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Similar considerations apply to the smaller piece which covers a range from

tan−1 32.7
2.625× 25.4

= 26.168◦ (5.14)

to
tan−1 32.7

17.375× 25.4
= 4.237◦ (5.15)

divided into 8 knots, with each knot corresponding to 2.75◦ or around 189 (English) miles.
The use of both scales would enable this instrument to do 5 times better and measure dis-
tances of around 40 miles. (If we use the figure 5

24 , the two scales together could do only 3
times better, so that last figure would be only around 63 miles.)

Note that the total range of the instrument is a little above 1500 miles north–south. The
upper end of this scale corresponds to the latitude of Karachi. Thus, the instrument reflects
the fact that at higher latitudes (after crossing the latitude of Mangalore, say), a very high
level of accuracy was no longer critical since the coastline was near. This applied also to the
eastern side, where sailors from Minicoy typically travelled as far as Singapore.

Thus, in totality, the kamāl is a remarkable instrument with a huge overall range of 1500
miles, together with a striking accuracy of 11 miles at the lower end of the range. The
construction of the kamāl also shows how instruments can be built from simple materials to
measure angles with an accuracy of 10′.

Clearly, it was James Prinsep who lacked the ingenuity needed to understand the con-
struction of the instrument. Moreover, carried away by his sense of racist superiority he
failed to exercise common sense and ask how the island-based navigators could have rou-
tinely managed to sail back to small islands with inaccurate techniques of navigation. It is
also noticeable that since Prinsep’s article was first published in 1836,10 Western histories of
the subject have simply repeated his account.

The Two-Scale Principle and the Size of the Earth

The use of the two-scale principle suggests how al B̄ırūn̄ı could well have constructed an
accurate instrument for measuring angles, to measure the dip of the horizon, and hence
estimate the size of the globe, as he recorded. This answers a question, raised by S. S.
H. Rizvi,11 as to the accuracy of al B̄ırūn̄ı’s hand-made instrument. Rizvi speculated that
al B̄ırūn̄ı’s hand-made instrument could well have had an accuracy of 1◦ for him to have
arrived at as accurate an estimate as he did. The kamāl shows how higher precision by nearly
an order of magnitude is easily possible for a hand-made instrument. The reason for Rizvi’s
extra-conservative estimate is obviously a false history of science which wrongly suggests to
us that this two-scale technique was invented by Vernier, though it has been known to Europe
from at least the times of Pedro Nunes (who also used it in an instrument to measure angles).
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