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Salient features of the total lunar eclipse of 23 March 517 CE is examined in contrast to the 

discussion on eclipses given by Āryabhat �a in his work Āryabhat �īya. Āryabhat �a’s description of 

the range of colors that the moon’s disc exhibits during a total lunar eclipse is shown to 

conform with the modern descriptions and the Danjon scale of lunar eclipse brightness. 

Comparison is made of the computational results according to Āryabhat �īya and modern 

astronomy. Moment of full moon and totality deduced by the Āryabhat �a elements tally precisely 

with modern astronomical value. This close agreement despite the deficiency of inequalities in 

Āryabhat �īya and the precise agreement of mean longitudes of sun and moon suggests that the 

eclipse under reference may have been a critical input for Āryabhat �a in giving final shape to his 

treatise.      

Also discussed is the observation of the meridian transit of the totally eclipsed moon and the 

method of Āryabhat �a tradition for finding the meridian ecliptic point as well as the transit of 

moon. This observation is shown to have facilitated an accurate verification of the true 

longitude of both moon and sun on 23 March 517 CE. Mean solar ingress of Kali 3618 elapsed 

as per Āryabhat �īya, 21 March 517 CE, 06:00 ZT, Kalidina of 1321506 and the true equinox are 

shown to have an intervening span of 2.13 days which precisely correspond to the equation of 

centre of Āryabhat �a. Result in turn suggest that the equinox of 517 CE and the meridian transit 

of the eclipsed moon may have been reference to Āryabhat �a in the formulation of Āryabhat �īya.    

I. Introduction 

Recent studies1,2 have brought to light the precise date and place of Āryabhat a as well as the 

important solar eclipse observations that formed the basis of the elements of Āryabhat īya.3 

Exact concurrence of the Moon’s Node and Apogee of Āryabhat īya with modern astronomical 

elements for CE 519 substantiate the Haridatta tradition of Kerala that takes the Kali year 

Girituňga (3623) as the epoch of the treatise. Āryabhat a’s treatment of eclipses in Gol apāda 

mainly consisted of the verses 33-34 giving the parallax necessary in solar eclipse computation 

and verses 38-46 present the computational details of the lunar eclipse. Verse 47 refer to the 

visibility of partial solar eclipses. Explicit treatment of the fixing of apparent conjunction with 

Lambana-nādikās we miss in Āryabhat īya and this has led to the interpretation of verse 38 of 

Gol apāda as referring to parvānta as the middle of the solar and lunar eclipse4. Precise 

computation of the parallax had been a difficult exercise in his times and as such the test of a 

Siddhānta, mainly, the luni-solar elements could be done best with eclipses centered over the 

meridian where the parallax is zero. This may be the reason for considering the middle of the 

eclipse as close to the parvānta in solar eclipse.  



Lunar Eclipse Observation by Āryabhat a - Verse 46 of Golapāda 

In the case of solar eclipse, the obscured disc appears black during all phases of the eclipse 

while in a lunar eclipse, the obscured disc undergo changes in color from smoky, black , tawny 

and . Āryabhat a described a lunar eclipse in verse 46 of Gol apāda as – 

 

   |ÉOÉ½þhÉÉxiÉä vÉÚ©É& JÉhb÷OÉ½þhÉä ¶É¶ÉÒ ¦É´ÉÊiÉ EÞò¹hÉ&* 
   ºÉ´ÉÇOÉÉºÉä EòÊ{É±É& ºÉEÞò¹hÉiÉÉ©ÉÉä iÉ¨ÉÉä ¨ÉvªÉä **  (46)  

“At the beginning and end of lunar eclipse, the obscured disc appears smoky and during partial 

obscuration it is black. In totality the obscured part is yellowish brown and  at maximum 

obscuration the disc appears bluish with black tinge” 

Obviously, the verse reflects the observation of a total lunar eclipse by Āryabhat a and the 

description of the phases in different colours reminds us of the Danjon scale of lunar eclipse 

brightnessƒ. Earth’s atmosphere refracts some of the Sun's rays into the shadow depending upon the 

filtering by atmospheric materials. Therefore the total phase of a lunar eclipse has a vibrant range of 

colours from dark brown and red to bright orange and yellow. The exact appearance depends on 

how much dust and clouds are present in Earth's atmosphere. A modern picture as below
5
 we find 

reflected in the above verse of Āryabhat a.  

 

  Fig. 1: Range of Colors of Moon’s disc in a Total Lunar Eclipse 

 

 
 

When we look for the specific total lunar eclipse that was visible at his place in the vicinity of 

the solar eclipses of CE 519, we meet with the following cases shown in table-1: 

 

                                                 
ƒ
 Danjon’s five point scale for evaluating the visual appearance and brightness of the Moon 

during total lunar eclipses. 'L' values for various luminosities are defined as follows:  

L = 0: Very dark eclipse. Moon almost invisible, especially at mid-totality. 

L=1: Dark Eclipse, gray or brownish in coloration. Details distinguishable only with difficulty. 

L = 2: Deep red/rust-colored eclipse. Darker central shadow, outer edge of umbra is relatively 

bright. 

L = 3 Brick-red eclipse. Umbral shadow usually has a bright or yellow rim. 

L = 4 Very bright copper-red or orange eclipse. Umbral shadow has a bluish, very bright rim. 

 



Table-1: Lunar Eclipses Visible at Camravattam (10N51, 75E45) 

Date 
Zone Time 

10N51, 75E45 

Partial / 

Total 
Remarks 

Julian Days 

 (ZT) 

516 September 26 00:40 Partial  -- 1909795.52778 

517 March 23 23:37 Total 
On the Meridian 

& Clear Sky 
1909974.48403 

517 September 15 03:40 Total Visible partially 1910149.65278 

520 January 20 23:04 Partial -- 1911007.46111 

521 January 8 04:15 Total Visible partially 1911360.67708 

521 July 5 23:00 Total 
During heavy 

Monsoon 
1911539.45833 

   

We can find that the total lunar eclipse of 23 March 517 CE would have been quite special for 

an astronomer observing the sky over the meridian of Ujjayinī as the eclipse totality occurred on 

the meridian.  Even though the lunar eclipse of 5 July 521 is total and totality occurred close to 

the meridian, it happened during heavy Monsoon and is unlikely to be observed due to 

rain/clouds. Total lunar eclipse of 15 September 517 even though visible took place after the 

meridian transit and therefore it may have been visible at the place of Āryabhat a.  

Further, the total lunar eclipse of 23 March 517 CE took place on Citrā paurn amī night when 

the Moon was in conjunction with Citrā and at the totality of the eclipse the Citrā star must have 

been visible on the meridian. Right ascension (α) and declination of the Moon and Citrā for 

midnight of 23/24 March 517 CE point towards a longitudinal conjunction.  

Citrā or α-Virginis: α =  12h-09m δ = -03005’, Upper transit: 23:54 

Eclipsed Moon    α = 12h-17m δ = -02013’, Upper transit: 00:06 

It is therefore evident that during the totality of the eclipse both Moon and the star Citrā had the 

meridian transit and therefore Āryabhat a had the opportunity to have a check of the longitude of 

Moon as well as zero parallax by comparing it with the longitude of Citrā.  

Importance of Meridian Transit of Moon in Āryabhat a Tradition 

Importance of the meridian observations of the Moon in the Āryabhat a tradition may be 

understood from the three verses by Bhāskara-I dedicated to the description of the same and the 

necessary computations:6 

   +ÉºÉzÉÉè º´ÉÊvÉªÉÉƒƒƒƒ¦ªÉÚÁ ¨ÉvªÉ±ÉMxÉÊxÉ¶ÉÉEò®úÉè* 
   EòÉ±ÉäxnÖù¨ÉvªÉ±ÉOÉÉxÉÉ¨ÉÊ´É¶Éä¹ÉÆ ºÉ¨ÉÉSÉ®äúiÉÂ**   (39) 

“Approximate time of conjunction of the Moon with the meridian ecliptic point is first 

determined and then successively the Moon and meridian ecliptic point are computed till the 

agreement is reached i.e the values become equal”  



   xÉÉb÷¬ÉäxiÉ®úÉ±ÉVÉÉ& ºÉÉvªÉÉ ±ÉRÂóEòÉ®É¶ªÉÖnùªÉèºiÉªÉÉä&*    
   >ðxÉä Ê´É¶±Éä¹ÉxÉÉb÷Ò¦ªÉ& ¶ÉÖÊrù& IÉä{ÉÉäƒƒƒƒÊvÉEäò º¨ÉÞiÉ& **  (40) 

“With rising times of signs at Laňkā, find the time that is needed for Moon to equal the 

meridian ecliptic point. Correct the Moon accordingly and repeat the process by assuming the 

meridian ecliptic point and find the time when the rising point and the moon increased by three 

signs are equal”    

   ¨ÉvªÉ±ÉMxÉºÉ¨É¶SÉxpùÉä VÉÉªÉiÉäƒƒƒƒxÉäxÉ Eò¨ÉÇhÉÉ * 
   iÉÎiIÉ{iªÉ{ÉGò¨ÉÉIÉèºiÉÖ ¨ÉvªÉUôÉªÉÉ |ÉºÉÉvªÉiÉä **  (41) 

“This is how the Moon’s longitude at meridian transit is obtained. From moon’s celestial 

latitude and declination, the zenith distance cane be found out for any place using the latitude” 

Further, last but second verse with which the astronomical contents of the Āryabhat īya have 

been concluded, Gol a 48 highlights the importance of lunar eclipses (earth-sun conjunctions) in 

fixing the computation of sun.7 

  ÊIÉÊi É®úÊ´Éª ÉÉäMÉÉi É Â Ên ùx ÉEÞòi É Â ®ú´É Òx nÖùª ÉÉ äMÉÉi É Â | Éº ÉÉÊvÉi É¶ SÉ äx n Öù&*  
  ¶ ÉÊ¶ Éi ÉÉ®úÉOÉ½þª ÉÉäMÉÉi É Â i ÉlÉ è́ É i ÉÉ®úÉOÉ½þÉ& º É´Éæ * *   (48) 

"Sun is computed from the earth-sun conjunctions, Moon is computed from its conjunctions 

with the sun and the star-like planets are computed by observing their conjunctions with the 

moon" 

Remarkable features as above of the total lunar eclipse of 23 March 517 CE and especially the 

meridian transit during totality and maximum makes it an interesting observation that 

Āryabhat a may have utilized in giving final shape to his treatise.  

II. Lunar Eclipse of  23 March 517 CE  

The total lunar eclipse of 23 March 517 CE happened just after the opening of the new year and 

when the sun had just crossed the equator to the north. Kali year 3618 had its beginning on 21 

March 517 CE with the mean solar ingress into Aries. Day and night were equal on the date of 

the eclipse and thus sunset and meridian transit of Moon presented reliable time markers for the 

astronomer.  

Elements of Āryabhat īya and modern algorithms8 renders the following computational results 

(table-2) for the total lunar eclipse of 23 March 517 CE. Delta T (δT = TT-UT) for 517 CE turns 

out to be 4503 seconds. Julian Dates have been given for the longitude of 75E45, same as that 

of the native place of Āryabhat a and Ujjayinī and is given as JD (ZT), ZT meaning Zonal Time 

at 75E45. Kalidina is computed from the zero epoch defined as 18 February – 3101CE, 06:00 

ZT corresponding to Kalidina =0 and JD (ZT) = 588465.75 days.   

 



Table-2: Contrast of Āryabhatīya and Modern Results 

 Kalidays 
Full Moon 

JD
1
 

Mean 

 λs 

True  

λs 

Mean 

 λm 

True 

 λm 

λ 
node 

λ 
apogee 

Āryabhatīya 

Mean Full Moon 
02

0
22’ 04

0
27’ 182

0
22’ 178

0
46’ 183

0
44’ 48

0
17’ 

Modern λ 
1321508.301 1909974.051 

02
0
24’ 04

0
18’ 182

0
23’ 178

0
16’ 183

0
43’ 48

0
12’ 

Mod. Mean  

Full Moon 
1321508.302 1909974.0523 02

0
24’ 04

0
18’ 182

0
24’ 178

0
18’ 183

0
43’ 48

0
12’ 

Āryabhatīya 

True Full Moon 
1321508.737 1909974.4866 02

0
47’ 04

0
52’ 188

0
06’ 184

0
52’ 183

0
44’ 48

0
17’ 

Modern 

True Full Moon 
1321508.742 1909974.4922 02

0
50’ 04

0
44’ 188

0
12’ 184

0
44’ 183

0
42’ 48

0
15’ 

Data as above is illustrative of the extreme accuracy that Āryabhat a achieved. The following 

points are note worthy.  

(a) Time of mean full moon as per Āryabhat īya and modern algorithm differed only by 2 

minutes.  

(b) Mean longitudes of Sun and Moon matched precisely with the corresponding modern 

values.  

(c) Time of true full moon as per Āryabhat īya was only 8 minutes less of modern value.  

(d) True λ of sun as per Āryabhat īya differed from modern value by (+)9 minutes of arc 

while true λmoon of Āryabhat īya differed from modern value by (+)30 minutes of arc at 

the Mean Full Moon epoch. But at the true Full Moon, the computed mean and true λs 

were in close agreement.   

(e) Node and apogee of Moon precisely matched with the modern values. This in turn 

reinforces the conclusions derived from examining the solar eclipses of 15 Feb and 11 

Aug 519 CE in the earlier study given at reference (2).   

(f) Inequality for Sun as per Āryabhat īya is 128’ and the modern value is 115’. It is 

therefore evident that the error in the true value is due to the high value of the equation 

of centre adopted in Āryabhat īya.  

                                                 
1
JD (TT):Mean Full Moon (Āryabhatīya) 1909973.89270370, 09:25 TT for 1909974.051, 13:13 ZT 

JD (TT): Mean Full Moon (modern)1909973.894, 09:27TT for JD (ZT) = 1909974.0523, 13:15 ZT 

JD (TT): True Full Moon (Āryabhatīya) 1909974.3283, 19:53 TT for JD (ZT) = 1909974.4866, 23:41 ZT 

JD(TT): True Full Moon (modern): 1909974.3339, 20:01TT for JD (ZT) =  1909974.49218, 23:49 ZT 

 

 
 



Perfect agreement of the Siddhāntic computational results as above with the modern 

astronomical values render support to the fact that the treatise had its origin around the epoch of 

the lunar eclipse of 23 March 517CE.  

Extreme Accuracy of the Sun, Moon Longitudes at Full Moon 

Extreme accuracy of the luni-solar mean and true longitudes at the full moon is an indirect 

pointer towards the methodology of Āryabhat a. It may be noted that the equation of centre for 

sun according to Āryabhat a is 128.8’, surplus by 13’ compared to the modern value of -115.5 

minutes of arc and in the case of moon the contrast is far more striking with the Āryabhat a 

value of 300.1’ and modern equation of 377.2’. Despite such apparent discrepancy, Āryabhat a’s 

method is giving extremely accurate values for the full moon computed.  

The early Indian astronomers failed to detect the inequalities excepting the equation of centre as 

the mean longitudes of sun and moon and equation of centre were derived by the analysis of the 

times of eclipses which occur only at syzygies. Annual equation arising from the distance of 

earth and moon from sun amounting to +11 sin (sun-anomaly) of moon got added to sun as the 

full moon times were based on the elongation (moon – sun) i.e. -115’sin m – 11’ sin m = 

128.8’max as we see in Āryabhat īya. In the case of full moon, the line of apsides explains 30’ 

error in true λmoon. Āryabhat īya equation of centre does not include evection and in the present 

case where the line of apsides is nearly 450 from the luminaries, evection is almost halved to 38’ 

and therefore the Āryabhat īya equation of centre is less by the same amount and hence the 

surplus by 30’ in true λmoon.  

The fact that Āryabhat �a failed to notice the evection and variation despite his mysterious 

accuracy conveys us that the astronomer used only the eclipse times as cross check of his 

computations. As corollary, we can argue that if the eclipse of 23 March 517CE had been a 

reference for Āryabhat a for giving shape to Āryabhat iya, then the timings of the eclipse derived 

from the method must match precisely with the modern astronomical times.  

Salient Features of Lunar Eclipse Discussion in Āryabhat īya 

1. True Full Moon: 23 March 517CE, 23:41 ZT, JD(ZT)= 1909974.4866  

2. Primary elements include the mean diameters and distances of Sun, Moon and Earth which 

are furnished below: Also given are the true distances and diameters computed as per the 

precepts of Aryabhata9 in table- 3 below: 

3. Modern astronomical times of totality and duration have been taken from the Sky Map pro 

Planetarium software.  

 



Table-3: Mean and True Distances and Diameters of Sun and Moon 

 

Element Sun Earth Moon 

Mean Diameter 4410 1050 315 

Mean Distance 459585 0 34377 

True Diameter 4369 1050 334 

True Distance 460538 0 36757 

 

4. Latitude β of Moon =0006’ 

5. Moon’s daily motion = 837.34’ and Sun’s daily motion = 58.5886.  

6. True diameter of Sun in minutes = 32.62 and true diameter of Moon in minutes = 31.21 

7. Length of the Earth’s shadow 

Āryabhat īya Gol a 39 instructs the computation of the length of the Earth’s shadow: 

   ¦ÉÚ®Ê´ÉÊ´É´É®Æú Ê´É¦ÉVÉäiÉÂ ¦ÉÚMÉÖÊhÉiÉÆ iÉÖ ®Ê´É¦ÉÚÊ´É¶Éä¹ÉähÉ * 

   ¦ÉÚSUôÉªÉÉnùÒPÉÇi´ÉÆ ±É¤vÉÆ ¦ÉÚMÉÉä±ÉÊ´É¹Eò¨¦ÉÉiÉÂ **  (39) 

“True distance of the sun multiplied by the diameter of earth and divided by the difference of 

diameters of the sun and earth gives the length of the shadow of earth from the earth’s centre” 

Length of the earth’s shadow = [Sun’s distance*Earth Dia/(Sun Dia-Earth Dia)] = 145689 

Yojanas  = 4.2 times the distance of moon from earth.  

According to modern astronomy, at the mean distance of the earth from Sun, the length of the 

earth’s shadow will be more than 3 times the distance of moon from the earth. Earth’s shadow 

will be of maximum size i.e. greatest length and breadth when the sun is at aphelion. At the time 

of full moon, moon shall cross the shadow at the point decided by its nearness to earth and 

ancient astronomers could understand the geometry well by the ‘lamp and shadow’10 method.  

8. Diameter of the earth’s shadow at Moon’s distance is given by verse 40 of Gol a:  

   UôÉªÉÉOÉSÉxpùÊ´É´É®Æú ¦ÉÚÊ´É¹Eò¨¦ÉähÉ iÉiÉÂ ºÉ¨É¦ªÉºiÉ¨ÉÂ * 
   ¦ÉÚSUôÉªÉªÉÉ Ê´É¦ÉHÆò Ê´ÉtÉiÉÂ iÉ¨ÉºÉ& º´ÉÊ´É¹Eò¨¦É¨ÉÂ **  (40) 

“Difference of the length of earth’s shadow and the distance of moon multiplied by the earth’s 

diameter and divided by the earth’s shadow gives the diameter of Tamas i.e. diameter of the 

earth’s shadow at moon’s distance” 

Diameter of earth’s shadow at Moon’s distance = Diameter of Tamas =  

[Length of earth’s shadow-Moon’s distance]*Earth’s Diameter/Length of earth’s shadow] 

=785.1 Yojanas 

 



9. Semi-dia of earth’s shadow at Moon’s distance =392.50 Yojanas =36.72’ 

This angular breadth of the half shadow may be computed using modern algorithm as          P + 

π - ψ where P is the horizontal parallax of moon, π the parallax of sun (8”) and ψ the semi-

diameter of sun. In the present case for the time of first contact P = 53’ and π-ψ =16’ and hence 

the semi-diameter of the shadow = 53’ – 16’ = 37’, very nearly the same.  

10. Half duration of the lunar eclipse is given by verse 41 of Gol a.  

iÉSUÊ¶ÉºÉ¨{ÉEòÉÇvÉÇEÞòiÉä& ¶ÉÊ¶É Ê´ÉIÉä{É´ÉÌMÉiÉÆ ¶ÉÉävªÉ¨ÉÂ * 
   ÎºlÉiªÉvÉÇ̈ ÉºªÉ ¨ÉÚ±ÉÆ \ÉäªÉÆ SÉxpùÉEÇòÊnùxÉ¦ÉÉäMÉÉiÉÂ **   (41) 

“Square the sum of semi-diameters of Tamas and Moon and subtract the square of moon’s 

latitude and root of this gives the semi-duration of the eclipse in minutes. Using the tithi-gathi 

the corresponding time in ghatis can be found”. 

σ = (Shadow + Moon) = 52.32’.  

Half duration = [60* (σ^2-β^2)^0.5]/(δλs-δλm) = 96 minutes = 1h 36m 

11. Half duration of totality – Verse 42 of Gol a  

SÉxpù´ªÉÉºÉÉvÉÉæxÉºªÉ ´ÉÌMÉiÉÆ ªÉkÉ¨ÉÉä̈ ÉªÉÉvÉÇºªÉ * 
   Ê´ÉIÉä{ÉEÞòÊiÉÊ´É½þÒxÉÆ iÉ º¨ÉÉx¨ÉÚ±ÉÆ Ê´É¨ÉnùÉÇvÉÇ̈ ÉÂ  **   (42) 

“Square the difference of semi-diameters of Tamas and Moon and subtract the square of moon’s 

latitude and root of this gives the semi-duration of the totality of the eclipse in minutes.”. 

Here too using the tithi-gathi the corresponding time in ghatis can be found. s = semi-diameter 

of Tamas – semi-diameter of Moon = 21.11, β =6.05’.  

Half duration of totality = [60*(s^2-β^2)/778.75] =1.56 ghat is = 37 minutes  

12. Un-obscured part of the Moon’s disc – Verse 43 of Gol a 

iÉ¨ôÉºÉÉä Ê´É¹Eò¨¦ÉÉvÉÈ  ¶ÉÊ¶ÉÊ´É¹Eò¨¦ÉÉvÉḈ ÉÌVÉiÉ¨É{ÉÉäÁ * 
   Ê´ÉIÉä{ÉÉtSUôä¹ÉÆ xÉ MÉÞÁiÉä iÉSUô¶ÉÉRÂóEòºªÉ **   (43) 

 

“From the semi-diameter of Tamas subtract the moon’s semi-diameter and the result deducted 

from the latitude of Moon gives the un-obscured portion of the moon’s disc” 

Unobscured part of the Moon = (β –s)= 15’ = 48%  

This result substantiates the assumption of parvānta or the moment of true full moon as more or 

less the middle of the eclipse in verse 38 of Gol apāda.  

 

 



Comparison with Modern Results 

Based on the time of full moon and half duration of the eclipse computed as above, the 

eclipse times as per Āryabhat īya and the modern algorithms are give below in table-4: 

   Table-4: Eclipse times – Modern and Āryabhat a Results 

Eclipse Modern  Āryabhata 

Duration of the total phase 1h 39m 37x2 = 1h 14m 

Duration of Umbral phase  3h 34m. 96 x 2 = 3h12m 

Maximum of eclipse  23:37 ZT 23:41 ZT 

Start of Totality  22:48 23:04 

End of Totality  00:26 0:18 

 

Results according to Āryabhat īya and modern astronomy are in close agreement. We saw above 

that the time of full moon as per Āryabhat īya and modern astronomy differed only by 2 minutes 

of time.  

It must be noted here that the Āryabhat īya does not mention the corrections such as 

Udayāntara11, Bhujāntara (equation of time) and Deśāntara and in this examination we have 

contrasted the modern results with those of Āryabhat īya devoid of the three corrections referred 

above. Udayāntara and Bhujantara are irrelevant as we have computed the time of full moon by 

iteration instead of working with longitudes for local sunrise at 75E45, 10N51. Deśāntara had 

no impact as Āryabhat īya takes the local meridian 75E45 which is equal to that of Ujjayinī as 

reference.  

Eclipsed Moon transited the meridian in totality with copper color and as compared to other 

Indian Latitudes, at the Kerala latitudes moon had been closer to zenith and facilitated accurate 

measurement of zenith distance. At Kanyākumāri both the moonrise and moonset could be 

watched against the sea horizon and at 10N51 the setting moon could be observed against the 

sea horizon for precise measurements and refining of the elements.     

Āryabhata Missed Udayāntara and Bhujāntara (Equation of Time) 

The fact that Āryabhat a did not give correction for Udayāntara and Bhujāntara (equation of 

time)12 despite his precision matching modern algorithms is a pointer towards his location close 

to Laňka (0N0, 75E45) on equator whose sunrise had been his reference for fixing time. 

Observations of Kuppan na Sāstry are notable in this context:10 

“In the Saura of Pancasiddhāntikā the Bhujāntara correction appears for the first time, 

followed by all later astronomers. The Āryabhat �īyam does not mention this , but the followers 

have argued that this is intended in gītikā 2 by the expression, arkodayācca laňkāyām as done 



by Govindaswamy under Mahābhāskarīyam IV.7. Its appearance in the Khan �d�akhādyaka shows 

this probable. At any rate Bhāskara I gives it in his work IV.7, 24, 29-30” 

Discussion by Sāstry brings out the fact that Āryabhat a did not give corrections for the equation 

of time and difference in sunrise between Laňkā and higher latitudes as his specific 

observations  which have gone into the making of the treatise was not affected by such factors. 

But astronomers of the Āryabhat a tradition like Bhāskara-I and Khan dakhādyaka of 

Brahmagupta had been trying to make out the same from Āryabhat īya in view of the higher 

latitudes where the obliquity and latitude had been causing a significant difference between the 

sunrise and the mean sunrise of Laňkā.   

Depending on sundial for his time measurement, Āryabhat a had to be located close to the 

equator to miss the equation of time. As for example on 12 February 517 CE the sunrise and 

therefore the Kalidina of 1321469 correspond to 06:23 at 10N51 while it is 06:39 at 25N51 

(Kusumapura). Difference with the mean sunrise of Laňkā at 25N51 is 39 minutes and 

observations based on ‘seasonal hours’ (1/12 of day and night) could not have matched with the 

results computed using Kalidina.  Accuracy we see in full moon time on 23 March 517 CE 

suggests that the original parameters of Āryabhat īya are immune to errors possible due to 

Udayāntara and this is possible only if the treatise is framed out of observations and time 

reckoning unaffected by Udayāntara.  Total lunar eclipse of 23 March 517 CE presented to him 

the ideal conditions required at 10N51, 75E45 i.e. time reckoning and observations unaffected 

by Udayāntara and Deśāntara.  

Meridian Transit and sensitivity of time reckoning 

As discussed under section I, the meridian transit of the totally eclipsed moon had critical 

significance for an ancient astronomer engaged in refining his siddhānta. Mahābhāskarīya VI. 

39-41 instructs the trial and error method of fixing the Moon and the upper transit which may be 

illustrated as shown in table-5 below:  

  Table-5: Meridian Transit of Eclipsed Moon at 10N51, 75E45 

Trial  Time Lagna Midheaven Moon Moon +900 

1 23:00 254.47 167.03 184.21 274.21 

2 23:30 261.27 174.30 184.5 274.50 

3 0:00 268.09 181.61 184.79 274.79 

4 0:08 270 183.65 184.87 274.87 

5 0:14 271.2 184.93 184.92 274.92 

6 0:30 274.98 188.98 185.08 275.08 

7 1:00 281.98 196.47 185.38 275.38 



 

Verse 39 instructs to have an approximate time like 23:00 or 23:30 and compute Lagna and 

Moon. Comparing Moon+900 with Lagna and mid-heaven we can understand that the moon’s 

meridian transit is later by nearly 17 degrees and a second trial can be made after 1 hour at 

00:00 hours and by repeating the trial the exact moment of moon’s transit can be found by 

computation and matched with the observation. In the case of the lunar eclipse of 23 March 517 

CE discussed above, moon thus determined as equal to meridian ecliptic point also gave the 

value of sun as the totally eclipsed moon on meridian obviously indicated sun to be moon+1800. 

Moon being of negligible (7’) latitude precise matching of the computed ecliptic longitude with 

actual placement in the sky was possible.   

Fixing the Mean Longitude of Sun  

Epoch as above of 23 March 517 CE with its proximity to the vernal equinox facilitated a 

convenient estimation of the equinoctial shadow and also of the mean longitude of sun 

subsequently. Spring equinox on 19 March 517 CE, 03:39 ZT differed from the Kalidina of 

1321504 days by less than 0.1day or nearly 6 ghat is or 6 minutes of arc while the Kali year 

3618 expired at 1321505.9 i.e. precisely two days after the moment of spring equinox. We may 

note here that –  

 

� JD (ZT) Spring equinox on 19 March 517 CE 03:39 ZT or 22:36 UT (23:52TT) = 

1909969.6524 days 

� Kali zero epoch of Āryabhat īya = 18 Feb -3101 CE, 06:00 ZT and JD (ZT) = 588465.75 

� Kalidina up to the spring equinox on 19 March 517 CE = 1909969.6524 days – 588465.75  

=1321503.902 days.  

� (Kalidina of true equinox + 2 days) / Kali years 3618 =  1321505.902/3618 = 365.25868 = 

Solar year of Āryabhat īya.  

We can easily understand the above coincidence by a look at the equation of centre 

corresponding to the spring equinox. Apogee = 780 and the equation of centre will be 128’* sin 

780 = 125.2’ = 02005’ and thus we get the following results: 

� Mean solar ingress of Kali 3818 elapsed: 21 March 517 CE, 06:00 ZT = 1321506 days. 

� Modern true longitude of Sun for 21 March 517 CE, 06:00 ZT =02003’ 

� Equation of centre as per Āryabhat a = 02005’ and modern δλ per day = 58’38”.  

� True solar ingress = 21 March 517 CE 06:00 ZT or 1321506 days – 2.13 days = 1321503.9 

days.  



It becomes apparent that the elements of Āryabhat īya yields as precisely the true equinox of 517 

CE with the greater value of equation of centre. This is possible only if the treatise is based on 

the observation of the equinox under reference.  

True longitude of sun could be determined from the midday shadow of gnomon13 as instructed 

by Bhāskara-I which of course is representative of the Āryabhat a tradition.  

   ÊnùxÉ¨ÉvªÉUôÉªÉÉEòÉÇnÖùSSÉÊ´É¶ÉÖrùÉnÂù ¦ÉÖVÉÉ¡ò±ÉÆ ªÉiÉÂ ºªÉÉiÉÂ* 
   iÉiÉÂ IÉªÉvÉxÉÊ´É{É®úÒiÉÉnùÊ´É¶Éä¹ÉÊ´ÉvÉä ®ú´Éä̈ ÉÇvªÉ¨ÉÂ** 
“Subtract the apogee from the true longitude of sun derived using the midday shadow of the 

gnomon and calculate the equation of centre. Applying the same reversely the mean longitude is 

obtained from the true longitude. Mean longitude is then used to derive equation of centre and 

the same is applied to the true longitude and the process is repeated till the two successive 

results are the same”.  

This precept of the Āryabhat a tradition is quite significant against the above background of the 

spring equinox of 19 March 517 CE and the meridian transit of the eclipsed moon on 23 March 

517 CE. It is apparent from the deductions given above that Āryabhat a could check the 

longitude of sun from a measurement of midday shadow of sun and also by making use of the 

eclipsed moon transiting the meridian as explained earlier.  

III. Conclusions 

1. Total lunar eclipse of 23 March 517 CE is shown to be a likely observation that had been of 

critical significance to Āryabhat a in fixing the elements of his immortal work Āryabhat īya. 

Significance of the meridian transit of the totally eclipsed moon has been brought out in the 

discussion.   

2. Eclipse elements of Āryabhat īya is shown to be in precise agreement to the tune of minutes 

of arc with the results from modern astronomical algorithms in the case of mean longitudes 

of sun, moon, moon’s apogee and node while the true longitude of sun is found to deviate by 

9 minutes and moon by 30 minutes. Deviation has been explained as due to the peculiarity 

of the equation of centre employed in Indian astronomy.  

3. Examination of the equinox close to the lunar eclipse suggests that the observation of the 

equinox of 517 CE on 19 March may have played a critical role in the fixing of solar years 

as 365.25868 days in Āryabhat īya.  

4. Precise matching of the results of Āryabhat īya with modern results deduced for 

Camravattam (10N51, 75E45) reinforce the conclusions of earlier studies that Āryabhat a 

belonged to Kerala. Lack of reference to equation of time (Udayāntara and Bhujāntara) and 



Deśāntara in Āryabhat īya renders additional support to the location of Āryabhat a in the low 

latitude of Kerala and on the meridian of Ujjayinī (75E45).    
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