statement as is
being alleged for 14 centuries? Table 1
furnishes the situation where &= ¢
for the declination of the sun up to
w=24°.

Notable aspects of the data shown in
Table 1 are as follows:

Table 1. Agrafor 6= ¢

Sun Latitude sin §/cos ¢ = Agra R sin agra —

()] (@) R sin ¢ R sin agra in degrees Rsin ¢ agra— &
3 3 179.93 180.17 3.004 0.24 0.00
6 6 359.37 361.33 6.033 1.96 0.03
9 9 537.82 544.49 9.113 6.67 0.11
10.85 10.85 647.16 658.90 11.050 11.74 0.20
12 12 714.8 730.72 12.272 15.92 0.27
15 15 889.82 921.15 15.542 31.33 0.54
18 18 1062.4 1117.00 18.961 54.60 0.96
21 21 12321 1319.64 22.573 87.57 1.57
24 24 1398.4 1530.60 26.438 132.24 244
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(a) At lower latitudes (Rsin agra—
Rsin ¢) and (agra — &) tend to be lower.

(b) For the latitudes of Kerala between
8.5° and 12.5°, the difference between &
and agra is only quarter of a degree — the
minimum error observed in ancient as-
tronomical measurements of longitude.

(c) Indian astronomy had been em-
ploying at the beginning of the 6th cen-
tury CE, @ = 24° against the true value of
obliquity @ = 23°38’ and this alone could
have introduced errors in conversion of
coordinates. For example, in the A to o
conversion the error is 1.33-1.4%.

(d) Therefore, at lower latitudes as in
Kerala, observation and measurement of
agra and its conversion to declination
was too delicate a task to be accom-
plished as to annul the error that we see
in verse 31. Prime vertical shadow of the
gnomon is stated in terms of the agra that
could be observed and measured by the
astronomer. Anyone computing the dec-
lination of sun from agra in the latitude
of Kerala, like say 10°51’N (identified as
that of Aryabhata’s place)® need not have
necessarily obtained a declination greater
than the agra. It is this practical situation
that is reflected in verse 31 stated above.

(e) Rsin ¢ the cut-off value of agra at
low latitudes: Table 2 presents the hypo-
thetical sitnation of a 2% error, i.e. over-
estimation in the declination values.
What made Aryabhata prescribe the rule
in terms of Rsine of latitude, i.e. the
boundary condition where 6= ¢ = agra at
lower latitudes is evident and thus noth-
ing barred him from framing the rule in
terms of agra that is observed and meas-
ured.

(f) It can be understood that the sun’s
agra had to be less than Rsin ¢ when
there was over estimation of a mere 2%
in declination computed from agra.

(g) Latitude ¢ being a basic parameter
known, the observational precepts had to
be in terms of such parameters and there-
fore Aryabhata’s instruction that the agra
must be less than the Rsin ¢.

(h) Methods™’ of finding the sun’s
agra by observation using a neck-high
circular platform and further derivations
have been mentioned in the works of
Bhaskara-1 and other disciples of Aryab-
hata, and it is towards such purpose that
the verse 31 is also intended.

(i) In fact, Aryabhata showed ingenu-
ity by making Rsin ¢ the cut-off value of
agra for the prime vertical shadow of the
gnomon, taking advantage of his position
at the low latitude of 10°51'N in Kerala.

(j) Verse 31 is thus reflective of his re-
alization of the constraints at low latitudes
to have a more accurate determination of
declination. Table 1 shows that declina-
tion was nearly equal to agra in degrees
at low latitudes and therefore the instruc-
tion in terms of Rsin ¢ was an observa-
tional thumb rule and cut-off value used
in gnomonics of the region.

(k) Rather than theory, the ancient as-
tronomers were more interested in prac-
tical applications, so that important
celestial events could be predicted and
their exercise began with the gnomon.

Oversight in expressing a universal
astronomical precept

As described at the outset, the location-
specific rule had been under severe criti-
cism since the time of Brahmagupta (AD
628). It has to be admitted that there was
some oversight by Aryabhata. The (f) de-
scription of the phenomenon should have
been applicable to all latitudes to avoid
confusion with other astronomers in dif-
ferent places. As an irony it may be said

that the oversight has today become an
aid, as supporting evidence in fixing the
place of his observation.

Evidence of the Spasta-bhiiparidhi

I had earlier demonstrated that the astro-
nomers who have given original values
of the earth’s diameter or circumference
vis-a-vis their measure of the unit ‘Yo-
jana’ have done so to take advantage of
an integer number of Yojanas or half-
integers per degree with the spasta-
bhiiparidhi of their location (Table 3).
Aryabhata’s choice of 3299 Yojanas as
the equatorial circumference was to ob-
tain a spasta-bhiiparidhi of 3240 Yojanas
at his place of observation 10°51'N,
75°45'E, where the coastline of Kerala
intercepted the Lanka—Ujjayinl yamyot-
tara-rekha or the Hindu prime meridian.
His choice of the earth’s diameter as
1575 Yojanas in the Ardharatrika sys-
tem® and circumference as 4948 Yojanas
also point towards the same choice of
place at 10°51'N. Vatesvara’s choice of
3311.24 Yojanas is remarkable to make

Table 2. Impact of 2% over estimation
Sun (6N) 6-2% Latitude (¢) R sin ¢ R sin agra
1 0.98 10.85 647.16 59.87
2 1.96 10.85 647.16 119.72
3 2.94 10.85 647.16 179.53
4 3.92 10.85 647.16 239.30
5 4.90 10.85 647.16 298.99
6 5.88 10.85 647.16 358.59
7 6.86 10.85 647.16 418.10
8 7.84 10.85 647.16 477 .47
9 8.82 10.85 647.16 536.71
10 9.80 10.85 647.16 595.79
10.85 10.63 10.85 647.16 645.88
Table 3. Evidence of earth’s circumference
2 at 0°N Yojanas per  cos¢= Latitude Place of choice/
Astronomer (C) degree Yat ¢ Y*360/C () native
Eratosthenes 4320 12 0.86 31.00 Alexandria
5040 14 1.00 0.00 Equator
Aryabhata 3299 9 0.98 10.85 Ponnani
4948 13.5 0.98 10.82 Ponnani
Brahmagupta 5000 13 0.94 20.61 Bhilmala
Bhaskara-II 4967 13 0.94 19.57 Bid.
3927 10 0.92 23.55 Ujjayint
Vatesvara 3311.24 8.5 0.92 22.50 Ujjayin1
Varahamihira 3200 8 0.90 25.84 Kusumapura
Manjula 3600 8 0.90 25.84 Prakasa
4800 12 0.90 25.84 25°36'N
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the spasta-bhiiparidhi at 1/16th of the cir-
cumference (Ujjayinl according to Ary-
abhata’) to have 8.5 Yojanas per degree.
Varahamihira too had accepted Aryab-
hata’s value of 3299 Yojanas to place
Ujjayinl of Aryabhata at 200 Yojanas
and Avanti at 213.33 Yojanas and then had
changed the value to 3200 with the choice
of reference location as Kusumapura.

Though Aryabhata in his brief treatise
is silent about the spasta-bhiiparidhi, the
idea is well attested in the tradition of
Aryabhatiya as may be noted from Sisya-
dhivrdhida tantra of Lallacarya (Lalla
has also discussed the correction of planets
computed for the meridian of UjjayinT to
the local meridians)®:

MR AT qal T4
TR fR faRIfer
feampTe g e
AETICTR Wae

19.93 1

The equatorial circumference of the earth
is 3300 Yojanas. Its diameter is 1050
Yojanas. Equatorial value multiplied by
12 and divided by the hypotenuse of the
equinoctial shadow (palakarna) of a place
gives the true circumference of the earth
at that place.

As 12/palakarna = cos ¢, where ¢ is
the latitude of the place, the rule is

Spasta bhiiparidhi =
Bhiimadhyaparidhi * cos¢.

This for the equatorial value of Aryab-
hata, viz. 3299 Yojanas gave spasta bhii-
paridhi as 3240 Yojanas at ¢ = 10°51'N.
Though Aryabhata has not given the rule
explicitly in his brief treatise, the rule is
apparent in verse 11 of the Golapada,
where Meru the abode of Gods at the
pole 90°N is described:

. : . Y
HBATSTATE JTR] fEwee aRfersT
TEATARI AL T ekl ge

1991

Commentators have taken the verse to
mean the height of the Meru, whereas
Aryabhata has meant the circumference
and so the interpretations have been con-
fusing. Taking the verse as referring to
circumference at 1’ short of the pole at
90°N, i.e. 89°59", we get the right meaning
of the verse as 3299 *cos 89°59' =
0.96 = 1 Yojana. It is just about 1 and so
he expressed Meruryojana matram, which
is correct rather than Meruryojana ma-
trah, which translate as Meru is exactly
one yojana in height (Shukla and Sharma
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have discussed the verse as referring to
the height of the Mern mountain.)’. It is
unlikely that Aryabhata meant 1 Yojana
height as that of a mountain, when the
earth’s circumference is 3299 Yojanas
and 1 Yojana is just 6’ of arc, not even
quarter of the diameter of the solar or lu-
nar disc.

It is therefore evident that Aryabhata’s
choice of an odd number like 3299 was
to have the spasta-bhiiparidhi at 10°51'N
as 3240 = 360%9, giving 9 Yojanas for
each degree of terrestrial longitude at his
place where the Ujjayini meridian had
intercepted the west coast of Kerala.

Further, Aryabhativam offers no clue
in terms of the Yojanas east or west of
his place®'” from the meridian of Ujjay-
in1. This is possible only under a situa-
tion where the astronomer had been
living at a place where he could use the
UjjayinI meridian as the prime meridian.

Evidence of the mistake of the
Ujjayini latitude at 22 30'N

Another of Aryabhata’s alleged mistake,
viz. latitude of UjjayinI as 22°30'N, hav-
ing the equinoctial shadow 5:12, also
suggests that at the time of writing the
Aryabhatiyam, Aryabhata was not famil-
iar with North India and the popular
Ujjayin1 marked by the Mahakale$var
temple at the latitude 24°N and where the
equinoctial shadow would have been in
excess by 20 Vyatigulas''.

Aryabhatiya Gola-verse 14 specifies
the Indian or Hindu prime meridian in
the words:

TTSTANATEA B YBEATAT TeragH T |
IoSIRFN ABRIT TeagRe] FHRRT: (95 |

‘From the centre of the land and water, at
a distance of one-quarter of the earth’s
circumference lies Larnka; and from Lanka
at a distance of one-fourth thereof, exactly
northwards, lies UjjayinI.’

The verse spells out that on the prime
meridian, Ujjayinl is located at one-
sixteenth of the earth’s circumference
north of Lanka and thus the latitude of
Ujjayin1 turns out to be 360°/16 =
22°30'N. Shukla and Sharma'’ have
given a discussion on this aspect in their
critical edition of Aryabhatiyam. To quote:

“... This makes the latitude of Ujjayint
equal to 2230'N. This is in agreement
with the teachings of the earlier follow-

ers of Aryabhata, such as Bhaskara-I (4D
629), Deva (4D 689) and Lalla and the
interpretations of the commentators Somes-
vara, Siuryadeva (b. 4D 1191) and Para-
mesvara (4D 1431). Even the celebrated
Bhaskara-II (4D 1150) has chosen to
adopt it.

But Brahmagupta (4D 628) differed
from this view. He takes Ujjayini at a
distance of one-fifteenth of the earth’s
circumference from Lanka and the like-
wise the latitude of Ujjayint as equal to
24 °N. Some of the commentators of Ary-
abhatiya who favoured Brahmagupta’s
view changed the reading taccaturamse
into pancadasamsSe. The commentator
Saryadeva, who first interprets the origi-
nal reading taccaturamse, later remarks:
‘Ujjayint lankayah pancadasamse samot-
taratah’ (i.e. Ujjayini is at a distance of
one-fifteenth of the earth’s circumference
to the exact north of Lanka) is the proper
reading because Brahmagupta writes:
Lanikottaratofvanti bhiparidheh panca-
dasabhage ... .

This long quotation brings out the sa-
lient features of the conflict which may
be enumerated as follows:

(i) Aryabhata gave the latitude of
UjjayinT as 360°/16 north of Larika and it
had acceptance only among his followers.

(i1) Brahmagupta and a host of others
like Varghamihira'® did not agree with
Aryabhata and this had given rise to an
alternate school of thought and tradition.

(iii) Bhaskara-II apparently agreed
with Aryabhata. However, some follow-
ers of Aryabhata like Stiryadeva could not
find any rationale underlying Aryabhata’s
notion and they did tacitly accept Brah-
magupta as correct.

(iv) Apart from what Shukla and
Sharma have discussed, we can see that
the Siryasiddhanta also did not agree
with Aryabhata in the matter.

(v) Shukla has quoted Nilkantha who
has tried to explain the conflict by credit-
ing Aryabhata’s reference of 22°30'N to
a different Janapada at that latitude. But
this is not correct as any reference to
UjjayinT in ancient texts obviously hinted
at the location of the Mahakale$var tem-
ple whose latitude according to modern
determination is 23°13'N.

Thus it becomes apparent from the
above that:

(1) Aryabhata was correct in his
statement that the sun in the northern
hemisphere enters the prime vertical
when the agra is less than the cut-off,
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viz. Rsine of the latitude and Aryabhata
chose agra as the reference as it is nearly
equal to declination when the sun enters
the prime vertical at lower latitudes like
that of Kerala.

(2) The 1400-year-old criticism on
Aryabhata which began with the tirade
unleashed by Brahmagupta is irrelevant
and unwarranted given the location of
Aryabhata as Kerala.

(3) In giving expression to the pheno-
menon universally observed, oversight is
apparent. But the precept rightly under-
stood in terms of the location renders
supporting evidence to the fact that Ary-
abhata had his observations in the lati-
tudes of Kerala.

(4) Reference is made to the evidence
of spasta-bhiiparidhi. Aryabhata’s choice
of 3299 Yojanas as equatorial circumfer-
ence is shown to be inspired by the 3240
Yojanas at 10°51'N, the location of Ary-
abhata where the UjjayinT meridian
intercepted the coastline of Kerala
(10°51'N, 75°45'E), viz. Camravattam,
near Ponnani, an ancient port and Arab
trade centre.

Note 1. Symbols used: (1) Rsine refers to
3438* modern sine and similarly with other
trigonometric functions. (2) Symbol multipli-
cation (*) and division (/) and other mathe-
matical operations have been given as is being
widely used now in ‘Excel” worksheets.
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Bhaskara-I has devoted a chapter to dis-
cuss the ‘De$antara-Yojanas’ in Mahd-
bhaskariyam. See Shukla’. Aryabhata
himself speaks in verse 13 of Gola about
the four mythical cities marking the four
quarters of the earth’s circumference from
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nadikas becomes the interval of plane-
tary motion that must be adjusted. How-
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Even if it was improper for a Siddhanta
to make reference to a specific location,
any reference given by Aryabhata to his
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nomy. As shown in the discussion on
spasta-bhiparidhi, Aryabhata’s choice of
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meridian of Ujjayini.
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