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Abstract⎯Ancient artifacts can survive within written texts, as well as within the strata 

of the earth.  In this paper, two examples of anomalous textual artifacts are discussed. 

The first is a verse from the medieval Indian astronomy text Sürya-siddhänta which 

seems to encode accurate values for the diameters of the planets. The second is a system 

of cosmic geography from the Bhägavata Puräëa which contains what seems to be a 

realistic map of planetary orbits in the solar system. We discuss these examples in 

relation to the controversial claim that there existed a pre-modern civilization with 

advanced astronomical knowledge.  
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Introduction 

 Reconstructions of ancient history are necessarily based on fragmentary artifacts 

and documents that have survived wars, social upheavals, and processes of gradual 

attrition. In some cases, extensive technological developments are completely lost to 

recorded history and then revealed by a chance discovery. 

 For example, in 1900 an astronomical computer was uncovered from a shipwreck 

of the 1st century B.C. near the Greek island of Antikythera (de Solla Price, 1962). This 

machine used an ingenious system of gears to exhibit positions of the sun, moon, and 

probably the planets on a series of dials. Nothing like it is described in surviving ancient 

literature, but a machine of such sophistication implies the existence of a well-developed 

technological tradition. 

 In India, in 1958, a realistic cast head of what looks like a Vedic warrior was 

rescued from being melted down (Hicks and Anderson, 1990). It has been dated to 3700 

+- 800 B.C. by MASCA corrected carbon-14 dating. At present, it seems to be the only 

surviving sculpture of its kind.  In this case, the find corroborates popular traditions 

about ancient Vedic civilization, but it stands out as an anomaly in established 

reconstructions of ancient history. 

 Information in old texts may also sometimes provide a unique glimpse into a 

forgotten past. One type of textual artifact consists of knowledge that seems too 

advanced for the historical period of the text. In cases where comparable knowledge was 

acquired in modern times through extensive scientific efforts, it can be argued that the 

knowledge may be a remnant from an earlier, advanced civilization that is lost to 

historical memory. In this paper, we will discuss two examples of textual artifacts that 

suggest the existence of advanced astronomical knowledge in the distant past. 
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Planetary Diameters 

 We begin with a medieval Indian astronomical text called the Sürya-siddhänta 

(Burgess, 1989). In chapter 7 of this text, the 13th verse gives the following rule for 

calculating the apparent diameters of the planets Mars, Saturn, Mercury, Jupiter, and 

Venus: 

 

“7.13. The diameters upon the moon’s orbit of Mars, Saturn, Mercury, and Jupiter, 

are declared to be thirty, increased successively by half the half; that of Venus is 

sixty.” 

 

 The meaning is as follows: The diameters are measured in a unit of distance 

called the yojana, which in the Sürya-siddhänta is about five miles. The phrase “upon 

the moon’s orbit” means that the planets look from our vantage point as though they 

were globes of the indicated diameters situated at the distance of the moon. (Our 

vantage point is ideally the center of the earth.) Half the half of 30 is 7.5. Thus the verse 

says that the diameters “upon the moon’s orbit” of the indicated planets are given by 30, 

37.5, 45, 52.5, and 60 yojanas, respectively.  

 The next verse uses this information to compute the angular diameters of the 

planets. This computation takes into account the variable distance of the planets from 

the earth, but for the purposes of this paper it is enough to consider the angular 

diameters at mean planetary distances. The diameters upon the moon’s orbit were given 

for the planets at these mean distances from the earth. The Sürya-siddhänta says that 

there are 15 yojanas per minute of arc at the distance of the moon (giving 324,000 

yojanas as the circumference of the moon’s orbit). Thus the mean angular diameters of 

the planets can be computed by dividing the diameters upon the moon’s orbit by 15. 

Table 2 gives the results of this computation and lists other estimates of planetary 
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angular diameters for comparison. (Note: a listing for a Table 1 was not included with 

this draft). 

 

TABLE 2  

 

Planet Sürya-

siddhänta 

Ptolemy Tycho 

Brahe 

Modern 

Minimum 

Modern 

Maximum 

 Mars 2.0 1.57 1.67 .067  .450 

 Saturn 2.5 1.74 1.83 .250  .350 

 Mercury 3.0 2.09 2.17 .067  .200 

 Jupiter 3.5 2.61 2.75 .333  .817 

 Venus 4.0 3.13 3.25 .150  1.233 
 
Angular diameters of planets in minutes of arc. The modern angular diameters are for 
the greatest and least distances of the planets from the earth. Those of Claudius Ptolemy 
are from his book Planetary Hypotheses. 

 

 The figures of Ptolemy and Brahe were obtained by naked-eye astronomy. They 

are roughly comparable with the Sürya-siddhänta figures and are clearly much larger 

than the angular diameters measured in more recent times by means of telescopes 

(Burgess, 1989). It is well known that a small, distant light source looks larger to the 

naked eye than it really is. This phenomenon makes it likely that angular diameters of 

planets would inevitably have been over-estimated by astronomers before the age of the 

telescope. However, there is evidence indicating that the Sürya-siddhänta angular 

diameters were not simply based on naked-eye observation. To see this, we must 

consider the orbits of the planets. 
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Orbital Dimensions in the Sürya-siddhänta 

 Verses 12.85–90 of the Sürya-siddhänta give the circumferences of the planetary 

orbits in yojanas, and these figures are reproduced in Table 3. The orbits are 

represented as simple circles centered on the earth, and their circumferences are 

proportional to the mean orbital periods of the planets. For Mercury and Venus, the 

mean planetary position is the same as the position of the sun, and thus the orbital 

circumferences in the table are the same for Mercury, Venus, and the sun. For Mars, 

Jupiter, and Saturn, the mean position corresponds to the average motion of the planet 

in its heliocentric orbit. 

 Verse 1.59 of the Sürya-siddhänta gives the diameter of the earth as 1,600 

yojanas. Several scholars have argued that the yojana in the Sürya-siddhänta is about 5 

miles, thereby bringing the earth’s diameter to the realistic value of 5×1,600 = 8,000 

miles. Examples are Sarma (1956), Dikshit (1969), and Burgess (1989, p. 44). Using 

modern data for the mean diameter of the earth, the exact value should be 4.948 

miles/yojana. We will see later on that it is worthwhile to consider this exact value, 

rather than the rough estimate of 5 miles. 

 Different standards were adopted for the yojana by different medieval Indian 

astronomers. This was noted by the astronomer Parameçvara (1380–1450 A.D.), who 

said that “What is given by Äryabhaöa as the measure of the earth and the distances [of 

the Planets from it], etc., is given as more than one and a half times by other 

[astronomers]; this is due to the difference in the measure of the yojana [adopted by 

them]” (Sarma, 1956). In fact, using Aryabhata’s earth diameter of 1,051 yojanas, we get 

7.54 miles/yojana (Clark, 1930, p. 15). 

 Verse 4.1 of the Sürya-siddhänta gives the diameters of the sun and moon as 

6,500 and 480 yojanas, respectively. Given 4.948 miles per yojana, the resulting lunar 

diameter of  2,375 miles is about 10% higher than the modern value. The corresponding 
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earth-moon distance of about 255,000 miles is high by 7%. However, the sun’s diameter 

comes to 32,164 miles, which is far too small.  

 It is easy to see why the diameter of the moon should be reasonably accurate. 

The dimensions of the moon and its orbit were well known in ancient times. For 

example, the lunar diameter given by Ptolemy in his Planetary Hypotheses falls within 

about 7% of the modern value, if we convert his earth-diameters into miles using the 

modern diameter of the earth (Swerdlow, 1968). 

 

TABLE 3 

 

Planet Sürya-siddhänta orbital 

circumference (yojanas) 

Modern orbital period (days) 

 Moon 324,000 27.32166 

 Mercury 4,331,500 365.256 

 Venus 4,331,500 365.256 

 Sun  4,331,500 365.256 

 Mars 8,146,909 686.98 

 Jupiter 51,375,764 4,332.587 

 Saturn 127,668,255 10,759.2 
 
Geocentric orbital circumferences, as given in texts 12.85–90 of the Sürya-siddhänta. 
The circumferences are nearly proportional to the geocentric planetary periods listed in 
the second column. 

 

 It is also easy to see why the diameter for the sun is too small. Ancient Greek 

astronomers tended to greatly underestimate the earth-sun distance, and this also 

happened in the Sürya-siddhänta. The angular diameter of the sun is easily seen to be 

about the same as that of the moon⎯about 1/2 degree. This angular diameter, combined 
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with a small earth-sun distance, leads inevitably to a small estimate for the diameter of 

the sun. Ptolemy’s solar diameter figure is similar to the Sürya-siddhänta’s. 

 

Computing Planetary Diameters 

 What about the planets? Ptolemy listed wildly inaccurate diameters for Mercury, 

Venus, Mars, Jupiter, and Saturn in his Planetary Hypotheses. To see what the Sürya-

siddhänta says about the diameters of these planets, we should scale up the diameters on 

the moon’s orbit by multiplying them by the orbital circumference of the planet, divided 

by the orbital circumference of the moon. This is done in Table 4. (These results were 

reported in Thompson (1997), assuming 5 miles per yojana, rather than the 4.948 used 

here.) 

 

TABLE 4  

 

Planet Modern diameter Sürya-siddhänta diameter % Error    

 Mercury 3031 2,977 -2  

 Venus 7520 3969 -47  

 Mars 4217 3733 -11  

 Jupiter 88729 41195 -54  

 Saturn 74565 73120 -2  
     
Planetary diameters in miles, computed using the Sürya-siddhänta orbital radii from 
Table 3 and the rule of verse 7.13. The error percentages compare the Sürya-siddhänta 
diameters with the corresponding modern planetary diameters. 

 

 Note that even though the angular diameters are too large, and the orbital radii 

are too small, the calculated diameters are close to modern values for Mercury, Mars, 

and Saturn. For Venus and Jupiter, they are too small by about 50%, and it appears that 
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they may represent radii. As we will see below, in this case they differ from modern 

values by 6% and -7%. 

 One might argue that this balancing is due to pure chance. However, the 

balancing works for five distinct cases. It is therefore worthwhile to estimate just how 

probable it is.  

 This probability can be evaluated by randomly choosing 5 pairs of numbers 

representing modern and ancient planetary diameters. For each pair (x,y), the number  

P = 1 - min(x/y,y/x) is a measure of how close x is to y. The sum of the P’s for all 5 pairs 

is a measure of how well they agree. This sum can be computed for the 5 pairs in Table 

4, and we can calculate how probable it is that randomly chosen pairs will give a lower 

sum and a better match. This probability comes to .0175, and therefore there is at most 1 

chance in 57 that we would get the results in Table 4 by chance. 

 In this probability estimate, the Sürya-siddhänta diameters of Jupiter and Venus 

have not been interpreted as radii. Thus the probability estimate of .0175 is for the 

unedited Sürya-siddhänta diameters. If we do double the diameters of Venus and 

Jupiter (taking them to be radii), then the probability estimate becomes 1.3×10-5, or 

about 1 chance in 75,000. 

 If the observed correlation did not happen by chance, then perhaps it happened 

by design. One hypothesis is that at some time in the past, ancient astronomers 

possessed realistic values for the diameters of the planets. They might have acquired this 

knowledge during a forgotten period in which astronomy reached a high level of 

sophistication. Later on, much of this knowledge was lost, but fragmentary remnants 

were preserved and eventually incorporated into texts such as the Sürya-siddhänta. In 

particular, the real diameters of the planets were later combined with erroneous orbital 

circumferences to compute the diameters “upon the moon” given in verse 7.13. These 

figures were then accepted because they gave realistic values for the angular diameters 

of the planets as seen by the naked eye. 
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 This hypothesis is supported by the fact that the Sürya-siddhänta diameters of 

Jupiter and Venus in Table 3 are almost exactly half of the corresponding modern 

diameters. If we multiply these Sürya-siddhänta diameters by 2, we get 82,390 miles for 

Jupiter and 7,939 miles for Venus. These figures differ from the corresponding modern 

values by 6% and -7%. Given this correction, the root-mean-square error for all five 

planets comes to 6.6%. 

 One can argue that the Sürya-siddhänta diameters for Jupiter and Venus were 

actually the radii for these planets, and somehow they were accepted as diameters by 

mistake. Or radii might have been deliberately used instead of diameters in order to 

allow for the simple rule of 30+7.5i used in verse 7.13. This is consistent with the fact 

that such verses were intended as memory aids and brevity was considered to be a 

virtue. 

 

Alternative Explanations 

 One possible explanation is that verse 7.13 may have been written recently, using 

modern planetary data, and falsely interpolated into the text. But this is ruled out by the 

fact that there is a manuscript of the Sürya-siddhänta that scholars date to the year A.D. 

1431 (Shukla, 1957). This manuscript includes a commentary by Parameçvara, who died 

in A.D. 1450, and thus it definitely dates back to the 15th century. Verse 7.13 is present 

in this manuscript, and it agrees with the Burgess translation quoted above. The 

commentary explains the verse point by point, and thus it confirms that the verse was 

present in the manuscript in the same form in which it appears today. 

 In 15th century Europe, the prevailing ideas concerning the sizes of the planets 

came from medieval Islamic astronomers who were following the teachings of Ptolemy. 

The first telescopic observations of planets were made by Galileo in 1609–10 (Drake, 

1976). As late as 1631, Pierre Gassendi of Paris was shocked when his telescopic 

observation of a transit of Mercury across the sun revealed that its angular diameter was 
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much smaller than he had believed possible (Van Helden, 1976). It is clear that the 

information on planetary diameters in the Sürya-siddhänta antedates the development 

of modern knowledge of these diameters. 

 It is also clear that Hellenistic astronomers did not have accurate diameters for 

the planets. Ptolemy computed planetary diameters from his angular diameters and his 

estimates of planetary distances, and these were reproduced without significant change 

by European and Islamic astronomers for centuries (Swerdlow, 1968). However, his 

figures disagree strongly both with modern data and with the diameters computed from 

Sürya-siddhänta in Table 4. 

 If we hypothesize that verse 7.13 incorporates knowledge of the actual diameters 

of the planets, then one natural question is this: If one started with the modern 

diameters of the planets and the Sürya-siddhänta orbital circumferences, could one 

calculate backwards and arrive at the rule given in this verse? It turns out that the 

answer is yes. For each planet, multiply its modern diameter, converted to yojanas, by 

the ratio between the orbital circumferences of the moon and the given planet, as listed 

in Table 3. Here we use the radius in place of the diameter for Jupiter and Venus. The 

resulting values can be approximated by an arithmetic progression of the form ai+b 

either by trial and error or by using an optimization method such as least squares. If we 

divide by 15 to get minutes of arc and then round off, we get the angular diameters given 

by Sürya-siddhänta. 

 

Planetary Orbits 

 The Sürya-siddhänta makes the planetary orbits too small, and this was also done 

by ancient Greek astronomers. However, it turns out that in the Bhägavata Puräëa, the 

orbits of the planets are implicitly represented with good accuracy. 
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 The Bhägavata Puräëa is a Sanskrit text sacred to the Vaiñëavas or worshippers 

of Viñëu. Modern scholars generally date it somewhere between the 5th and the 10th 

centuries A.D., but Indian tradition assigns it to about 3000 B.C.   

 The Bhägavatam contains a section (the Fifth Skanda) which deals with 

cosmology. This describes the earth as a disk, called Bhü-maëòala or earth mandala, 

which is 500 million yojanas in diameter. This disk is divided into a series of concentric 

ring-shaped oceans and islands. The islands, called dvépas, are further subdivided by 

mountains, rivers, and other geographical features. The radii of the dvépas, oceans, and 

ring mountains are given in the text in yojanas. 
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TABLE 5 

 

 N    Radius   Thickness     Feature 

   1         50         50     Jambüdvépa 

   2       150       100     Salt ocean 

   3       350       200     Plakñadvépa 

   4       550       200     Sugarcane ocean 

   5       950       400     Çalmalédvépa 

   6     1350       400     Liquor ocean 

   7     2150       800     Kuçadvépa 

   8     2950       800     Ghee ocean 

   9     4550      1600     Krauïcadvépa 

   10     6150      1600     Milk ocean 

    11     9350      3200     Çakadvépa 

   12   12550      3200     Yogurt ocean 

   13   15750      3200     Manasottara Mt. 

   14   18950      3200     Puñkaradvépa 

   15   25350      6400     Sweet water ocean 

   16   41100     15750     Inhabited land 

  17 125000     83900     Golden land 

  18 250000    125000     Aloka varña 
 
The radii in yojanas of the circular features of Bhü-maëòala, as given in the Bhägavata 
Puräëa. 

 

 At first glance, Bhü-maëòala seems to be a poetic but utterly mythological 

description of the earth as a flat disk. However, the sizes of the dvépas have a curious 

feature. They are far too small for the universe of stars and galaxies and far too large for 
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the earth globe. But, given traditional values for the length of the yojana, they look right 

for the solar system. 

 The Bhägavatam describes the path of the sun over Bhü-maëòala in detail, and 

from this one can deduce that Bhü-maëòala corresponds roughly with the plane of the 

ecliptic in modern astronomy. It is therefore natural to ask how the orbits of the planets 

compare with the geographical features of Bhü-maëòala.  

 Since the earth as we know it corresponds with the center of the Bhü-maëòala 

disk, we need to look at planetary orbits from a geocentric point of view. For each 

planet, we did this by taking the planet’s heliocentric position vector and subtracting the 

earth’s heliocentric position vector. By using an up-to-date ephemeris program, one can 

thus obtain the geocentric orbits of the planets as given by modern astronomy. 

 To compare the geocentric orbits of the planets with the dvépas of Bhü-maëòala, 

we need to convert the dvépa radii from yojanas to miles or kilometers. We have already 

observed that there are different standards for the length of the yojana, with 4.948 miles 

bringing the earth to its correct diameter for Sürya-siddhänta.  

 Hiuen Thsang, a Buddhist pilgrim who visited India in the 7th century A.D., said 

that a yojana consists of 40 li according to tradition, but the measure in customary use 

was equal to 30 li, and the measure given in sacred texts was only 16 li (Burgess, 1989, p. 

43). Joseph Needham (1962, p. 52) pointed out that the li has taken many values during 

China’s history, but in the Thang dynasty (when Hiuen Thsang lived), there was a long li 

of 532 meters and a short li of 442 meters. This gives about 4.4 to 5.3 miles for the 16-li 

yojana and 8.2 to 9.9 miles for the 30-li yojana. These figures roughly agree with the 

yojana of the Sürya-siddhänta and with the popular valuation of 8 to 9 miles per yojana 

given by Cunningham (1990, p. 486). Of course, the yojana of 40 li is substantially larger 

than these values. 

 If we use a value of about 8 miles per yojana, we find that the geocentric orbits of 

Mercury, Venus, Mars, Jupiter, and Saturn, projected to the plane of the ecliptic, are in 
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striking agreement with the features of Bhü-maëòala. We observe that the apogees and 

perigees of these orbits (their points of greatest and smallest distance from the earth) 

seem to line up with the boundaries of dvépas and oceans, as listed in Table 5. 

 A geocentric orbit looks like a spirograph tracing that loops around the earth 

(see Figures 2-5). There are points of closest approach, were the curve swings in toward 

the center, levels off, and then moves out. These points of closest approach range from a 

minimum (the perigee) to a maximum. Likewise, the points of greatest distance, where 

the orbit turns in after moving away, range from a minimum to a maximum (the 

apogee). These four minima and maxima can be called the turning points of the orbit, 

and they help describe what the orbit looks like when plotted on a sheet of paper. 

 We can define a measure of “goodness of fit,” showing how well the orbits line up 

with the dvépa radii given in the Bhägavatam. For each planet, find the shortest distance 

between a dvépa radius and an orbital turning point. Take the root mean square of these 

distances for Mercury, Venus, Mars, Jupiter, and Saturn. The reciprocal of this is large if 

the orbits line up well with dvépas, and it is small if they do not line up well. 

 In Figure 1, this reciprocal root mean square is plotted as a function of the 

number of miles per yojana, which is allowed to range from 5 to 10. We can see that the 

curve has a pronounced peak at 8.575 miles/yojana. Thus, if we search for a good fit 

between orbits and dvépas, we automatically arrive at a value for the number of 

miles/yojana that agrees with customary usage and with the yojana of 30 li. 

 This calculation makes use of orbital calculations for the epoch of 3102 B.C., the 

traditional starting date of Kali-yuga. This date was chosen since it marks the traditional 

time period of the civilization described in the Bhägavatam. In general, it was found 

that, due to gradual shifting of the planetary orbits, the optimal number of miles/yojana 

changes from about 8.52 in A.D. 2000 to 8.605 in 4000 B.C. The shift in miles per yojana 

is too gradual to determine the date of the orbit/dvépa alignment, but it is consistent with 

the traditional date.  
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 At 8.575 miles/yojana, we find the following alignments between orbital turning 

points and dvépa radii listed in Table 6.  

 

TABLE 6 

 

N  Planet turning 

point 

turning 

point radius 

dvépa radius error 

percentage  
  1 Mercury  perigee     5,976.0     6,150   2.9  
  2 Mercury  apogee   15,701.1   15,750   0.3  
  3 Venus  perigee     2,851.0     2,950   3.5 
  4 Venus  apogee   18,813.0   18,950   0.7  
  5 Mars  perigee     4,090.0     4,550 11.2 
  6 Mars  apogee-   25,736.5   25,350  -1.5  
  7 Jupiter  perigee   43,422.8   41,100  -5.3  
  8 Saturn  apogee 121,599.6 125,000   2.8  
  9 Sun  mean   10,840.4   10,800  -0.4 
10 Ceres  perigee   16,312.8   15,750  -3.4 
11 Ceres  apogee   42,683.2   41,100  -3.7 
12 Uranus  apogee 229,811.0 250,000     8.8 
 
Correlation between dvépa radii and orbital turning points. The dvépa radii are from 
Table 5. Error percentage gives the error in the dvépa radius relative to the 
corresponding orbital turning point. The orbital turning points are calculated for the 
beginning of Kali-yuga, using the ephemeris programs of Duffett-Smith (1985). 

 

 We should note that calculation for the optimal miles/yojana took into account  

the radii of Table 5, except for Manasottara mountain (feature 13). This oversight was 

brought about by the fact that this feature is a “mountain” rather than a boundary of a 

ring-shaped region. It is one of two ring-shaped mountains in the Bhü-maëòala system 

(the other being Lolaloka mountain marking the outer boundary of the Golden Land, 

feature 17). However, it turns out that this mountain closely matches the apogee of 

Mercury. Thus the perigees and apogees of Mercury and Venus are all aligned closely 

with circular features of Bhü-maëòala.  
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 In the case of Mars, the minimum of the envelope of outer turning points lines up 

with the outer boundary of the Sweet water ocean (feature 15). This is called apogee- to 

distinguish it from the apogee proper, which is the maximum of the outer turning points. 

The perigee of Mars lines up with the outer boundary of Krauïcadvépa (feature 9), but 

the error is greater than that of the other correlations, and Mars partially penetrates the 

interior of Krauïcadvépa. (Perhaps coincidentally, the Bhägavata 5.20.19 states that 

Krauïcadvépa was attacked by Kärttikeya, who is the regent of Mars.) 

 The perigee of Jupiter and the apogee of Saturn line up with the inner and outer 

boundaries of the region known as Golden land (features 16 and 17). The outer 

boundary—called Lokäloka mountain—is said to divide the regions lit by the sun from 

those not lit by the sun (Bhägavata 5.20.34). Saturn, the outermost of the five traditional 

planets, orbits just within this boundary. 

 The sun, of course, is one of the most important elements of Bhägavata 

cosmology. The geocentric orbit of the sun is nearly circular and falls close to the 

midpoint of the Yogurt ocean (feature 12). Curiously enough, this midpoint comes to 

10,950 = 10,800×365/360 thousand yojanas, where 10,800 is a multiple of 108. For 

comparison, the mean earth-sun distance comes to 10,840.5 thousand yojanas. We will 

encounter other examples of 108 below. 

 When these correlations emerged, it was natural to ask about the other planets in 

the solar system. Neptune and Pluto lie outside the outer boundary of Bhü-maëòala, but 

the apogee of Uranus is within this boundary (feature 18) and close to it.  Even the 

asteroid Ceres lines up with dvépa boundaries in Bhü-maëòala. Ceres is the largest 

asteroid, and it marks the orbit of the famous missing planet between Mars and Jupiter. 

Since the orbital elements of Uranus and Ceres are not as well known as those of the 

other planets, the calculations for Uranus and Ceres were made for the epoch of A.D. 

2000, rather than the third millennium B.C. (using, as always, 8.575 miles/yojana). 
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 We made an effort to test these correlations statistically. The strategy is to focus 

attention on the correlations that emerged from the original optimization program used 

to find miles/yojana. For the purpose of statistical testing, other correlations that were 

noticed later were ignored, since they might be subjective. 

 The statistical test was performed by generating random sets of concentric circles 

and comparing them with the geocentric orbits of the planets. To keep these similar to 

the actual Bhü-maëòala system, the thicknesses from Table 5 were multiplied by 

pseudo-random numbers in the range of 0.25 to 1.75, and pseudo-radii were computed 

by adding these thicknesses. The optimal miles/yojana figure within the range 5 to 9 was 

then computed for the five planets Mercury through Saturn, and the reciprocal root 

mean square measure of correlation was also computed. This process was repeated 

10,000 times. 

 It was found that in 9 cases out of 10, the level of correlation was less than that 

obtained for the actual Bhü-maëòala system.  Thus the original pattern of alignments 

found by the optimization program is statistically significant.  The additional alignments 

observed later can be regarded as icing on the cake. 

 

The Length of the Yojana 

 The value of 8.575 miles/yojana was calculated by fitting orbits to dvépas, but it 

turns out to be closely related to the dimensions of the earth. There are 68.70843 miles 

per degree of latitude at the equator. At 8.575 miles/yojana, we have 8.013 yojanas per 

degree. Since this is very close to 8, it is possible that the yojana was intended to be 1/8 

of a degree of latitude at the equator, or 8.589 miles. This would be consistent with the 

fact that units of distance have often been defined in terms of latitude, both in modern 

and in ancient times. This is true of the meter (which is close to 1/10,000,000 of the 

distance from the equator to the pole on the Paris meridian) and the Greek stadium 

(which was 1/600 of a degree of latitude). 
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 The yojana is often stated to be four kroças of 2000 or 1000 dhanus (bow-

lengths). A dhanu is 4 hastas, where a hasta of 24 aìgulas (fingers) corresponds to a 

Western cubit (Burgess, 1989, p. 43). The yojana thus comes to 32,000 or 16,000 hastas. 

Let us refer to these units as a long and short yojana, respectively. 

 If a long yojana is defined as 1/8 of a degree of latitude, then a hasta comes to 

431.936 millimeters. I would like to suggest that the long yojana may correspond to the 

30_li yojana mentioned by Hiuen Thsang, and the short yojana may correspond to his 

16-li yojana. If so, the hasta of the short yojana must be 32/30 × the hasta of the long 

yojana. This comes to 460.732 millimeters. 

 This is within 0.2 percent of the “geographic cubit” which was used extensively in 

ancient Near Eastern and Western civilizations for geographical measurements. Livio 

Stecchini, a scholar specializing in the history of measures, has explained in detail the 

use of the geographic cubit in ancient Egypt, and he defines it as 461.6935 millimeters 

(Stecchini, 1971, p. 351). He also points out that the Greek stadium was 400 Greek 

cubits of 462.4147 millimeters, and was considered to be 1/600 of a degree of latitude.  

 Stecchini argues that the difference between these two cubits is due to the 

variation of the length of a degree of latitude at different latitudes. The Greek cubit 

corresponds to the latitude of Mycenae. For comparison, we have defined the hasta of 

460.732 millimeters in terms of the degree of latitude at the equator. This agrees well 

with our study of planetary orbits.  

 The connection between the yojana and the Greek and geographic cubits is 

corroborated by Strabo, who describes the experiences of Megasthenes, a Greek 

ambassador to India in the period following Alexander the Great. Strabo cites 

Megasthenes as saying that along the royal road to the Indian capital of Palibothra 

(thought to be modern Patna), there were pillars set up every 10 stadia. The British 

scholar Alexander Cunningham argues that the pillars marked an interval of one kroça 

(Cunningham, 1990, p. 484).  Since the stadium was defined as 400 Greek cubits, there 
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must be 4,000 cubits per kroça and 16,000 per yojana. This agrees nicely with our 

conclusion that the short yojana should consist of 16,000 of the geographic or Greek 

cubits. 

 According to this interpretation, the pilgrim Hiuen Thsang learned the 

proportions of three sizes of yojanas from his Indian hosts, but he expressed their 

absolute lengths only approximately in his native li. (Of these, the first two are our short 

and long yojanas, and the third remains unidentified.) This might be expected of a 

pilgrim, whose concern with units of distance was to provide travel directions for his 

fellow pilgrims. 

 In contrast, the close agreement between 10 stadia and the kroça of the short 

yojana suggests a long-standing connection between India and the West. Note that since 

the stadium was 1/600 of a degree of latitude, the kroça of the short yojana comes to 1/60 

of a degree, or 1 minute. The short yojana itself is 1/15 of a degree. 

 As we have already noted, the hasta of the short yojana is 32/30 of the 431.936 

millimeter hasta of the long yojana. This number of millimeters, in turn, is very close to 

4 times 108, a number that shows up repeatedly in ancient Indian literature and in the 

ancient world in general. 

 Here a key observation is that the meter is very close to 1/10,000,000 of the length 

of the meridian from the equator to the north pole. (It was fixed at this value after the 

French Revolution, but later remeasurements led to a slight revision in the length of the 

meridian in meters.) Consider the ratio between the length of this meridian and the 

length of a degree of latitude at the equator. If we take a degree to be  8 long yojanas of 

32,000 hastas of 432 millimeters, we find that this ratio is very close to 90.422 = 

10,000,000/(1,024×108), where 1,024 is 2 to the 10th power. In fact, this estimate is low by 

0.04.%. For comparison, in a perfect sphere this ratio is  90 = 

10,000,000/(1,024×108.507). Thus, the equatorial bulge of the earth is represented by a 

simple expression based on the yojana.  
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 Another expression for the equatorial bulge can be derived by considering the 

yojana of 4.948 miles that figured in the study of planetary diameters in the Sürya-

siddhänta. We pointed out above that the figure of 4.948 miles would prove to be 

important. Recall that this figure was obtained by dividing the exact mean diameter of 

the earth in miles by 1,600, the number of yojanas in the diameter of the earth according 

to the Sürya-siddhänta. 

 Now, 4.948 differs substantially from the short yojana of  4.58 yojanas. However, 

4.948/4.58 is within 0.03% of 1.08. Whether this is a coincidence or not, it is a fact that 

1,600×1.08 short yojanas is very close to the mean diameter of the earth.  The short 

yojana is 1/15 of a degree of latitude at the equator. We just saw that this, in turn, is 

related to the length of the meridian from the equator to the north pole. By putting 

these relationships together, we can obtain an estimate of the ratio between the 

circumference of the earth through the poles and the earth’s mean diameter. This is 

150,000,000/(4,096×108×108), where 4,096 is 2 to the 12th power. This estimate comes to 

3.13967, number that is close to π, but slightly lower, due to the earth’s equatorial bulge. 

 We can also compute this ratio using calculus and the flattening factor of f = 

1/298.257 from a modern spherical astronomy text (Green, 1985, p. 100). The result of 

this calculation is  3.13984, and it is 0.005% higher than the estimate obtained from the 

study of the yojana.  

 In view of these findings, we should briefly mention the role of 108 in India and 

other parts of the world. The Egyptologist Jane Sellers (1992) has documented the 

repeated appearance of 108, 432, 360, and related numbers in many different ancient 

and medieval traditions. These numbers also show up over and over again in ancient 

Indian texts, such as the Åg Veda (Kak, 1987, 1993).  

 Sellers interprets these numbers as evidence for ancient knowledge of precession 

of the equinoxes. In Indian texts there may also be a connection with precession, but it is 

clear that these numbers play a variety of astronomical roles. For example, in the 
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Bhägavata Puräëa, the period of Jupiter is given very simply as 12×360 = 4,320 days  and 

the period of Saturn is given as 30×360 = 10,800 days (the actual figures being 4332.6 

days and 10,759.2 days). The additional role of 108 in the yojana and the dimensions of 

the earth suggests that it may have played an important role in a sophisticated ancient 

system of mathematics and astronomy.  

 

Conclusions 

 In discussions of ancient astronomy, the cosmology of the Bhägavatam is 

generally dismissed as a product of fantasy.  But it would seem that Bhü-maëòala 

can be interpreted as an accurate map of the solar system, which shows how the planets 

move relative to the earth. This map is expressed in terms of distance units based on 

accurate knowledge of the dimensions of the earth. 

 Greek astronomers from Aristarchus to Ptolemy tended to severely 

underestimate the distances of the planets and to overestimate their angular diameters. 

As we saw in the case of the Sürya-siddhänta, this is also true of medieval Indian 

astronomy. The known astronomy of the first millennium B.C. and earlier is even more 

rudimentary than that of the Greeks or medieval Indians. 

 The astronomy of Bhü-maëòala in the Bhägavatam was not understood by 

medieval Indian astronomers. Thus Bhäskaräcärya, the 11th-century author of 

Siddhänta-çiromaëi, could not reconcile the relatively small diameter of the earth globe 

with the immense size attributed to the earth by the Puräëas (Wilkinson, 1861. pp. 114-

15). Likewise, the 15th-century astronomer Parameçvara stated that the Puräëic account 

of seven dvépas and oceans is something “given only for religious meditation” and is not 

acceptable to astronomers (Sarma, 1956, p. 85). Since these astronomers severely 

underestimated planetary distances, they could not see the correspondence between the 

earth mandala and the solar system. 
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 If accurate knowledge of planetary distances and diameters was known in the 

past, then it appears that this knowledge must date back well before the first millennium 

B.C.  It must be coming down to us in fragmentary form from an earlier high civilization 

that was followed by a period of collapse and eventual recovery.  

 In recent times, such knowledge was obtained using the telescope, aided by the 

laws of Kepler and Newton. It is not apparent how equivalent knowledge may have 

been obtained in the distant past. However, further research may yield greater insight 

into the achievements of this ancient culture. 
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Figure Captions 
(figures not included in draft) 

 
Figure 1. Plot of goodness of fit as a function of miles/yojana in the range 5 to 10. The 
peak is at 8.575 miles/yojana. 
 
Figure 2. Plot of the geocentric orbit of Mercury superimposed on Bhü-maëòala. The 
epoch is 3102 B.C., and the plot assumes 8.575 miles/yojana. 
 
Figure 3. Plot of the geocentric orbit of Venus superimposed on Bhü-maëòala. 
 
Figure 4. Plot of the geocentric orbit of Mars superimposed on Bhü-maëòala. 
 
Figure 5. Plot of the geocentric orbits of Jupiter and Saturn superimposed on Bhü-
maëòala. 


