
From Madhava to Wallis: 
Prelude to calculus



Madhava and the Kerala school
 There is now considerable 

documentary evidence that many of  
the ideas needed for the development 
of  calculus were already written down 
by what is now called the Kerala 
school of  mathematics in south 
western India in the 14th century.

 Madhava (1340-1425 CE) was the 
foremost member of  this school who 
developed the theory of  the 
trigonometric functions and derived 
the familiar Taylor series expansions 
for them.

 His work was described in detail with 
proofs by Jyesthadeva who wrote the 
text called Yuktibhasha in the middle 
of  the 16th century.



Madhava series for the trigonometric functions

 Studying the sine and cosine function, Madhava derived the 
following well-known formulas: 

The last is the famous arctan series re-discovered by Gregory several centuries later.
When θ=π/4, we get the famous Madhava-Gregory-Leibniz series for π.  



The series for arctan x




Evaluation of  the sum




The migration of  ideas and Father Mersenne

 According to George Joseph, author of  the Crest 
of  the Peacock, it is quite possible that many of  the 
ideas of  the Kerala school migrated through Jesuit 
missionaries to Europe.

 Most notable among the Jesuits was Father Marin 
Mersenne (1588-1648) who was a close friend of  
both Descartes and Fermat (in fact, many 
conjectures attributed to Fermat appear in his 
letters to Mersenne).

 Thus many of  the ideas of  calculus were “in the 
air”.



The work of  Cavalieri, Fermat, Mengoli and Gregory





Mengoli and log 2

 Mengoli discovered that 1-1/2 + 1/3 -1/4 + … 
converges to log 2.  How would he have proved 
this?  Recall:

There was a sudden interest
in infinite series.  Mengoli
posed the famous Basel problem
of  evaluating the sum of  the
reciprocals of  the squares,
later solved by Euler. 



Gregory and the arctan function

 In 1668, Gregory published which represent 
rediscovery of  the works of  Madhava’s series for 
arctan.

The method we used to derive 
the formula for log 2 can be 
used here also.



John Wallis and calculus





Wallis’s formula for π

 In1650, Wallis discovered:

This is equivalent to: showing the following limit equals 1. (Exercise)



The proof
 The limit can be evaluated using trigonometric integrals:



The final limit

 because
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