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BO1 History of Mathematics
Lecture VII

Infinite series
Part 1: A non-Western prelude

MT 2020 Week 4
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Summary

Part 1

I A non-Western prelude

Part 2

I Newton and the Binomial Theorem

I Other 17th century discoveries

I Ideas of convergence

Part 3

I Much 18th century progress: power series

I Doubts — and more on convergence
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The Kerala School

Flourished in Southern India from the 14th to the 16th centuries,
working on mathematical and astronomical problems

Names associated with the school: Narayana Pandita, Madhava of
Sangamagrama, Vatasseri Parameshvara Nambudiri, Kelallur
Nilakantha Somayaji, Jyes.t.hadeva, Achyuta Pisharati, Melpathur
Narayana Bhattathiri, Achyutha Pisharodi, Narayana Bhattathiri

Treatises on arithmetic, algebra, geometry, inc. methods for
approximation of roots of equations, discussion of magic squares,
infinite series, . . .
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Tantrasamgraha (1501)

Completed by Kelallur Nilakantha Somayaji (1444–1544) in 1501;
concerns astronomical computations



D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

Keralan series

Infinite series for trigonometric functions appear in Sanskrit verse
in an anonymous commentary on the Tantrasamgraha, entitled the
Tantrasamgraha-vyakhya, of c. 1530:

Proof supplied by Jyes.t.hadeva in his Yuktibhās. ā (1530)
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Keralan series

From the Tantrasamgraha-vyakhya:

The product of the given Sine and the radius divided by the Cosine is the

first result. From the first, [and then, second, third] etc., results obtain

[successively] a sequence of results by taking repeatedly the square of the

Sine as the multiplier and the square of the Cosine as the divisor. Divide

[the above results] in order by the odd numbers one, three, etc. [to get

the full sequence of terms]. From the sum of the odd terms, subtract the

sum of the even terms. [The results] become the arc. In this connection,

it is laid down that the [Sine of the] arc or [that of] its complement,

which ever is smaller, should be taken here [as the given Sine]; otherwise,

the terms obtained by the [above] repeated process will not tend to the

vanishing magnitude.

Modern interpretation:

Rθ =
R(R sin θ)1

1(R cos θ)1
−R(R sin θ)3

3(R cos θ)3
+
R(R sin θ)5

5(R cos θ)5
−· · · (R sin θ < R cos θ)



D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

Keralan series

From the Tantrasamgraha-vyakhya:

The product of the given Sine and the radius divided by the Cosine is the

first result. From the first, [and then, second, third] etc., results obtain

[successively] a sequence of results by taking repeatedly the square of the

Sine as the multiplier and the square of the Cosine as the divisor. Divide

[the above results] in order by the odd numbers one, three, etc. [to get

the full sequence of terms]. From the sum of the odd terms, subtract the

sum of the even terms. [The results] become the arc. In this connection,

it is laid down that the [Sine of the] arc or [that of] its complement,

which ever is smaller, should be taken here [as the given Sine]; otherwise,

the terms obtained by the [above] repeated process will not tend to the

vanishing magnitude.

Modern interpretation:

Rθ =
R(R sin θ)1

1(R cos θ)1
−R(R sin θ)3

3(R cos θ)3
+
R(R sin θ)5

5(R cos θ)5
−· · ·

(R sin θ < R cos θ)



D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

Keralan series

From the Tantrasamgraha-vyakhya:

The product of the given Sine and the radius divided by the Cosine is the

first result. From the first, [and then, second, third] etc., results obtain

[successively] a sequence of results by taking repeatedly the square of the

Sine as the multiplier and the square of the Cosine as the divisor. Divide

[the above results] in order by the odd numbers one, three, etc. [to get

the full sequence of terms]. From the sum of the odd terms, subtract the

sum of the even terms. [The results] become the arc. In this connection,

it is laid down that the [Sine of the] arc or [that of] its complement,

which ever is smaller, should be taken here [as the given Sine]; otherwise,

the terms obtained by the [above] repeated process will not tend to the

vanishing magnitude.

Modern interpretation:

Rθ =
R(R sin θ)1

1(R cos θ)1
−R(R sin θ)3

3(R cos θ)3
+
R(R sin θ)5

5(R cos θ)5
−· · · (R sin θ < R cos θ)



D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

D
r.

C
hr

is
to

ph
er

H
ol

lin
gs

,
M

at
he

m
at

ic
al

In
st

it
ut

e,
O

xf
or

d

Keralan series

But these results were
unknown in the West until
the 1830s

As we will see, the series for
arctan was reproduced
independently in Scotland in
the 1670s


