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Abstract:  In this paper we discuss in detail the concepts of (i) the deśāntara correction to the mean longitude of a 
heavenly body, and (ii) the linear distance, called yojana.  We consider the definitions and procedures given in 
classical Indian astronomical texts like the Ārybhaṭīyam, Brāhmasphuţasiddhānta, Kha  akhādyaka, Laghu- Mahā- 
Bhāskarīya, Siddhānta Śiroma i, Grahalāghavam and Tantrasaṅgraha.  From our findings we notice that there were 
apparently two distinct schools (paksas), which were led by Ārybha a (b. CE 476) and Brahmagupta (ca. 628), who 
used 1050 and 1581 yojana, respectively, for the diameter of the Earth. 
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1  INTRODUCTION  
 

Since the Earth rotates about its own axis from 
west to east sunrise takes place earlier for places 
with eastern longitudes and later for those with 
western longitudes.  In classical Indian astronom-
ical texts, the time during a day was reckoned 
from the instant of local sunrise.  But the pro-
cedures for the computation of the mean posi-
tions of the heavenly bodies were given in the 
texts with reference to the mean sunrise for the 
prime meridian of Ujjayinī (in present-day Mad-
hya Pradesh).  The meridian through Ujjayinī 
was assumed to pass through a few more im-
portant places, like Kuruk etra, and intersect the 
terrestrial equator at Laṅkā.   
 

Therefore while computing the mean posi-
tions of the heavenly bodies for a given local 
time at a given place a correction, called the 
deśāntara sa skāra, had to be applied to ac-
count for the longitudinal difference between 
that place and Ujjayinī.  The computation of the 
deśāntara correction needed the longitudinal 
difference between the given place and the 
prime meridian through Ujjayinī.  In the classical 
texts this distance was expressed in terms of 
the linear difference between the two places.  
For this purpose, the Earth‘s circumference in 
yojanas was required.  At that time, there were 
two main schools (pak as), and they took the 

Earth‘s circumference to be about 3300 yojanas 
and 4800 yojanas respectively  
 
2  THE DEŚĀNTARA ACCORDING TO 
    DIFFERENT TEXTS 
 

In Indian astronomy linear distances were mea-
sured in yojanas.  In Figure 1 PQAC is the prime 
meridian through Ujjayinī.  PDBQ is the meridian 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 

 
 
Figure 1: The longitude and latitude lines of a given place 
(diagram: Padmaja Venugopal). 
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and through the observer.  ABEF is the terrestrial 
equator with circumference given as 3300 yo-
janas in the Ārya pak a     G  is a latitudinal 
circle corresponding to the latitude ø.  The rad-

ius of this circle (a small circle) is the radius of 
the sphere (R) multiplied by cosø.  The circum-
ference of this latitudinal circle (C0) is given by  
 

C0 = (3300 × Rcosø) /R = 3300cosø.             (1) 
 

The time taken by the Earth to complete one 
revolution (360°) is 60 ghaṭīs, and this corre-
sponds to one full rotation of the latitudinal circle 
C0. 
 

According to the Tantrasaṅgraha of Nīlakaṇ-
 ha Somayājī (Ramasubramanian and Sriram, 
2011) the equatorial circumference is about 
3300 yojanas, and so the equatorial radius is 
3300/2π = 525.211 ≈ 525 yojanas.  The Earth‘s 
known radius is approximately 4000 miles.  
Therefore, 525 yojanas ≈ 4000 miles, and 1 
yojana = 160/21 = 7.619 ≈ 7.6 miles. 
 
Table 1:  eśāntara corrections for heavenly bodies (after 
Sastri, 2006). 
 

 
2.1  The Deśāntara According to the 
       Gaṇakānanda 
 

The Ga akānanda was authored by Sūryā-   
cārya, the son of Bālāditya, who came from the 
Andhra region.  The text was based on the Sūryā-
siddhānta, and it belongs to the Saurapaksa.  
The epochal date of the text is CE 16 March 
1447.  The currently available text is a single 
Sanskrit text in the Telugu script, edited and 
published by Chella Lakshmi Narasimha Sastri 
from Machalipatnam in the Andhra region and 
reprinted in the year 2006: 
 

lakāvantīpurīmadhyarekhāpūrvāparast 
hitai I 
yojanairgatayonighna khakhā ṭanigam
ai r h tāh    (Sastri, 2006).  

 

The deśāntara is obtained in arc seconds by 
multiplying the yojanas of a given place from the 
north-south line (rekhā) passing through Laṅkā 
and Avantī Ujjayinī by the mean daily motion 
and dividing by 4800.  Taking the Earth‘s circum-
ference as 4800 yojanas we get the Earth‘s rad-
ius as 4800/π = 763.94.  Assuming the Earth‘s 
radius as 800 yojanas, its circumference is 2π × 
800 = 4800 yojanas.  According to Sastri (2006), 

the yojanas of Machilipatanam is 39.  So the 
deśāntara correction for Ravi is (59′ 08″/4800) × 
39 = 0′ 28″.  Similarly, deśāntara corrections for 
other bodies were computed, and are listed in 
Table 1. 

 

In his commentary, Yallaya, the well-known 
fifteenth century Andhra astronomer, gives the 
distance of Skandaśomesvara from the Ujjayinī 
meridian as 36 yojanas according to the Sūryā-
siddhānta (Gangooly, 1989; Parameśvara, 1957).  
But according to Ārybha a (Sambasivasastri, 
1977; Shukla and Sarma, 1976) it is 237/15 

yojanas.  In our modern reckoning, Skanda-
śomesvara has a longitude of 79°

 
50′ E and a 

latitude of 15°
 
30′ N.  The longitudinal distance 

of this place is 04°
 
05′ to the east of Ujjayinī 

(which has a longitude of 75°
 
45′ E).  Therefore, 

 

R = (360° × 36)/ [2πcosø (L ‒ 75° 45′ )] ≈ 524 
yojanas,                                                           (2) 
 

and according to Yallaya the Earth‘s circumfer-
ence is 3292 ≈ 3300 yojanas (Gangooly, 1989; 
Parameśvara, 1957).  

 
2.2  The Earth’s Diameter and Circumference 
       According to the   aṇ ak ād aka 
 

The Kha  akhādyaka of Brahmagupta (CE 665) 
follows Ārybhaţa‘s Ārdharātrika system (see 
Chatterjee, 1970; Sengupta, 1934).  In the 
Gītika pāda of the Āryabhaṭīyam the description 
of the deśāntara correction is given in Śloka 7, 
which is quoted below: 
 

nṛ-  i yojanaṃ  ilā bhūvyāso‘ 
rkendvorghr ā giṇa ka meroḥ| (Shukla 
and Sarma, 1976, Chapter 1: śl. 7). 

 

According to the Āryabhaṭīyam (Sambasiva-
sastri, 1977; Shukla and Sarma, 1976: Chapter 
4, śl. 39, 40) the Earth‘s diameter is 1050 
yojanas.  Therefore, the circumference is 1050 × 
π = 3298.6722     3300 yojanas (the modern 

value is 3956.55 miles), and 1 yojana = 7.53628   
7.5 miles.  Note (i) If we take the circumference 
as 3200 yojanas, then the radius is 509.2958 
yojanas = 7.76866 miles; and (ii) Sometimes for 
the purposes of easy calculation, the Earth‘s 
circumference is taken as 3200 yojanas. 

 
2.3  The Deśāntara According to the 
       Gra alāg avam  
 

Gaṇeśa Daivaj a (CE 1520) in his Grahalā-
ghavam refers to the deśāntara in Chapter 1 as: 
 

nijanijapurarekhāntastitadyojanaughād 
rasalavamitaliptā : 
svar amindupareprāk ІІ (Rao and Uma, 
2006: madhyamādhikara, śl. 9). 

 

To  find  the  deśāntara  correction  for  the 
Moon, the distance of the given place from the 
Ujjayinī meridian in yojanas is divided by 6 to 

Heavenly 
Bodies 

Mean Daily  
Motion 

 eśāntara 
Correction 

    °      ′      ″          ′      ″ 

Ravi    00   59   08 00   28 

Candra    13   10   35 06   25 

Kuja    00   59   08 00   15 

Budha    04   05   32 01   59 

Guru    00   04   59 00   02 

Śukra    01   36   08 00   47 

Śani    00   02   00 00   01 

Candrocca    00   06   41 00   03 

Rāhu    00   03   11 00   03 
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get it in liptās (kalās).  Gaṇeśa takes, for easy 
calculation the Moon‘s daily motion as 800′ and 
the Earth‘s circumference as 4800 yojanas (see 
Pandey, 1994; Rao, and Uma, 2006).  Therefore 
the deśāntara correction is (yojanas × daily 
motion)/4800 = yojanas/6 kalās.  We know that 
the equatorial radius and polar radius are 
respectively 3963.2 and 3949.91 miles.  The 
average of the two values is 3956.55 miles.  
Bhāskara II‘s value for the circumference of the 
Earth is 4967 yojanas (Mishra, 1991).  There-
fore, the radius is 790.5 yojanas = 3956.55 
miles.  Therefore, 1 yojana = 5.00512334 miles 

  5 miles.  Along the small circle through Kāśī 
the arc length is 90  37′ 50″.   
 

Note that (i) in his Hindi commentary on the 
Grahalāghavam Joshi (1981: 30) takes the dist-
ance of Kāśī as 64 yojanas quoting the prācīna 
āchāryas); and (ii) Pandey (1994: 17) takes 1 
yojana as 8 miles.  This is not correct.  Accord-
ing to the Grahalāghavam, it works out at about 
5 miles. 
 

According to the Tantrasaṅgraha (Ramasub-
ramanian and Sriram, 2011) the equatorial cir-
cumference is 3300 yojanas and hence the 
equatorial radius is 3300/2π = 525.211 ≈ 525 
yojanas.  Since the Earth‘s known radius is 
approximately 4000 miles, 525 yojanas = 4000 
miles.  Therefore, 1 yojana is 160/21 = 7.619 ≈ 
7.7 miles. 
 

According to the Vaṭeśvara Siddhānta & 
Gola (Shukla, 1985‒1986: 135) the Earth‘s equa-
torial diameter is 1527 yojanas.  The Earth‘s cir-
cumference is (1054 × 3927)/1250 = 3311.2464 
yojanas ≈ 3311 yojanas. 
 

In his Kha  akhādyaka Brahmagupta gives 
the Earth‘s circumference as 4800 yojanas (Chat-
terjee, 1970(1): 50).  But in the Uttara Kha  a-
khādyaka he gives the correct method to obtain 
the circumference of a small circle through the 
place.  Here he gives the circumference of the 
small circle as 5000 cos ø yojanas.  Therefore, 
the Earth‘s radius is 5000/2π = 795.77 yojanas 
= 5000/2 10 = 790.569 yojanas. 

 
2.4  T e  araņakutūhalam of Bhaskara II 
 

In his Karaņakutūhalam Bhaskara II considers 
the circumference of the Earth as 4800 yojanas 
(Mishra, 1991).  To cover 4800 yojanas the Earth 
takes 60 ghatīs.  For 1 yojana the time taken is 
therefore 60/4800 = 1/80 ghatīs.  Therefore in 
his translation of the Sūryasiddhānta, Burgess 
gives the Earth‘s circumference for the circum-
ference of a small circle through Washington (ø 
= 38° 54′) as 2πrcosø = 5059.556 × cos(38° 54′) 
= 3937.56 yojanas (Gangooly, 1989: 43‒45, śl. 
60‒61).  The Karaņakutūhalam defines the de-
śāntara correction (Mishra, 1991: Chapter 1, śl  
15) as (yojanas/90) × daily motion. 

Values for the circumference of the Earth in 
yojanas vary according to the sources consult-
ed.  For example, in his Siddhānta Ṥiromani 
Bhaskara II gives the Earth‘s circumference as 
4967 yojanas and its diameter as 1581 yojanas: 

 

proktoyojanasaṅkhyayākuparidhi saptā
ṅganandāb hayas 
tadvyasa kubhujaṅgasāyakabhuvo thap
rocyateyojanam I 
yamyodakpurayohpalāntarahata bhuv 
e ṭana bhāmśa h t 
tadbhaktasyapurantarādhvanaiha j 
ñeya samamyojanam II 
(Arkasomayaji, 1980; Vāsanā, 1929: 
bhuparidhi, 1).  

 
2.5  The Deśāntara According to the Vākya 
        araṇa 
 

According to the Vākya Pañcādhyāyi (Kuppan-
na Sastry and Sarma, 1962: 255, śl  16) 
 

deśāntarād yojanā  syurnā ya ma ih ta  
phalam  | 
tādhana  samarekhāyā   
pa caccedanyathā k aya  

 

the Earth‘s circumference is 3300 yojanas, which 
converting to nādyas is 60/3300 = 1/55.  The 
Pañcāsiddhāntikā gives the deśāntara of Pudu-
kottai (latitude: 10° 23′ N; longitude: 78° 52′ E) 
as an example (Sarma, 1993).  It is 24.4 (E) 
yojanas from Ujjayini.  Then 
 

[(L1 ‒ Lu) /360] × c = [(78° 52′ ‒ 75° 45′ ) /360] × c 
= 24.4  c = 2818.396 yojanas.  Now suppose 

that 2πrcosø = 2818.396 yojanas.  Then 

2πrcos(10.4°) = 2818.396/(2π × 0.98357) and 

r = 456.0546326. 
 

The late Professor Kuppanna Sastry comm-
ents on the Āryapaksa and Saurapaksa in re-
spect of the Earth‘s equatorial circumference as 
follows:  
 

But it is to be noted that in the Ārdharātrika 
of Āryabha a and in the  handa  hadyaka, 
the diameters of the earth is given as 1600 
yojanas from which the equatorial circum-
ference got is 5027 yojanas.  Therefore the 
original Saura must have given the same 
values.  The modern Sūrya siddhānta and 
the siddhāntas that follow it also give the 

same.  From this the latitude circle at or near 
Ujjaini should be given according to them as 
5027cos24° = 4600 yojanas.  According to 
the Āryabha īya which uses a yojana meas-
ure one and a half times that of Saura etc., 

the equatorial circumference would be 3300 
yojanas.  From this, it is 14° latitude circle 
that would be 3200 yojanas and not the 
Ujjaini latitude circle. (see Sarma, 1993: 

210). 
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2.6  The Deśāntara According to the  
       Pauliśa Sidd āntha 
 

 avanantarajya nādya  sapṭā vantyā  
tribhāgasa yuktā    
 ārā asyam trik ti   sādhanamanyatra 
vak yāmi    (śl.13).  

 

The time correction for the longitude of Yavana-
pura (Alexandria) relative to Ujjayinī is 7 nā ikās 
(na) 20 vinā ikās (vin) and to Vārāṇasī is 9 
nā ikās.  Note that according to Kuppanna Sast-
ry (Sarma, 1993) these are respectively (75° 50′ 
‒ 30°)/6 = 7na 38vin and (83° ‒ 30°)/6 = 8na 
50vin.  Therefore the distance between Yavana-
pura and Ujjayinī is [(7 ‒ 20)/60] × 3300 yojanas 
= 403 І 20 yojanas, and between Yavanapura 
and Vārāņasī is (9 × 3300)/60 = 495 yojanas.  
 

For Pudukottai (longitude 78° 52′ E and lat-
itude 10° 23′ N), (L ‒ L0)/360 = 24.4/ccosø (i.e. 
ø = 10° 23′ N); (L ‒ L0)/360 = 24.80633/c, or c = 
24.80633/(L ‒ L0 ) × 360 = 2865.6.   

 

Note that the modern value for Earth‘s cir-
cumference is 2π × 4000 = 8000 π miles.  In the 
Saurasiddhānta (Sarma, 1993: 209, śl. 10) 1 nādī 
= 53⅓ yojanas.  Therefore, 60 nādīs = 60 × 
53.333 ≈ 3200 yojanas.  Taking the circumfer-

ence as 3200 yojanas, we have 60 nādīs   3200 
yojanas.  Therefore, 1 nādī = 3200/60 = 160/3 = 
53⅓ yojanas. 

 

According to the Pañcasiddhānta (Sarma, 
1993: 52), the longitudes of Kurukshetra and 
Ujjayinī are 76° 51′ and 75° 45′ respectively.  
Then (1° 06′/360) × 3300 = 10.8 yojanas, and 
(1° 06′/360) × 4800 = 14.66 yojanas ≈ 15 yojan-
as.  The number of yojanas along the latitude 
circle is given by 15cosø = 12.9947 ≈ 13 yojan-
as. 
 
2.7  The Concept of the Deśāntara and      
       Yojana in Indian Astronomy 
 

The Earth‘s circumference is 360° which equals 
4800 yojanas.  The longitude of Bangalore is 1° 
50′ east of Ujjayinī).  For 1° 50′ we have (1° 
50′ ) /360 × 4800 = 24.26 yojanas. 
 

For Machalipattanam, [(L ‒ L0) /360] × 4800 
yojanas = (5.366/360) × 4800 yojanas.  Note 
that along the small circle through Machalipat-
nam the circumference ≈ 4606.799041 yojanas.  
Therefore, the distance from Machalipatnam to 
the Ujjayinī meridian is 69.04677.  The circum-
ference of the small circle through a specific 
place is given by (2πR )cosø, where R is the 
Earth‘s radius = 4800cosø yojanas.  

 

For Bangalore (present-day Bengaluru), 
4800cos13° = 4676.976 yojanas.  Then, (1° 5′/ 
360) × 4676.976 yojanas = 23.8179 yojanas.  
Taking the Earth‘s circumference as 3200 
yojanas, 23.8179 × (3200/4800) = 15.8786 yojan-
as. 

For Machalipattinam, the circumference of a 
small circle is 4800cos(16° 11′) = 4609.799 
yojanas.  If we take circumference as 39 yojan-
as, (360° × 39)/5.3667 = 2626 yojanas.  There-
fore, the equatorial circumference is 2616/ 
cos16° 11′ = 2749 yojanas. 

 
2.8  The Deśāntara According to  
       Modern Astronomy: 
 

The longitudes of Kāśī and of Ujjayinī are 83° 
01′ and 

 
75°

 
45′ respectively.  The difference in 

longitudes is 7° 16′, therefore (7° 16′/360°) × 
4967 = 100І15І35 yojanas along the equator.  
The equatorial diameter is 12756 km, the cir-
cumference is 40090 km, and the radius is 
6378/1.6 km = 3986.25 miles. 

 
3  CONCLUDING REMARKS 
 

A fairly elaborate analysis of the concept of the 
deśāntara—resulting in the time of local sunrise 
due to the Earth‘s rotation—has been presented 
in this paper.  We have discussed the effect of 
the difference in longitudes of a given place and 
the then-adopted central meridian (of Ujjayinī) 
on the local time.   
 

The linear distance between the places was 
measured in terms of a unit of distance called a 
yojana.  This unit is defined in terms of the cir-
cumference and the diameter of the Earth.  We 
examined important texts like the Āryabhaṭiyam, 
Pañcasiddhāntā, Sūryasiddhānta, Kha  akhād-
yaka, Siddhanta Śiromni, Grahalāghavam, Ka-
raņakutūhalam, Tantrasaṅgraha and the  ākya 
Karaņa, and we found that the main pak as 
(Schools) adopted different values for the cir-
cumference (paridhi) of the Earth.  The Ārya-
pak a adopted a value of 3300 yojanas, the 
Brāmhapak a 4967 yojanas and the Saura- 
pak a 4800 yojanas.  These values were com-
pared using the modern known values for the 
equatorial circumference and diameter of the 
Earth. 

 

The three pak as were founded at about the 
same time (around the sixth century CE), but 
tended to flourish in different parts of India: the 
Āryapak a in Southern India, the Brāmhapak a 
in western and north-western India, and the 
Saurapak a in northern and eastern India.  The 
fact that the two more northerly pak as have 
rather similar values for the circumference of the 
Earth and that they differ markedly from the 
value used by the southern pak a is interesting, 
but the precise reasons why the adopted values 
were so different is not known.  Plofker (2009: 
70) writes:   
 

The sources of competing parameters and 
authors‘ reasons for choosing them are not 
always clear … a frequently stated motive is 
the desire to harmonize  astronomical calc-
ulations as far as possible with sm ti trad-
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itions about cosmological time, or to bring 
them into agreement with observed posi-
tions. 

 

Yet these reasons can hardly apply in the case 
of the circumference of the Earth, so further 
research is required in order to explain these dif-
ferences. 
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