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On any day calculate the longitude of the Sun and the Moon for sunrise or sun-
set without applying the longitude correction, and therefrom find the time (since
sunrise or sunset), in ghat̄ıs, of rising or setting of the Moon; and having done
this, note the corresponding time in ghat̄ıs from the water clock. From the differ-
ence, knowledgeable astronomers can calculate the local longitude in time.42

That is, instead of measuring the time difference between the local place and the prime
meridian by a mechanical clock or by the time difference between the observed (local) time
and the calculated (prime meridian) time of an eclipse, Bhāskara recommends that one
should use the time difference between observed and calculated time of a more frequent
event like the rising or setting of the moon, relative to the rising and setting of the sun.

The method suggested by Bhāskara I was called the method of ephemeris time in Europe,
and was first known to Europe through the work of Regiomontanus, who compiled a table
of lunar ephemerides for navigational purposes, and specifically longitude determination.
It could not be used for long in Europe because European lack of knowledge about various
astronomical parameters made the ephemeris tables like those of Regiomontanus unreliable.

Solving the Longitude Triangle Using the Size of the Globe

Apart from the methods of eclipses and ephemeris, Bhāskara I lists a third method of deter-
mining the local longitude. Though Bhāskara I calls this method “gross”, it seems to have
been very popular, and is also mentioned by several other authors. This method involved
solving the longitude triangle.

The longitude triangle was obtained as follows (Fig. 4.1). First one identified a nearby
town on the prime meridian. The line joining the local place A to the identified town B was
regarded as the hypotenuse AB of the longitude triangle. The perpendicular dropped from
the local place on the prime meridian, and meeting the prime meridian at C gave the base
AC of the triangle. The latitude difference, expressed as a distance, BC, was the upright
of the triangle. The longitude triangle was then solved from a knowledge of the size of the
globe, which enabled a calculation of BC from a knowledge of the latitudes of A and B and
the distance AB “as known from common people”.

This is described by Bhāskara as follows.43

Subtract the degrees of the latitude of one of the towns mentioned above from
the degrees of the [local] latitude, then multiply [the difference] by 3299 minus
8/25, and divide [the product] by the number of degrees in a circles [i.e., 360].
The resulting yojana-s constitute the kot̄ı [upright of the right-angled “longitude”
triangle]. The oblique distance from the local place and the town [on the prime
meridian] chosen above, which is known in the world by the utterance of com-
mon people, is the hypotenuse. The square root of the difference between their
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Figure 4.1: Indian longitude triangle. The longitude triangle used in India as a “gross” method of
determining local longitude

squares [i.e., between the square of the hypotenuse and the upright] is defined
by some astronomers to be the distance [in yojana-s of the local place].

The only point which requires explanation in the above quote is the figure of 3299 − 8
25 .

Bhāskara takes the radius of the earth to be 1050 yojana-s,44 and the value of π to be 3.1416,
so that the circumference of the earth works out to 1050 × 3.1416 = 3298.68 = 3299 − 8

25 .
When divided by 360◦ this gives the distance per degree latitude. So, what Bhāskara is
saying is only that the difference (in degrees) of latitudes of A and B when multiplied by
the distance per degree latitude gives the arm BC of the triangle. From a knowledge of the
hypotenuse AB and the side BC one can evidently calculate the remaining side CA.

Longitude and Departure

Several possible objections may be raised to the third method of measuring longitudes sug-
gested above. First, the above method yields what are called meridional departures rather
than longitudes. Second, the method suggested above uses plane triangles, whereas accurate
navigation would require spherical trigonometry.

These objections are easily met. As regards the first objection, it is quite true that depar-
ture differs from longitude, for the distance between meridians decreases from a maximum
at the equator to zero at the poles. However, using accurate sine values and an accurate
knowledge of the size of the earth, it is easy to convert between longitudes and departures.
Bhāskara I states the rule explicitly.

The yojanas (of the distance of the prime meridian) from the local place are
obtained on multiplying the longitude in ghat̄ıs by the local circumference of the
Earth and dividing (the product) by 60.45




